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ENGINEERING. 


ELECTRIC LIGHTHOUSES IN FRANCE. 
By C. 8. Du Ricue Pretter, M.A., D.Sc., Ph.D. 


TuE traditional excellence of the French light- 
house service and its installations has, during the 
last fifty years, been attested more especially by 
brilliant achievements in the high-power lights of 
the important ports, landfalls, and headlands of the 
Channel coast, of the salient mainland and island 
stations in the Bay of Biscay, and of the seaboard 
of the Gulf of Lyons in the Mediterranean. These 
results, eminently beneficial to the great lines of 
navigation, have been attained by the scientific 
and technical perfection of electro-optical apparatus 
whose great luminous ranges extend by direct flash- 
beams to the horizon, and by flares or sky illumina- 
tion, even beyond it. It will, therefore be of interest 
briefly to trace the progressive development of these 
achievements down to the present time, including 
the most recent ones of the last few years, and to 
compare French and British lighthouse practice. 

The systematic application of electricity as an 
illuminant in important lighthouses on the coasts 
of France dates from 1882, when, upon the proposal 
of M. Allard, the then Director of the ‘‘ Phares et 
Balises ’’ Service, it was decided to electrify no less 
than 46 of the leading lights along the seaboard of 
1,600 miles. The ideal object was that, these lights 
being placed at equidistances of about 35 miles, 
their luminous ranges should cut each other, so that, 
as an observer on a vessel would be losing sight of a 
leading light in his rear, he would pick up the next 
one in front of him. The lights were to consist of 
uniform fixed optical 12-panel apparatus, 30 centi- 
metres in focal length (60 in diameter) with a revolv- 
ing outer drum of 24 vertical elements, producing, 
at intervals of 15 to 20 seconds, single or group 
flashes one second in duration, of an intensity of 
1,000,000 candle-power. Upon that system, six 
electric lights were installed at Dunkirk, Calais, 
Gris Nez, La Canche (near Boulogne), Les Baleines 
(Ile de Ré, Bay of Biscay), and Planier (near Mar- 
seilles). But in 1886, the ambitious programme of 
46 lights was, chiefly on grounds of economy, re- 
duced to the twelve more important ones ; hence to 
the six already installed were added those of Bar- 
fleur (near Cherbourg), Ushant, Penmarch, Belle Ile, 
Tle d’Yeu, and La Coubre, at the mouth of the 
Gironde in the Bay of Biscay. Subsequent addi- 
tions were the electric light of Cape de la Héve 
(Havre), and the most recent one of Cape d’Antifer 
(near Etretat, between Fécamp and Havre), con- 
verted from oil to electric light in 1926. The complete 
belt of 14 electric lighthouses is shown in the map, 
Fig. 1, herewith, and in Table IV, on page 4. 

It was between 1886 and 1892 that M. Bourdelles, 
M. Allard’s successor, introduced his phenomenal 
system of electric lighting flash lights or feus éclairs. 
The first application of this system was to the slow- 
rotation 12-panel apparatus, of which he eliminated 
the outer drum, converted the inner apparatus from 
fixed to revolving, and by rapid rotation, produced 
flashes of ;jth of a second in duration at intervals 











| of 10 seconds—reducing the complete revolution of 


the apparatus from 120 to 60 seconds, and increasing 
the intensity of the flashes from 1,000,000 to 
5,500,000 candle-power. 

A still greater intensity of the flash-beam was 
obtained by reducing the number of panels from 
12 to 4; by increasing the speed of rotation from 
60 seconds to 20 for a complete revolution of the 
apparatus, and thus reducing the interval between 
the ,..th of a second flashes from 10 to 5 seconds. 
This result was achieved by discarding the old, 
clumsy and slow-rotation travelling carriage and 
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rollers of the apparatus, replacing it by fixing to the 
revolving vertical shaft a circular drum which 
rotates in a mercury bath (100 kilograms) contained 
in a closed tank. By this ingenious device, practic- 
ally all friction is annihilated and the increased 
speed of rotation raises the intensity of the rapidly 
succeeding flashes from 5,000,000 to 25,000,000 
candle-power. The three periods of the progressive 
development may be seen at a glance in Table IIT, on 
page 4, and Tables I and II, annexed, of which the 
last gives, for comparison, the leading features of 
the most powerful British and French lights. 


TaBLe I.—Lightning Flash System. 





10 mm. 

1,125 4,500 
2,500 10,000 
candle-power candle-power candle-power 
10,000,000 20,000,000 30,000,000 
candle-power candle-power candle-power 


Carbons, diameter .. 
Watts in arc 
Intensity of arc 

flash- 


Intensity of 


beam 





The lightning flash system, which in French 
lighthouses has been applied not only to electrical 
lights but to a large number of incandescent oil 
gas lights of secondary importance, rests upon the 





photometrically and empirically established fact 
that the greater the intensity of the flash, the shorter 
is the time required for its complete perception by 
the observer. That time for a complete impression 
on the retina is {th to .1,th, i.e., a mean of ,|,th of a 
second ; with any longer period the effect of a flash- 
beam becomes constant and is therefore useless. 
The rapid succession of the ,',th second flashes is 
an integral part of the system. Hence the short 
interval of 5 seconds, which is also empirically 


TasLe II.—British and French High-Power Lights. 
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* The Isle of May light was converted from electric to oil gas, 
in 1924, to obviate the renewal of the worn-out generating plant. 
The characteristic of the two-lens apparatus is now a one-second 
flash every 20 seconds, and a complete revolution in 40 seconds. 


adequate, as mariners always prefer short to long 
eclipses of the light. 

Of the electric lighthouses on the lightning flash 
system installed in the period 1893-98, those of Cape 
de la Héve (Havre) and Penmarch (Finistére) were 
described in detail by the present writer in Enat- 
NEERING at that time ;* of the most recent light, the 
electro-optical apparatus of the imposing one of 
Cape Gris Nez (1908) is represented in Figs. 2 and 3,7 
on page 2. The twin apparatus rests on a platform 
supported by the revolving vertical shaft to which 
is fixed the floating drum rotating in the mercury 
tank, this being attached to four cast-iron columns. 
The platform with the apparatus rotates by the action 
of clockwork and horizontal gearing. Figs. 4 and 5 
show the similar twin apparatus of Ushant (1907), 
which emits groups of two flashes and is in lozenge 
form instead of square. These great leading lights 
of Gris Nez in the Channel, and of Ushant in the 





* July 7, 1893, et seq. ; May 6, 1898, et seq. 

+ Interesting exhibits, with explanatory pamphlets, of 
French lighthouse and lightship apparatus were shown 
at the Exhibition of Paris 1900, the Nautical Exhibition 
of London, 1908, and the Electrical Exhibition of 
Marseilles of the same year. A pamphlet by M. Blondel 
and M. de Rouville was also contributed to the Inter- 
national Congress of Navigation in London, 1923. 
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Atlantic are two of the most perfect and powerful 
of their kind. 

The generating plant of the lightning flash lights 
and of the older installations is practically the same. 
In the most recent examples of the former category, 
alternating current, in final preference to continuous, 
is generated at 75 volts by two monophase alter- 
nators for single optical apparatus and by two- 

















wniformly used in French electric lighthouses. The 
most recent modified type in aluminium frame 
with regulator, is shown in Fig. 6, on page 3. The 
rapid rotation of the optical apparatus, single, or 
twin on the same platform, 20 seconds for a com- 
plete revolution, is effected by clockwork and hori- 
zontal gearing, the motor-weight of the former 
(40 kg.), descending 4 m. perhour. Experiments are 





Ribiére, Engineer-in-Chief and M. Blondel, Elec- 
trical Engineer of the Service.* Of M. Bourdelles, 
who died towards the end of 1899, a memoir by the 
present writer was published in ENGINEERING, 1900 
(vol. lxix, page 93). 

The most recent period, from 1922 to the present 
time, has been productive of a further important 
advance in the electric lighting of French lighthouses 
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phase alternators for twin apparatus. The alter- 
nators, excited by a small continuous current 
dynamo, are driven by semi-fixed steam engines 
each developing 12 h.p. to 18 h.p. The machines 
are run single or coupled according as the state of 
the atmosphere requires in the arc an intensity of 
25, 50, or 100 ampéres with carbons of 10, 16, and 
23 mm. in diameter, respectively. For the maximum 
intensity, the alternators are run in parallel. 

The length of the arc between the negative, upper 
carbon, and the positive, lower and most luminous 
carbon is 5 mm. The lamps are of the Serrin type 














now being made to replace the mechanical motor- 
weight action of the clockwork by an electric motor 
acting by gearing direct on the toothed platform-ring 
of the apparatus. The aggregate cost of an electric 
lighthouse installation like Gris Nez and Ushant, 
comprising generating plant, optical twin apparatus 
with lamps and accessories, is about 6,000/., the 
cost of working and maintenance 1,000/. to 1,2001. 
per annum. 

All the lightning-flash lights down to 1908 were 
the product of the late M. Bourdelle’s genius and 








initiative, with the co-operation of the late M. 
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by the introduction, in certain cases, of high-power 
incandescent lamps in place of the electric are. 
The incandescent system is suitable, especially in 
lighthouses situated at important points which 
require, not the most powerful long-distance 
flashes, but intense diffusion of light, or so-called 
flood lighting, within a more moderate luminous 
range. Accordingly, between 1922 and 1926, the 





* M. André Blondel is the author of numerous 
writings on electrical science and installation and of a 
work entitled “La Traction Electrique,” jointly with 
M. F. Dubois. 2 vols. Paris 1898. 
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conversion of electric arc to incandescent lighting 
has been effected in the four important Channel 
lighthouses of Dunkirk, Calais, La Canche (south 
of Boulogne) and Cape de la Héve (Havre), to which 
a fifth has been added in transforming the oil light 
of Cape d’Antifer (near Etretat, between Fécamp 
and Havre) to electric incandescent, and a sixth, the 
electric lighthouse of Les Baleines, in the Bay of 
Biscay, which is in course of conversion from arc 
to incandescent lighting. Of these seven lights, 


Fig.6. SERRIN ELECTRIC ARC LAMP & REGULATOR 
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that of Cape d’Antifer is of special interest, the 
optical apparatus being of the older, hyper-radiant 
six-panel type of the large focal length of 1-33 m. 
(2-66 m. diameter), which figured as a show-piece in 
one of the Paris Exhibitions and was then (in 1894) 
installed at Cape d’Antifer. It gives single flashes 
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of six-tenths of a second in duration at intervals} tioned, has been extended to a large number of 


of 19-4 seconds, one complete revolution being 
effected in 120 seconds. Six of the lights just named 
are provided with Philips incandescent lamps of 
2,400 watts to 3,000 watts at 60 volts, with resulting 
flash-beam of 1,000,000 candle-power to 3,000,000 
candle-power, the duration of the flashes being 
from two-tenths of a second to six-tenths of a 
second every 10 seconds to 20 seconds. The Cape 
d’Antifer light is provided with a 10,000-watt 
lamp at 60 volts, whose resulting flash beam is 
«0,000,000 candle-power. As an experiment, a lamp 
of 5,000 watts has lately been used, giving a corre- 
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spondingly smaller resulting beam but amply 
sufficient for the intensity and luminous range 
required. An interesting feature of the Antifer 
installation is that its powerful siren is also to be 
worked by electricity. 

The high-power Philips lamps of 5 and 10 kw. 
are represented in Fig. 8 and 9 annexed ; those of 
the General Electric Company, Limited, of 4 kw. 
80 volts, in use in British lighthouses, are illus- 
trated by Fig. 7. 





stoppage or failure of the outside current. The 
system is of course suitable only for main land 
stations, having an available supply of current in 
the vicinity ; for lighthouses on isolated headlands 
or small islands such as Cape Gris Nez and Ushant, 
respectively, the existing generating machinery and 
the arc-light for long distance flashes cannot be 
dispensed with. The consumption of current by 
incandescent lamps is about the same as that by the 
are light ; the intrinsic cost of current is therefore 
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5-Kw. 60-Vo.tt Paities INCANDESCENT 
Lamp. 
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The incandescent system which, as already men- 


secondary lights illuminated by gas, has proved not 
only as efficient, but considerably more economical, 
than the arc light, saving the cost, frequent exchange 
and inconvenience of carbons, and thus requiring 
one keeper less in each of the electric lighthouses. 
A further important advantage consists in the lamps 
being fed by ordinary current supplied from outside 
centres of distribution so that the generating plant 
of these lighthouses serves only as stand-by, and 
a separate small generating group with a Diesel 
motor, placed in the upper chamber of the light- 
house tower, can be switched on at once in case of 








10-Kw. 60-Vo.LTt Puinires INCANDESCENT 
Lamp. 
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the same in both cases. The saving is in labour, 
maintenance and the greater simplicity of working. 
The incandescent installations of 1922 to 1926 
were all carried out upon the plans and specifi- 
cations of M. Blondel as Adjunct-Director of the 
Service, from which post he has now retired with 
the title of Inspector-General of “Ponts et 
Chaussées” (Public Works Department), of which 
the Lighthouse Service is an integral function. 
Table IV gives a complete list of the 14 electric 
lighthouses now in operation on the coasts of France, 
with the salient features and characteristics of 
each light, and the height of the latter above high- 
tide sea level. The table is prepared from the full 
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particulars which the present writer owes to the 
courtesy of M. Babin, Director of the Lighthouse 
Service, and M. de Rouville, Engineer-in-Chief of 
the same. The belt of electric lighthouses, en- 
circling and adorning the coasts of France, forms a 
monumental array of installations which brilliantly 
vindicates that unity of symmetrical plan and that 
scientific efficiency in which the French Lighthouse 
Service has ever been facile princeps. 

The comparative Table II of the most powerful 
lights of St. Catherine’s Point and Isle of May on 
the British coasts, and those of Gris Nez and 
Ushant on the French side, affords striking 
evidence of the fundamental difference between 
British and French lighthouse practice. The long 
duration flashes of five seconds and the slow rotation 
of the St. Catherine’s apparatus are one extreme ; 
the short lightning flashes of one-tenth of a second, 
the short intervals, and the rapid rotation of the 
Gris Nez apparatus are the other extreme, and 
the Isle of May light with its one-second flashes 
and a complete rotation in 40 seconds, forms 
a golden mean between the two. The difference 
between the two practices, which the present writer 
emphasised in a paper in ENGINEERING. as long ago 
as May 1, 1896, on “‘ Coast Illumination in Britain 
and France,” is largely due to the often prevailing 
greater density of the atmosphere on the British 
coasts, which requires more time for the complete 
perception of a flash than the generally less 
impaired atmosphere of the French coasts. For 
the same reason, the British atmosphere often 
requires intensive illumination of the nearer sea 
or within a moderate luminous range, rather than 
overhead long-distance flashes to the horizon. 
On these grounds the French lightning-flash system 
is applicable to British lighthouses only with 
modifications, especially in electric lights in which 
the prevalence of violet rays militates against 
their penetration in a dense atmosphere. Experi- 
ence has shown that on the British coasts the 
minimum duration of rapidly-succeeding flashes, 
should not be less than two-tenths of a second 
and in many cases double that duration. With 
these modifications, and with corresponding intervals 
and rapid rotation of the apparatus effected by the 
device of the mercury float, the French system has 
been adopted in a number of British lighthouses. 

The first British lighthouse in which the late M. 
Bourdelles’ ingenious device was applied, was that 
of Lundy Island, Bristol Channel, in 1897. The 
illuminant is now a 75-mm. petroleum vapour 
burner of the Hood type. 

Among other conversions from electric-arc or 
other sources of light to incandescent lamps, are 
notably the lights of Pendeen (Carmarthen Bay), 
the Lizard (Cornwall), and South Foreland (Dover) 
in which high-power (4 kw.) incandescent lamps, 
supplied by the General Electric Company, Limited, 
have been installed within the last few years. 
In the channel, the St. Catherine’s light on the 
British, and the Gris Nez light on the French, side 
continue to illustrate the different conceptions 
on which the practice of the two services are 
founded. Both lights are brilliant guiding stars of 
the great lines of navigation, and each has a fasci- 
nation of its own. 








CHEMICAL SOLIDIFICATION OF LOoosE BUILDING 
Grounp.—A process, due to Dr. Ing. Joosten, of 
Berlin, for transforming loose sand and loose earth 
into a hard material sufficiently strong to support 
buildings, by injecting chemicals into the ground, has 
been tried with success in the construction of a new house 
at Spandau, near Berlia, on the banks of the River 
Havel. The gravel soil was found to slope down rapidly 
in front of the house, so that piles had to be driven to 
depths of 15 m. and even |7 m., in order to secure a good 
foundation. Overlying the gravel there was fine loose 
sand and peat. The latter was partly cleared away, 
and chemicals were forced down into the sand to a 
depth of 9m. and more. By these means a solid block 
of a kind of concrete, 19 m. long, 5 m. wide and 2 m. 
thick, was formed, of a strength ranging from 120 kg. 
up to 190 kg. per square centimetre, instead of a strength 
of 20 kg. or 30 kg. per square centimetre of the original 
sand. The work was done by the Beton und Tiefbaugesell- 
schaft Mast, of Berlin, which had previously analysed 
the soil to select suitable chemicals. The consumption 
of chemicals was, in this first application of the process, 
higher than was expected. It is stated, however, in the 
Deutsche Bauzeitung, that even so the foundations were 
laid at smaller expense than could have been done with 
the long piles otherwise necessary. 
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ELECTRIC LIGHTHOUSES IN FRANCE. 


TABLE III.—ProGREssIvVE DEVELOPMENT. 





| British and French Lights. 











= | 
= Electro-optical Pensa | Duration of | emeenel | 
Apparatus. Revolution. Flashes. Flashes. Intensity of Intensity of 
| Arce in Lamp. Flash-beam. 
| | | | 2 =— 
’ | Seconds. | Second Seconds. | Candle-power. Candle-power. 
Period 1882-86 ..| 12 panels 120 1 | 20 | 5,000 | 1,000,000 
(fixed, with rota- | | | | 
tingdrum) | | | 
» 1887-92 ..| 12panels_— | 60 | ts | 10 | 5,000 | 5,000,000 
5» 1893-1908 | oo 20 | 5 | 5,000 | 25,000,000 
| | 


| 
| | 








TABLE IV.—Etectric Licu 
N.B.—The eight lighthouses marked * all give lightning flashes 


THOUSES IN FRANCE. 1928. 
of one-tenth of a second duration at intervals of five seconds. 
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| : | 
. Complete | n 2 
Focal Length | , Spe tae He a a oS Candle- | Height of 
tation: and umber | aoe neg | Revolution Tluminant and power of | Focus above 
ar Panels Flashes. | of Power in Focus. iaciion s 
| x | Apparatus. Paes | es 
| 
| I | 
Sec. | M. 
1. Dunkirk 0-30 m. 2 flashes in 10 | 60 Incandescent lamp, 1,500,000 20-5 
2 panels seconds 2 kw., 60 volts 
2. Calais . 0-30m. 4 flashes in 15 | 90 Incandescent lamp, 1,000,000 20-0 
Drum of 6 ele- seconds | 2-4 kw., 80 volts p 
ments | 
3. Gris-Nez* 0-30 m. 1 flash in 5) 20 Arelamp .. 25,000,000 25-0 
2 app., 4 panels | seconds | 
eac | 
4. La Canche (south of Bou- 0-30 mn. 2 flashes in 10 | 20 Incandescentlamp, | 3,000,000 22-0 
logne) 2 app., a seconds | 3 kw., 60 volts 
eac 
5. Cape Antifer (near Etretat) 0-30 m. 1 flash in 20 120 Incandescent lamp, | 20,000,000 27-0 
6 panels seconds 10 kw., 60 volts 
6. Cape La Héve (Havre) 0-30 m. 1 flash in 5 20 Incandescentlamp,| 1,500,000 21-0 
4 panels seconds | 3 kw., 60 volts 
7. Barfleur* (east of Cher- 0-30 m. 2 flashes in 10 20 Arclamp .. 20,000,000 31-0 
bourg) 4 panels seconds 
8. Ushant* (Island) 0-30 m. 2 flashes in 10 20 Arclamp . 25,000,000 31-0 
2 app., 4 panels} seconds 
each 
9. Penmarch* (Finistére) 0-30 m. 1 flash in 5} 20 Arclamp .. 25,000,000 31-0 
2 app., 4 panels | seconds 
each 
10. Belle Ile* 0-30 m. 2 flashes in 10 20 Arclamp .. 20,000,000 32°5 
2 app., 4 panels | seconds 
each 
11. lle d’Yeu* 0-30 m. 1 flash in 5 20 Arclamp .. 15,000,000 31-0 
4 panels seconds 
12. Les Baleinest (Ile de Ré) .. 0-30 m. 4 flashes in 15 30 Incandescentlamp, | 1,000,000 29-0 
8 panels seconds 3 kw. 60 volts 
13. La Coubre* (mouth of Gi- 0-30 m. 2 flashes in 10 20 Arclamp .. 25,000,000 82-5 
ronde) 2 app., 4 panels | seconds 
each 
14. Planier* (west of Marseilles) 0-30 m. 2 flashes in 10 20 Arelamp .. 20,000,000 37-0 
2 app., aa seconds 
eac 




















COMMERCIAL AND INDUSTRIAL 
CONDITIONS IN CANADA. 


Any country that can show, over a number of 
consecutive years, a favourable trade balance may 
usually be regarded as fairly prosperous. Judged 
by this criterion, Canada is in an enviable position 
to-day. Except for the year 1921, when there was 
a small adverse balance, the Dominion has had a 
favourable trade balance every year since 1914, 
the average excess of exports over imports for this 
period being nearly 40,000,000/. per year. The 
peak of Canadian commerce was reached in the 
year 1918, when exports reached the impressive 
total of 325,000,000/., reckoned at normal rates of 
exchange, and the visible trade balance approached 
120,000,0007. These figures, however, represent 
inflated prices rather than abnormal productivity, 
and hardly afford a true standard of comparison. To 
judge the present trend of commerce accurately, 
it is necessary to treat as exceptional the period 
which was influenced by war conditions and to 
consider only the past few years, during whicha 
state approximating to stability has been re- 





established. | 


The year 1922 was marked in Canada by con- | 
siderable depression. 
showed a rapid decline as compared with those of 
the preceding year, and only about balanced each 
other. The total trade was valued at approximately 





t The light of Les Baleines (Ile de Ré) is now in course of conversion from arc to incandescent lamp. 


82,000,000/. The steady increments in total trade 
and in the trade balance, which have characterised. 
the past four years, reflect a real advance in produc- 
tivity, which is entirely divorced from boom condi- 
tions and the effects of inflated values. They indi- 
cate an essentially healthy condition, and there is 
every reason to anticipate that the general upward 
tendency will be maintained for some time to come. 

For the past year, which for the purpose of com- 
parison with previous years must still be regarded 
as ending in March, 1928, sufficient data have been 
compiled to render possible a fairly accurate 
estimate of the year’s trading. Imports show a 
heavy increase as compared with those of the 
preceding year, and are in the neighbourhood of 
225,000,000/. Exports, thanks chiefly to the 
splendid crops harvested in the autumn of last year, 
are higher than was at first anticipated, and of a 
total value of about 260,000,000/., the actual reali- 
sation depending on the grain prices. This esti- 
mate may thus be exceeded by several millions, the 
trade balance, materially less than in 1916, being 
probably in the neighbourhood of 35,000,0001. to 
40,000,0001. 

A striking feature of the recent trend of Canadian 


Both imports and exports /| trade, and one to which the British industrialists 


may well pay particular attention, is, as we have 
before pointed out, the growing predominance of the 
United States in Canadiancommerce. Prior to 1920, 


310,000,000/., the lowest figure recorded in any year | Canadian exports to the United Kingdom greatly 
since 1916. Since 1922, however, conditions have | exceeded her exports to the United States ; in 1918 


been steadily improving. 


There have been no|they were approximately double. 


Since 1920, 


violent fluctuations, but a steady increase in the | however, the United States has, on the average, 


volume of both imports and exports, the latter | been Canada’s best customer. 


According to figures 


showing a more rapid rate of increase than the | published by the United States Department of 
former. This general tendency culminated in the | Commerce, imports from Canada for the year ending 


financial year 1926 with exports 
273,000,000/., imports valued at 191,000,000/., and 
the eminently satisfactory trade balance of 





| 


valued at | December, 1927, were valued at 98,000,000/. During 


the same period exports to Great Britain barely 
reached 92,000,000/. 
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In regard to Canadian import business, Great 
Britain makes a very poor showing. In 1922, 
Canada imported from the United Kingdom goods 
to the value of 24,300,000/. as compared with 
106,000,0001. from the United States. Since then 
imports from both countries have increased, but 
the rate of increase has been more rapid in the 
case of imports from the United States. In 1926, 
the figures were, respectively, 33,610,000. and 
125,500,000/., while the past financial year shows, 
it is believed, a still greater difference in favour 
of the United States. Imports from the United 
Kingdom are about 38,500,000/., while those from 
the United States are more like 150,000,000/. 

Great Britain is exporting to Canada to-day 
products having a total value little in excess of one- 
quarter the value of the goods exported to the 
Dominions from the United States. This situation 
has undoubtedly been brought about to a large ex- 
tent by want of enterprise and adaptability on the 
part of the British manufacturers, and by their failure 
to appreciate the value of the Canadian market. 
Other things being equal, the average Canadian 
has a preference for British commodities; he 
knows their high standard of quality. Most British 
commodities, moreover, can be placed on the 
Canadian market under a preferential tariff 
advantage of from 5 per cent. to 15 per cent., as 
compared with American commodities. Yet in 
spite of these two great advantages British 
producers are failing entirely to meet United 
States competition in the Dominion. 

The reason is not difficult to find. British manu- 
facturers certainly do not, as a class, adapt their 
products and their selling methods to the require- 
ments and practices of Canada. When they 
commence to study Canadian conditions, and the 
tastes and needs of the Canadian consumer, and 
when they begin to push their products by the 
aggressive advertising and selling methods which 

Canadians have learned to expect from association 
with American business practice, the present value 
of British exports to the Dominion will, it is be- 
lieved, easily be trebled, and possibly quadrupled. 

Canada’s import business to-day has an annual 
value of 225,000,000/. At the present rate of increase 
it will have a value of over 300,000,000/. in five 
years’ time. There is no reason why Great Britain 
should not secure one-half of this business instead 
of her present 17 per cent. Annual export business 
to the extent of 150,000,000/. is surely worth the 
expenditure of some initial capital, a little trouble, 
and a little time. More than once we have pointed 
out that the engineering and allied industries of 
Great Britain are, in particular, making a very 
poor effort to compete, for the market, with the 
United States. During the past three years Canada 
has imported from her southern neighbour iron 
and steel, and the products of iron and steel, to 
the total value of nearly 110,000,000/. In the 
same period she has imported from the United 
Kingdom a mere 11,300,000/.-worth of such 
commodities. In non-ferrous metals and their 
products the situation is nearly as unsatisfactory, 
the figures being, respectively, 24,600,000 and 
3,150,0001. 

The annexed table furnishes some data that 
may prove illuminating to British firms engaged 
in the manufacture of engineering products. It 
sets forth the estimated value of a number of 
typical engineering imports for the past financial 
year, together with the average import duties 
on each type of product. It should be noted that 
the latter figures give only the average rate on 
each class of commodity, the actual rates in each 
class varying between fairly wide limits. 

These figure are instructive, and serve to illus- 
trate how little the British producer has appre- 
ciated the possibilities of the Canadian market. 
Particularly is this the case in the automobile 
industry. Canada’s imports of automobiles and 
automobile parts, exclusive of tyres and tyre 
material, have an annual value which is rapidly 
approaching 20,000,000/. At present British auto- 
mobile manufacturers are getting business worth 
about 140,000/. per annum, or less than 1 per cent. 
of the total business. Yet there are great possi- 
bilities of developing, in Canada, the sale of British- 
built cars. A special design would be necessary 


to meet the road and climatic conditions of the 
country. It would also be essential to have 
depots throughout Canada from which spare parts 
could be obtained with a minimum of delay ; and it 
would be necessary to adopt the advertising and 
selling methods to which the motor-using popula- 
tion of Canada is now accustomed. In spite of these 
considerations, however, it may confidently be 
predicted that the results would justify the outlay 
and initial organisation involved. The British car 
would certainly appeal to the average Canadian 
buyer for many reasons. Among others, it would 
appeal by reason of its novelty in a country in- 
undated with American automobiles, and it could 
be placed on the market under a tariff preference of 
15 per cent.—a very considerable advantage even 
for a popular-priced car. 

Turning from the sphere of commerce to that of 
finance, it will be found that the satisfactory 
conditions of the Dominion in the former are reflected 
in the latter. From the economic standpoint the 
present financial situation must be regarded as 
excellent. Canadian credit never stood higher 
than it does at present, and loans have never been 
easier to negotiate nor obtainable upon more 
favourable terms. Canadian securities, speaking 


that Canada at present fails to offer sufficient oppor- 
tunity for a large part of the more capable and 


ambitious section of her population. This mainly 
arises from her industrial potentialities not being 
developed to the extent warranted by her immense 
natural resources and the very considerable markets 
offered by her agrarian population. 

Canada is known to be one of the richest countries 
in the world in respect to her mineral resources. 
Only about one-tenth of the pre-Cambrian Canadian 
Shield, which extends over an area of nearly 
2,000,000 square miles, and which is known to be 
heavily mineralised, has yet been examined; and 
the Cordilleran Region, one of the richest mineral 
areas in the world, has still to be completely sur- 
veyed. Yet in the small portion of the former, 
which has been prospected as yet, some of the 
more notable gold and silver properties of recent 
mining history have been developed ; considerable 
bodies of ore that assay as high as 30 per cent. 
copper content have been discovered ; mines that 
supply the bulk of the world’s nickel have been 
established ; lead and zinc deposits of great extent 
and considerable commercial value are known to 
exist, and there are large bodies of iron ore. In 
conjunction with the latter, one of the world’s 





TABLE OF EsTIMATED VALUE OF TYPICAL ENGINEERING PRopucts IMPORTED INTO CANADA, FOR YEAR ENDING 
Marcu 31, 1928. 

















Imports Imports Total | Taritf Rates. 
rs from from Imports. l (Per Cent.) 
United United All Sources. stenkcimaenaias 
Kingdom. States. | U.K | U.S 
| £ | 
Tron ore : e aa y a sel Nil 647,500 829,000 _— | _ 
Scrap iron and steel . ee es = Nil 258,500 271,000 — _- 
Pig-iron, ingots, blooms and ‘billets ae 78,500 259,000 394,000 | — 
Castings and forgings, other than automobile parts ve 126,000 449,000 975,000 133 174 
Steel rails and sections, boiler plates, and other sian } 
rolling mill products’. 7,000 7,989,000 2,437,500 5 | 7k 
Rolling mill products, other than those specified a ‘above. 1243 000 6,118,000 7,570,000 24 6 
Iron and steel tubing, pipes and fittings. 115,000 682,500 | 881,000 9 134 
Portable engines, boilers and parts thereof 219,500 840,500 | 1,072,500 | 133 17} 
Farm implements and machinery . 28,000 1,215,000 | 7,288,000 | A. 4 
1 Various. 
All classes of machinery other tes eae specie \ 4.121,000 8,317,000 9,745,000 ! Aves 
above ot j \ 17} 
Hardware and “ave 221,500 557,000 887,000 7+ | 15 
f Various 
Various steel and iron products not specified above 1,384,000 10,160,000 | 11,545,000 \ —— - 
1 2 
Automobile engines .. 15,000 3,130,000 | 3,150,000 223 | 35 
Automobiles and automobile “chassis 122,000 9,190,000 9,342,000 20 | 35 
Automobile parts and accessories .. 3,250 3,620,000 3,630,000 Varions 











generally, occupy a strong position upon the 
markets of the world. 

In spite of a reduction in taxation in several 
directions, tax revenues increased from 60,620,0001. 
in 1925 to 71,500,000/. in 1927, and debt reduction 
from 71,0001. to 8,640,000. Of the loans maturing 
in the past fiscal year, amounting to a total of 
20,600,0001., nearly 56 per cent. were paid off in 
cash, and the balance borrowed at a net rate of 
4 per cent. Bank clearings have shown a material 
increase over those df previous year, and notice 
deposits in the banks increased during the year to 
the unprecedented figure of 290,000,000/. 

The foregoing figures, and those given previously 
in connection with the trade and commerce of the 
Dominion, would seem to indicate that the people 
of Canada as a whole are in a condition of con- 
siderable prosperity, and that the country is 
developing under the best of possible conditions. 
There is, however, another side to the picture 
which must not be overlooked. To illustrate this, 

one significant fact may be cited. Since the war 
there has been an influx of hundreds of thousands 
of immigrants to the Prairie Provinces, drawn 
largely from the more-illiterate peasantries of 
Europe. Yet the increase in the population of these 
provinces in the period under consideration has 
been no greater than that attributable to the 
excess of the birth rate over the death rate. The 
immigration of these less desirable types has, 
unfortunately, been about balanced by the emigra- 
tion to the United States of well-educated English- 
speaking Canadians, and British settlers of long 
residence in Canada. Recent statistics for the 
country as a whole show, we understand, that this 
movement is being arrested, but the subject is still 
one for serious consideration. 

The chief cause to which this re-distribution of 











population appears to be attributable is the fact 


largest reserves of good- -quality bituminous coal is 
located, together with immense quantities of sub- 
bituminous coal and lignite, and one large body of 
anthracite. Gold-bearing ores, lead-zinc and silver- 
lead ores and iron ores are abundant, and the region 
contains two of the largest copper properties in the 
British Empire. Fluorite, gypsum, magnesite, 
sulphur, tungsten, molybdenite, and other minerals 
also abound. 

In addition to her abundance of coal, and of 
practically every mineral required in industry, 
Canada possesses potential water power to the extent 
of at least 30,000,000, and probably nearly 
40,000,000 continuous horse-power, at least a third 
of which is capable of commercial exploitation ; yet 
in spite of these inestimable natural resources, 
industry in Canada shows relatively little indication 
of development. 

There are several causes which contribute to 
this. There has been, speaking generally, so far 
a failure, we believe, to realise sufficiently the 
importance to the country of industrial develop- 
ment, and the exploitation on a large scale of the 
natural resources which are available. This limita- 
tion of vision is reflected in the tariffs which are 
still framed with a view to assisting agriculture 
in every possible way, and to a less extent to foster 
one or two other Canadian industries which are 
well established and prosperous, but offer few 
inducements to the establishment of new industries 
such as the country should be capable of supporting 
on a large scale, and do little to protect the interests 
of smaller and Jess-influential industrial enterprises. 

Another influence which is tending to restrict 
Canada’s industrial development is the limitation 
of the flow of capital into the country. In recent 
years, Canada has borrowed on a much smaller 
scale than she did before the war. At one time, the 
Dominion undoubtedly over-borrowed, and recently 
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the pendulum has tended to swing too far in the 
opposite direction. As a growing country, Canada 
needs capital; indeed, to tap and exploit her 
resources she needs a great deal of capital. 

There are possibly other restraints over which 
the Dominion has less control, such as world market 
conditions, and the demand for metallic minerals 
which may have tended to limit the expansion of 
industry in the Dominion. 

In 1925, the production of metallic minerals in 
Canada attained the record value of almost exactly 
24,000,000/. The following year the production was 
down by an amount equal to 618,000/., and last 
year the value was only about 21,000,000/. This 
decrease is largely due to a marked falling-off in 
lead production, amounting to over 15 per cent., and 
to a decrease of 9-2 per cent. in the case of zinc. 
Gold production also shows a slight tendency to 
decrease, in spite of new discoveries, but nickel 
production has increased, recording a total value of 
about 3,166,000. in the past year, as compared with 
2,960,000/. in 1926. 

The Flin Flon property, on the borders of Mani- 
toba and Saskatchewan, upon which large-scale 
developments will shortly be commenced, should 
make a material difference to Canada’s output of 
non-ferrous metals during the next few years. This 
property, which is being exploited by United States 
interests, consists of 16,000,000 tons of copper-zinc 
ore containing about 2 per cent. of copper, 3-9 per 
cent. of zinc, and silver and gold to the extent of 
1-04 oz. and 0-074 oz. to the ton respectively. In 
the same district there are also several very much 
smaller blocks of ore yielding as high as 19 per cent., 
and averageing 12 per cent. of copper, with about 
16 per cent. of zinc. These will also be opened up 
by the proposed branch of the Hudson Bay line, 
which is to be constructed in connection with the 
Flin Flon development. 

In respect to non-metallic minerals, an increase 
is indicated for the production for 1927 over that 
of 1926, the approximate figures being, respectively, 
25,400,000/. and 27,600,000/. This increase is 
probably due almost wholly to increased domestic 
consumption. The most notable increase has been 
in the case of coal, the total output being estimated 
at 12,300,000/. in 1926 and 13,400,000/. in 1927. 
There promises to be an increase also in the value of 
clay products from 4,100,000/. to about 4,325,0001. 
There have been no notable differences in the 
production of other non-metallic minerals during the 
two years under consideration, and the situation 
with respect to natural gas and petrol is still disap- 
pointing. Canada bas reserves of both, but there 
has been practically no increase in production worth 
noticing during the past three years, during which 
the vaiue of the annual output has remained at 
about the 2,000,000/. mark. 

The lumber industry, and the allied industries of 
pulp and paper production, show considerable 
expansion during the past few years. In 1925, the 
total exports of wood, wood products, pulp and 
paper were valued at 52,100,000/, and in 1926 at 
57,200,000/. Last year they reached a value of 
about 58,000,000/. It is probable that the incre- 
ments indicated by these figures are due almost 
wholly to the notable developments in the pulp 
and paper industries which have taken place in the 
last few years, which, however, are giving rise to 
some concern owing to the rate of depletion of the 
forest reserves. 

The motor industry of Canada deserves mention. 
In addition to its contribution to the domestic 
market, this industry is now exporting automobiles 
and automobile parts to the annual value of 
8,850,0001. This is creditable, and would be more 
so if it actually represented the output of Canadian 
factories. Unfortunately, in most cases the parts 
are obtained ready for assembly from the United 
States. It would be difficult to find a typical 
Canadian car produced in Canada in the same sense 
that an American car is produced in the United 
States ora British car in Great Britain. Somewhat 
similar conditions obtain in the manufacture of farm 
machinery, especially that of the more complicated 
types, such as threshing machinery, separators, 
tractors and engines of various types. 

To summarise the present trend of commercial 
and industrial conditions in Canada it may be 
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stated that economically and financially the 
Dominion would appear to be progressing upon 
sound and conservative lines; that the country is 
recovering well from the effects of the war; and 
that the future promises increased prosperity. On 
the other hand, conditions suggest that industrial 
expansion has not, during recent years, attained to 
anything like the dimensions warranted by the 
natural resources available and the rapidly- 
expanding domestic markets. Canada is spending 
upwards of 100,000,000. per year on products of the 
mine, the smelter, the foundry, forge and machine 
shop which she could produce perfectly well at 
home if her industries were developed upon the right 
lines, supported by sufficient capital, and conducted 
with competent technical skill. Until the Dominion 
does so develop her industries, we believe that it 
will hardly be possible for her to develop into the 
really wealthy, prosperous and populous country 
she is capable of becoming, nor will she be able 
to solve the problem of winter unemployment 
which is at present so great a difficulty to many of 
her citizens. We hope that the conditions above 





power only, mainly utilised for the manufacture of 
calcide of carbon, and the water withdrawn was not 
sufficient in quantity seriously to affect the beauty 
of the falls. ‘The new scheme, however, with which 
we propose to deal in the course of this article, 
involves the total diversion of the waters passing 
over the fall, and will provide some 400,000 horse- 
power for railway operation and industrial purposes. 

The course of the Velino river above and below 
the falls of Marmore is shown in Fig. 1, below, 
together with the recently-completed diversion to 
direct the waters into the penstocks of the new 
Galleto power station. The flow of the river before 
the new scheme was undertaken was about 40 cubic 
metres per second, but when the works arecom- 
pleted, some 200 metres per second will be avail- 
able, as other sources will be tapped higher up the 
river. The installation in the power house, which 
is not yet completed, will consist of eight 50,000-h.p. 
vertical turbines, manufactured by Messrs. Escher, 

Jyss and Company, Zurich. A longitudinal pro- 
file and plan of the derivatory works are given in 
Figs. 2 and 3, opposite, and from these it will 
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portrayed may act as an incentive to British capital 
and enterprise and in particular to our engineering 
firms, so that this country may in one way or another 
be represented in a worthy degree in the industrial 
development of which the Dominion stands in need. 





THE GALLETO HYDRO-ELECTRIC 
INSTALLATION. 


THE industrial renaissance in Italy in the past 
few years has led to rapidly-increasing demands for 
power, and while the country is in the fortunate 
position of having abundant sources of supply in 
its rivers, these are not always conveniently situated 





“ENGINEERING 


be seen that there are two intakes, each followed by 
a separate tunnel. These tunnels, in which the 
water is under pressure, join at a point 136 metres 
from the intakes, where the water enters an open 
canal. The tunnels are each 25 square metres 
in cross section, with a slope of 0+212 per cent., 
| and they pass beneath the Terni-Rieti railway line. 
|The canal is about 1,000 metres long, with a slope 
of 0-151 per cent., and terminates at the inner foot 
of a small hill, the Monte S. Angelo, which rises 
above the power station. This hill is pierced by a 
| single tunnel, with a diameter of 7-35 metres, and 
| with varying slopes as indicated in Fig. 2. The 
|surge tanks are situated at the far end of the 





in relation to the centres of habitation. In the case | tunnel, the latter branching in three directions, as 
of the district of which Rome forms the centre, | Shown in Fig. 3, shortly before the tanks are reached. 
however, a convenient source of power exists in| One branch joins up to a previously-existing pipe 
the Velino and Nera rivers, with their tributaries, | line, supplying the Papigno plant, while the others 
where in the past over half a million horse-power | constitute the penstock approaches for the new 


has been allowed to run to waste. 


The Falls of | power station. 


The two penstock tunnels are cut 


Marmore, some 50 miles due north of Rome, lie | through the rock, and are 4 metres in diameter. 
on the former river, and the first important step, | They are lined with steel piping, electrically welded 


made in 1926, towards utilising the sources avail- | 
able involved the diversion of the waters which have 
previously rendered these falls one of the most 
famous beauty spots in the world. This is, no| 
doubt, regrettable for sentimental reasons, but those | 
who rate the beauties of nature higher than the | 
convenience of mankind may console themselves 
with the reflection that the falls themselves are of 
artificial origin. These falls were created by the 
canalisation of the river Velino, undertaken by the 
Romans in the Third Century B.c. for the purpose 
of draining the adjacent marshes. Actually, the 
first step to utilise the power of these waters was 
made some fifteen years ago, when the river above 
them was tapped to supply the hydro-electric 
installations at Terni and Rieti. These installa- 
tions have a total capacity of a few thousand horse- 








to form a continuous tube, and the first portion 
slopes at an angle of 55 deg. The discharge from 
the power house is taken into the river Nera. Con- 
currently with the work outlined above, a sluice dam 
has been erected across the Velino river just above 
the falls of Marmore, as indicated in Fig. 1, and a 
short canal has been cut to join up the river, at a 
point about three km. higher up, with the lake of 
Piediluco, the latter thus forming a natural regulat- 
ing reservoir. The whole of the work has been 
carried out by the Societ Generale per Costruzioni, 


| Via Savoia 80, Rome 34. 


Turning now to the constructional features in 
more detail, various views of the intakes are given 
in Figs. 5 to 10, Plates I and II, and drawings in 
Figs. 23 and 24, page 9. The intake passages are 
protected on the river side by trash screens, which 
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can be clearly seen in Fig. 5. A track is laid along | on the back of the sluices. 


the coping, and an electrically-operated scraper for 
cleaning the screens runs along this track, as shown 
in Figs. 5 and 23. After passing through the 
screens, the water enters a chamber in which 
provision is made for the insertion of two rows of 
emergency bulkheads. The form of this chamber 
can be followed from Figs. 6, 9, 23 and 24, the slots 
for the bulkheads being shown in the two latter 
figures. The bulkheads are built up of wood and sheet 
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Various views showing 
the construction of the sluice chamber, and the 
mounting of the sluices, are given in Figs. 6, 7, 9 
and 10. The tunnel for one of the horizontal racking 
shafts can be seen in the background in the photo- 
graph reproduced in Fig. 8, the upper opening in the 
right-hand wall being to receive one of the beams 
constituting the platform above the sluice, shown in 
Fig. 23, while the lower opening is for the reception 
of the hinge sole plate. The reinforcement in the 
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GREAT PRESSURE TUNNEL 
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up of from six to eight curved bars linked together. 
The barsare 22 mm. in diameter, and therings are 1m. 
apart. The horizontal reinforcing bars are 14 mm. 
in diameter, and are 20 cm. apart. The lining 
is from 50 cm. to 60 cm. in thickness, the finished 
diameter of the tunnels being 5:2 m. A view taken 
inside one of the tunnels is given in Fig. 18. 

We may now pass on to the excavation of the 
main canal, this being illustrated in Figs. 4, 11 to 
16, 20, 27 and 28. The canal is 882 m. in length, 














UNDER 











+-136-00-> Jj, 
370- PREGSURE by q 


TUNNELS 



































(663.8.) 








Fic. 4. View oF CANAL LOOKING WEST. 


steel, and are puddled with clay. As will be seen from 
Figs. 23 and 24, the main sluices are of the sector 
type, and are provided with a buoyancy cylinder, 


19 m. in length, and 2-5 m. in diameter, to facilitate | removed. 
the raising and subsequent closing of the sluice, | forming the approach to the main canal is shown in 
When in their lowest | Fig. 6, while the outlets from both tunnels are 


which weighs some 96 tons. 


position, the sluices provide a clear opening 22 m.| visible in Fig. 8. 


wide by 6 m. deep. The sluice-gate arms are built 
up from rolled sections, the working face being of 


steel plating on an angle iron framing. The outer! were in good quality limestone. 


edges of the plating are faced with rubber and 
leather, and the lower sill is provided along the 
contact edge with a continuous strip of leather of 
U-section. The sluices are operated by an electric | 
windlass, which is coupled through reduction gearing | 
to the two vertical shafts which pass down wells, as 
shown in section in Fig. 24. A bevel pinion is keyed 
to the bottom of each shaft, and the two pinions 
engage with bevel wheels on short horizontal shafts. | 
terminating in pinions engaging with racks mounted | 











| foreground is for the main sill. It will be noticed 
| that the chamber was excavated before the rock on 
| the river side, to the left in the illustration, was 
The entrance to one of the tunnels 


Figs. 7 and 10 show the erection 
of one of the sluice gates, the buoyancy cylinder 
being plainly visible. The excavations at this point 
Two revolving 
derricks, manufactured by Messrs. Loro Lanni and 
Company, Milan, each capable of raising six tons, 
were used to handle the excavated material. These 
derricks can be seen in Figs. 5 and 6. 

The intake tunnels were driven through rock of 
poor quality, so that timbering had to be resorted 
to extensively, but this portion of the work does 
not otherwise call for particular comment. The 
lining of the tunnels was executed in reinforced 





concrete, the reinforcement consisting of rings made 
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and the depth varies between 15 m. and 26 m., as 
indicated in Fig. 2. The ground traversed was in 
general composed of travertine and sandstone, with 
inclusions of various descriptions of gravel. Many 
caves were met with in the course of the excavations. 
These are characteristic of the region, and are of 
considerable length in some cases, one which was 
explored being found to have a length of over 50 m. 
In passing through ground of the type mentioned, 
the walls of the canal were given a slope of 65 deg., 
resulting in a width of 7 m. at the bottom, and 26 m. 
at the top, as shown in Fig. 28. After the excava- 
tion of the rock was completed, a series of concrete 
ribs, spaced 5 m. to 6 m. apart, according to the 
nature of the ground, were cast in position, wooden 
forms being employed for the purpose. These 
ribs, which are not keyed into the rock in any way, 
can be seen clearly in Fig. 20. After the ribs had 
hardened sufficiently, the main facing for the walls, 
shown in section in Fig. 28, was proceeded with, 
the method of working being shown in Fig. 20. 
The ribs were cast with a narrow projecting strip 
down the centre of the front face, and these strips 
were spanned by movable wooden shutters to form 
the mould for the facing. The shutters were about 
2 m. deep, and were suspended from cables, which 
were drawn in as the work proceeded. To give a 
better finish to the work, the inner faces of the shut- 
ters were faced with sheet iron. 

The composition of the concrete was 0:7 cub. m. 
of rubble, and 0°6 cub. m. of sand, to 300 kg. of 
cement. The mixture was brought from the mixing 
plant located beside the canal, in trucks, and was 
tipped into funnels connected by temporary piping 
to the required mould, as shown in Fig. 20. 

The caves to which reference has been made were 
opened up and filled in with reinforced concrete 
where their continued existence would have been 
detrimental to the work. In places where the line 
of the wall intersected cavities or broken ground of 
insufficient strength to form a natural backing 
for the facing. the revetment was carried by a con- 
crete wall. An example of this type of construction 
is shown in Fig. 27. The type of walling shown on 
the right was adopted when a shallow cavity was 
present in the rock. In such cases, the faces of the 
cavity were dressed, and the recess was completely 
filled in with lime-pozzuolana concrete. Where 
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the cavity, or pocket of broken ground, was too 
extensive for complete filling, the construction shown 
on the left of Fig. 27 was adopted. The ground at 
the base of the cavity was excavated to the level 
of the canal bottom and strengthened by piling, 
and the wall was then constructed in lime-pozzuo- 
lana concrete, both faces being stepped as shown in 
the figure. On the canal side, the wall was com- 
pleted with a facing carried on ribs in a similar 
manner to the normal sections of the canal already 
described, while the space between the back of the 
wall and the rock was filled in with loose stone and 
earth, as shown in the figure. A view of the finished 
revetment of the central portion of the canal is 
given in Fig. 16. It will be noticed that a final 
surfacing of bitumen was applied to secure absolute 
impermeability and to prevent vegetable growths. 

The first-section of the canal, for a length of 
about 200 m., passes through a clay formation, 
and in this part of the work a slope of 3 to 1 was 
adopted for the sides. Although the ground was 
not permeable, bilging was noticed at intervals 
during the excavations, and it was decided to 
employ a special facing, consisting of wire gabio- 
nade work, on a 30-cm. bed of rubble. The dimen- 
sions of the gabionade work are given in Fig. 25, 
while views showing the actual construction are 
given in Figs. 4, 11 and 13. The filling adopted 
consisted of chalk and rubble in the proportion of 
2 to 1, the rubble measuring from 3 cm. to 8 cm., and 
the chalk 15 cm. to 30 cm. The wire mesh was of 
zine throughout. 

At the other end of the canal, adjacent to the 
entrance of the tunnel, the ground was largely 
composed of clay and sand, intermingled with 
travertine. The slope of the canal walls was made 
the same as for the first section just described, but 
instead of gabionade work, the facing was carried 
out with pozzuolana-cement concrete. 

The methods adopted for excavating the 
canal are of considerable interest. The contract 
stipulated for the completion of the whole work 
in eighteen months, during which over 500,000 
cubic metres of soil and rock had to be excavated 
in open ground, together with 5,000 cubic metres 
in the short tunnels, and the subsequent concreting 
executed. The concreting entailed about 90,000 
cubic metres of walling, of which some 20,000 cubic 
metres were reinforced. It will be appreciated 
that, in order to deal with such large quantities 
of material in the required time, very careful 
planning was necessary to ensure that the plant 
employed, which was of the latest type, should be 
utilised to the best advantage. The method of 
excavating the canal is shown in Fig. 26. Four 
excavators, constructed by Messrs. Orenstein and 
Koppel, Berlin, were operated simultaneously. An 
excavator of this make, driven by a 50-h.p. crude 
oil-engine, was described on page 285 of our 
issue for March 9 last. Each machine employed 
on the excavation of the canal had a capacity 
of 1,500 cubic metres of soil and rock per day, 
and was served by its own system of trucks and 
lifts. Before the excavating machines were set 
to work, the ground was broken up by blasting. 
From six to eight Ingersoll-Rand rock drills were 
associated with each excavator. These drills, four 
of which can be seen in Fig. 14, were employed 
to bore the vertical shot holes, having a diameter 
of 80 mm., and a depth of 4 to 5 metres. Horizontal 
shot holes, of smaller size, were drilled in the face 
of the excavation by means of pneumatic hand drills. 
The blasting was mainly carried out by the Weber 
liquid-oxygen process, of which a description will 
be found on page 711 of vel. cxvii., of ENGINEERING. 
The charges, of which some eight different varieties 
were employed, according to the nature of the 
rock, were made by the Societa staff in a building 
adjacent to the excavation. The broken materials 
resulting from the explosion was loaded into trucks 
by the excavators, the trucks then being trans- 
ferred to the base of the elevators by petrol loco- 
motives. There were 20 elevators, built by Messrs. 
Gentili and Brighi, Milan. Four of these elevators 
can be seen in Fig. 14, from which it will be noticed 
that they raised the loaded truck to the top of 
the cutting. A train was then made up, and the 
material drawn to the spoil heap by Diesel or 
petrol locomotives, of which fourteen were in use. 
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GALLETO HYDRO-ELECTRIC INSTALLATION, NEAR ROME, 
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The method of dealing with the concrete for 
facing the canal walls has already been referred to, 
and it is only necessary to add that both the sand and 
aggregate employed were obtained by crushing and 
grinding stone from quarries in the neighbourhood. 

Ten concrete mixers were installed, either of the 
Ransome Bantam or Internationale Baumaschinen- 
fabric types. Ransome concreting towers were em- 
ployed wherever they offered any advantage. 

The tunnel through Monte S. Angelo, following 
on the canal, is of circular section, as shown in 
Fig. 22, which gives a view of the entrance. 
The slope of the tunnel is 0-2 per cent. for 
700 metres, increased to 0°89 per cent., in the 
next 100 metres, and decreasing to 0-1 per cent. 
for a further 100 metres before reaching the surge 
tanks. As already stated, the diameter is 7-35 
metres. The lining is from 50 cms. to 60 cms. 
thick, and is in reinforced concrete. The rein- 
forcement consists of 11 rings of 30-mm. diameter 
bar per meter, with horizontal bars, 14 mm. in 
diameter, at intervals of about 20 cms. The tunnel 
will withstand a pressure of 5 atmospheres. 

The rock traversed by the tunnel was found to 
be generally of limestone, with occasional inclusions 
of sand and clay. The limestone was not of good 
quality, and falls had to be carefully guarded 
against, particularly after the rock had been ex- 
posed to the air. Cracks of great length occurred, 
and the large diameter of the tunnel tended to 
accentuate the difficulties. A central heading, about 
2 metres wide by 2-5 metres high, was first driven 
through, after which the roof of the heading was 
raised to the level of the tunnel, the material at 
the sides and bottom being excavated last. Exten- 
‘ive timbering was required in the zones where clay 
or sand occurred. An example of this timbering 
is shown in Fig. 21, the portion of the tunnel in 
the foreground showing the appearance of the 
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facing after removal of the shuttering. The beams 
required for the timbering were of unusual size, 
the principal props being 9 metres long. 

Other views of the work on the revetment are 
given in Figs. 17 and 19, Plate IV. The facing 
was executed in 4-m. lengths, four or five lengths 
being filled at the same time. The shuttering was 
supported on a series of rings, made up of wood 
segments bolted together, and supported by triangu- 
lar bracing, as shown in Fig. 30. The concrete 
was brought to the required point by trucks running 
on temporary rails, and drawn by petrol locomotives. 
It was then elevated in buckets by a simple winch 
arrangement, and directed behind the shuttering 
down pipes terminating at the upper end in a funnel. 
The arrangement will be clear from Figs. 17 and 30, 
the lower bracing bar for the shuttering supporting 
rings having been removed in the former figure. 
The filling of the crown of the lining was com- 
pleted through manholes at the top in the usual way. 
The lining was completed in about five months, 
the average rate of progress being 5 m. per day. 

To consolidate the rock behind the facing, a 
fluid cement mixture was injected after the facing 
was completed. Piping was inserted while the facing 
was being filled, and the cement mixture, consist- 
ing of 800 kg. of cement, and an equal quantity 
of fine sand, per cubic meter of mortar, was 
injected through these pipes at a pressure of 5 
to 6 atmospheres. The ends of the injection pipes 
projecting from the facing can be seen in Figs. 18 
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and 19. It will be seen from Figs. 2 and 3 that the 
tunnel passes under the gallery in the Terni-Acquila 
railway, and the lining was strengthened at this 
point by the introduction of a steel pipe, built 
up in sections, together with a relieving arch in 
reinforced concrete. Details of the pipe and arch 
are given in Fig. 29. 

Space will only permit a brief reference to the 
auxiliary plant, to some of which reference has 
already been made in the course of our description. 
As stated, the necessary materials to form the aggre- 
gate for the concrete were obtained by crushing and 
grinding, quarries being opened up in the adjacent 
hillside to secure an adequate supply of rock. The 
actual grinding was carried out at three centres, 
situated at convenient points in relation to the work, 
each installation being of sufficient size to produce 
over 300 cub. m. of material perday. The water re- 
quired on the various sections of the work, amount- 
ing to some 150 cub. m. per hour, was supplied by 
electrically-driven pumps. The majority of the 
other auxiliary plant was also electrically driven, the 
power being obtained from Rieti at high tension 
and transformed in suitable sub-stations on the site. 
Over 150 electric motors were in use, aggregating 
2,000 h.p. The supply network was 20 km. long, 
there were 14 km. of compressed air and water 
mains, and 20 km. of light railway. Compressed air 
for the rock drills was supplied by five sets of 
Ingersoll and Demag compressors, capable of 
producing a total of 200 cub. m. of air per minute, 
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A testing laboratory was erected, containing a 
100-ton Losenhausen testing machine for compres- 
sion tests on concrete, and grain-testing appliances 
for sand and gravel. The usual workshops and 
stores included a warehouse of sufficient size to 
hold 25,000 quintals of cement, to ensure against 
the possibility of a temporary shortage. 

Reference has already been made to the very 
limited time, in view of the magnitude of the work, 
allowed for the completion of the contract, and 
the fact that the stipulated time was not exceeded 
reflects the greatest credit on the Societa’s engineers 
and staff. While in no way deprecating the 
excellent work of the administration, it is not too 
much to say that this satisfactory result could not 
have been achieved without the full co-operation 
of the workers, and we were much impressed at the 
time of our visit by the willingness and energy shown 
by everyone concerned. Careful provision was made 
for the welfare of the employees, who numbered 
about 2,000. The temporary houses erected for their 
accommodation were commodious and pleasantly 
situated, and the amenities included gymnasiums, 
football fields, and tennis courts. Canteens were 
also arranged for; in these special attention was 
paid to the food, and the health of the men was 
further ensured by the provision of an infirmary, 
first-aid centres, and an isolation hospital. 

It may be mentioned, in conclusion, that the 
installation described constitutes the first portion 
of a much larger scheme which will not only utilise 
the lake of Piediluco to its full capacity, but which 
includes the construction of two large artificial 
reservoirs. The first of these will be at Avenza, and 
will have a capacity of 110 million cubic metres. 
while the second, with a capacity of 140 million cubic 
metres, will be near Carsoli. The scheme embraces 
the impounding of the two tributaries of the Velino, 
the rivers Salto and Turano, together with the Nera 
and its four tributaries Ussita, Vallegra, Vigi, and 
Como. Additional power stations will be installed 
at Chiusita, Triponzo, Recentino, and Visso, work on 
the last mentioned having already been commenced. 








THE INSTITUTION OF ELECTRICAL 
ENGINEERS: SUMMER MEETING. 


(Concluded from vol. exxv, page 811.) 


On Thursday, June 28, those attending the 
summer meeting of the Institution of Electrical 
Engineers in Scotland travelled from Glasgow to Fort 
William, the party being conveyed by special train 
from Queen Street station. A halt was made on 
the way at Tulloch, where lunch was provided by 
Messrs. the British Aluminium Company, Limited 
and Messrs. Balfour, Beatty and Company, Limited. 
Tulloch, as shown on the accompanying map, is a 
strategic point in the large civil engineering works, 
which form an essential part of the development of 
the water power of the district, which is now being 
undertaken by the British Aluminium Company. 
This development, which is known as the Lochaber 
Hydro-Electric Scheme, is the third of its kind 
which has been undertaken by the company, the 
first being at Foyers on Loch Ness in 1896, and the 
second at Kinlochleven on Loch Leven, Argyllshire, 
in 1909. The Lochaber scheme is interesting not 
only on account of its size, but owing to the 
imaginative qualities shown in its preparation and 
the determination on the part of a firm, to whom 
large quantities of cheap electricity are essential, to 
utilise the water power available in a remote 
neighbourhood. The work can be done without 
harmfully affecting the icenic amenities. 

As shown on the map, the power house and factory 
of the Lochaber scheme will be situated 1 mile 
north-east of Fort William, and will have a continuous 
output of about 100,000 e.h.p. This is approxi- 
mately three times that of Kinlochleven. The 
catchment area, the extent of which is also shown 
on the map, is 303 square miles in extent, the 
annual rainfall varying from 160 in. at the summit 
of Ben Nevis to 50 in. at the northern boundary. 
The works are designed to deal with a flow of 
1,600 cub. ft. per second. 

The first portion of the work consists in driving 
a 15-ft. tunnel some 15 miles long from Loch Treig 
to a surge chamber on the hill above Fort William, 
whence a steel pipe line leads down to the power 








station. The line location of the tunnel follows the 
general contour of the mountain side, in order to 
facilitate construction ; and an interesting feature 
is that arrangements are being made by the use of 
shafts and adits to tap the streams, which cross the 
line of the tunnel. Owing to the heavy rainfall in 
the district traversed the water collected in this way 
will form an important percentage of the total run- 
off. The tunnel is being driven from 23 faces, of 
which eight are operated from shafts, varying in 
depth from 200 ft. to 356 ft., 14 from horizontal 
adits, varying in length from 420 ft. to 1,440 ft., 
and one from the open end at the top of the pipe 
line. The positions of these workings are also shown 
on the map. Boring is for the most part through 
hard rock, and good progress is being made. Quarry- 
ing methods are used, holes being drilled in the 
face by pneumatic rock drills and gelignite cart- 
ridges being then inserted and fired. The spoil is 
hauled away in trucks by battery locomotives, raised 
to the surface by hoists in the case of the shafts, and 
tipped on the hillside. 

The power for the tunnelling and other machinery 
is obtained from a temporary power station at 
Monessie Falls, where the head is 100 ft., and is 





The second portion of the scheme provides for the 
diversion of the flood waters of the River Spey, 
in excess of 40 million gallons per day, into Loch 
Laggan. The dam for this purpose (the Spey dam) 
will be 30 ft. high, and 900 ft. long, and will be 
situated two miles above Laggan Bridge. It will 
form a reservoir two miles in length to regulate and 
divert the flood waters of the river across the water- 
shed to the River Pattack. The River Mashie 
will also be tapped by means of an intake, 
the water being led to a conduit, which will run 
from the Spey dam to the River Pattack. 

Lochs Laggan and Treig thus form the main reser- 
voirs of the scheme. The area of the former will 
be extended by dredging the present outlet and 
constructing a dam (the Laggan Dam) in the River 
Spean some four miles downstream, thus making 
the total length of the reservoir 10 miles. This 
dam will be 550 ft. long and 45 ft. high. The level 
of the Loch will not be raised, but the water will be 
drawn down to a maximum depth of 16 ft. A 
third dam (the Treig Dam), is to be built at the 
outlet of Loch Treig to raise its level by 40 ft. The 
intake of the tunnel leading to the power house is 
100 ft. below the present water level, and a variation 
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transmitted at 11,000 volts to sub-stations at the 
various points of operation. A contractors’ railway, 
operated by steam locomotives, has been laid along 
the hill side on the line of the tunnel and pipe line, 
and connects the tops of the shafts, entrances to the 
adits and the various workmen’s camps, where 
accommodation, including recreation huts and 
hospitals has been provided for 2,000 workmen. 
The total length of this railway is 20 miles. A 
special telephone system enables communication to 
be maintained with all parts of the works. 

At the surge chamber, which is 220 ft. deep, the 
tunnel bifurcates to the top of the pipe line, which will 
consist of two groups of three 5-ft. 6-in. steel pipes. 
This pipe line is 3,200 ft. long, and will be controlled 
by automatic valves. In order to take full advant- 
age of the head available, the power house is being 
sunk some 40 ft. below the ground level, the turbine 
pits and tail race being deeper still. Access to the 
power house is obtained by means of an incline 
through a rock cutting. The maximum head at 
the turbines, which will be of the impulse type, is 
800 ft., the total capacity of the generators being 
120,000 h.p. As shown on the map, the tail race 
will discharge into the River Locky below the 
bridge carrying the Mallaig railway. It will be 
3,000 ft. long, 2,000 ft. of which will be open, and 
the remainder in tunnel. It crosses the railway 
twice and the main public road once by means of 
concrete bridges. 

The aluminium factories will adjoin the power 
house, and will be situated at a level of 34 ft. above 
the floor of the latter. They will be served by a rail- 
way running from a reinforced concrete pier, which 
has been constructed at the head of Loch Linnhe. 
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of 140 ft. is thus obtainable for storage purposes. 
Loch Treig is five miles long, with an average width 
of half-a-mile. The two reservoirs will be connected 
by a pressure tunnel four miles long, the intervening 
watershed being tapped at the streams by means of 
shafts. The combined capacity of these reservoirs 
will be 9,240 million cubic feet. 

The Provisional Order for the scheme was 
initiated by Mr. W. Murray Morrison, M.Inst.C.E., 
director and general manager of the British Alu- 
minium Company, Limited. The general design 
and layout of the scheme are due to the late Mr. C. S. 
Meik, M.Inst.C.E., who has been succeeded by Mr. 
W. T. Halcrow, M.Inst.C.E., of Messrs. C. S. Meik 
and Buchanan, with whom is associated Mr. 
W. J. E. Binnie, M.Inst.C.E., as consulting engineers 
for the civil engineering work. The design of the 
power plant and factories is being carried out under 
the direction of Messrs. Murray Morrison, J. S. 
Bliss, and A. S. Kinnear, of the British Aluminium 
Company, Limited. 

The principal contractors for the civil engineering 
work are Messrs. Balfour, Beatty and Company, 
Limited ; for the pressure pipe line, The South 
Durham Steel and Iron Company, Limited ; for the 
valves, Messrs. Glenfield and Kennedy, Limited ; 
and for the gates, Messrs. Ransomes and Rapier, 
Limited. The English Electric Company, Limited, 
are supplying the main turbines and generators, 
while Messrs. Metropolitan-Vickers Electrical Com- 
pany, Limited, and Messrs. Boving and Company, 
Limited, are responsible for the subsidiary turbines 
and generating plant. 

Friday was devoted to a trip on the Western 
Seas, Oban being reached late in the afternoon. 
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LABOUR NOTES. 


In his report to the annual conference of the 
National Union of Railwaymen, which opened at 
Bristol on Monday, Mr. J. H. Thomas, M.P., said 
that head office returns revealed a decrease in 
membership at the end of the past year, which was 
probably mainly due to short-time working generally, 
and the 3d. per week levy made necessary by an 
expenditure of nearly 2,250,000/. in 1926 owing to 
the general strike, and almost 500,000]. in 1927 
owing to the continued collapse of the coal-mining 
industry. Notwithstanding that great drain on the 
funds, however, the corner had now been turned, 
and he believed that in a very few years the 
organisation would be restored to a firm financial 
basis. ey. '5, 

Mr. Cramp, in his report, announced that the 
decrease in membership had been approximately 
75,000. Although these figures at first sight might 
seem depressing, on examination of the causes and 
events that had brought about the depression there 
was, he said, abundant cause for hope of amelioration 
of the position in the future. The fact that round 
about 27,000 applications for membership had been 
received so far during 1928, demonstrated that the 
union was recovering its lost ground. An encouraging 
feature had been the loyalty and enthusiasm of the 
ordinary members, which together with the strenuous 
endeavours of branch secretaries and officials, had 
done much to assist the union’s leaders to pilot the 
good ship through the stormy seas. 


Mr. Thomas alluded briefly to the Mond conferences 
on the subject of peace in industry. He said that 
the severe and widespread unemployment, the decline 
in the standard of living of certain sections of the 
workers, the situation in the coal industry, and the 
grave position of the iron and steel, shipbuilding and 
engineering, cotton and other industries, were all 
factors of great concern to the trade union movement. 
The General Council was convinced that any elected 
body which at such a time failed to explore any and 
every means which had for its object the improvement 
of the conditions of those it represented, would be 
unworthy to hold office. The trade union movement 
was not only concerned with the prosperity of industry, 
but demanded a voice as to the way in which industry 
was carried on, so that it could influence any new 
developments. Ultimate trade union policy could 
find more use for an efficient industry than for a 
derelict one, and the unions could use their power 
to promote and guide the scientific reorganisation 
of industry as well as obtain material advantages 
from that reorganisation. The General Council pointed 
out that for the first time in its history the repre- 
sentatives of organised labour had been invited to 
meet a group of important industrialists to discuss 
the finance and management of industry, new 
developments in technology and organisation, the 
organisation of industry itself, nationally and inter- 
nationally, means of assuring the status and security 
of the workers, and methods of achieving the highest 
possible standard of living for all. These were the 
things the trade union movement had been claiming 
for years to have a voice in, and for years it had been 
denied that right. 


Dealing with the same question in his presidential 
address, Mr. Gore said that in the railway industry 
they were passing through a critical period, owing 
mainly to increasing road transport competition, 
due to some extent to the lack of foresight of railway 
directorates, who had been imbued with the false 
security that railway transport was impregnable. It 
was gratifying to know that in some quarters it had 
been realised that the rank and file of railway workers 
took an intelligent interest in their industry, and that 
practical railwaymen were able to contribute brains 
as well as brawn, and that they were sincere when 
they signed the agreement in 1921 for machinery 
for negotiation which contained the words “‘ co-opera- 
tion with a view of securing increased business, greater 
efficiency, and economy.” 


Had the proper spirit of that agreement been given 
effect to, Mr. Gore claimed there would no doubt 
have been a different position in the railway industry 
than existed to-day. This was his reply to the critics 
who averred that the railwaymen had been trapped 
by a new move on the part of the management. Those 
of them who had taken part in what was called 
co-operation when applied to employers and employed 
im an industry privately owned, could only mean 
thereby both sides putting their best into the industry 
to obtain the maximum results—the managerial side 
increased dividends and the employees’ side more 
wages and improved conditions. If, then, they could 





other than violent methods, they would be unworthy 
of the trust reposed in them if they failed first to 
use peaceful methods, recognising that it was only 
through constitutional machinery and methods that 
rates of wages or conditions of service could be varied. 
At the same time they would never surrender the 
right to use the strike weapon in the interest of their 
members. Pe ta 

At Tuesday’s sitting, the conference discussed the 
question of co-operation with employers in the promo- 
tion of industrial peace on a resolution submitted by a 
Gateshead branch, and an amendment submitted by a 
Finchley branch. The resolution was as follows :— 
‘** That this conference welcomes and approves of the 
efforts to discuss on the broadest possible basis the 
whole economic position of the country, provided 
that there is no interference with the accepted 
machinery of this organisation. We further instruct 
our representatives to report to this body when the 
occasion demands.” The amendment was in these 
terms :—‘‘ That this conference strongly condemns 
the action of the General Council in supporting the 
employers in their industrial peace movement. The 
vicious wage cuts and hours extensions imposed upon 
the workers, the attacks in certain coalfields and the 
textile industry, the wholesale victimisation taking 
place in the coalfields, show very clearly that the aim 
of the employers is to degrade the standards of living 
of the workers. Industrial peace under conditions 
of this description is revealed as another method 
whereby the employers aim to render trade unions 
impotent in the struggle against wage reductions. 
This conference therefore instructs the Executive 
Committee to take steps to immediately dissociate 
this union from the industrial peace conferences and 
to withdraw its representatives from all participation 
in these conferences.”” On a recorded vote, the reso- 
lution was carried by 64 votes to 16. In the voting 
on the amendment 16 were in favour and 64 against. 





The Executive of the National Union of Textile 
Workers, at.a conference in Manchester on Monday 
with representatives of the Allied Association of 
Bleachers, Dyers, Printers and Finishers, agreed to 
accept the terms of the settlement arrived at by the 
employers with the executives of the five other unions 
connected with the industry. The Allied Association 
has recommended its members to re-engage the opera- 
tives who went on strike. 


Dealing with the resolution in the interim report to 
set up a National Industrial Council, at Wednesday’s 
full joint meeting in London of the Conference on 
Industrial Reorganisation and Industrial Relations, 
Lord Melchett said that if the recommendation were 
adopted they would have for the first time a repre- 
sentative body of employers and trade unionists to 
consider, not merely in times of conference, but at all 
times, in a friendly way, those matters which affected 
the prosperity of industry. The resolution recom- 
mended the bringing in of two bodies representative 
of employers’ organisations, namely, the Federation 
of British Industries and the National Confederation 
of Employers’ Organisations. The employers’ section 
of the conference would take the necessary steps to 
bring the recommendations of the full Joint Conference 
to the consideration of the appropriate employers’ 
organisations. It could, therefore, be no longer urged 
that the permanent machinery suggested was unre- 
presentative in character ; the members of the General 
Council and those nominated by the Federation and 
Confederation would be equally representative and 
equally responsible. From the National Industrial 
Council emerged, Lord Melchett went on to say, the 
resolution for the provision of machinery for the 
prevention of disputes. The organisation suggested 
was entirely voluntary, and it was constituted by people 
who understood industry. The work of the body 
was not to interfere with the working of existing 
negotiating machinery; it was to be both supple- 
mentary and complementary. The machinery would 
exercise a very great moral effect, and would prevent 
the outbreak of disastrous disputes which all deplored. 
The interim report was adopted, only one vote being 
recorded against it. ae 

The Ministry of Labour states that on June 25, 
1928, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
was 1,192,600. Of these 767,100 were wholly un- 
employed, 350,100 were temporarily stopped, and 
75,400 were persons normally in casual employment ; 
959,100 were men, 28,100 boys, 180,200 women, and 
25,200 girls. On June 18, 1928, the number of un- 
employed persons was 1,162,521, of whom 771,027 








were wholly unemployed, 317,289 were temporarily 
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stopped, and 74,205 were persons normally in casual 
employment ; 935,285 were men, 27,810 boys, 174,044 
women, and 25,382 girls. On June 27, 1927, the total 
number of unemployed persons was 1,044,613. 

At the Annual Conference of the National Federation 
of Building Trade Operatives at Norwich last week, 
it was decided by a large majority to take steps to 
amalgamate all the unions in the industry. A scheme 
of amalgamation is to be prepared for submission to 
next year’s conference. 

The Organisation Committee of the Trades Union 
Congress General Council have had under consideration 
the question of amalgamation and joint working 
arising out of the circular issued to the affiliated 
unions. At their last meeting, the Organisation Com- 
mittee reviewed the replies that had so far been received 
to the circular, and the following recommendations 
were adopted for acceptance by the General Council : 
(1) That an endeavour be made to arrange conferences 
of unions in those groups where a majority have 
signified their willingness to amalgamate and there 
seems to be a likelihood of success. (2) That in groups 
where a few unions have indicated their willingness 
to amalgamate, the Secretary inform each of the 
anions of others favouring amalgamation, and offer 
the assistance of the General Council in convening a 
conference. (3) That in the case of those groups 
where there did not appear to be any possibility of 
amalgamation consideration of the position be deferred. 
It was also agreed to recommend that a précis of each 
reply should be sent to the respective unions for their 
approval, and that a complete summary of the replies 
should be embodied in a report to Congress. 


At the recent annual Conference of the Union of 
Shop Assistants and Warehousemen, a resolution was 
adopted expressing emphatic condemnation of the 
disruptive activity of the Communist Party, the 
National Minority Movement and allied organisations, 
and requiring “‘ those disloyal members of our union 
who countenance such methods” to discontinue 
them, the Conference at the same time registering its 
determination to prevent any outside body interfering 
in the internal affairs of the union. In view of this 
resolution, and having regard to evidence brought to 
their notice, the executive of the union have now 
decided that no official, paid or unpaid, is to be allowed 
to hold, or to remain in office, or in the service of the 
union, if he is a member or a known supporter, of the 
Communist Party, the National Minority Movement or 
a subsidiary organisation connected with these bodies. 


A Workmen’s Compensation Bill has been drafted 
by a joint committee representing organised labour, 
and is shortly to be submitted for the joint considera- 
tion of the Labour Party Executive and the Trades 
Union Congress General Council. Under the measure, 
insurance against claims by employees would be taken 
out of the hands of insurance companies and corpora- 
tions and based entirely on State funds as is the case 
in some Canadian provinces, notably Ontario. Instead 
of being adjudicated upon in courts of law, claims would 
be made to Compensation Boards, composed of em- 
ployers and workpeople with a right of appeal to a 
National Compensation Board, similarly constituted 
but with the addition of members with legal training. 
A detail of some importance is the basing of com- 
pulsory accident insurance through the State on a 
percentage of the wages bill. 





A joint meeting of the Executive of the Miners’ 
Federation and the General Council of the Trades’ 
Union Congress was held in London last week to con- 
sider certain difficulties that have arisen over the 
activities of Mr. A. J. Cook. According to the official 
report issued at the close, Mr. Ben Turner, who pre- 
sided, asked Mr. Citrine to state the position which the 
General Council wished to present for the consideration 
of the Miners’ Executive. Mr. Citrine explained the 
difficulties arising from Mr. Cook’s attacks on the 
General Council and its policy. Afteralong discussion 
Mr. Herbert Smith, president of the Miners’ Federation, 
asked that the statement from Mr. Citrine should be 
supplied to the Miners’ Executive for their considera- 
tion, and it was agreed that a further meeting should 
be arranged to discuss the whole matter. 





The General Council of the Trades Union Congress 
has drafted a new standing order to be submitted to 
the September Congress, giving it power to take the 
initiative in investigating the conduct of a union where 
there appears to be justification, and, if a union offends 
or it is felt the offence is already sufficient, to suspend 
it from membership until the next Congress. The 
proscribed union would have a right of appeal to the 
next Congress. 
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INDUCTION MOTOR STARTER. 


As is well-known the simplest way of starting 
a squirrel-cage induction motor is to connect it to 
the mains without the intervention of resistances 
or other current-limiting devices. For some time this 
method was not altogether popular with engineers 
controlling supply undertakings, since the current-rush 
that occurred, when the circuit was first closed, caused 
disturbances to other consumers. In some cases, 
therefore, regulations were made confining this practice 
to motors of 3 h.p. or even less. The increasing use of 
electricity has now, however, rendered the effect of 
such current-rushes relatively innocuous, and the 
advantages of starting in this way are, therefore, 
leading to its wider adoption especially in the case of 
small motors. That being so it is a natural step for 
designers to devise starting switches for this purpose 
which shall be simple in construction, compact and 
easy to operate and to combine with them one or more 
safety devices, the object of which is to protect the 
motor from damage, both during starting and while 
running. These problems have been solved in an 
ingenious manner by the Igranic Electric Company, 
Limited, of 147, Queen Victoria -street, London, who 
have recently put on the market the starter which is 
dealt with below. 

An interior view of this starter is given in Fig. 1, 
above. This illustration shows the block of insu- 
lating material, which carries the roller contacts and 
the armature of the operating mechanism, removed 
from its normal position across the upper half of the 
switch ; and also allows the compactness of the general 
arrangement to be seen. The switch is controlled by 
the two push-buttons, which are visible in the open 
cover. The upper of these is used for starting and the 
lower, which is coloured red, is employed for stopping 
and also for re-setting the overload trip mechanism. | 
The operation of the switch can best be followed by 
referring to the diagram of connections (Fig. 2), which 
shows the main switch on the left and an auxiliary 


|continues to run. 
modifications when the motor is started by pressing the 
“start”? button of the auxiliary switch. 


main or auxiliary switch is depressed. This opens the 
maintaining circuit through E, with the result that the 
coil A is de-energised, its armature falls and contacts 
B, C, D and E are opened. The circuit from the line 
is, therefore, broken and the motor comes to rest. 

The object of the “inch” button on the auxiliary 
switch is to enable the motor to be started up and run 
for short periods for adjustment purposes. In Fig. 2 
this button is shown in the normal or undepressed 
position. When it is depressed the upper pair of 
contacts is broken and the lower pair closed, thus 
establishing a circuit from L,, through the coil A, the 
“ re-set’? and ‘‘ stop” contacts on the main switch, 
the “stop” contacts on the auxiliary switch and the 
lower pair of contacts on the “inch” button back to 
L,. Coil A is, therefore, energised as before and the 
motor starts. As, however, the “ start’”’ contacts on 
both the main and auxiliary switch are open no circuit 
is established through contact E, and when the pressure 
on the inch button is removed the circuit through A is 
broken and the motor circuit opened. The starting, 
stopping and inching procedure, which has just 
been described corresponds with the arrangement 
shown in Fig. 2, where both a main and auxiliary switch 
are used and the ‘‘ inch” button is incorporated in the 
latter. It will be obvious, however, that the auxiliary 
switch and ‘‘inch” button can be eliminated by an 
appropriate alteration of the circuits on the main 
switch and this is, in fact, the most usual and simplest 
arrangement. 

The inverse time-limit overload protection is shown 
in Fig. 2 fitted in two phases at T, and T,, but 
it can also, if required, be placed in the third phase 
as well. These overload coils surround a small peg, 





which is soldered into a cup in the top of a brass cylinder, | case of need without the use of tools. 


STARTER FOR INDUCTION MOTORS. 


BY MESSRS. THE IGRANIC ELECTRIC COMPANY, LIMITED, ENGINEERS, 


The same applies with small | 


To stop the motor, the “‘ stop” button on either the 
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repeated closings without excessive burning or arcing 
at the contacts. When the circuit has been opened 
in this way the solder gradually solidifies again and 
after about 30 sec., it is possible to reset the switch 
by depressing the “stop’’ button to its full extent, 
and thus to close the “‘ re-set ’’ contacts. The latter 
operation is effected as follows: The stem of the 
“stop”? button consists of a conical plunger, which 
passes between the two insulating blocks mentioned 
above, and thus forces them outwards against the action 
of the spring. The pawl is thus caused to ratchet round 
one or two serrations on the cylinder, and is then 
retained in the working position once more by the pin, 
mechanical connection with which has been re-esta- 
blished by the solidified solder. It will be clear that, 
owing to the inverse time-element, the rise of current 
at starting will not cause this device to operate, though 
at the same time it will come into action should any 
sustained overload occur, either then or while the 
motor is running. 

An interesting feature of the design of this starter 
is that, as already mentioned, the usual butt type 
moving fingers have been replaced by simple rollers 
(Fig. 1), which close the circuit between two stationary 
fingers. Thus when the rollers are withdrawn, the 
circuit is opened in two places. As each operation of 
the contactor turns the roller slightly, a new and clean 
surface is presented for the next operation. The 
starter is enclosed in a round-cornered case of neat 
design, which is fitted with side hinges, so that when 
the cover is opened all the mechanism is easily acces- 
sible for inspection and cleaning. The contacts, as 
shown in Fig. 1, are easily removable and the roller 
finger, assembly and arc shields can be dismantled in 
The whole 
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the outer periphery of the latter being serrated. Two | interior can be taken out of the case, without disturb- 
blocks of insulating material at the lower part of the | ing the conduit, by loosening one screw. All the wiring 





switch on the right. From this it will be seen that | switch behind the “ stop’? button each carry a spring| is on the front of the panel and the leads are brought 
when the motor is at rest the contacts of the “ stop” | controlled pawl, which normally engages in one of the | in through “knock-out” holes in the top and bottom 
and “re-set”? button are closed, while those of the | serrations on the brass cylinder. The two blocks are | of the case. The case is provided with “tee” slots, 
‘start’? button are opened. | connected by a spring, which tends to bring them|so that mounting screws may be put in position, the 
To start the motor the latter button is depressed. | together, though movement is prevented by the peg, | starter hung on them and the screws tightened. 
This closes a circuit from the line L, through the | when the switch is in working order. When, however,| The starter is designed for all types of alternating 
contactor coil A, the “re-set”? and “ stop” contacts | an overload occurs the heat generated in the coils T, | current supply and for motors up to 5-h.p. at 550 volts. 
on the main switch, the “ stop” and “ inch” contacts | and T, is sufficient to melt the solder in the cup, with | Its overall dimensions are 8 in. by 7 in. by 4} in. 
on the auxiliary switch ani the “start” contact on| the result that the mechanical connection between the | deep. 
the main switch back to L,, so that a circuit is| peg and the serrated cylinder is — and the insu- | 
established across two phases of the supply. The) lating blocks are drawn together by the spring. These 
contactor coil A is thus energised, the armature carrying | blocks each carry a tongue which, while they are held | CASCADING COAL DRYER. 
the roller contacts is attracted and current is switched | apart by the solder, presses against a contact inthe| Tuer drying of solid fuel, prior to combustion, is 
on to the motor through L,, L,, L,, the contacts B, C, D| coil circuit. When the solder melts, however, and the | of vital importance in several modern processes. Apart 
and the heating coils T', and T, to the motor. At the} blocks are drawn together, this contact is broken and | from this, however, the abstraction of excess moisture 
same time the fourth contact E on the contactor is| the circuit is opened, so that the motor stops. | from coal, after it leaves the washery, is a matter well 
also closed. The effect of this latter operation is to| The time taken to melt the solder, of course, varies | worthy of the attention of engineers in a number of 
short-circuit the “ start’? button and to establish a| with the amount of current passing through the coils | industries. The moisture contained in wet fuel 
maintaining circuit from L, through the “inch” and} T, and T,, and in this way an inverse time-element charged into coke ovens or into retorts, for instance, 
“stop”? buttons on the auxiliary switch and the|is provided. As an indication of the rapidity with | must be evaporated before the destructive distillation 
“stop”? and “re-set”? contacts on the main switch| which this device will operate, in case of need, it | of the coal can commence. On the other hand, unless 
via the coil A back to L,. The coil A, therefore,| may be mentioned that a test was made with one of | waste heat or some other form of cheap fuel, can be 
remains excited and the armature and contactor | these starters on a 7-5-h.p. 400-volt motor, the rotor employed, it will be difficult to effect a true saving by 
contacts are held in the closed position, after pressure | of which was stalled. Under these onerous condi-| drying the coal. We were, therefore, glad of the 
has been removed from the “start” button and the | tions the overload device tripped the switch 7 sec. after | opportunity given us of inspecting a coal-drying 
“start? contacts have re-opened, so that the motor! the circuit was closed, while the switch itself stood! machine manufactured by Messrs. The Universal 
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Dryers Company, Limited, of Queen’s-road, Barnsley, 
Yorkshire, which machine seemed to possess a number 
of interesting features. A demonstration of the installa- 
tion was given at the Barrow Collieries, near Barnsley, 
on June 26 last. General views of the machine seen 
by us are shown in Figs. 1 and 2, on page 16, and the 
constructional details may be gathered from the 
drawings reproduced in Figs. 3 and 4. As will be 
seen, the machine consists essentially of a series of 
superimposed rotating troughs. The wet coal from 
the washery is fed into a hopper, at the top of the 
machine, from which it is discharged, by means 
of a rotating distributor, into the uppermost trough. 
This latter tips the coal into the second, and the fuel 
continues to travel from trough to trough, in the form 
of successive cascades, until it is finally discharged at 
the lower end of the machine. During its downward 
path, the coal meets an upward current of hot gases, 
drawn through the apparatus by means of a fan at the 
upper or outlet end, the hot gases effectively withdraw- 
ing moisture from the fuel. 

The hopper, into which the wet coal is placed, is made 
of cast iron; it is cylindrical in section, and accurately 
bored. The distributor, rotating within it, is also 
of cast iron, and is furnished with four arms disposed 
radially, the latter being cast solid. The arms are 
turned to a working fit in the barrel of the hopper ; 
the shaft of the distributor is of high-tensile steel. 
The troughs, termed ‘“retarders,”’ are also iron cast- 
ings and are carried by high-tensile steel shafts which 
arecastin. The retarders revolve in opposite directions, 
and the design is such that, as the coal is discharged 
from one retarder, that below it is in the correct position 
to receive it. The small inclined baffles, which can be 
seen inside the casing in Fig. 4, direct the streams of 
falling coal into each rotating trough. The distributor 
at the lower end of the machine is, in all respects, 
similar to that rotating in the hopper at the top. 
The whole arrangement is driven by means of the 
5 h.p. motor shown on the left in Fig. 3, through 
double-reduction gearing manufactured for the makers 
of the machine by Messrs. David Brown and Sons 
(Huddersfield), Limited. The speed of rotation of the 
retarders depends, of course, upon the degree of 
dryness required in the outgoing product. At the 
Barrow Collieries this speed of rotation was } r.p.m. 
The capacity of the machine was given as being 
approximately 6 tons per hour. The moisture present 
in the original coal was stated to range from 
19 per cent. to 22 per cent., and that contained in 
the fuel, after passing through the machine, to be 
about 10 per cent. Under the working conditions 
adopted, the optimum figure obtained for moisture in 
the outgoing fuel was 8-5 per cent. 

The spur wheels, fitted to each retarder are of cast- 
iron, and are machine cut. The top and bottom 
branch sections, and the intermediate sections, con- 
stituting the framework of the machine, are all heavy 
iron castings, with planed faces. The whole body of the 
machine is well lagged so as to conserve the heat. 
The tapered hot-air inlet, at the lower end of the 
machine, and the outlet, at the upper end, are also of 
cast-iron. The necessary heat, in the case of the plant 
operating at Barrow Collieries, is generated, by the 
combustion of coke-oven gas from the adjoining plant, 
in a fire-brick checker-work chamber, located in front 
of the hot-air inlet. The burners, of which there are 
six, are of the Bunsen type, and the temperature of 
the in-flowing gases is maintained within the range of 
500 deg. and 600 deg. C. The temperature of the air 
issuing at the fan, or outlet end is stated to be almost 
stationary at 110 deg. C., and that of the discharged 
coal to be about 95 deg. C. 

We were informed that, if necessary, the coal could 
be dried to a much greater degree than is shown by 
the residual moisture figure of 8 to 10 per cent., quoted 
above. This could be accomplished in one of three 
ways, namely, increasing the number of retarders, 
slowing down still further their speed of rotation, or, 
increasing the temperature of the ingoing air. Under 
the present conditions of working, the wet coal is fed 
into the hopper by manual labour, and the dried pro- 
duct is also removed by hand. Both these operations 
could, however, very well be conducted by mechanical 
means. The dried product obtained at the Barrow 
Collieries is charged into the coke ovens of the plant, 
and we were told that an increased yield and a saving 
in coking time had been secured by its use. The plant 
is robust and requires very little attention; the cost 
of upkeep should be small. The coal does not become 
carbonised, and its size, when discharged from the 
machine, is identical with that of the fuel charged. The 
removal of the inspection plate of the third retarder 
showed that not a particle of coal remained in the 
trough after the material had been discharged into the 
fourth retarder. The makers state that the heat con- 
tent of the gas required for drying is less than 0-2 
therm per 1 per cent. of moisture per ton of coal 
treated, and the consumption of electrical energy for 
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the gas obtained from the coke-oven plant of a colliery 
is undoubtedly a cheap form of fuel. The dryer was de- 
signed and patented by Mr. R. V. Farnham, M.I.Mech.E. 

Messrs. the Universal Dryers Company, Limited, 
informed us that they had under construction another 
type of machine, intended for drying wheat, oats, 
barley, and other similar materials, but which could 
also be adapted to the drying of coal. This machine 
is very similar to that described above. Cast-iron 
retarders, similar in cross-section to the distributor, 
which rotates in the hopper of the coal dryer, are, how- 
ever, substituted for the trough-shaped retarders. 
Furthermore, each retarder in the wheat-drying 
machine is furnished with six radially diposed arms, 
and thus makes six discharges per revolution. Again, 
the retarders in this machine are arranged vertically 
in such a manner as to impart a circuitous motion to 
the upward flow of hot air. 








THE WORLD POWER CONFERENCE, 
1928. 


As already announced in our columns, a sectional 
meeting of the World Power Conference will be held 
at the Imperial Institute, South Kensington, S.W.7, 
from September 24 to October 6, 1928, the papers 
submitted being confined to fuel problems. The 
honorary president of the conference is Lord Balfour, 
while the presidentship will be held by Lord Melchett. 
An outline of the technical programme of the meeting 
was given on page 144 of vol. cxxiv of ENGINEERING, 
while the particular aspects of the fuel problem with 
which it is suggested that each participating country 
should deal were referred to on page 525 of the same 
volume. 

The list of British papers to be presented at the 
meeting is now available, and affords an indication 
of the exhaustive consideration which it is proposed 
to give to the production and utilisation of different 
fuels. Some 41 papers are down for consideration, 
grouped under 21 sectional headings, and our space 
will only permit of a resumé of the more important 
of these from a purely engineering standpoint. 

In the three sections dealing more specifically with 
the coal industry, a paper on ‘‘ The Constitution of 
Coal’’ will be presented by Professor R. V. Wheeler. 
Five British papers will be given on coal treatment, 
cleaning being covered by a paper by Dr. W 
Chapman, devoted more particularly to cleaning small- 
sized coal, while Professor E. Edser will deal with 
washing by “‘ abnormal” processes. Three papers on 
the drying of coal will be presented respectively by 
Mr. G. Raw, Major K. C. Appleyard and Mr. R. A. 
Mott, while Mr. R. K. Stockwell will speak on the 
storage and handling of solid fuels by the user. 

In the two sections devoted to liquid fuels, a paper 
on ‘‘The Economics of the Oil Industry” will be 
presented by Mr. E. H. Davenport, while modern 
developments in oil distillation, oil refining, and oil 
cracking will be considered in three papers by Dr. A. E. 
Dunstan and Mr. J. Kewley. A paper will be presented 
by Mr. I. Lubbock on ‘‘ The Technical Aspects of the 
Storage, Handling, and Transmission of Liquid Fuels 
by the User.’ In the section covering the carbonisa- 
tion industry, seven papers will be read by British 
authors. The titles and authors are as follow: “‘ The 
Coking Industry as a Source of Industrial and Domestic 
Energy, and the Trend of Development,” by Mr. C. P. 
Finn and Mr. R. Ray; “The Economics of Coke 
Manufacture in the Coke-oven Industry,” by Mr. 
M. Mackenzie; ‘‘Coke Quenching and Cooling,” 
by Mr. W. Colquhoun; ‘‘The Gas Industry as a 
Source of Domestic and Industrial Energy,” by Mr. 
F. W. Goodenough ; ‘‘ Coke Screening,” by Mr. W. 8. 
Edwards; ‘‘ The Utilisation of Coke-oven Gas by 
the Gas Industry,” by Mr. T. P. Ridley; and 
“The Fundamental Aspects ‘of Combustion,” by 
Professors W. A. Bone and G. I. Finch and Dr. 
D. T. A. Townend. 

Only two British papers will be presented in the 
section devoted to the utilisation of fuels for steam 
generation and the production of electricity, these 
being by Mr. R. P. Sloan on ‘‘ The Economic Utilisa- 
tion of Fuels in the Production of Electricity,” and 
by Commander A. L. P. Mark-Wardlaw on “ Fuel 
Oil for Steam Raising.”” Among the remaining papers, 
mention may be made of that dealing with pulverised- 
fuel firing, by Mr. F. H. Rosencrants, and that dealing 
with low-temperature carbonisation, by Dr. C. H. 
Lander and Dr. F. 8S. Sinnatt. The other papers 
of particular interest to engineers are one on 
“The Properties of Motor Spirit in relation to 
Engine Design,’”’ by Mr. H. R. Ricardo; a second 
on ‘‘ Fuel Oil for Heavy-Oil Engines,” by Mr. H. 
Moore; and a third on “ Power Alcohol,” by Colonel 
Sir F. L. Nathan. 

We may say in conclusion that all applications for 
membership should be addressed to ‘‘ The Secretaries, 
Fuel Conference, 1928, World Power Conference, 





driving the machine 0-9 unit per ton of coal. Lastly, 


36, Kingsway, W.C.2.” 
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THE POSITION OF BRITISH 
SHIPPING. 

THERE are many phases of commercial and industrial 
activity in which the interference of national govern- 
ments, either by participation or by the framing of 
restrictive regulations upon those who control and 
operate them, is productive of nothing but waste. 
Examples of the effects of nationalised efforts in the 
shipping industry are afforded by the United States of 
America, which resulted in a loss of 56,000,000/. in 
seven years, and also by the disastrous experiences of 
Canada and Australia. Sooner or later all this activity 
with its associated waste must come to an end. The 
effect of government regulations, in limiting the 
magnitude of trade and in the production of actual 
losses, are equally real, but, unfortunately, not so 
obvious. Few industries are more the concern of 
the framers of government regulations than that of 
shipping, and thus we may look to the Annual Report 
of the Chamber of Shipping of the United Kingdom to 
find the attitude of the people concerned with the 
business of sea transport and to ascertain if there is 
any improvement in conditions. Shipowners are vitally 
interested in the question of national trade barriers, 
which the Economic Conference at Geneva diagnosed 
as the chief economic trouble of our times. Much 
of the flag discrimination has gone, and will ultimately 
disappear, when the Maritime Ports Convention of 
1923 is put fully into effect by these nations whose 
representatives signed it. Conflict of state regulations 
regarding ship construction, design and equipment 
has been greatly reduced, and further good work in 
this direction may be anticipated from the Safety 
Conference of this year. 

Violent fluctuations in freight rates were not seen in 
the year 1927, as they were in the previous year. The 
average index figure was practically the same, how- 
ever; that is, 11 per cent. higher than in 1925, but 
54 per cent. lower than in 1924. The comparison 
with pre-war conditions is perhaps the more interesting. 
Tramp freights were on an average 19-7 per cent. 
more than in 1913, but showed a distinct dropping 
tendency towards the end of the year. On the expense 
side of the account, the price of new tramp tonnage 
has increased about 33 per cent., and other expenses 
have increased by amounts ranging between 15 per 
cent. for bunker coal and 80 per cent. for wages. It, 


R.| therefore, must be doubtful whether the earnings of 


tramp steamers cover the expense of the running and 
depreciation. 

A gradual increase in the average size of vessels is 
a characteristic of shipping, both British and foreign. 
To-day the average size of a British ship is 3,304 gross 
tons, and that of the entire world is 2,880 tons. In 
efficiency the mercantile marine continues to improve. 
More than half the British-owned tonnage is under 
ten years of age, and the safety figures show a steady 
improvement from year to year. The limited coal 
exports, 50 and 51 million tons in 1925 and 1927 
respectively, as compared with 60 to 70 million tons in 
a pre-war year, have had a serious effect on the ship- 
ping industry. In the year 1926, through the coal 
stoppage, the exports only amounted to 20°6 million 
tons. It may be noted that coal in normal times 
formed 80 per cent. of the bulk of British exports. 

Countries to which large supplies were carried in 
earlier times are now restricting importation, and are 
protecting their own national mining industries from 
competition. Some considerable improvement in the 
mining position might result from the general adoption 
of pulverised coal at sea, but even though completely 
successful means may be found as solutions for the 
problems of its use, it must take a long time before 
they are largely adopted. 

British shipbuilding appears to be improving. At 
the end of 1926 the tonnage under construction in 
British yards was only 760,000 gross tons, whereas 
a year later it was 1,580,000 gross tons. There is 
much satisfaction to be derived from the fact that of 
this some 200,000 tons was to the order of foreign 
owners. Growth of the motor-ship tonnage continues 
at a much more rapid rate than that of the steam-ship. 
In 1927 the percentage rise in motor-ship tonnage was 
22, while the steam-ship tonnage decreased by 3 per 
cent. In December, 1927, no less than 352 motor- 
ships were under construction. This represented a 
tonnage of 1,234,000 gross, or nearly twice that of the 
oil-engined vessels being built throughout the world 
a year before. 

British shipping is a thoroughly well-organised in- 
dustry, and while the Chamber of Shipping remains 
representative, as it is, of all the interests concerned, it 
can do much to preserve the traditions of the mercantile 
marine, and to ensure that the sea transport of the 
world is conducted under conditions worthy of a noble 
calling. That the presentation of a united front to 
interference is still necessary is evident from the fact 
that the activity of the Chamber of Shipping has 
resulted in an agreement that the British Ministry 
of Agriculture will not in future issue regulations 
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affecting ships without first consulting the industry 
and the government departments actually concerned 
with such matters. 


LETTER TO THE EDITOR. 








ARMAMENTS AND THE NON- 
COMBATANT. 


To THE EpiToR oF ENGINEERING. 


Sir,—The particular points which I think your 
reviewer has overlooked are :— 

(1) The fact that the torpedo with its large charge of 
explosive is out-of-date. The explosion of small 
10-lb. underwater bombs placed alongside or 
sown ahead of a battleship will render her 
unbattleworthy. Such attacks can be delivered 
by low-flying, fast aeroplanes, requiring no 
sighting or range-finding apparatus. A ship 
—warship or merchant ship—is useless if she 
is leaking badly. There is no need to sink her 
outright. 

(2) Such machines can be launched from merchant 
ships. They do not require great aircraft- 
carriers to provide them with flying space. 

(3) The merchant ship herself is powerless against 
this form of attack. A small leak will flood a 
hold full of grain, or wheat, or oil. 

(4) It is utterly impracticable to protect dock gates 
by bomb proof shelters—and useless if it were 
not impracticable. One or two merchant ships 
sunk in the fairway by the small underwater 
bombs, to which I have drawn attention, would 
effectively block traffic. 

I did not intend to suggest that your reviewer was 
in any way unfair or unreasonable. If others would 
approach this highly controversial subject in the same 
spirit as he has done we should begin to make progress. 

Interlocking of naval and air ideas under one control 
would put a stop to the present competition between 
these Services, and help towards the concentration of 
effort on the solution of these new problems which 
alone will give us safety in the future. 

Yours, truly, 
E. F. SPANNER. 

9, Billiter-square, Billiter-street, London, E.C.3, 
June 23, 1928. 

| We appreciate the spirit and intention of Mr. Span- 
ner’s letter, and will endeavour to deal with his four 
points in turn, although we cannot but think that they 
were covered in our original review. 

(1) We admit that Mr. Spanner proves his general 
contention that a modern battleship is vulnerable ; 
it is not with this contention, but with the conclusions 
that he draws from it, that we are at issue. The use 
of a surface fleet is decided by the strategic duties that 
it has to perform. In our view the vulnerability of all 
surface craft does not alter the fact that no form of 
naval armament but a surface fleet can: (i) sever the 
sea communications of an invading army; (ii) cover 
armies which are to be transported overseas ; (iii) main- 
tain the command of oceanic communications by 
battle. A composite force of aircraft and submarines 
may, and probably will, hamper a surface fleet that is 
carrying out these duties; they cannot themselves 
perform the duties. 

(2) and (3) Admittedly merchantmen are vulner- 
able to attack from the air; but aerial attacks against 
sea communications can only be delivered within 
restricted zones. Defensive air patrols were estab- 
lished along these coastal routes during the war; 
and a provision should certainly be made for them in 
any scheme of coastal defence and trade protection. 
In theory, merchant ships can be armed with guns and 
aeroplanes; in practice’ this can only be done within 
certain limits. The conversion of merchantmen from 
commercial to military uses diminishes the country’s 
carrying power—a most important thing in war. To 
sum up therefore, we consider that the best protection 
that can be given to merchantmen against aerial 
attack is (i) a well-organised system of convoys, in 
which the escort ships are provided with anti-aircraft 
guns, and in cases of very intense attack, with aeroplane 
carriers ; (ii) a coastal patrol cf aeroplanes. 

(4) We did not mean to suggest that bomb-proof 
shelters could be erected over lock gates, which will 
defend themselves by being so extremely difficult to 
hit. Also we acknowledged, at the end of our review 
that the defence of great commercial harbours was a 
question that required very careful consideration. 

We freely admit, and regret if anything in our 
review of Mr. Spanner’s book disguised the admission, 
that attack from the air is a dangerous form of auxiliary 
attack. For this country it can in the present state 
of development be only an auxiliary. We maintain, 
moreover, that its possibilities can only be assessed 

We contend 





if they are tested by concrete cases. 4 


that the power of fleets of aeroplanes and squadrons 
of submarines, acting together, can only be tested 
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by allotting them certain fundamental strategic 
duties and seeing how they can perform them. We 
may conclude with an example. Let Mr. Spanner 
conscientiously play out the following war game and 
note the results. He is responsible for transporting 
an army of 400,000 men from (say) Plymouth to 
Gibraltar. He has only aeroplanes and submarines 
for the defence of his transports, and his transports are 
liable to be attacked by a composite surface fleet based 
at Brest and by another based at Ferrol. Both these 
fleets get warning of the departure of the transports 
and their protective forces. The object of the game is 
to discover how many of Mr. Spanner’s transports 
reach Gibraltar if he has no surface squadron available 
to encounter the forces at Brest and Corunna. We 
have very little doubt of what the result would be.— 
Ep. E.]. 
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NOTES FROM CLEVELAND AND THE 


NORTHERN COUNTIES. 


MIpDLEsBRovuGH, Wednesday. 

The Cleveland Iron Trade.—Transactions in Cleveland 
pig-iron are on a very limited scale, but producers are 
still in a strong statistical position, and are not disposed 
to reduce the fixed market prices that have ruled for 
some months past, declaring that cost of output does 
not admit of price concessions, and being of opinion 
that slight movement in that direction would not tempt 
buyers into the market. Further sales of comparatively 
cheap Northamptonshire iron to Scotland are reported 
but the parcels are stated to be of low-grade foundry 
kind, and forge pigs to mix with Scotch iron. Most of 
the restricted Cleveland iron output continues to go into 
direct use at local works. Stocks are low, and delivery 
demands of running contracts continue to about absorb 
the make. No. 1 grade of iron is 68s. 6d.; No. 3 g.m.b., 
66s.; No. 4 foundry, 65s.; and No. 4 forge, 64s. 6d. 

Hematite-—The limited production of East Coast 
hematite iron is a good deal more than ample for current 
needs, and manufacturers are hampered by rather large 
and steadily-increasing stocks. Prices are not definitely 
fixed, and with makers keen to book orders so as to 
keep furnaces in blast, it is difficult to ascertain on what 
terms contracts can be arranged. Business, however, can 
only be put through at figures that entail substantial loss. 
Nominally, market rates are based on mixed Nos. at 69s. 

Manufactured Iron and Steel.—There are no quotable 
changes in prices of finished iron and steel. The slight 
improvement in demand for semi-finished steel noticed 
recently has fallen off. Shipbuilding specifications are 
not coming forward at all well, and contracts for railway 
material, as well as for constructional steel, are difficult 
to secure. Common iron bars are 101. 5s.; best bars, 
101. 10s. ; double best bars, 10J. 15s.; treble best bars, 
1ll.; iron rivets, 11/. 5s.; packing (parallel), 7/. 10s. ; 
packing (tapered), 10/. ; steel billets (soft), 67. 15s. ; steel 
billets (medium), 7. 2s. steel billets (hard), 
71. 12s. 6d. ; steel rivets, 111. ; steel ship plates, 81. 7s. 6d. ; 
steel angles, 7/. 17s. 6d. ; steel joists, 7/. 17s. 6d. ; heavy 
sections of steel rails, 8/. 10s.; black sheets (No. 24 
gauge), 9/. 17s. 6d. to 101.; and galvanised corrugated 
sheets (No. 24 gauge), 131. 10s. to 131. 15s. 

Imports of Iron and Steel.—Imports of iron and steel 
to the Tees continue to decrease. Statistics issued this 
week by the Tees Conservancy Commission show that 
during June, 16,892 tons of material were imported, 
compared with 29,474 tons for the corresponding month 
last year, and 5,226 tons for the pre-war period of June, 
1914. Since November last, the total imports amounted 
to 151,037 tons, as against 278,063 tons for the same 
months a year ago, and only 5,226 tons the corresponding 
pre-war period of 1913-1914. 

Shipments of Iron and Steel.—Shipments of pig-iron 
from the River Tees during June were the lightest of any 
month this year, but those of manufactured iron and 
steel were the largest since October last. Last month’s 
aggregate loadings were 84,412 tons—15,634 tons pig- 
iron, 2,846 tons manufactured iron, and 65,932 tons 
steel. Of the pig-iron cleared, 10,012 tons went coast- 
wise, and 5,622 tons went overseas ; of the manufactured 
iron shipped, 1,679 tons went coastwise, and 1,167 tons 
went to foreign ports; and of the steel cleared, 14,077 
tons went coastwise, and 51,855 tons went abroad. 
Scotland was, as usual, the largest purchaser of pig-iron, 
taking 7,052 tons, whilst Wales acepted 1,320 tons. The 
best customer for manufactured iron was the Federated 
Malay States, with an import of 433 tons. Principal 
imports of steel were, India, 9,843 tons’; Argentine, 7,734 
tons; Portuguese West Africa, 4,535 tons; Australia, 
4,400 tons; and Japan, 4,329 tons. 

Blast-Furnace Coke.—Durham blast-furnace coke is in 
only moderate request for local use. Good medium descrip- 
tions are in the neighbourhood of 17s. 6d. delivered here. 

Foreign Ore.—Business in foreign ore is extremely 
quiet, but threatened shortage keeps prices firm. Best 
rubio is 22s. 6d. c.i.f. Tees. 








TENDERS.—We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, 8.W.1, 
particulars of tenders invited by various bodies in the 
British possessions and in foreign countries. Further 
particulars and information relating to these may be 
obtained on application to the Department at the above 
address, the reference number given below being quoted 
in each case :—It is reported from Wellington that the 
Lyttelton Harbour Board is inviting tenders, to reach 
Christchurch by September 4, for the supply, delivery 
and erection of four 5-ton electrically-operated luffing 
cranes. (Ref. No. A.X. 6483.)}—The Victorian Govern- 
ment Railways Commissioners are inviting tenders, to 
reach Melbourne by August 22, for the supply and delivery 
of one multiple-head drilling machine with all accessories. 
Local representation is essential. (Ref. No. A.X. 6498.) 
—Specifications have been forwarded from Bogata 
relating to a call for tenders issued by the Colombian 
Ministry of Public Works for supplies for the road and 
railway services under its charge. The material required 
includes the following :—centrifugal pumps with driving 
motors, air compressor and motor and other accessories, 
rolling stock, turntable, steel water tanks, &c. The 
closing dates vary from to-day, July 6, to August 6. 
Local representation is essential. Tenders will only be 
considered in the case of those firms whose Colombian 
agents’ credentials are filed with the Ministry of Public 
Works. (Ref. No. C. 2818.)}—The Victorian Railways 
Commissioners are inviting tenders, to reach Melbourne 
by August 8, for the supply and delivery of one hydraulic 
pump, oa with motor and control apparatus. 
(Ref. No. A.X. 6511.) 
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NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—Very unsatisfactory conditions con- 
tinue to prevail in the Welsh steam coal trade. Shipments 
are on a poor scale, and demand remains exceedingly quiet. 
In fact, several companies have given the miners fourteen 
days’ notice to terminate contracts, and in one or two 
instances these notices have also been extended to 
officials and office staffs. It does not, however, follow 
that the collieries concerned will close down, but the 
decision of the directors to terminate contracts cannot 
be regarded as other than discouraging, though it might 
subsequently be found practicable to keep the men going 
on day-to-day contracts. Though many pits are already 
closed, those still working are usually only producing 
about two-thirds of their normal output, yet the demand 
is insufficient to enable the collieries to secure quick 
clearances and avoid temporary stoppages, which have 
become of frequent occurrence. There are, in fact, 
thousands of wagons held up on the railways under load, 
and the immediate outlook is anything but bright. In the 
first twenty-three weeks of the year coal and coke ship- 
ments from the South Wales ports reached 11,708,779 
tons, which was 1,358,662 tons less than was despatched 
in the corresponding period of last year. In the past 
week, however, shipments of coal were nearly 20,000 
tons better than in the preceding week, but, even so, the 
total of 397,530 tons was considerably less than the 
weekly average attained in the first four months of the 
year. Demand of late has fallen off considerably, and, 
though outputs have been reduced, the volume of 
business is insufficient. Prices, however, show little 
alteration in view of the voluntary minima schedule 
which is in operation. In one or two cases, colliery 
salesmen are still able to secure 3d. above the minima, 
but generally buyers can secure all their requirements 
at the minima. 


Offer for Shipping MShares.—Shareholders in the 
St. Mary Steamship Company, Limited, Cardiff, have 
received an offer of 5s. for one share in the St. Mary 
Steamship Company, Limited, and one share in the 
Charter Shipping Company, Limited, which was given 
them pro rata to their holdings in the St. Mary Company. 
The nominal value of the St. Mary shares is 1l., and of 
the Charter shares 2s. 6d., so that the offer is 5s. for 
shares of a nominal value of 22s: 6d. Acceptances are 
to be deposited by July 11. 


Iron and Steel.—Exports of iron and steel goods in the 
past week totalled 21,023 tons, compared with 32,002 
tons in the preceding week, shipments of tinplates and 
terne-plates falling from 13,417 tons to 10,284 tons, 
black plates and sheets from 5,458 tons to 3,373 tons, 
galvanised sheets from 4,340 tons to 910 tons, and other 
iron and steel goods from 8,788 tons to 6,457. tons. 








PRODUCTION OF MERCURY IN THE UNITED STATES 
IN 1927.—The production of mercury in 1927 amounted 
to 11,276 flasks of 75 lb. each, compared with a produc- 
tion of 7,642 flasks in 1926, according to figures compiled 
by the United States Bureau of Mines, Department of 
Commerce. In 1927, 24,650 flasks of mercury were 
imported, compared with 28,614 flasks in 1926. 


Contracts.—Amongst recent orders of interest re- 
ceived by Messrs. Cambridge Instrument Company, 
Limited, 45, Grosvenor-place, London, 8.W.1, are the 
following :—Four 12-point electric distance thermometer 
outfits, four combined CO, and CO indicating and record- 
ing outfits, eight dial draught gauges, &c., for the 
Moredon power station, Swindon ; ten 12-point thermo- 
electric pyrometer indicating outfits for the Barking 
power station; twelve index thermometers, combined 
temperature and pressure recorder, and nine dial draught 
gauges for the Buenos Aires Western Railway; four 
4-point electrical distance thermometer recording outfits 
for the Shanghai power station, &c.—The Stanton Iron- 
works Company, Limited, near Nottingham, have 
secured the contract for over 50,000 tons of cast-iron 
segments for the Mersey Tunnel.—The Brown Boveri 
Organisation has received an order for a single-shaft 
turbo-alternator set, having an output of 85,000 kw. 
for the Zschornewitz power station, in Berlin.— 
Among recent contracts secured by Messrs. Sir W. G. 
Armstrong, Whitworth and Company, Limited, are the 
following :—A 10,300-ton oil tanker with Diesel pro- 
pelling machinery for Messrs. John I. Jacobs and Com- 
pany, Limited, London. An 11,000-ton oil tanker with 
Diesel propelling machinery for Aktiebolaget Olson and 
Wright, of Stockholm. Twenty-five superheated loco- 
motive boilers and six boiler shells for the Buenos Aires 
and Pacific Railway Company, to be delivered in six 
months.—Contracts recently secured by Messrs. The 
Mirrlees Watson Company, Limited, Scotland-street, 
Glasgow, include surface condensing plants for the Scottish 
Central Electric Power Company, Falkirk, and for the 
Galashiels and District Electric Supply Company, 
Limited, of 12,500-kw. and 5,000-kw. capacity, respec- 
tively. Also one Mirrlees-Delas-Ginabat surface con- 
densing plant, of 2,000-kw. capacity, for Gondalpara 
Jute Mills, India.—Messrs. Worthington-Simpson, Lim- 
ited, Queen’s House, Kingsway, W.C.2, have recently 
received the following orders for condensing plants :— 
two, of 15,000 sq. ft. cooling surface each, for the 
Johannesburg Municipality ; one, with 10,000 sq. ft. 
cooling surface, for the Pretoria electric power station ; 
and one, with 12,500 sq. ft. cooling surface, for the 
East Rand Proprietary Mines.—Messrs. Yarrow and 
Company, Limited, Scotstoun, Glasgow, have been com- 
missioned to design the boilers for the new liner ordered 
recently by Messrs. Canadian Pacific Steamships, Limited, 
from Messrs. Fairfield Shipbuilding and Engineering Com- 
pany, Limited, Govan, Glasgow. 
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Giascow, Wednesday. 

Scottish Steel Trade.—The conditions in the Scottish 
steel trade have not changed much over the week, 
although one or two of the works are just a shade better 
employed. This state is perhaps mainly due to the 
approaching holidays, but the rush that used to be 
experienced at this season of the year almost seems 
a thing of the past. Fresh orders are difficult to pick 
up, and in many cases the tonnage on offer is not very 
heavy. Some of the shipyards have been consuming 
a fair quantity of material recently, and their associated 
firms have benefitted principally, but the outlook from 
that industry is not so bright as it was on account of 
the falling-off in new shipbuilding contracts. In the 
black-sheet trade there is still a fair demand for the 
better qualities, but the ordinary sorts are distinctly 
quiet. Prices vary little, and are as follows :—Boiler 
plates, 10/. 10s. per ton ; ship plates, 8/. 7s. 6d. per ton ; 
sections, 7/. 17s. 6d. per ton; sheets, }-in., 8/. 12s. 6d. 
per ton; and galvanised corrugated sheets, 24 B.W.G., 
131. 7s. 6d. to 131. 12s. 6d. per ton, all delivered Glasgow 
stations. 


Malleable-Iron Trade.—A dull tone is general in the 
West of Scotland malleable-iron trade, and there is 
little more business on offer this week. In this respect 
both the export and the home demand is very similar. 
The steel re-rolling departments are also very short 
of orders. Prices are unchanged as follows :—‘‘ Crown ” 
bars, 10/. 5s. per ton for home delivery, and 91. 15s. per 
ton for export ; re-rolled steel bars, 7/. 7s. 6d. per ton 
for home delivery, and Tl. 2s. 6d. per ton for 
export. 


Scottish Pig-Iron Trade.—During the past week there 
has been no improvement in the demand for Scottish 
pig-iron, and a reduction in the number of furnaces in 
blast has now taken place. One of those blown’ out 
was on hematite, and two were on ordinary foundry 
quality. Inquiries are few in number, and business on 
the whole is far from satisfactory. The current market 
quotations are as follows :—Hematite, 74s. per ton, 
delivered at the steel works ; foundry iron No. 1, 75s. to 
76s. per ton, and No. 3, 70s. to 71s. per ton, both on 
trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, June 30, were much better, and 
amounted to 1,503 tons. Of that total, 1,475 tons went 
overseas and 28 tons coastwise. For the corresponding 
week of last year the figures were 298 tons overseas 
and 59 tons coastwise, making a total shipment of 357 
tons. 


Shipbuilding.—W ork in the shipyards still goes on at 
a fairly steady pace, and to judge from the increasing 
output, one might be led to believe that the industry 
was in a very prosperous condition. Quite a percent- 
age of the recent output is accounted for by contracts 
earried forward from last year, and again, much of the 
work included in this year’s figures, while bringing up 
the total to a large tonnage, does not represent much 
gain to the builders. Everything has had to be cut to 
such an extent that there is little margin left, and much 
credit is due to the majority of the workers for the way 
they have helped in doing their bit. New contracts 
have not been coming in in anything like the numbers 
necessary to keep pace with the current output, and 
unless there is a most decided increase before long the 
prospects for next winter will be far from cheery in the 
shipyards. During the month of June, new work 
reported was not very heavy. Some twenty contracts 
were placed, but the only large ones were a 25,000-ton 
liner for the Fairfield Shipbuilding and Engineering 
Company, Limited, a passenger and cargo vessel, for 
Messrs. Harland and Wolff, Limited, Govan, and a 
9,000-ton cargo steamer for the same builders. The 
other contracts were all of much smaller proportions, 
but nevertheless they mean employment for a certain 
number of men. The figures relative to the past month 
and the totals for the half-year are as follows :— 








June, 1928. Six Months, 
1928. 

Vessels. Tons. Vessels. Tons 

The Clyde wwe 2e 62,329 116 303,061 

The Forth wee 4 578 24 18,284 

The Tay - — 6 12,560 
The Dee and 

Moray Firth 6 1,600 15 3,019 

Totals we 8 64,507 161 336,924 


The Clyde total to-day is now the fourth highest on 
record for the first half of any year, and it compares very 
favourably with the corresponding six months of 1913 
when the figures were 127 vessels of 348,476 tons, which 
constitute the record for the first half-year. The out- 
put for the same period of last year was 100 vessels of 
145,171 tons. 








THE INSTITUTION OF STRUCTURAL ENGINEERS.—The | 
annual Travelling Scholarship, this year named the} 
“‘ Dorman Long ”’ Scholarship, has been awarded, by the 
Jury of the Institution of Structural Engineers, to Mr. G. 
Caddell, of New Ferry, Cheshire. The competition for | 
the scholarship is one in design, and this year the candi- 
dates were required to re-design the Royal Exchange as 
a modern steel-frame building. The gold medal and the | 
award, which consists of 300/. to be spent on foreign travel 
and study, is to be a to the successful com- | 








petitor by the Lord Mayor of London, at a luncheon to 
be given by the Institution on July 20. 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


East African Trade.—Colonel W. H. Franklin, H.M. 
Trade Commissioner in Nairobi, East Africa, will visit 
the Chamber of Commerce, Sheffield, on Wednesday next, 
July 11, for the purpose of interviewing manufacturers 
who are desirous of receiving information on trade with 
East Africa, and its possibilities, 


Iron and Steel.—The gross volume of business shows 
little alteration. Buying is mostly in small tonnages for 
immediate delivery, and though requirements in bulk are 
heavy, there is a disappointing lack of forward bookings 
such as would enable producers to arrange output pro- 
grammes with confidence. This spirit of caution is 
attributed to the expectation that French and Belgian 
quotations will relapse, but judging from current pressure 
on manufacturing resources in those countries, a return 
to more attractive quotations seems to be unlikely. 
Meanwhile, South Yorkshire prices continue to occupy 
an attractive level, some of the principal materials being 
available at lower rates than those at which Continental 
competitors can make delivery to local works. Quota- 
tions are :—Siemens acid steel billets, 10/. per ton ; hard 
basic steel billets, 7/. 2s. 6d. and 71. 12s. 6d.; soft basic 
steel billets, 6/. 5s. ; soft wire rods, 71. 10s.; Derbyshire 
foundry pig-iron, 6ls.; Derbyshire forge iron, 58s. ; 
Lincolnshire foundry pig-iron, 60s. to 60s. 6d. ; Lincoln- 
shire basic iron, 60s. ; crowniron bars, 10/. 10s. ; steel hoops, 
91. 10s. to 107. ; iron hoops, 11. 10s. Business in ferro- 
alloys is limited, with prices showing an easier tendency. 
The latest reports from the big steelmakers and heavy 
engineers indicate a reduced profit on rising output. 
Plant is engaged in the neighbourhood of 60 per cent. 
capacity, but great difficulty is experienced in covering 
overhead charges on works that extend over a record 
area. Orders for armour plate have diminished, and are 
expected to show a further contraction. On the other 
hand, notable success has attended experimental work in 
high-pressure boilers for land and marine use. This 
type of enterprise is calling for large castings, and is 
finding welcome employment for heavy presses. Firms 
engaged purely in heavy engineering make similar report. 
Almost without exception orders are secured in face of 
keen: competition from abroad, though the extension of 
internal economies has, in the most favourable instances, 
enabled a reasonable margin of profit to be made. A 
bright spot concerns the increased production of stainless 
steel and rustless iron. The uses to which these materials 
are put have expanded so steadily that the largest makers 
are finding it necessary to enlarge specialised depart- 
ments. Good business is being done in structural sections 
and shapes for wagons, coaches, and omnibuses. Elec- 
trical engineers are among the principle buyers of steel 
specialities. Railway work is far from satisfactory, but 
there are possibilities of considerable expansion on over- 
seas account. 


South Yorkshire Coal Trade.—Export trade is benefiting 
from the subsidy scheme, and strong endeavours are 
being made to maintain inland values, which essentially 
must be kept at a certain level in order to provide the 
requisite finances. Inland deliveries of industrial fuel 
are on a moderate scale, but both in regard to iron and 
steel manufacture and the cotton industries of Lanca- 
shire, they reflect the difficulties of current operations. 
Restriction of output has had the effect of wiping out 
surpluses at collieries, though in exceptional instances 
spot lots are being offered at special rates. Mixed condi- 
tions prevail in coke, particularly respecting blast-furnace 
qualities, furnace masters in some districts being short 
of orders. The check sustained in house-coal business is 
mainly seasonal, though there appears to be a growing 
tendency among domestic users to discriminate wherever 
possible in favour of alternative forms of heating and 
lighting. Quotations: best handpicked branch, 26s. to 
27s. 6d.; Derbyshire best brights, 19s. 6d. to 20s. 6d. ; 
best house coal, 18s. 6d. to 20s. ; screen house coal, 16s. 
to 17s. ; screened house nuts, 14s. to 15s. 6d. ; Yorkshire 
hards, 14s. to 16s.; Derbyshire hards, 14s. to 16s. ; 
rough slacks, 8s. 6d. to 9s. 6d.; nutty slacks, 5s. to 6s. ; 
amalls, 38. to 4s. 6d. 











LAUNCH OF H.M.S. ‘‘ OswaLp.”’ The second of the five 
“QO” class submarines of the 1926 naval programme, 
H.M.S. Oswald, which were ordered from private con- 
tractors, was successfully launched from the Naval Con- 
struction Works of Messrs. Vickers-Armstrongs, Limited, 
at Barrow-in-Furness, on Tuesday, June 19. H.MLS. 
Osiris was launched from the same yard last month, 
and the third, H.M.S. Otus, will take the water in August. 


PrrsonaL.—lIn order to devote more time to research 
work, Mr. E. G. Herbert has relinquished the position of 
joint managing director of Messrs. Edward G. Herbert, 
Limited. He will, however, act as chairman of the board 
of directors, and as consulting engineer to the company. 
The following additional directors have been appointed : 
Messrs. C. N. Fletcher, A. H. Evans and G. A. Marriott, Mr. 
Charles Fletcher, who has been joint managing-director 








with Mr. Herbert since the formation of the company 
in 1902, has been appointed the managing-director.— 
The Rational Carbonization Syndicate, Limited, and 
Motor Fuel Proprietary, Limited, have removed their 
engineering staff to 13, Victoria-street, Westminster, 
S.W.1. Other business will still be carried on at 14, 
St. Mary Axe, E.C.3.—Messrs. Sheffield Steel Products, 
Limited, Templeborough Works, Sheffield, haye acquired 
the whole of the business of the J. L. Morrison Company, 
Limited, manufacturers of the Morrison ‘“ Perfection ” 
wire-stitching machinery used by printers, bookbinders 
and box manufacturers. The plant will be removed to 
Templeborough Works, Sheffield. 
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CASCADING COAL DRYER. 
CONSTRUCTED BY MESSRS. THE UNIVERSAL DRYERS. COMPANY, LIMITED, ENGINEERS, BARNSLEY. 
(For Description, see Page 12.) ; 
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Fie. 5. GENERAL VIEW OF INTAKES AND RIVER, 
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Fic. 6. Siuice CHAMBER UNDER CONSTRUCTION. Fic. 7. Stuice GATE IN CourRSE OF ERECTION. 
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THE RAILWAY ROAD-TRANSPORT 
BILLS. 


Arter a hearing extending over 34 days, the 
Joint Select Parliamentary Committee on the 
Railways Companies’ Road-Transport Bills has 
found the preambles of all of them proved, except 
that of the Metropolitan Railway Company. The 
decision is subject to the proviso that so much of 
the London traffic area as is within the administra- 
tive County of London shall be excluded from the 
operation of the Bills, and that protection shall be 
given to municipal transport undertakings within 
their own municipal boundaries. The division on 
the second reading of the L.M. & S. Company’s Bill, 
which was taken as a test, had already shown a 
preponderant majority in favour of its principle, 
and though the companies will not get everything 
they have been asking for, it can hardly be ques- 
tioned that, as a whole, the decision will give general 
satisfaction. A Select Committee has the advantage 
of being able to act on the advice said by tradition 
to have been given by an old judge to a young one, 
and has announced the exclusion of the Metro- 
politan Company without assigning its reasons. 
Those who regard the Bills as embodying an act of 
bare justice to the railway companies may have a 
difficulty in understanding why this justice should 
be denied to the Metropolitan Company, which, 
when the traffic area of the London district is ex- 
cluded, stands in no different position from the other 
companies except that, relatively to theirs, its 
operations are local. This, indeed, seems an in- 
adequate reason for a ruling, which at the same 
time is giving protection to the much more localised 
operations of municipal traffic undertakings, and the 
simultaneous decision against the Company and 
in favour of the municipalities looks as though the 
Committee has thought it necessary or desirable 
to temper its anxiety for the advantage of the 
transport-using public by recognising a need to 


-| conciliate powerful existing interests. As a matter 


of principle, it seems clear that the first criterion 
by which it should be decided whether protection 
should be given to an existing transport under- 
taking, or restraints imposed on it, is not whether 





it is administered by a public authority or a private 


;| body, but whether the interest of the transport 


service will be improved by the proposed measure. 
Even if this criterion should be indecisive, the next 


| material point seems to be not the nature of the 


ownership of the enterprise in question, but its 
economical efficiency, for if one administration is 
more economical than another, the public will have 
to make good the difference in the long run. It is 
to be feared, however, that few parliamentary 
decisions can be reached prudently without some 
regard to the force with which dissenting interests 
can oppose them, and it is probable that what 
appears to be the general opinion may be right 
when it regards the decision which has been reached 
as for the time-being a satisfactory improvement on 
existing conditions. 

The further modifications the Bills are likely to 
undergo on the consideration of clauses by the 
Committee and on Report are not likely to affect 
their essential character and scope, but the Bills 
are almost certainly not to be regarded as final 
measures. As the Committee has pointed out, the 
law of transport is at present in a chaotic condition, 
and the exhaustive investigation and subsequent 
public legislation the Committee recommends may 
well carry further the principle accepted in the 
present Bills. It may, therefore, be opportune to 
point out that the reform now under discussion is 
not merely or even mainly an act of justice to rail- 
way companies. Its chief claim on public approval 
is that it embodies a line of action which is urgently 
needed in the public interest. When the merits of 
an unusually simple measure have to be considered 
continuously for more than six weeks by the elabo- 
rate mechanism of a parliamentary committee, the 
individual interests of the parties to the discussion 
are naturally and perhaps necessarily clamorous, 
and the fundamental principles involved are apt 
to be overlooked. The fact, however, that to a 
greater or less extent these principles are not allowed 
to dictate the final form of the measure does not 
in the least reduce the supreme effect which in the 
long run they will exert on its consequences. 
The purpose of public transport services is to 
save the time of a community, and increase the 
space at its disposal. They leave men more time 
to spend on work, play or useful occupation outside 
their proper profession, and, directly or indirectly, 
these gains are so much wealth added to the com- 
munity, of which it gets the benefit in one way or 
another. Still more obviously, easier and more 
rapid access to the distant points of an area widens 
the zone to which the inhabitants of the area have 
access, brings a new or increased population to 
previously unfrequented districts, and among other 
advantages of increased elbow-room, adds to the 
facilities for housing and eventually must tend to 
reduce its cost. These interests are of fundamental 
advantage to all developed communities, but 
peculiarly so to this country, in which elbow-room 
is among the several national resources which are 
constantly decreasing. The improvement of trans- 
port is the most direct and important of the measures 
by which this national difficulty may be met, and 
its public importance seems to be out of all 
comparison greater than that of bolstering up 
a municipal traffic undertaking, if the transport 
service could be improved by replacing or supple- 
menting it. 

It must therefore be a matter of satisfaction that 
the most experienced and powerful carriers in the 
country are now to take their part in the provision 
of road transport. The apprehension that by 
adopting a Gadarene policy of rate-cutting they will 
drive existing carriers off the road, in order ulti- 
mately to obtain a monopoly and exaggerated fares, 
seems fantastic when it is suggested in regard to 
the railway companies, whom public opinion has 
seldom reproached with fixing their fares too low. 
Conditions, moreover, are to be incorporated in the 
Bill for providing ample safeguards on the point. It 
does not seem certain, indeed, or even likely, that 
the companies will be putting a large number of new 
vehicles on the road. More probably their policy 
will be to assist in extending existing services and 
co-ordinating them with the railway traffic. The 
economy of railway carriage, even more than that of 
other forms of transport by land, depends essentially 
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on its load factor, and by a sufficient concentra- 
tion of traffic railways can carry it for even runs of 
quite moderate lengths with an economy that cannot 
be reached by single vehicles, whether on the road or 
on tram-lines. The interests of railway companies, 
no less than that of their passengers, are best served 
by traffic sufficiently concentrated to permit cheap 
fares. The entrance of the companies into the 
business of running road cars must have its effect 
in increasing public facilities for travelling on the 
road. This doubtless will be an advantage in itself ; 
but the direct gain may become much more con- 
siderable as the proportion of road journeys which 
end at the railway becomes greater, and an increased 
traffic is obtained through the stations so fed. 

In the discussion of the present proposals, the 
attention of the public probably has been centred on 
passenger traffic, the advantages and shortcomings 
of which are most immediately under its eye. It 
is to be remarked, however, that the scope of the 
Bills is by no means so limited. It extends also 
not only to passengers’ luggage and parcels, but to 
goods, merchandise, live stock and animals of all 
descriptions. Great as are the advantages to be 
expected from a further road passenger service in 
better co-ordination with the railway system, it can 
hardly be doubted that still greater opportunities 
may be found in dealing with goods traffic. The 
railway companies in this country work under dis- 
advantages from which foreign companies are free, 
and the fact that some of these disadvantages, such 
as rates of wages, and perhaps their ratios to work 
done, are likely to be permanent, offers the strongest 
reason why no means should be neglected by which 
other disadvantages may be reduced. When British 
railway companies are reproached with charging 
higher rates for agricultural products and for export 
merchandise than are accepted profitably by foreign 
companies, they point. among other circumstances, 
not only to the longer hauls of the lines with which 
they are compared, but to the heavier loads. No 
man by taking heed can add a cubit to his stature, 
and individual farms or works may be unable to 
do much in the way of increasing their outputs to 
suit the convenience of railway companies. It has 
often been suggested that by co-operation between 
farms and between works, railway companies could 
be offered heavier loads, which they would carry 
gladly at lower rates. Co-operation is, perhaps, not 
the strongest point of British industry, and it may 
not be surprising that, left to itself, it has done little 
or nothing in the way of combining to offer the 
railway companies economical loads. What may be 
the result if these loads are sought by the companies 
themselves, knowing perhaps better than their 
customers how great an economical interest could 
be served for each of them if the endeavours to 
obtain concentrated loads were made effective, and 
having at their command the administrative experi- 
ence for handling such a traffic, is perhaps a matter 
of speculation. It seems certain that in any event 
the prospect of success must be improved if the 
companies are included among the parties who are 
seeking it. 








THE PROGRESS OF CIVIL AVIATION. 


A GLANCE at the advertisement columns of the 
daily journals at this time of year is sufficient 
to indicate the strenuous efforts that are being made 
to encourage travel by rail, road and sea. There 
remains a fourth means of transport, which may 
before long prove a serious competitor with all 
three, especially for long journeys, but which for the 
time being is making stesdy rather than rapid pro- 
gress, and, in this country at least, is not being used 
to the extent which its advantages justify. We refer, 
of course, to aviation for civil purposes, some inte- 
resting information regarding the development of 
which, during 1927, is given in the Report on the 
Progress of Civil Aviation,* which has been pub- 
lished this week by H.M. Stationery Office. 

A considerable portion of this report is devoted 
to the air services, which are available in this and 
other countries of the world, and, though the data 
given are not strictly comparable, there is no doubt 
that this new form of transport is becoming more and 





* Report on the Progress of Civil Aviation, 1927. 


London : H.M. Stationery Office. [Price 3s. net.] 


more firmly established. The report deals primarily 
with the services available in many countries, and 
with the way in which they are financed, but those 
who care to go into the subject in more detail will 
find it interesting to consult the time-table issued 
by the Deutsche Luft Hansa A.G. This covers all 
the regular European flights, and shows, in a way, 
more striking than mere statistics, what is now 
being done for the air passenger. 

As regards this country, during the year under 
review, Imperial Airways, Limited, concentrated 
their attention on the London-Paris-Zurich, London- 
Ostend-Brussels-Cologne and the Southampton- 
Guernsey routes. The mileage flown was 614,655 
miles, compared with 840,000 miles in the previous 
year, though the passengers carried increased from 
16,775 in 4,777 flights to 18,874 in 4,450 flights. 
The cargo carried fell from 679 tons to 593 tons. 
“Flying for hire’ apart from the regular services 
dealt with 90,695 as against 81,909 passengers, 
though the actual number carried in this way 
is probably higher still. The British share of the 
foreign traffic fell from 61 per cent. to 57 per cent., 
the total passengers carried on the cross-Channel 
services being 28,764, or over 3,000 in excess of that 
in 1926. An average increase of over 3,000 pas- 
sengers per year has been maintained since 1919. 
Traffic fell off much less during the winter months 
than during the previous year, the passenger- 
mileage in the last quarter of 1927 being 597,030, 
as against 357,575 in the corresponding quarter of 
1926. This movement, it is stated, was much 
assisted by the introduction of second-class fares. 
It is satisfactory to note that the efficiency of the 
services is also increasing, the percentage completed 
of flights actually commenced being 99 per cent. 
The chief cause of interruption was bad weather. 
We are also glad to learn that the regular air 
services were free from accident for three years, 
while on “‘joy-ride”’ flying there was only one 
fatal accident in the period 1925-27, and one in 
the preceding three years, the flights during those 
six years covering 978,000 miles. 

Obviously such full details are not available for 
other countries. But it is stated that four main 
subsidised services with a route mileage of 3,487 
were operating in Australia, while two non-subsidised 
routes were also at work. The former services car- 
ried 453,580 passengers in 1927, as against 417,970 in 
1926, and a large programme of expansion, covering 
about 4,500 miles, was in contemplation. In Canada, 
interest in the development of air transport is 
rapidly growing, and during the year a Controller of 
Civil Aviation was appointed to supervise activities. 
Four companies operated under mail-carrying con- 
tracts, and a fair amount of other transport and 
survey work was being done. Aeroplanes were also 
being used for forest protection, while in this 
country too considerable extensions are envisaged. 
In South Africa and New Zealand nothing much 
has yet been effected, though progress is expected 
in the near future. A sum has been voted for the 
establishment of a route across India from east to 
west, while consideration is being given to the 
possibilities of extending the Cairo-Karachi service 
to Bombay and Delhi. Useful preliminary work 
is being done in Kenya, Uganda, the Sudan and 
Rhodesia, and a certain amount of private flying was 
already taking place in these countries at the date 
of the report. 

Coming to foreign countries in Belgium, the 
concern known as Sabena was operating a London- 
Brussels—Cologne service with a branch to Antwerp 
and a route 1,400 miles long from Boma to Katanga 
intheCongo. The latter was covered in two days as 
against 10 days by ordinary transport. Extensions 
in this country covering 1,600 route miles have been 
decided upon. Some 2,244 passengers were carried 
in 1927. Scandinavian concerns were operating 
services from Copenhagen to Hamburg, from 
Malmo to Amsterdam, via Copenhagen and Ham- 
burg, and from Stockholm to Helsingfors. The 
passengers carried numbered 6,201. An experi- 
mental flight from Oslo to Harwich was also made. 
In France, four companies were operating a number 
of international routes, communication thus being 
established with most European countries and with 
Morocco, to which the transport of mails has been 





an outstanding success. A scheme is_ nearly 











complete for an air mail between France and South 
America, via Dakar and Cape Verd Islands, a 
portion of which will temporarily be effected by 
steamer. The passengers carried in 1927 numbered 
21,555. In Germany, civil aviation was in the hands 
of the Deutsche Luft Hansa, which is stated to be 
easily the largest air transport organisation in the 
world with 170 machines, 150 pilots, and 56 air 
engineers. It operates over 70 routes in the summer 
and about half this number in the winter, and 
provides communication with most European coun- 
tries, either alone or in conjunction with other 
concerns. In 1927 it carried 151,091 passengers, 
the mileage flown being 6,189,000. The Deutsche- 
Russische Luftverkehr-gesellschaft operated a service 
between Berlin and Moscow, where a connection was 
made with the Junkers service to Teheran. This 
concern carried 3,700 passengers. The transport of 
freight is rapidly becoming an important factor in 
German air transport, and it is hoped to start 
services from Berlin at night which will ensure the 
delivery of goods in London, Zurich and Amsterdam, 
as well as in all parts of Germany, the next morning. 
Services of flying boats are also to be established. 
The reliability of air transport induced the insurance 
companies to reduce their rates during the year. 
In Holland, Italy, Spain, and Switzerland regular 
services were also established, of which details 
are given in the report. In the United States most 
progress has been made in the carrying of mails, 
which is a Government service, and 18 contract 
routes were in operation in 1927, while some progress 
was being made in Latin America and Japan. 

The report also deals with the progress that has 
been made in air surveying, private flying and 
competitions, long-distance flights, ground organisa- 
tion, wireless communication and meteorology, but 
in conclusion, we must draw attention to what is 
recorded concerning technical development. The 
chief feature of the year under review was the sub- 
stitution, wherever possible, of metal construction 
for that of wood and fabric, leading to greater safety, 
lower maintenance, and less weight. Much progress 
was made in the development of apparatus for 
controlling aeroplanes at low speeds, of which the 
most successful is that known as the automatic 
slot, and experiments were continued in connection 
with the silencing of aircraft and engines. Refer- 
ence is made to the success of the Napier-Lion water- 
cooled engine and to the production during the year 
of the 100-h.p. De Havilland and the Avro “ Alpha’ 
engines for use on light aeroplanes. The progress 
made with the airships R.100 and R.101 is noted. 
Though it could be wished that the pace was rather 
quicker, there seems no doubt that development is 
taking place on the right lines. 








FUEL TECHNOLOGY IN FRANCE. 
By Davip Brown ie. 


Tue second Congrés du Chauffage Industriel, 
held in Paris at the Conservatoire National des 
Arts et Metiers from June 23 to 30, under the 
patronage of the Ministres des Travaux Publics, 
du Commerce et de l’Industrie, de la Guerre, de 
l'Instruction Publique, de la Marine, and des 
Colonies, is reminder of the rapid progress that is 
being made in France in the field of fuel and power. 

One of the significant tendencies of civilisation 
to-day, largely due to the great development of 
the internal combustion engine using liquid fuel, is 
the growing determination of most industrial and 
semi-industrial countries to render themselves more 
or less independent as regards supplies of solid and 
liquid fuel. 

The general tendency is clearly evident in France, 
where the most strenuous efforts are obviously 
being made to render the whole country independent, 
not only of petrol and liquid fuels general, but of 
foreign coal as well. Included in the different 
methods being used to attain this object are the 
intensive development of the water power of the 
country, the active encouragement of methods for 
the driving of motor vehicles other than by the 
use of petrol—particularly by producer gas and 
power alcohol—the production of synthetic liquid 
fuels on a large commercial scale—especially by 
the catalytic reduction of carbon monoxide gas, the 
low-temperature carbonisation of bituminous coal, 
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lignite, and shale; and the adoption of improved 
methods, particularly in large power stations, for 
the combustion of coal or other solid fuels, com- 
bined also, as a result of the above activities, with 
the extensive application of electric driving in 
industry, notably in mining. 

Taking first what is popularly termed the pro- 
duction of liquid fuel from coal, it is extremely 
difficult to find out exactly what is the situation in 
France, as much of the work is being kept secret. 
Essentially, however, the French trend of develop- 
ment, as already indicated, seems to be, not so 


much in the direction of hydrogenation, as the | 


manufacture of synthetic fuels. It will be remem- 
bered that the former method consists approxi- 
mately in heating a paste of pulverised coal, lignite, 
or other solid fuel and heavy oils, with hydrogen 
under very high temperatures and pressures, under 
which conditions about 35 to 75 per cent. of the solid 
fuel is converted into a liquid product, somewhat 
analagous to crude petroleum. This process is 
primarily due to Bergius, and an enormous amount 
of attention has been concentrated upon it in 
Germany, including, it is believed, the erection of 
several very large plants now more or less in com- 
mercial operation. So far as can be ascertained, 
the objections to the general process of the hydro- 
genation of solid fuels are the very high tempera- 
tures and pressures necessary, and the difficulty 
of the more or less complete emulsification of the 
crude oil, dueto the dust from the residual pulverised 
material. It is presumably this and other con- 
siderations that account for the greater attention 
being given in France to the catalytic reduction of 
carbon monoxide gas, on lines almost as extensive 
as those in Germany. 

In fact, a large part of the original pioneer 
research work in this field is of French origin, 
particularly in connection with the remarkable 
investigations of Sabatier in his studies on catalysis. 
The general principle, expressed in the simplest 
language, is that carbon monoxide gas is reduced 
by hydrogen under high temperatures and pressures 
in the presence of catalysts, particularly metallic 
oxides, to give chiefly methyl alcohol (CH,OH). 
The approximate chemical equation is CO + 2 H, = 
CH,OH, but in practice—as might be expected— 
the reactions are very much more complicated, 
and many other complex liquid products are mixed 
with the methyl alcohol, this general type of low 
boiling point liquid fuel having been termed 
Synthol. 

In the original work of Sabatier and Sanderens, 
using nickel as a catalyst under atmospheric pres- 
sure only, the reduction of CO simply gave methane, 
according to the formula CO + 3H, = CH, + H,0, 
and it was discovered by later workers that when 
the operation is carried out under high pressures 
this equation tends to become CO + 2H, = CH,OH. 
Incidentally, it is believed that the latest research 
work in Germany now enables the carbon monoxide 
to be reduced at atmospheric pressure with new 
catalysts, to give a heavier liquid product very like 
crude petroleum. During recent years, much work 
on synthetic fuels has been carried out in France by 
Audibert in connection with the Office National des 
Combustibles Liquides, and there has been formed 
a company, called Carburants et Produits de 
Synthese, for the production of synthetic liquid 
fuels from coal and lignite"on an extensive scale. 

In the low-temperature carbonisation of coal, 
lignite, and shale, the general situation in France 
undoubtedly is disappointing, although one process 
the Salerni, is now in successful commercial 
operation, and the French shale oil industry con- 
tinues in what may be termed “ restricted ” exist- 
ence, especially at Autun in the Sadne-et-Loire 
area, with a total consumption of apparently about 
200,000 to 250,000 tons of shale per annum. The 
well-known work that has been carried out, pri- 
marily under the control of M. Sainte Claire Deville 
on the Sarre, on the low-temperature carbonisation 
of strongly-swelling bituminous coal and the use of 
the resulting fuel, with, say, 10 to 12 per cent. 
volatile matter, as a blend for the bulk of the coal 
So as to give a high grade metallurgical coke, equal 
to that of the highest quality from the Ruhr, is now 
familiar in this country. This general principle of 
blending low-temperature fuel with bituminous 
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swelling coal has been studied by a number of 
investigators, particularly Professor S. W. Parr 
and his co-workers at the University of Illinois, 
while entirely independent of M. Deville’s work on 
the Sarre, the Shimomura process—the invention 
of Dr. Kotaro Shimomura of Osaka—has been in 
successful commercial operation for a considerable 
number of years at the Seimi Works, Osaka, for 
the production of high-grade metallurgical coke 
from the strongly-swelling Japanese coals. 

In view of the repeated statements that there 
is no low-temperature carbonisation process in the 
world in commercial operation, it is very interesting 
to note these two in France and Japan, respectively, 
quite apart from others. In the work in the Sarre 
district, a number of different low-temperature 
retorts were tried before the Salerni was found to 
be the best, and there has now been put down a 
battery of five large Salerni retorts, each with 17 
troughs and capable of dealing with 36 to 40 tons 
of coal per hour, two of which are already in con- 
tinuous commercial operation, while the others 
will be started up within the next few months. 
In addition, it may be stated that the original 
small commercial Salerni plant has operated success- 
fully for two years past. 

The general principle of the Salerni retort con- 
sists in a series of flat, shallow, cast-iron troughs 
fixed side by side in a long setting and externally 
heated from underneath. Each of the troughs 
has an internal paddle conveyor, being completely 
open at the top, but with the setting closed over 
by acommon roof. The coal is admitted all along 
one side and then flows over each trough in turn, 
that is in a direction parallel with the front of the 
setting and at right angles to the agitator shafts, 
the low-temperature fuel being discharged con- 
tinuously at the other end. The retort operates in 
conjunction with a pre-drier, the coal carbonised 
being Flammkohle in the form ofa slurry, a pro- 
duct from the washing of the main bulk of the coal 
in a Rheolaveur washer. This was originally prac- 
tically a waste product, containing on the average 
about 20 per cent. water and with an ash content 
of 7 per cent. to 8 per cent. on the dry basis. 

In the pre-drier, this material is reduced to a water 
content of about 13 per cent., and the period of 
carbonisation in the retorts at about 1,000 deg. to 
1,500 deg. F. is 1} hours, with the paddles running 
at a speed of 13 r.p.m. The volatile content of 
the raw coal is 33 per cent., and this is reduced by 
low-temperature carbonisation to about 13 per 
cent., being mixed hot direct out of the end of 
the retorts with the wet-washed Fettkohle. Gene- 
rally about 14 per cent. of the low-temperature 
fuel is sufficient, but in practice it is found better 
to employ about 20 per cent. merely because it is 
a commercial proposition to use up as much of the 
Flammkohle as possible. The coke produced is 
of the highest grade, and, in fact, is now regarded 
as superior to the best Ruhr coke, while the low- 
temperature tar is stated to be of excellent quality. 
A special type of dust extractor is being used for 
the gases. 

The other low-temperature carbonisation processes 
in France mostly relate to lignite, or, at any rate, 
non-coking coal, and included in these are the 
Bonnevie, Dupuy, and Guardabassi-Gouillard pro- 
cess, together also with two others, which are 
of Belgian origin—namely, the Migeon and Pieters. 
It is difficult to get authentic information about 
the state of development with regard to these 
various methods, while it is known that low-tem- 
perature carbonisation has been carried out in 
other centres in France, such as, for example, 
at the Mines de Blanzy. Incidentally, it may be 
mentioned that little success has been attained 
with the British Tozer process at the Mines de 
Laluque, in the Landes area. The Bonnevie 
process, as well as another French process, that 
of the Société de Fours 4 Coke, is on the in- 
ternal screw conveyor principle, which is also the 
method adopted by the Shimomura process in 
Japan, although in the latter case the speed of 
revolution of the screws is much higher than usual, 
with only a short period of carbonisation. The 
Dupuy, Guardabassi-Gouillard, Migeon, and the 
Pieters processes all consist of variations of the 











general principle of an extremely high, continuous, 
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narrow-diameter retort with external heating, usually 
with a carefully regulated rise in the temperature as 
the charge descends, combined with more or less 
steaming, and in some cases the passage of inert 
gases. In some cases the shape of the retorts is of 
most peculiar character, consisting of a series of 
short truncated cones placed together to form a 
vertical unit, but certainly, so far as lignite is 
concerned, no process in the world has yet succeeded 
in supplanting the German Rolle retort, which 
has been in successful commercial operation in 
Germany, particularly in the Halle-Saale area, ever 
since about 1860, although there are at least half a 
dozen processes at the present time in Germany 
that have now approached a stage of potentially 
active competition, particularly that of the Kohlen- 
veredelungs-Gesellschaft. 

Lignite, however, from the low-temperature 
carbonisation point of view, is an extremely difficult 
proposition, and, if little progress is yet to be recorded 
in France, the same applies to other countries, 
apart from Germany, that are attempting to solve 
this problem, of which notable examples are Canada, 
the United States and Australia, in connection 
respectively with the Saskatchewan lignite area, 
the North Dakota lignites, and the Morwell lignite. 
In the latter connection, the utilisation of the raw 
material as raw fuel for steam generation on an 
extensive scale can now, however, be regarded 
more or less as an accomplished commercial success, 
in spite of the many difficulties encountered. 








THE LATE SIR JOHN I. THORNYCROFT. 


By the death, at the age of 85, of Sir John Isaac 
Thornycroft, on June 28, at his residence at Bem- 
bridge, Isle of Wight, there has passed away a 
naval architect and engineer of great originality. 
Most of his work was concerned with the develop- 
ment of small craft, but he lived to see the principles 
that he had applied to such vessels greatly influenc- 
ing the design and equipment of the largest of the 
world’s ships, with the result that speeds have been 
increased to an extent considered practically im-° 
possible a decade or two ago. Sir John’s father, 
Mr. Thomas Thornycroft, was a distinguished 
sculptor, who had a strong penchant for mechanics, 
and in his native Cheshire farmhouse had carried 
out many experiments with farming plant and 
machinery. There can be little doubt that the great 
eminence attained by Sir John in his profession was 
due in no small measure to the early guidance and 
encouragement of his father, and it is interesting 
to note that the subject of our memoir built his 
first steam launch at his father’s house. This 
boat, the Nautilus, followed the lines of a model 
jointly constructed by father and son. It was 
provided with a closed stokehold and forced draught, 
the propeller shaft being set at a downward inclina- 
tion towards the stern, so that an exceptionally 
large propeller could be fitted. The success of this 
vessel encouraged the father to start his son in 
small works at Chiswick. 

After two or three launches had been built, the 
father very properly considered whether the work 
begun as a hobby would afford full scope for the 
building up of a useful career, and after due thought, 
decided that the son should be brought into contact 
with shipbuilding establishments run on a commer- 
cial scale, and should also apply himself to a study 
of those sciences which have a direct bearing upon 
an industrial career. 

It is at this point that Sir John’s real engineering 
career may be said to have commenced. Before 
he had reached his twentieth year he went to 
Messrs. Palmer’s shipbuilding yard at Jarrow, and 
from there proceeded to the University of Glasgow, 
where he was fortunate in having among his teachers 
such men as Lord Kelvin, MacQuorn Rankine, 
and James Thomson. While at Glasgow, when 
serving at the Fairfield works, Thornycroft also 
had the advantage of coming under the influence 
of Sir John Elder, and of this period of his career 
he always spoke with special appreciation. In 
1886, he returned to his work at Chiswick, and in 
a few years established success from both an 
engineering and commercial point of view by the 
construction of”the Miranda. This vessel, only 





50 ft. in length by 6 ft. 6 in. beam, attained the 
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then remarkable speed of 18} miles per hour, a | type, developed by Thornycroft, should almost be 
performance which created the greatest interest | met with derision in many quarters, but the opinion 
amongst naval architects, as was proved by the fact lof the designer was held in such respect in naval 
that Mr. (afterwards Sir) Frederick Bramwell | circles that the new boilers were given a trial in the 
read a paper before the Institution of Naval Archi- | gunboat Speedy, laid down in 1893. The result 
tects based on the performance of the vessel. The | established the soundness of Thornycroft’s design 
Miranda was followed immediately by the Gitana, | beyond doubt. The vessel was of the Sharpshooter 
90 ft. in length, built for the Baroness Rothschild. | class, 230 ft. long, and of 810 tons displacement. 
With engines of 450 h.p., this ship had a speed of | As other vessels of the class were fitted with loco- 
23-9 m.p.h. A direct consequence of this perform- | motive boilers, it was possible to make a direct 
ance was the beginning by Thornycroft of torpedo- ! comparison between the two types, and it was 
boat construction, a ; 

form of vessel which 
afterwards afforded full 
scope for his genius, and 
with which his name 
will always be asso- 
ciated. His first torpedo 
boat was the Lightning, 
completed in 1876. She 
was a vessel 84 ft. in 
length, 10 ft. 10 in. 
beam, and of 27 tons 
displacement. She had 
locomotive boilers, was 
operated under forced 
draught, and attained a 
speed of 18 knots. This 
vessel afforded the de- 
signer valuable experi- 
mental data on both 
hull form and propeller 
design, and his work 
on these problems, em- 
bodied in successive 
ships, represented con- 
tinuous and rapid pro- 
gress, 

It is only possible to 
refer to some of the 
more outstanding stages 
in Sir John’s long and 
brilliant career. He was 

‘one of the earliest to 
apply scientific methods 
in evolving designs, 
carefully to collate the 
results, and to apply 
the deductions justified 
by this work. In respect 
of hull form, it will be 
remembered that he 
introduced the flat, wide 
form of stern immedi- 
ately under the water 
line, with the propeller 
shaft at a downward 
inclination, completely 
under the deadwood, 
and with wing rudders 
on each side of the stern. 
His propeller experi- 
ments were equally not- 
able, although in his 
earlier work he was 
without the advartage 
of an experimental tank, 
a deficiency which he 
overcame later by the 
construction of a tank 
at the Isle of Wight. 
In default of a tank, 
his early propeller ex- 
periments were made by 
fitting a propeller ahead 
of his vessel, so that the ship herself may be said|found that the Speedy developed 4,700 h.p., as 
to have represented the moving carriage of the | against 3,500 h.p. for her sister ships, with a 
present-day tank, the propeller, of course, run- | corresponding increase in speed. There is no 
ning in still water. The principal features of his | need to-day to refer to the mechanical features of 
propeller work were the development of turbine-|the Thornycroft boiler, which have been applied 
screw propellers, and of the tunnel stern, for | not only to ships of the British Navy, but throughout 
shallow-draught vessels. Another development in| the world. As regards the power installation in his 
which he was a pioneer recalls what was at the time | vessels, Sir John ultimately developed a very light, 
a very bitter controversy. Early craft of the small | fast-running reciprocating engine of the triple- 
high-speed type had always been fitted with loco-|expansion type, with four cylinders arranged in 
motive type boilers, and although many attempts | pairs, and set at an inclination to secure good 
had been made to design a satisfactory water-| balance. This engine gave very satisfactory 
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tube boiler, they had always ended in failure. It is | results, and was adopted on a large number of 
therefore not surprising that a new design of this | torpedo craft, but with the advent of the Parsons 
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turbine, the reciprocating engine went out of favour 
when high speeds were required, and subsequent 
vessels built by Messrs. Thornycroft incorporated 
turbine machinery. 

In later years, Sir John’s interest in launches was 
revived by the introduction of the hydroplane boat, 
the installation of the testing tank at the Isle of 
Wight, already referred to, enabling him to conduct 
the necessary experimental work. To Sir John is 
due the credit of realising the potentialities of the 
{stepped design of hull devised by the Rev. C. M. 
Ramus, and the present 
Thornycroft design has 
a single step applied to 
a fairly broad boat of 
more or less normal 
type. To some extent, 
Sir John took up the 
development of racing 
motor boats as a re- 
laxation, but his designs 
were highly successful, 
his first notable achieve- 
ment in this direction 
being the Miranda III, 
which created a record 
in 1911, by attaining a 
speed of 36 knots with 
petrol engines of only 
100 h.p. 

The marine works at 
Chiswick had steadily 
grown in importance, 
and in 1903 it was 
decided to transfer these 
works to Southampton, 
but prior to this motor- 
car works had been 
established at Basing- 
stoke. The type of ship 
built steadily grew in 
size and power, but 
retained the principal 
elements of the designs 
evolved at Chiswick. It 
was a deserved compli- 
ment to Sir John’s great 
ability as a designer 
that he should be asked, 
in 1905, to serve on 
Lord Fisher’s commit- 
tee to consider the 
design of capital ships, 
the work of the com- 
mittee resulting in the 
building of the [first of 
the Dreadnought battle- 
ships and Dreadnought 
cruisers, which so mate- 
rially influenced all ideas 
in connection with naval 
offensive operations. 

Turning now to the 
war work of the Thorny- 
croft firm, of which Sir 
John was the head, it is 
interesting to note that 
the first shot in naval 
engagements was fired 
by the Lance, one of 
four destroyers which 
were nearing completion 
by the firm in August, 
1914, and on which work 
was pressed forward with 
| all speed to enable the vessels to be put into com- 
mission. The firm were also associated with one of 
the most noteworthy and successful events in the 
early days of the war, in that to them was entrusted 
the responsibility of fitting out the transports for 
the Expeditionary Force. As Messrs. Thornycroft 
possessed an almost unique experience of building 
the type of craft most urgently required in the 
early days of the war, almost the entire resources of 
the firm were concentrated on the production of 
destroyers, but space was also found for the con- 
struction of three submarines, two of the “E” 
and one of the “F” class. In all, 29 destroyers 
and leaders were delivered between the outbreak 
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of war and the armistice, and, in addition, over 
500 vessels of various types passed through the 
repair department. In connection with decoy 
vessels, the firm submitted a proposal to the 
Admiralty that a ship of the tunnel-stern type 
might be built of such shallow draught that she 
would be practically immune from torpedo attack. 
The proposal was favourably received, and the 
vessel, 240 ft. in length by 35-ft. beam, was completed 
within four months from the date of the order. 
This vessel proved entirely successful. We may 
now pass on to another phase of the firm’s activities 
during the war, namely that of the coastal motor- 
boat. The history of these vessels is too well known 
to require repetition, but it may be noted that the 
first three boats were completed in April, 1916. 
The earliest boats carried only one torpedo, but it 
was considered that a larger type might be valuable 
to act against the German submarines. Trials were 
carried out with a larger vessel carrying two tor- 
pedoes, and as a result of the trials, the Admiralty 
decided to build a large number of similar boats 
with all speed, many of which performed con- 
spicuous service during the war. 

It is hardly necessary to refer to the present 
position and work of the firm of John I. Thornycroft 
and Company, as their activities are familiar to all 
engineers. We have only casually referred to their 
work in motor-vehicle construction, but, in passing, 
it may be mentioned that the products of their 
works at Basingstoke have done much to bring the 
British commercial vehicle to the forefront in 
international competition, and that the Thorny- 
croft military tractor, in particular, has had an 
important influence on the trend of design. 

Born at Rome, the subject of our memoir, whose 
portrait we reproduce on the opposite page, married 
in 1870, and had two sons and five daughters. Both 
sons are in the firm, the elder, Sir John E. Thorny- 
croft, being managing director, and the younger, 
Thomas, being general manager of the Basingstoke 
works. In his contributions to the proceedings of the 
various technical societies, Sir John I. Thornycroft 
showed great liberality in disclosing information for 
the guidance of others and suggestions for future 
developments. He was the author of many papers, 
in which he displayed a remarkable modesty, 
which was the more noteworthy on account of the 
original and stimulating ideas put forward. He 
was made a Member of the Institution of Civil 
Engineers in 1877, having been an Associate- 
member since 1873. For his contributions to the 
proceedings, he was awarded the Watt Medal and 
the George Stephenson Medal. He became a 
member of the Institution of Mechanical Engineers 
in 1876, but it was natural that the Institution of 
Naval Architects, which he joined in 1881, should 
have claimed his chief interest. He served long on 
its council, became a vice-president in 1889, and 
was elected an honorary vice-president in 1908. 
He also contributed to the Royal Society, of which 
he was a Fellow, to the Transactions of the British 
Association for the Advancement of Science, and 
to other organisations. He received the honorary 
degree of LL.D. of Glasgow University in 1900, and 
the honour of knighthood in 1902. 








_ Moror VEHICLE REGISTRATIONS IN Eaypt.—Accord- 
ing to information furnished by the Statistical Depart- 
ment of the Egyptian Government, the number of private 
cars and commercial vehicles in use in Egypt on Decem- 
ber 31, 1927, was 12,328 and 3,502 respectively, while 
the number of private cars and commercial vehicles 
registered for the first time during the half year ending 
December 31, 1927, was 1,796 and 550 respectively. 





ELECTROLYTIC ZINc IN AUSTRALIA.—According to a 
report contained in a recent issue of The Herald, Mel- 
bourne, the production of zine at the plants of The 
Hlectrolytic Zine Company of Australasia, Limited, 
totalled 48,605 tons during 1927. This figure constitutes 
an increase of 2,022 tons over that for 1926. The silver- 
lead residue transported to Port Pirie, South Australia, 
for smelting, yielded, during the past year, 7,620 tons of 
lead, and upwards of one million ounces of silver. Other 
by-products include sulphuric acid, 60 tons of which are 
being produced daily at the Port Pirie works, and phos- 
phates and other fertilisers, the 1927 output of which 
amounted to 20,524 tons. As a result of systematic 
research, the problem of treating a particularly trouble- 
some and complex zinc-lead ore has been solved. It is 
stated that good outputs and high-grade products are 
now assured from this source, and, in consequence, a 
mill capable of treating 100,000 tons of ore per annum is 
abont to be erected. ; 











THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


(Concluded from vol. cxxv, page 810.) 


EXCURSIONS AND Visits, &c. 


In the afternoon of Tuesday, the 26th ult., 
after lunch on the R.M.S. Homeric, at the invitation 
of the White Star Line, an inspection was made of 
the vessel, subsequent to which works were visited. 
At the works of Messrs. J. I. Thornycroft and 
Company at Woolston, a number of destroyers 
for the Chilean Navy, some shallow-draught 
steamers for the River Plate, and other vessels 
were seen under construction. Messrs. Harland 
and Wolff’s ship repairing and engineering works 
and the Southampton Docks and Extension were 
also inspected. In the evening, a reception was held 
by the Mayor and Corporation of Southampton 
in the Royal Pier Pavilion. On the Wednesday 
morning, the members were conveyed by special 
train to Eastleigh, and parties visited the Southern 
Railway Company’s locomotive works and carriage 
and wagon works. At the former works several 
locomotives of the ‘‘ Lord Nelson” class* were 
in course of construction, while many members 
were interested in the process of making locomotive 
firebox bricks carried on here. The capacity of 
the locomotive works is 11 repaired and 2 new engines 
per week. The carriage and wagon works are, since 
the amalgamation, after which wagon building was 
mainly transferred to Ashford, engaged almost 
entirely on coach building and maintenance. A 
recent reorganisation for working on a mass produc- 
tion basis has, we understand, resulted in a large 
increase in output. 

In the afternoon, four visits were arranged as 
follows :—The Supermarine Aviation Works at 
Woolston and Hythe, the latter place being used 
for the erection of complete machines from com- 
ponents manufactured at Woolston ; Messrs. J. 
Samuel White and Company, Cowes and East 
Cowes, in which works three destroyer flotilla 
leaders for the Argentine, of 2,000 tons displace- 
ment for a speed of 36 knots, were seen under 
construction ; and the Ordnance Survey Depart- 
ment. A fourth alternative consisted of a visit to 
Romsey Abbey and Winchester Cathedral. 

The Institution Dinner was held in the evening 
in the Banqueting Hall of the South Western Hotel, 
the President being in the chair. After the loyal 
toasts had been drunk, Mr. Allen, on behalf of the 
Institution, presented the Mayor with a memento 
of the visit. The toast of “Southampton” was 
proposed by Mr. Loughnan St. L. Pendred, vice- 
president, and was responded to by the Mayor and 
by Mr. F. E. Wentworth-Shields, O.B.E. Only 
one other toast followed, that of “The Institution 
of Mechanical Engineers.”” This was proposed by 
Mr. P. E. Curry, J.P., of the White Star Line, and 
was replied to by the President. 

Thursday morning was set apart for alternative 
visits to the Royal Air Force seaplane station, at 
Calshot, or Messrs. Pirelli-General Cable Works and 
the Southampton Corporation Electricity Works. 
Luncheon was partaken of on R.M.S. Aquitania, 
at the invitation of the Cunard Steamship Company, 
and at it sympathetic reference was made by 
Mr. C. E. Cottrell to the death of Sir John Isaac 
Thornycroft. After an inspection of the vessel, visits 
were paid to the Ordnance Survey Department, and 
to the Borough of Southampton Waterworks Pump- 
ing Station, an excursion also being made to the 
New Forest and Beaulieu Abbey. 

The programme for Friday consisted of a whole- 
day visit to Portsmouth, where, in the morning, 
H.M.S. Barham, which ship is at present undergoing 
re-fit, was inspected by some, while others made 
visits to the City of Portsmouth Main Drainage 
Pumping Station at Eastney and the Outfall Works 
at the mouth of Langstone Harbour ;_ the City of 
Portsmouth Electricity Works ; the Havant Works 
of the Portsmouth Waterworks Company ; and 
the Hilsea Works of the Portsmouth Gas Company. 
A luncheon was held in the Mayor’s Banqueting 
Hall in the Guildhall, guests being received by the 
Right Worshipful the Mayor of Portsmouth, 





* See ENGINEERING, vol. cxxii, page 473. 


Councillor Frank J. Privett. After luncheon a 
visit was made to H.M. Dockyard, including also 
H.M.S. Victory and the Dockyard Museum. 








NOTE. 
AUSTRALIAN DEVELOPMENT. 


A CORRECT appreciation of the importance of the 
underlying issues was shown by the British Elec- 
trical and Allied Manufacturers Association when 
they arranged for a formal dinner in connection 
with the forthcoming visit of Sir Arthur Duckham 
and Sir Hugo Hirst to Australia, as members of the 
Trade Mission. Although it would be unwise to 
expect immediate and direct results, the industrial 
potentialities of Australia are so great that the 
Mission may well inaugurate, or help to foster, 
movements which may have very far-reaching 
ends. A sense of the importance of the Mission was 
also shown by Mr. Amery, the Secretary of State 
for Dominion Affairs, in attending and speaking at 
the dinner, which was held at the Connaught 
Rooms on Tuesday last. In his speech Mr. Amery 
dwelt at some length on the remarkable advances 
that have been made by the United States of 
America in modern times, and suggested that, as 
the British Empire has enormously greater potential 
resources than that country, if we order our affairs 
aright we should attain to a similar prosperity. 
What we seemed to lack at present was a wider 
co-operative market. Sir Granville Ryrie, the High 
Commissioner for Australia, speaking later, referred 
to Mr. Amery’s praise of the United States, and 
suggested that Australia was in no ,way behind 
that country except historically. Australia was 
a newer country, and her present condition compared 
very favourably with that which the United 
States enjoyed when she was of the present age of 
Australia. Sir Arthur Duckham and Sir Hugo Hirst 
both spoke hopefully of the work the Mission may 
be expected to accomplish. 








THE LATE MR. G. L. SEARIGHT. 


Ir is with much regret that we have to record the 
death, as announced ‘in 7'he Times, of another of those 
engineers whose steady work has done so much for the 
development of India. Mr. Graves Lempriere Searight, 
who was born in Dublin in 1861, was, at the time of 
his death, living at Cheltenham, in which town he had 
settled on his retirement in 1916 from the post of Chief 
Engineer and Secretary to the Bihar Government in 
the Public Works Department. Receiving his profes- 
sional education at the Royal Indian Engineering 
College, Coopers Hill, his first experience in practical 
work was gained during the construction of the present 
viaduct over the River Tay at Dundee. An appoint- 
ment as assistant engineer in the Indian Public Works 
Department followed in 1886, and the rank of executive 
engineer was reached ten years later. This work lay 
in important irrigation and building schemes in the 
Sone and Orissa districts of Bengal, a notable experience 
being the reconstruction, protective works, and re- 
organisation of the water drainage, necessitated by 
the heavy landslides at Darjeeling in the autumn of 
1899. Of these works he was in charge, and on their 
completion he was placed in charge of the Public 
Works Department’s Darjeeling division. Another 
duty worthy of special mention was his road survey 
in Bhutan, to give access to the Chumbi Valley.. This 
was undertaken after the return of the Younghusband 
expedition to Lhasa (1903-04), in connection with 
which Mr. Searight had been placed in charge of the 
line of communication from Siliguri to Kalimpong and 
Sikkim. 

His promotion to Superintending Engineer, in 1903, 
was preceded by a short period of service as Under- 
Secretary for Irrigation to the Bengal Government. 
As Superintending Engineer, he had charge of the 
Gandak circle, the construction of the Tribeni Canal 
being concluded during his term of office. The 
province of Bihar and Orissa was constituted in April, 
1912, and the new administration buildings at Patna 
were constructed under Mr. Searight. In March, 1915, 
he became Chief Engineer and Secretary to the Bihar 
Government. Mr. Searight’s accomplishments included 
a sound knowledge of botany, and the public gardens, 
both at Darjeeling and Patna, benefited through his 
skill in landscape gardening. His retirement from the 
Indian Service, in 1916, was not the end of Mr. Sea- 
right’s active life, for he immediately took up inspec- 
tion work for the Ministry of Munitions, which was 
continued until the cessation of hostilities. Later he 
became a member of the Gloucester County Council. 
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LAUNCHES AND TRIAL TRIPS. 


‘** BANGALORE.” —Cargo steamer; single-screw quad- 
ruple-expansion engines. Launch, June 5. Main 
dimensions, 435 ft. by 57 ft. 4in. by 32 ft. 3in. Built by 
Messrs. Barclay, Curle and Company, Limited, Scotstoun, 
for the Hain Steamship Company, Limited. 


“ British FREEDoM.’”’—Oil-tank motorship;_ single- 
screw Doxford-Diesel engines. Trial trip, June 6. 
Designed to carry 10,000 tons deadweight. Built by 
Messrs. Palmer’s Shipbuilding and Iron Company, 
Limited, for the British Tanker Company, Limited. 


‘‘ BAHARISTAN.”’—Cargo steamer; single-screw triple- 
expansion engines. Trial trip, June 7. Main dimensions, 
430 ft. by 54 ft. 3in. by 30 ft. lin. Built by Messrs. 
John Readhead and Sons, Limited, West Docks, South 
Shields, for Messrs. Frank C. Strick and Company, 
Limited, of London. 

““ CARPERBY.”’—Cargo _ steamer ; triple-expansion 
engines. ‘Trial trip, June 7. Main dimensions, 418 ft. 
by 53 ft. 6 in. by 29 ft. 54 in. Built by Messrs. William 
Gray and Company, Limited, West Hartlepool, for 
Messrs. Sir R. Ropner and Company, Limited, West 
Hartlepool. 

**KinpRED Star.”’—Drifter; single-screw. Launch, 
June 9. Main dimensions, 91 ft. 8 in. by 19 ft. 6 in. 
by 10 ft. Built by Messrs. Cochrane and Sons, Limited, 
Selby, for service at Great Yarmouth. 


“Caso Sarpao.”’—Tug and salvage steamer ; single- 
screw triple-expansion engines. ‘Trial trip, June 12. 
Main dimensions, 120 ft. by 25 ft. by 12 ft. 6in. Built 
by Messrs. Harland and Wolff, Limited, at Govan, for 
Messrs. McKie and Baxter, Limited. 

“« JapwiGa.”’—Passenger steamer; twin-screw. Trial 
trip, June 13. Built by Messrs. Palmer’s Shipbuilding 
and Iron Company, Limited, Jarrow, for the Polish 
State Steamship Company of Gdynia. 


“* VYamanora.’’—Shallow-draught oil-tank steamer ; 
twin-screw triple-expansion engines. Trial trip, June 13. 
Main dimensions 315 ft. by 50 ft. Built by Messrs. 
Harland and Wolff, Limited, Belfast, for the Lago 
Shipping Company, Limited. 

“ British Txeirt.”’-—Oil-tank 
screw Atlas Polar Diesel engines. Launch, June 14. 
Main dimensions, 194 ft. by 31 ft.6 in. Built by Messrs. 
Swan, Hunter and Wigham Richardson, Limited, New- 
castle-on-Tyne, for the British Tanker Company, Limited. 


“Kina StepuHen.’’—Cargo motorship; single-screw 
Harland-B. and W. Diesel engine. Trial trip, June 14. 
Main dimensions, 400 ft. by 54 ft. 6 in. by 34 ft. 8 in. 
Built by Messrs. Harland and Wolff, Limited, for the 
King Line, Limited. 

“Crry or Livie.”—Cargo motorship; single-screw 
Barclay, Curle-Doxford Diesel engine. Trial trip, June 
15. Main dimensions, 445 ft. by 57 ft. 9 in. by 33 ft. 
ll in.; Built by Messrs. Barclay, Curle and Company, 
Limited, for the Ellerman Lines, Limited. 


“ CraGPooL.’”’—Cargo steamer ; triple-expansion 
engines. Launch, June 16. Main dimensions, 435 ft. 
by 54 ft. by 29 ft. 9 in. Built by Messrs. Cowpen Dry 
Docks and Shipbuilding Company, Limited, for Messrs. 
Sir R. Ropner and Company, Limited, of West Hartle- 
pool. 

** Loaicran.”—Cargo steamer; single-screw  triple- 
expansion engines. Trial trip, June 16. Main dimensions, 
418 ft. 3 in. by 54 ft. 34 in. by 32 ft. 7 in. Built by 
Messrs. Cammell Laird and Company, Limited, for the 
Charente Steamship Company, Limited. 

“ WanpbaA.”’—Passenger steamer; twin-screw. Trial 
trip, June 18, Built by Messrs. Palmers Shipbuilding and 
Iron Company, Limited, Jarrow, for the Polish State 
Steamship Company of Gdynia. 

‘* FLorisTan.”’—Cargo steamer; single-screw triple- 
expansion engines. Launch, June 19. Main dimensions, 
430 ft. by 54 ft. 3 in. by 30 ft. lin. Built by Messrs. 
John Readhead and Sons, Limited, South Shields, for 
Messrs. Frank C. Strick and Company, Limited, London. 


‘* HonveD.”’—Cargo steamer ; triple-expansion engines. 
Trial — June 16. 370 ft. in length. Built by Messrs. 
Swan, Hunter and Wigham Richardson, Limited, for the 
Hungarian Levant Steamship Company, Limited. 


** Boranic.”’—Trawler ; single-screw. Launch, June 
20. Main dimensions, 140 ft. by 24 ft. by 14 ft. Built by 
Messrs. Cochrane and Sons, Limited, Selby, for service at 
Hull. 

‘‘ HIGHLAND CHIEFTAIN.”’ Passenger and cargo motor- 
ship; twin-screws Harland-B. and W. Diesel engines. 
Launch, June 21. Main iimensions, 520 ft. by 69 ft. 
by 35 ft. 9 in. Built by Messrs. Harland and Wolff, 
Limited, Belfast, for Messrs. H. and W. Nelson, Limited. 


“ Apeta.’’—Oil-tank steamer; twin-screw  triple- 
expansion engines. Trial trip, June 22. Main dimen- 
sions, 305 ft. by 50 ft. Built by Messrs. Sir W. G. 
Armstrong, Whitworth and Company, Limited, Walker-on- 
Tyne, for the Anglo-Saxon Petroleum Company, Limited. 


** Victoria.”—Cargo motorship; twin-screw Bur- 
meister and Wain Diesel engines. Trial trip, June 26. 
Main dimensions, 401 ft. by 54 ft. 3 in. by 27 ft. 4 in. 
Built by Messrs. Nakskov Shipyard, Limited, of Nakskov, 
Denmark, for Messrs. The Steamship Company “‘ Orient,” 
Limited, of Copenhagen. 


motorship; __single- 


“Satrorp Crry.’’—Sewage siudge steamer;  twin- 
screw triple-expansion engines. Launch, June 28. 
Main dimensions, 240 ft. by 38 ft. by 16 ft. Built by 


Messrs. Wm. Beardmore and Company, Limited, at 


Dalmuir, for the City of Salford. 


_ ENGINEERING. 








[JuLy 6, 1928. 





DIAGRAMS OF THREE MONTHS’ 


FLUCTUATIONS IN THE PRICES OF METALS. 


(Specially Compiled from Official Reports of London Metal Markets.) 
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Notsr.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of 
the London Metal Exchange for “ fine foreign” and “‘ standard ” metal, respectively. The prices shown for 


lead are for English metal, whilst those for spelter are for virgin metal. 
for steel plates and rails, and also for hematite and Cleveland pig-iron. 


Middlesbrough prices are plotted 
The prices given in the case of steel 


plates are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. The pig-iron 
prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price of quicksilver is per 
bottle, the contents of which vary from 70 lb. to 80 lb. The price of tin-plates is per standard box, but in 
other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 
lines represent 1. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each. 








PRACTICAL EXPERIENCE FOR UNIVERSITY STUDENTS.— 
A scheme, whereby useful practical experience will be 
gained by engineering students, has been arranged by the 
Faculty of Engineering at Cambridge and the Cunard 
Line. During the vacation, 23 students are to make 
round trips to New York and back as extra engineers 
in Cunard liners, when they will take watches in the 
ordinary course of their duty, and be treated, in every 
respect, like the engineer officers in the steamer. The 
first party left England, on June 23, in the Mauretania, 
Caronia and Laconia. 





VISIT OF THE ELECTRICAL DEVELOPMENT ASSOCIATION 





to Luton.—On page 739 of our last volume we made 





reference to the annual luncheon of the Electrical 
Development Association, which was held at the Hotel 
Cecil on Thursday, June 7. On that occasion Sir John 
Gatti, the president of the Association, explained that 
their energies were concentrated, at the moment, on the 
development of refrigeration. It was in continuance of 
that campaign, that the Association paid a visit to Luton, 
on Wednesday, June 20, where they were entertained to 
luncheon at the works of Messrs. Electrolux, Limited, and 
afterwards made a tour of the shops. The guests were 
welcomed on behalf of the firm, by Mr. J. G. A. Berg, 
the executive manager, who emphasised the importance 
of co-operation between both the manufacturers of re- 
frigerators and the suppliers of electricity, in order to 
bring refrigeration to the notice of the public generally. 
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ARCH DAM INVESTIGATION.* 


GENERAL STATEMENT BY THE 
COMMITTEE. 


LocaTING, designing, and constructing arch dams and 
the power, irrigation, water supply, or flood control 
systems connected with them, are tasks for trained 
engineers. Engineers have also a large share in 
determining the economic feasibility of such projects. 
Consequently, the major portion of this report on an 
experimental investigation of arch dams has been 
written in the engineer’s language. The subject con- 
cerns also investors, bankers, contractors, corporation 
executives, regulatory authorities, and other non- 
technical men. In a report before completion of the 
project, statements about conclusions and _ benefits 
necessarily are incomplete and subject to revision. 
Nevertheless, a few tentative statements are made 
here for the groups named, because the information is 
needed and the progress achieved justifies them. 

Dams are key structures in the systems of which they 
are parts. On their security commonly depends, not 
only the integrity of the investments in the dams and 
appurtenant works, but also, both directly and in- 
directly, the safety of other properties of great value and 
sometimes of many lives. Naturally, therefore, most 
dams built by engineers have been very conservatively 
designed. Ultra-conservatism in such structures often 
adds much to their cost and sometimes renders the 
projects financially infeasible. 

Hitherto, conservatism in the design of arch dams 
has been compounded of ignorance and justifiable 
prudence, and the latter has been clouded by the 
former. Ignorance was due to lack of experimental 
knowledge which could be procured only by an expendi- 
ture of funds, and an assemblage of special talents which 
could not be commanded by any engineer single-handed 
and by few, if any, companies alone. Investors and 
the community have a vital interest in these aspects of 
many engineering problems. It is a good investment 
to assist engineers to acquire new experimental know- 
ledge that will lead to reduction of cost, increase of 
productiveness, or enhancement of physical security 
of engineering works. 

Such acquisition of new knowledge is often possible 
only through co-operation. The Arch Dam Investi- 
gation is a good example of co-operative engineering 
research. In this actual instance, the needed assem- 
blage of funds, talents, and other resources was brought 
about by use of the Engineering Foundation of the 
American Societies of Civil, Mining and Metallurgical, 
Mechanical, and Electrical Engineers. Engineers in 
the Far Western States, where the arch dam problem 
was pressing for solution, appealed to Engineering 
Foundation for aid, and the Committee on Arch Dam 
Investigation was organised. 


TENTATIVE CONCLUSIONS. 


1. Tests of the Stevenson Creek full-sized, experi- 
mental arch dam have demonstrated the great strength 
of a thin, unreinforced concrete arch dam, if well 
built, on proper foundations, and experience has shown 
the ability of such a dam to resist floods. 

2. These tests have yielded positive information as 
to how this arch dam carries its load of water pressure 
and resists other forces acting upon it. 

3. The tests have supplied data which appear to be 
suitable for use in devising rational methods for the 
intelligent design of arch dams and for examining the 
stability of existing arch dams, within some limits not 
yet determined. 

4. Indications of agreement with the Stevenson Creek 
results (obtained by independent investigators on one 
large dam in service and by another group of experi- 
menters at Princeton University, using a small model 
of very different material) gives assurances that some 
dependable experimental knowledge has been secured 
to confirm or modify assumptions heretofore guiding 
the design of arch dams. 

5. Agreement between the Princeton model and the 
full-sized dam indicates that models may be used by 
competent engineers, with confidence, for seeking 
further general information about arch dams or for 
determining the strength of proposed or existing dams, 
at a small fraction of the cost of tests of a full-sized 
dam or a model large enough to use the ordinary 
materials of construction. 

_ 5. With the aid of information being obtained by the 
Committee, arch dams may hereafter be built on some 
sites, of less thickness than would formerly have been 
considered necessary. 

_ 7. Economic benefits may be expected, therefore, in 
‘ower costs of some dams. For some projects, this 
reduction in the cost of dams may be sufficient to make 





- * Report published in Proc, American Society of Civil 
“nqineers, May, 1928. Voli, Part 3, page 7. Abridged. 
Reference may be made to articles which have already 
“ppeared in ENGINEERING, covering some of the matter 
vow omitted, viz., vol. cxx, page 343; vol. cxxii, page 
562; and vol. cXxiv, page ‘91. 





ENGINEERING. 








23 





financing possible, thus permitting the creation of | dams under investigation by the committee are still 
productive properties which otherwise would be/in progress. No definite conclusions have yet been 
| drawn. 


impracticable. 

8. Dependable means for determining the safety of 
proposed arch dams will make it possible for regulatory 
authorities to approve less costly designs for some sites 
than would now be demanded. 


DEsIGN OF EXPERIMENTAL ARCH Dam. 


The design of the Stevenson Creek Test Dam was 
the subject of much study. Several designs were 
prepared for different sites, different arch radii, thick- 
nesses, and correspondingly unit stresses. The fol- 
lowing conditions guided the preparation of the plans 
for the dam as constructed :— 

1. The dam was to be of the simple arch type ; 

2. It was to be relatively safe at an initial height of 
60 ft., but it was also to be reasonably certain to break 
under load, if and when raised to a height of 100 ft. or 
thereabouts. 

The up-stream face was made vertical with a constant 
radius of 100 ft. from top to bottom. For the founda- 
tion the bed-rock was excavated to such lines as to 
make the profile along the up-stream face practically 
symmetrical, of V-shape, with a slight rounding at the 
bottom. The second condition controlled the thick- 
ness, which is 7 ft. 6 in. at the base and diminishes to 
2 ft. at a height of 30 ft. From there to the top it is 
2 ft. The length measured along the crest is 140 ft. 
The ratio between thickness at crest and length is 
therefore 1 : 70. 

Combined cantilever and arch action was assumed. 
The computations of the amounts of water load carried 
by the elementary vertical cantilevers and by the 
elementary horizontal arches, respectively, were made 
according to a tentative method. This consists in 
assuming one or several vertical slices of the dam, 
so-called cantilevers, each 1 ft. wide; in assuming 
further a series of horizontal arch slices; and then in 
determining by a semi-graphical method the division 
of loads upon cantilevers and arch slices in such a 
manner that the deflections of the points common to 
both systems are as nearly the same as practicable. 
The analysis was made for six elementary horizontal 
arches, 10 ft. apart, and for one vertical cantilever slice 
at the centre of the dam. 

For the purpose of making the down-stream face 
circular in vertical radial sections, the dam between 
the base and the 30-ft. elevation was constructed with 
a thickness which differs slightly from that used in the 
design, as this facilitated the erection of forms true to 
prescribed lines. Thus, at the 10-ft. elevation the 
thickness assumed in the design was 4-25 ft., but the 
thickness as constructed is 4-40 ft. At the 20-ft. 
elevation the thickness was changed from 2-75 ft. to 
2-58 ft. These differences are relatively small and 
may be neglected when comparing the loads and 
stresses determined in the design with those obtained 
from the experimental data. The stresses at the base 
of the cantilever were computed at 429 lb. per sq. in. 
compression at the down-stream face and 380 Ib. per 
sq. in. tension at the up-stream face between the dam 
and bedrock. 

Some experimental work is being conducted on 
several other dams, for instance, on the Shaver Lake 
Dam, Big Creek Development, Southern California 
Edison Company, and on the Cutler Dam, Utah Power 
and Light Company. Attempts were made at various 
times to test the Lake Spaulding Arch Dam, and the 
Lake Eleanor and Lake Hodges Multiple-Arch Dams ; 
but remoteness, lack of funds, and other conside- 
rations prevented tests from being made on a useful 
scale. 

In general, it was found extremely difficult to obtain 
satisfactory measurements of strains and deflections 
on service dams. Usually weeks or months elapse 
before the reservoir level changes sufficiently to produce 
substantial changes in deflections and strains due to 
loads. During the same period, the deformations of 
the concrete, due to changes of temperature, or of 
moisture content of the concrete, and to yielding under 
continuous load, may be of such magnitude as almost 
completely to obliterate the strains due to changes 
of the water load. For some dams the reservoirs do 
not become full every year, and for others they are 
never quite emptied, so that “‘full-load’’ and “‘ no-load” 
readings within a reasonably short time cannot be 
obtained. Furthermore, it is difficult to obtain suffi- 
cient information on the variation of the temperature 
unless a large number of thermometers be placed in 
the dam. For service dams this is seldom practicable, 
especially for those from 50 to 100 ft. thick. 

Conditions for tests are naturally much more favour- 
able for dams in which instruments were placed during 
construction. Interesting test data were obtained 
from the Emigrant Creek Dam in Oregon. The 
deflection measurements revealed the fact that with 
the water level rising in the reservoir, the arch crest 
deflected up stream near the quarter-points, and down 
stream near the arch crown. The tests on most service 
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REPORT OF TESTS ON STEVENSON CREEK 
DAM. 


Description of Test Dam.—In Figs. 1 to 3, page 24, 


' are shown the ; vertical section, plan, and developed 


vertical surface of thedam. The maximum angle in- 
cluded between the radii is 80 deg. 37 min., at the 
60-ft. elevation. The abutment lines on the developed 
surface are straight and have an inclination of 45 deg. 
from the 60-ft. down to the 7-32-ft. elevation. At this 
lower elevation the abutment line is tangent to a 
circular arc of 25-ft. radius, which forms the profile of 
the developed surface below. The radius of the up- 
stream face is everywhere 100 ft. 

A vertical radial section anywhere in the dam shows 
for the down-stream face a vertical straight line down 
to the 30-ft. elevation, at which point it is tangent to a 
circular arc of 84-568-ft. radius, which forms the lower 
profile. The thickness is 2 ft. from the top down to the 
30-ft. elevation, below which it increases by the ordi- 
nates to the circular arc, until at the bottom it becomes 
7°5 ft. This gives a constant thickness for all parts of 
any horizontal element. 

The under-sluice is capped by a slab, having an 
average thickness of about 4 ft., reinforced heavily 
with steel rails. Observations during the tests indi- 
cated that this slab was as stationary as any other part 
of the foundation. The throat of the under-sluice 
(4 ft. by 6-5 ft.) was provided with stop-logs which 
could be removed when it was desired to let all the 
water pass the dam. However, even with the stop- 
logs out, a heavy storm during the winter of 1926-27 
caused the under-sluice to clog up and the reservoir 
to fill to the top of the dam. 

General Procedure in Construction—The excavation 
for the dam was finished by January 20, 1926, except 
that for the proposed deflection towers. Profiles 
along the up-stream face of the dam are given in 
Fig. 2, page 24. The dotted line shows the original 
profile of the rock. The profile of the final excavation 
is shown as a rough, solid line. The theoretical profile 
of the dam is shown by the lighter, smooth line. During 
excavation some rock below the theoretical profile 
of the foundation was loosened. This loose rock was 
removed, and wherever the variation from the profile 
appeared to be of importance, the cavities were filled 
with concrete, several days before construction reached 
these points. 

Storms caused much damage and delayed the progress 
for nearly two months. During the construction of 
the near-by water tunnel a waste dump of tunnel spoil 
had been deposited on the side of the canyon. The 
storms washed the fine material from the tunnel spoil, 
thus dislodging larger rocks, which, in turn, did much 
damage in falling. 

Efforts were made to protect the work by means of 
heavy barricades, but these were ineffectual and, 
finally, it became necessary to remove from above the 
dam site almost the entire bank of tunnel material. 
Using a 4-in. stream of water under a head of about 
100 ft., about 20,000 cub. yard of rock were washed 
down. This stream was not sufficient to do more than 
to wash the rock into the bottom of the canyon. 
From there it was dislodged by a flood of water pro- 
duced by opening the gates of the Shaver Lake Reser- 
voir of the Southern California Edison Company on 
March 17, 1926. About 840 acre-ft. of water passed 
down the canyon in less than 2 hours, effectually clean- 
ing out the bottom of the canyon and clearing the site 
for construction. 


GENERAL Data oF TEsTs. 


Description of Load Tests.—Thirteen load tests were 
made. The general procedure was to turn off the sprink- 
ling water for curing from 1 hour to 4 hours before the 
testing, and to begin zero readings about midnight. 
In general, the zero readings required about 2 hours, 
although there were considerable variations from this 
length of time. The water was admitted behind the 
dam as soon as the zero readings were completed, and 
with the earlier tests the reservoir was filled first to a 
height 10 ft. below the maximum height for that test. 
Readings were taken at certain key positions for com- 
parison with previous tests under the same head of 
water. About $ hour was allowed for taking these key 
readings, and immediately more water was admitted 
and the head increased to the maximum for the test. 

The first three tests used only the flow of water from 
Stevenson Creek; but so long a time was required 
to fill the reservoir for the 30-ft. head and greater, 
that there was not sufficient time during one night to 
take the no-load readings, fill the reservoir, and take 
the load readings unless the filling of the reservoir 
could be speeded up. For these succeeding tests the 
flow of Stevenson Creek was supplemented by water 
taken from Water Tunnel No. 3 of the Southern 
California Edison Company through a 6-in. outlet valve 
in the bulkhead in the adit. 
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complete the test within the time available.. 
the aim in each test to complete all observations by 


emptying of the reservoir. In the earlier tests made in | 
July, this was essential because the sun rose upon | 
the dam at about 8 a.m., and introduced temperature | 


For the later tests this did not apply ; but after 8 hours 
of continuous work throughout the night, the strain 
on the observers was great, and it seemed desirable not 
to prolong the test, except for the most urgent purposes. 

For heads of 40 ft. and less, there was nothing to 
indicate that provision for safety in event of failure 
of the dam need be made, because there seemed to be 
no possible danger of failure. For higher heads, 





night. 


In Test 8, the time required for filling the reservoir | order was reversed, by filling the reservoir during the | which came through the dam appeared to be even 
was so great, owing to the large quantity of water and | day, taking the load readings about the middle of the 
to difficulty in operating the 6-in. valve in the tunnel, | night, and, finally, taking the no-load readings after 
that it was necessary to omit key readings in order to| the water had been discharged. This reversed order 
It was | applies to all the tests at the 60-ft. head. 

In the last test, Test 13, September 23, 1926, especial 
8 a.m., taking as many as time permitted after the; emphasis was placed on securing a series of readings 
under heads of 60, 50, 40 and 30 ft., all in the same 
It was not feasible to take readings for all these 


smaller than under the 50-ft. head. 

On September 24, after a horizontal crack at the 
30-ft. elevation had formed, some seepage through this 
|erack was discovered. The area covered by this 
jweuene was quite extensive. The quantity of water 
| coming through was very small, being greatest near 
| the abutment. 
| Cracking during Testing Period.—In order to facilitate 


heads with all the instruments. Consequently, all | the detection of cracks, a fillet of cement mortar was 
changes and corresponding strains and deflections. | the strain-gauge readings were omitted except those | placed in the angle at the junction of the dam with 


measuring the change in width of cracks. 
Leakage.—Throughout the testing, there was ex- 
tremely little leakage. For holding the forms together 
during construction, bolts extended entirely through 
the dam from the up-stream to the down-stream face. 
When the dam was under a head of water moist spots 
appeared, around the down-stream ends of about 
one-quarter of these bolts, due, evidently, to water 














2. PROFILE ALONG UP-STREAM FACE OF DAM. 


| each abutment, on the up-stream side from the bottom 
|to the top of the dam. The smooth surface thus 
| afforded gave a good opportunity for observation of 
cracks when they occurred. This fillet was placed 
after the formation of the first cracks due to shrinkage 
or temperature changes and before the first load test. 
It afforded a good opportunity for determining sub- 
| sequent changes in the behaviour of the dam. 
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however, it appeared that some precautions should be 
taken for the safety of the men who operated the gate- 
valves during the filling and emptying of the reservoir. 
The valve stems rose on the up-stream side of the 
dam to a platform about 10 ft. north of the centre of 
the length of the dam. A rope life-line was, there- 
fore, stretched across the canyon above this plat- 
form and attached at both ends to anchor-bolts in the 
rock. During the test the operators secured them- 
selves by means of auxiliary ropes around their waists 
and looped over the life-line. During this test it seemed 
for a few minutes that these precautions were very 
timely, as a crack occurred, and in the darkness it was 
uncertain how serious it was. This crack is referred 
to again later. 

At that time the water stood at an elevation of 
approximately 50 ft. The crack extended entirely 
through the dam, and to go below the dam to see how 
far down it extended, or to take strain-gauge and 
clinometer readings appeared unsafe. The station which 
had been arranged for taking the telemeter observa- 
tions was free from danger, and a complete set of 
telemeter readings was taken. These required about 
1} hours, and as soon as they were completed the water 
was lowered to the 40-ft. level. As the dam had 
carried the head cf 50 ft. during this time without 
further indication of failure, it was considered safe to 
proceed with the observations, and this was done. 

The readings for Test 9 were taken under a head 
of 50 ft. In order to establish safety, the water was 
first raised to an elevation of about 54 ft. and held there 
for about $ hour. It was then lowered to the 50-ft. 
level and the readings were taken. For Test 10, again 
taken under a head of 50 ft., the water was raised to 
the 50-ft. level as rapidly as possible, and the readings 
were taken at once. 

For Test 11, the first with a 60-ft. head, it was not 
possible to establish safety by raising the water to an 
elevation greater than that at which the readings 
were to be taken ; but the same result was accomplished 
by filling the reservoir during the day, and leaving it 
under the head of 60 ft. from about 4.45 p.m., until 
10.45 p.m., when the readings were begun. 

Although safety under the 60-ft. head had been suffi- 
ciently established, still the reservoir was filled during 
the day for Tests 12 and 13. This was necessary because 
of the relatively great length of time required to fill 
the reservoir to the 60-ft. elevation. Even if zero 


readings had been taken as soon after sunset as tem- 
perature equilibrium had been established, the time 
remaining would not have been sufficient for filling the 
reservoir and taking the load readings before the sun 








was on the dam the following morning. Therefore, the 


Fig.3. PLAN OF DAM. 
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following the surface of the bolts through the dam. 
Some leakage also occurred through the abutment 
joints of the dam, and some through fissures in the 
rock entirely away from the dam. 

With a head of less than 50 ft. no leakage of any kind 
was discovered through the concrete or through a 
construction joint. Under a head of 50 ft. a small 
moist patch about 4in. by 7 in. appeared at the horizon- 
tal construction joint 15 ft. above the base of the dam, 
due apparently to seepage through this joint. Under 
a head of 60 ft. enough moisture came through the 
construction joint at an elevation of 20 ft. to wet an 
area about 7 ft. long and 4 ft. high. Also, in the same 
test, four or five small patches of moisture appeared 
at the construction joint 55 ft. above the base of the 
dam. These patches were not larger than 1 ft. in 
diameter. 

Under the head of 50 ft. rough measurements were 
made from which it was estimated that the total 
leakage was about 6 gallons per minute. Of this it 
seems fair to estimate that 95 per cent. came through 
fissures in the rock. Under the head of 60 ft., the 
leakage was considerably larger, but the percentage 
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| Up to the completion of the load tests, there had 
been very little increase in the extent of the cracking 
}at the abutment, and in much of the region where 
|early cracks were formed, and later covered by the 
| fillet, no crack was then in evidence. Near the top of 
| the dam a distinct crack was to be found at each end 
| on the up-stream side, for a depth at the south end of 
|about 10 ft. or 12 ft. At the north end, the dam 
seemed to be free from the rock on the up-stream side 
for the upper 4 ft. There was then an interval of 
about 3 ft. with no sign of a break. Below this point 
a crack appeared intermittently down to an elevation 
of about 36 ft. Below that point to elevation 30 there 
was no crack, except the old one, which appeared 
soon after the completion of the dam. Where this 
was covered with fresh mortar, the mortar did not 
crack. 

| The first crack due to water pressure occurred at the 
| bottom of the dam, in the joint between the concrete 
| and the rock on the up-stream side. After the first 
indication of the imminence of this crack, frequent 
readings were taken during the remainder of the test. 
A continued elongation on the up-stream side indicated 
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a stress greater than the concrete or its bond with the 
rock could be expected to resist without cracking. 

In Test 8, a vertical crack occurred very nearly on 
the exact centre line, extending from the top of the 
dam downward to approximately Elevation 49 on the 
down-stream face and to Elevation 55 on the up-stream 
face. As measured with a scale and magnifying glass, 
the crack width on the top was found to be jj; in. on 
the up-stream face and jj, in. on the down-stream face 
after the water had been lowered to an elevation of 
40 ft. The strain observed with the telemeter during 
the rise of the water was 0-000065 in. per inch (corre- 
sponding stress about 240 lb. per square inch) when the 
elevation of the water was about 47 ft. 

It is not known at just what instant the crack 
appeared, but it does not seem likely that it occurred 
before the water reached a head of 50 ft. At this time 
the static tensile stress due to the water pressure could 
not have been much more than 300 Ib. per square inch. 
It is not unlikely that there was some initial stress 
in the concrete at the beginning of the test, although 
the dam had been kept wet by means of continuous 
streams of water from a sprinkler pipe up to within 
about 2 hours of this time. When the water level 
reached 50 ft. it was necessary to open the 24-in. valve 
to control the water level. There was evidence of 
considerable vibration in the dam when the valve was 
opened, and it is not improbable that the crack occurred 
during this vibration and partly on account of it. In 
Test 9, instruments used for measuring the change 


Fig.4. CONDITION OF STEVENSON CREEK DAM AFTER FLOODS OF 1927 


dam, at least at the time of the last telemeter readings. 
However, there was a slight amount of seepage through 
this crack. Water may have seeped through a hori- 
zontal construction joint from the up-stream face into 
the interior of the dam whence, through an open 
vertical crack, it would travel to the down-stream face. 
This is the more likely, since there was considerable 
tension in the vertical direction within this region on 
the up-stream face. 

An attempt was made to search for cracks on the 
up-stream face of the dam in this region, but an effective 
examination could not be made because of the large 
quantity of falling water which could not be diverted. 
The width of the crack on the down-stream face was 
not measured, but it appeared to be not more than 
0-01 in. wide at the widest part. 

Between Tests 5 and 6, a thin mortar patch was 
plastered smoothly across each construction joint on 
the down-stream, and also on the up-stream, face of 
the dam in such position that it was crossed by the 
vertical centre line. Most of the patches were about 
4 in. square, but the one at the 30-ft. elevation extended 
across the full length of the dam. These patches 
were provided to furnish a means of detecting more 
accurately the time of the formation, and the location 
of, the cracks. 

After the programme of load testing had been com- 
pleted, the dam was left under the pressure of a 60-ft. 
head of water from September 23 to 25. At Elevation 





30, the mortar patch covering the construction joint 
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in width of the crack during filling and emptying of 
the reservoir, indicated vibration with an amplitude 
of 0-0005 in., when the 24-in. valve was opened. 

At the close of Test 8, as the water was being dis- 
charged, strain-gauges held on the concrete across the 
crack indicated a closure of the crack on the down- 
stream side of 0-013 in. and on the up-stream side of 
0-0031 in. With removal of the water after Test 8, 
the crack remained open about 0-01 in. and closed 
rather slowly until in the middle of the day it dis- 
appeared almost entirely. After removal of the water 
in Test 9 the crack immediately closed almost com- 
pletely. That there was no seepage through this crack 
confirms the observation that it did not extend all 
the way through the dam, down as far as the 50-ft. 
elevation. | 

In later tests, measurements were taken showing the | 
variation in width of this crack with changing heads. | 
Evidently, the cause of the closure was the direct 
compression (arch action) which apparently extended 
only a short distance above the water level. The | 





indications of a negative opening of the crack on the | involving the use of 3-in. invar steel bars extending 


up-stream side of the dam under the full head (60 ft.) 
may be satisfactorily explained by assuming that the 
crack was open when the zero reading on the instrument 
was made. By the end of the testing programme, this | 
crack could be traced down to an elevation of 41 ft. 
on the down-stream face. 
During the first test to a head of 60 ft. the highest | 





tensile stress found, based on the observed strain and | large, they have been consistent and indicate un- 
a modulus of elasticity of 3,600,000 Ib. per square inch, | questionably that movement was present. The 
measured spreading of abutments has been very helpful 
in determining from the deflections the amount of 
strain due to direct compression. 


was about 520 Ib. per square inch. This was in a| 


horizontal direction at the down-stream side across the 
centre line near the bottom of the dam. At the time 
the filling of the reservoir was complete, the telemeter | 


readings indicated that there was no crack at this | made under the direction of Mr. D.C. Henny, M.Am.Soc. 
place. The full head of 60 ft. was reached about |C.E., a member of the committee, it was found that 
4.45 p.m., and this head was held until 10.45 p.m.,| there were indications of an up-stream deflection. 
when the deflection, strain and other observations| On account of certain inconsistencies in other parts 
By this time the strain at the place where the | of the data some doubt remained as to whether the 
Stress of 520 Ib. per square inch had been found had |up-stream deflection 
gone beyond the calibrated range of the telemeter, and | Stevenson Creek Dam test there were slight up-stream 
it was evident that a crack had occurred. Visual | deflections near the ends of the dam, first under a head 
inspection disclosed this crack almost exactly on the | of water of 30 ft. As the head increased, the amount 
centre line. At this time it could be traced from about | of the up-stream deflection increased, becoming as 
“in. above the bottom of the dam to a height of about | much as 0-1 in. with a 60-ft. head of water. The 
9 it. Before the close of the testing programme this | celluloid model of the Stevenson Creek Dam, tested 
crack had lengthened so that it could be traced to a | at Princeton University, also gave up-stream deflections 
igh: | very similar to those of the actual dam. With this 
This crack did not extend entirely through the | double-confirmation there need no longer be any 


began. 


height of 13 ft. 


was to be measured. Movements in two general 
directions were measured, namely, that of the bed-rock 
in approximately a radial direction near the bottom of 
the dam, and that of the abutments in approximately 
| the direction of a long chord, at several elevations. 


was cracked all the way from the abutments to within 
a few feet of the centre. At the 35-ft. elevation the 
mortar patch across the construction joint at the centre 
of the dam was cracked. These were the only hori- 
zontal cracks found in the dam. 

Temperature Variations during Load Tests.—Between 
load Tests 2, 3 and 4, there was a maximum range of 
temperature of about 8 deg. cent. For the other 
tests the variation was much smaller. However, the 
temperature variation from one test to the next is of 
comparatively slight importance in its effect on the 
strains developed, since the observed effect of a load 
is practically independent of the temperature at which 
it is applied, on the condition that the difference in 
temperature between the no-load and the load readings 
is negligible. 

Movement of Bed-Rock.—Preliminarily, it had been 
planned that movement of the bed-rock should be 
measured by triangulation methods, but results did 
not warrant the expectation that sufficient accuracy 
could be secured. A method was, therefore, substituted 


between the points, the relative movement of which 


Although the amounts measured have not been 


In the test of Emigrant Creek Dam at Talent, Ore., 


In the 


actually occurred. 


reason for doubting the indication of an up-stream 
deflection of the Emigrant Creek Dam. 

The region of down-stream deflection at the top of 
the Stevenson Creek Dam generally lay within the 
middle 50 ft. to 60 ft. of the length of the dam, and 
the remaining 45 ft. to 40 ft. at either end deflected 
up stream. The measurements show that up-stream 
deflections occurred at the 60, 55, 50 and 45-ft. eleva- 
tions, and the indication is that it probably occurred 
at the 40-ft. elevation, but the deflection stations at 
the 40-ft. elevation were not so distributed as to make 
certain on this point. For the 30-ft. elevation and 
below, there was no up-stream deflection 

The deflections for the 40-ft. head of water in the 
upper part of the centre line of the dam, both up stream 
and down stream, were considerably greater under the 
same head after the crack than before, but the points 
of zero deflection were not greatly changed by the 
formation of the crack. 

Effect of Flood.—After completion of the programme 
of tests, the stop-logs closing the sluice beneath the 
dam were removed with the expectation that all water 
entering the reservoir would be drained through this 
opening. In November, 1926, however, a severe storm 
caused a flood which deposited so much rock, débris, 
and sand that the under-sluice was choked and the 
reservoir filled with water. Probably the wrecking of 
the observation scaffolding helped to choke the under- 
sluice. The depth of the deposit at the up-stream face 
of the dam was about 40 ft. on January 5, 1927. 

Water flowed over the dam from November, 1926, 
until about the middle of the summer of 1927. At the 
height of the storm, of November, 1926, the depth of 
water on the crest of the dam became as great as 3 ft. 
The water, together with the débris carried by it, 
washed out or battered down the observation platforms 
on both the up-stream and the down-stream faces o 
the dam. The stems of the 24-in. and 6-in. valves and 
the wiring of the electric telemeters close to the face 
of the dam were torn loose. 

It has not been possible to make any observations 
with clinometers or telemeters, but observations of 
deflections made with the theodolite on January 5, 
1927, on points placed at the crest of the dam, indicate 
an increase in the down-stream deflection, compared 
with that for the 60-ft. head on September 22, 1926, 
of about 0-1 in. at the centre line and 0 -2 in. at points 
30 ft. away from the centre line. 

An inspection of the dam on January 5, 1927, when 
about in. of water was flowing over the crest, indicated 
that the cracks had not extended appreciably in length, 
nor had the crack in the upper part of the dam increased 
noticeably in width. The crack near the bottom of the 
dam, however, was wider and whereas on October 1, 
1926, it stopped about 2 in. from the bottom, on 
January 5 it had extended-all the way down. On the 
whole, it may be said that the dam had been little 
affected by the severe test given it by this storm. 

In February, 1927, another storm visited the vicinity 
of the dam and the water was again at a high elevation. 
An inspection of the dam on July 14, 1927, disclosed 
a crack on the down-stream face, starting at the founda- 
tion at an elevation of about 8-5 ft., 18 ft. south of the 
centre line and extending upward and toward the centre 
line to an elevation of about 21 ft. On February 26, 
1928, a similar crack was found north of the vertical 
centre line. It is possible that the latter crack was 
present at the time of the examination in July, 1927. 
These cracks are indicated in Fig. 4. It is not known 
what caused them. They may have resulted from a 
blow from a heavy boulder thrown against the up- 
stream face by the force of the flood, or they may have 
been caused by the pressure of the débris with which 
the reservoir was filled nearly to the top. No other 
damage to the dam than these cracks, and an increased 
amount of leakage, is evident. The profiles of the débris 
in the reservoir at its line of contact with the up-stream 
face of the dam as determined on January 5, and again 
on July 16, 1927, are shown in Fig. 4. 


(To be continued.) 





British STANDARD SPECIFICATION FOR DERRICK 
CraNES.—Prepared at the request of the Home Office 
by a committee representative of both the buying and 
manufacturing interests, a British standard specification, 
No. 327—1928, has just been issued, by the British 
Engineering Standards Association, for the Scotch 
derrick or “ stiff-legged ”’ guy derrick, and tower derrick 
types of cranes used in building operations. The com- 
mittee have carefully avoided including anything likely 
in any way to hinder design, and have endeavoured to 
set up a standard in which only the performance of the 
crane and the essentials of its design are dealt with, 
while the materials used in the construction of the crane 
are specified in full. It is hoped that the adoption of 
this specification will help to prevent the only too frequent 
crane accidents now taking place owing to defects in 
design, and to the use of faulty materials in the construc- 
tion of these appliances. Copies of this new specification 
may be obtained from the B.E.S.A., Publications 
Department, 28, Victoria-street, London, 8.W.1., price 
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SMALL HORIZONTAL DIESEL 
ENGINES. 


THE movements towards the mechanisation of the 
farm and the establishment of rural industries, which ! 
are now common in many countries, have given rise | 
to an increasing demand for power in sparsely popu- | 
lated districts. This demand is being met either by a | 
supply of electricity, obtained from small or large | 
stations, or by the use of internal-combustion engines, | 
generally of quite moderate output and _ coupled 
to the machine that is to be driven. In Great 
Britain these engines are usually operated by petrol 
or paraffin, fuels which have, of course, to be imported 
and are now somewhat heavily taxed. In Germany 
the same holds good, though steady advances have 
been made in the direction of meeting the fuel-oil 
requirements of that country by the carbonisation of 
both the native hard and brown coals. The success of 
these attempts, combined with the desire for economy 
in operation, has led to a demand for small heavy-oil 
engines, and has in turn caused the Motorenfabrik 
Deutz A.-G. of Cologne-Deutz, a firm which has for 
many years been connected with the development 
of internal-combustion engines, to design a series of 
horizontal engines of moderate outputs working on the 
Diesel principle. A similar movement has been notice- 
able in this country, and it will be interesting to see 
whether the recent Budget has any stimulating effect 
upon it. 

The smallest of the Deutz engines, to which we have 
just referred, has an output of 7-5 brake horse-power 
at a speed of 600 r.p.m., and is illustrated in Fig. 1. 
The next size is an engine of similar design running at 
a speed of 500 r.p.m., while the third size has an out- 
put of 15 brake horse-power, when running at 450 
r.p.m. 

This latter engine, which is illustrated in Fig. 2, and 
of which longitudinal and cross-sections are given in 
Figs. 3 and 5, is described in more detail below. In 
general, this description applies both to the smaller 
engine (Fig. 1) and to the larger sizes, which have out- 
puts of 20, 25, 35, 50 and 75 h.p. respectively. 

All the engines are of the airless-injection type, 
the fuel being delivered at a pressure of from 60 to 70 
atm. (900 to 1,050 lb. per square inch) by a pump, 
the position of which is shown at A in Fig. 4, through 
the admission valve into a pre-combustion chamber 
(see Fig. 6). Starting is assisted by the use of an 
auxiliary admission valve C, the opening of which is 
controlled by a handwheel, which is also visible in Fig. 4. 
This allows fuel to be injected direct into the combus- 
tion chamber. The engine operates on the ordinary four- 
stroke cycle, air being drawn in on the first outward 
stroke of the piston through the air inlet D, which is 
provided with a filter, and the valve G (Fig. 3). The 
engine can therefore safely be used in dusty or dirty 
situations without excessive wear taking place. The 
air is compressed on the next inward stroke, at the 
end of which the fuel valve is opened, the charge 
admitted, and the mixture fired in the way common 
in Diesel engines. During normal operation the 
injection occurs in the pre-combustion chamber. The 
next outward stroke is the working stroke, at the end 
of which the exhaust valve F opens and the exhaust 
gases are expelled through the exhaust branch E (Figs. 
3 and 4). 

On the smaller engines, starting is usually effected 
by hand, but on the 15-h.p. and larger sizes, com- 
pressed air, which is supplied from a separate tank 


through the valve H in Fig. 5, is used for this purpose. | 


This tank is charged from the engine through the same 
valve, charging and starting being effected by moving 
the lever J, shown in Fig. 5, tothe appropriate positions. 
A stop valve K enebles the compressed air system to 
be completely isolated from the engine. 

Fig. 7 allows the arrangement of the fuel pump 
to be seen in. more detail. As will be gathered, 
this pump is driven from the camshaft L, though 
it can also be operated by the hand lever M. 
The latter arrangement is used at starting, or in 
cases of emergency. A section through the fuel 
valve and cylinder head is given in Fig. 6, and the 
same drawing shows the position of a small valve N, 
which is used for testing purposes. 

Details of the starting and auxiliary fuel valves 
are given in Figs. 8 to 14. Fig. 11 shows the starting 
valve in the running position, while Fig. 10 is a section 
of the valve in the same position; Figs. 12 and 13 
gives its positions when it is being used for starting 
and charging respectively. Fig. 9 shows the appropriate 
positions of the small lever operating this valve, X, Y, 
and Z, the letters corresponding to the starting, running, 
and charging positions respectively. Finally, Fig. 14 is 
a section showing the starting valve and the main and 
auxiliary fuel valves, and indicates their relative posi- 
tions and general arrangement, the letters having the 
same significance as on Figs. 3, 4, and 6. The fuel, 


admission and exhaust valves, and the fuel pump, are 
operated by push rods and rollers from hardened disc 
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7°5-H.P. ENGINE. 
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15-H.P. ENGINE. 


cams, which are carried on the camshaft L (Figs. 4 | pre-combustion chamber obviates the necessity of any 


and 7). Thiscamshaft is supported in bearings on the 
side of the engine frame. It runs at half the engine 
speed, and is driven from the crankshaft by worm 
gearing immersed in an oil bath. 

The amount of oil injected into the cylinder is con- 
trolled by the governor O (Fig. 4), which opens the regu- 
lating valve P and supplies the fuel pump to a greater 
or less extent. This governor is of the centrifugal 
type, and is operated from the camshaft through bevel 
or worm gearing. Governing is effected through the 


rod R (Fig. 4), which is arranged so that the length | 


of its stroke, and thus the amount that the valve 
opens, can be easily adjusted. A device can be fitted 
which enables this adjustment to be made when the 
engine is running. 


| with white-metal bushes and ring lubrication. 


In designing this part of the engine, | 


great care has been taken to reduce friction, the result 


being that the governor is very sensitive and sudden 
alterations in load can be quickly and easily dealt 
with. 

In the construction of the engine, care has been taken 
to make all the parts of adequate dimensions, so as to 
reduce the stresses, but at the same time the use of 
unnecessary material has been avoided. The result 
is that the wear is very small. The crankshaft and 
camshaft bearings are made integral with the frame, 
which is cast in one piece with the cylinder water- 
jacket. The frame is continuously supported on the 
bed. The cylinder liner is of special hard cast iron and 
is detachable from the water-jacket. The connection 
between the two is made so that no strain occurs when 
expansion takes place. 

The piston is of the ordinary type, since the use of a 





special means to produce turbulence. The gudgeon- 
pin is made of specially-tough resistant material, its 
bearing surfaces being hardened and ground. It 
makes an accurate fit with the piston, and special 
care has been taken to prevent it working loose. The 
gudgeon-pin bearing is of high-grade bronze or white 
metal, so that the chances of wear or undue heating 
are reduced. 

The crankshaft, which is of ample dimensions, is 
made of special-quality forged steel and is carefully 
machined. In the 74-h.p. and 10-h.p. engines it is 
carried on two adjustable bearings, which are fitted 
As 
already stated, these bearings are integral with the 
engine frame. The whole of the motion is completely 
enclosed to protect it from dust. 

The engine can be arranged either for belt or direct 
driving, and the revolving parts are all accurately 
balanced. In the two smaller sizes, the weights used 
for this purpose form part of the flywheel, while in 
the larger sizes they are incorporated in the crank webs. 

The cylinder head, which is shown in section in 
Fig. 6, is of simple design, a feature being the water 
circuit provided for cooling the combustion-chamber 
walls. Easy access is obtained to the combustion 
chamber itself by removing the inlet valve housing. 
Since the camshaft is carried on the frame and not 
on the cylinder head, the latter can also be easily 
dismantled. Figs. 3, 4, and 6 clearly show the position 
of the fuel valve. 

In all engines of this series, the lubrication is cen- 
tralised. In the two smaller sizes, oil is supplied from 
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a sight-feed tank to the cylinder, piston, gudgeon-pin’ 
and crank-pins. As already stated, the camshaft and 
governor gearing run in oil. Oil is delivered from the 
camshaft gear-box to the front camshaft bearing, and 
from the governor gear-box to the governor. The rear 
camshaft bearing is fitted with a ring lubricator. 

The position of the central lubricator on the 15-h.p. 
engine is shown at Q in Fig. 4. In this case, and also 
in the larger sizes, the cylinder gudgeon-pin and 
crank-pin bearings are supplied from this position. 
The gudgeon-pin is fed by a drip device, and the 
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TESTS OF BRISTOL JUPITER AERO 
ENGINE. 


Tue static radial air-cooled aero engine possesses 
many peculiar advantages, and one of the latest 
products of the Bristol Aeroplane Company, Limited, 
Filton House, Bristol, the Bristol Jupiter Series VII 
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AY), Tree NG, KL arg engine, which is fitted with a geared supercharger, 
it} “4 2a has proved very successful when fitted into cer- 
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tain types of military aircraft for service at high 
altitudes. We have received a brief report of the 
100 hours’ official type test on this engine, which 
was successfully carried out in May last, in accordance 
with the British Air Ministry schedule of type and 
production tests for mechanically-driven supercharger 
engines. 

The engine was a standard production type, and 
the tests were carried out at the approved rating 
of 420 h.p. at 12,000 ft., and at the normal r.p.m. 
The 100 hours’ endurance test was carried out at 
1,775 normal r.p.m. and at 90 per cent. of the 
equivalent ground rating, the engine being attached 

to the Froude hydraulic dynamometer for the first 
| 40 hours, followed by 50 hours on the test hangar, 

and for the last 10 hours the engine was re-attached 
to the Froude dynamometer, and was opened up to 
the full rated power for the 100th hour. No 
| difficulties whatever were experienced in successfully 
concluding the subsidiary tests, viz., the slow-running 
and acceleration tests; the one hour test at high 
speed, carried out at 2,050 r.p.m., or 5 per cent. in 
excess of the maximum permissible r.p.m.; the 
one hour test at high power, carried out at the 
maximum permissible r.p.m. and at the maximum 
permissible boost; and the 15 minutes’ test at 
excess power, carried out at the maximum r.p.m. 
main bearings by ring lubricators. Both the camshaft | and at 11 per cent. in excess of the rated boost. 
bearings are supplied from the box containing the} The report included a figure giving the preliminary 
worm drive. and final power curves, which were taken up to 

Fresh-water cooling is used both for the cylinder | 1,950 r.p.m. for both the rated ground and altitude 
and the combustion chamber, in conjunction with| conditions, from which it may be seen that, at 
either a radiator oratank. Theformer arrangement is| the conclusion of the tests, the power developed 
not used when the output exceeds 35 h.p. Theengines | by the engine was in excess of its rating and of the 
are equally suitable for stationary and portable work. | power developed at the commencement. 

Tests have shown that the fuel consumption of a} After the successful conclusion of the tests the 
15-h.p. engine of this type on full load is 220 gm.| engine was stripped and officially examined by the 
(0-48 lb.) per horse-power-hour. Inspector of the Aeronautical Inspection Directorate, 
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when it was found to be in excellent condition 
generally, the wear on the major components being 
well below that necessary for replacement require- 
ments, while that of the supercharger components 
was immeasurable. As a matter of interest we 
may quote the figures for the actual wear on a few 
of the components as follows: cylinder bore 0-001 in., 
piston 0-005 in., gudgeon pin diameter nil, small 
end bush bore nil, wrist pin diameter 0-0002 in., 
wrist pin bush bore nil, crankpin diameter 0-0004 in. 
The average consumptions for the 100 hours’ endurance 
test were: fuel 27-5 gallons per hour and oil 5-2 
gallons per hour. oe 


THE HERBERT CLOUDBURST 
HARDNESS TESTING MACHINE. 


THE subject of the work-hardening of steel by 
abrasion was very fully dealt with in a paper by 
Mr. E. G. Herbert, read before the Iron and Steel 
Institute, at Glasgow, on September 22, 1927.* When 
presenting his contribution, Mr. Herbert stated that 
the investigation of super-hardening, caused by wear, 
had suggested the inquiry whether articles of hard 
steel could be superhardened, beforehand, as a means of 
resisting wear. The outcome of this inquiry has been 
the introduction of the ‘‘ Cloudburst ’’ process, an 
account of which will be found on page 420 of our issue 
of September 30, 1927. This process consists essentially 
in allowing a stream of small hard steel balls to fall, 
in the form of rain, on to a hard steel surface. Given 
the right conditions, the rapid succession of blows causes 
the steel surface to become work-hardened, and a thin 
superhardened layer is produced on that surface. 
While the Cloudburst process was intended primarily as 
a means of producing superhardness, another appli- 
cation of equal importance was subsequently revealed. 
If, for instance, a case-hardened steel surface is exposed 
to the rain of balls, any portion of it which has not been 
properly hardened will become indented. This places 
in the hands of manufacturers a new method of testing 
for hardness, and its chief value lies in the fact that 
hardened surfaces may be tested all over without 
marking them, except on the soft spots. 

Recently we had an opportunity of witnessing the 
operation of a Cloudburst testing machine at the works 
at Ashton Old-road, Openshaw, Manchester, of Messrs. 
B. and 8S. Massey, Limited, who are the sole licensees. 
A general view of the machine is shown in Fig. 1 and 
the lower portion to a larger scale in Fig. 2. The 
illustration Fig. 3, on page 29, represents a projec- 
tion microscope, used in connection with the testing 
machine, which we describe below. The Cloudburst 
machine consists essentially of a rubber-lined chamber 
in which the work to be tested is placed, a tube down 
which the balls fall on to the work, and provision for 
raising the supply of balls to the required height. This 
neediess to say, is adjustable so that the velocity of the 
falling balls may be adapted to the requirements of 
the particular test in hand. The machine illustrated 
in Figs. | and 2 is termed an 8-in. machine, because the 
surface which may be covered by the test measures 8 in. 
square. Bhi tl Bhi 

The balls used in the tests are of the ordinary 
hard-steel type and have a diameter of 3 mm. A 
supply of 20,000 or, in some cases, 40,000, of them 
is placed in the hopper surrounding the tube of the 
machine. The hopper is then raised to the top of the 
tube which, incidentally, has an internal diameter of 
2 in., by means of the winch seen to the right in the 
figure. When the hopper reaches the top of the 
machine, the balls enter the tube, by way of ports, and 
fall on to a piston within the tube. The upper portion 
of this piston is furnished with perforated rubber 
discs which just allow the balls to pass through. 
The whole arrangeinent constitutes the point of 
departure for the effective fall of the balls, and also 
ensures that a perfect “‘rain’’ of the balls will take 
place. 

The height of the perforated piston may be ad- 
justed, this being accomplished by means of a wire 
fastened to it passing over a pulley and attached 
to a slide running over the scale seen on the vertical 
support of the tube. The scale is graduated in tenths 
of a metre from 0 to 4 metres, and the slide is held in 
the required position by means of a pin. 

The work is placed in position on the small table 
within the rubber-lined chamber, seen in Fig. 2. The 
method of holding the pieces varies, of course, with the 
shape of the piece. A series of motor-car tappets 
tested in our presence, 25 at a time, were held upright 
by being placed in holes bored on a flat piece of wood. 
The arrangement is seen in Fig. 3, in which the tappets 
are shown undergoing examination after the test. The 
supports of the test table are suitably articulated, and 
when the work is in position, the door closed, and the 
rain of balls started, the handle on the top of the 
chamber, projecting to the left, is actuated in such a 





* See ENGINEERING, vol. exxiv, p. 470 (1927). 
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manner that every portion of the surface of the 8-in. 
table comes, in turn, under the 2-in. diameter stream of 
steel balls. In carrying out this portion of the process, 
the operator is guided by a pointer travelling over a 
white square diagram placed on the top of the chamber. 
The whole arrangement is clearly seen in Fig. 2. The 
test table and the bottom of the rubber-lined chamber 
are both inclined so that the spent balls run direct 
into a channel, the lid of which is shown raised in Fig. 2, 
and then fall into a scoop placed in readiness to receive 
them. 

Should the scoop, inadvertently, not be pushed 
fully home, the balls are held in the channel by a trap, 





polished, case-hardened discs, cut from low-carbon 
steel sheet, upon which a letter or figure had been 
painted with protective compound before carburising, 
were tested in the machine. The soft portions of the 
disc were indented and the letter or number, previously 
painted upon the disc, was revealed. 

Messrs. Massey inform us that they are also con- 
structing 12-in. machines, which may be used either 
for hardness testing or for work hardening. The per- 
forated piston of the 8-in. machine is replaced, in the 
larger machine, by an adjustable hopper, at the bottom 
of which is a slot 12 in. long. The balls fall through 
this slot on to the work in the form of a vertical curtain. 
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which is raised by the scoop itself when this is in its 
correct position. At the end of a test, when all the 
balls have fallen, the scoop is raised by hand and the 
balls replaced in the hopper, surrounding the tube, 
in readiness for the next test. We were informed 
that the balls could be used over and over again for 
many months without undergoing appreciable deteriora- 
tion. 

The testing of each batch of 25 motor-car tappets, 
mentioned above, was carried out in about one minute 
from the placing of the samples in position to the 
reopening of the door at the end of the test. The 
quantity of balls used was 40,000, and the height of 
fall, 3 metres. The tappets, it is interesting to note 
in passing, were stated to have a Brinell hardness 
of 750, and were shown by the Cloudburst test to have 
been thoroughly well case-hardened ; only in one or 
two cases were very slight indications of indentation 
detected. For demonstration purposes, a number of 
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In the larger machine, the spent balls are raised again 
to the top of the machine by means of an elevator, 
which, we understand, is ordinarily operated by 
hand, but for which motor drive may be arranged, if 
desired. The same movement operates the elevator 
and actuates the work table across the curtain of 
falling balls. 

Returning now to the hardness test proper; those, 
witnessed by us, were of the eliminatory type. In 
certain cases, however, it may be necessary to measure 
the degree of hardness of the pieces under examina- 
tion. When, therefore, measurement by the micro- 
scope is in view, a small number of balls is used during 
the test, so that the indentations produced shall not 
overlap, and the height of fall is regulated in such a 
manner that measurable indentations are made. The 
diameters of the indentations are then measured, 
either by means of a microscope in the ordinary way, 
or by using the projection microscope. shown in Fig. 3, 
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which has also been invented by Mr. E. G. Herbert, 
We were unable to secure details of this apparatus, 
but, as its name implies, the image of a specimen, held 
against the objective of the instrument, is projected on 
to a graduated screen contained in the dark box shown, 
which is provided with an inspection window. The 
wagnification is equivalent to 20 diameters and the 
arrangements are such that the image thrown on the 
screen has a diameter of 8 in. The screen is ruled by 
lines representing one-tenth of a millimetre, which 
actually appear to be about ,\, in. apart. One edge 
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for use in Mr. Herbert’s projection microscope in 
connection with the rapid measurement of indentations 
produced by a Brinell machine. In this case, the 
maximum and minimum limits specified for the 
diameters of the impressions are 4-0 mm. and 4-4 mm. 
A rectangle is, therefore, drawn upon the screen, the 
two measurements of which are 20 times 4 mm. and 4 -4 
mm. respectively. As before, the image can be adjusted 
vertically so as to touch with its lower edge one of the 
diagonal lines, when it will be seen immediately whether 
or not the circle passes the opposite parallel line. In 
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of an indentation is brought against one of the lines 
on the screen, and the diameter of the impression may 
be read off with ease. One-tenth of each division may 
be estimated by eye, consequently, it is possible to 
read with fair accuracy to one-hundredth of a milli- 
metre. 

An example of a special ruling for use with the 
microscope is shown in Fig. 4. In this case the condi- 
tions have been arranged in such a way that the} 
maximum and minimum hardness limits allowed 
correspond to impressions of 0-6 mm. and 0-7 mm. 
diameters, when tested by the Cloudburst machine. 
Series of parallel lines are therefore drawn upon the 
screen at right angles to each other as shown in Fig. 4. 
One set of lines is separated by a distance correspond- 
ing to 0-6 mm., and the other set, a distance corres- 
ponding to 0-7 mm. By means of the regulating | 
screw below the eye slot, the image may be adjusted | 
vertically, so that its lower edge will touch one of the | 
graduations, when it is immediately seen whether | 





or not the circle passes the next adjacent parallel line. | are: (a) Slow driving of the furnace ; (b) preparation of 


The indentation should be not larger than the longer | 


measurement, and not smaller than the shorter one.| charging; (d) adoption of suitable furnace lines; 
In this way very rapid and accurate inspection may be | (e) use of coke of suitable quality. 


made without the eye strain and effort of using an| 
ordinary measuring microscope. 
operator is looking, not at a finely graduated screen, | 
but at one the lines of which are actually 12 mm.| 


and 14 mm. apart. Fig. 5 shows a special screen! London, on May 3, 1928. Abridged. 


Furthermore, the} hearth is of a much higher order than has previously 
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order to be within specification, the impression should 
not be larger than the longer measurement, and not 
smaller than the shorter one. 








BLAST-FURNACE DATA AND THEIR 
CORRELATION.* 


By Epear C. Evans, F.I.C., and F. J. Bamey, 
M.Sce., D.I.C. 


From a study of over 120 blast-furnace operating 
results a method has been developed of correlating 
blast-furnace data on a common basis, which is in 
agreement with similar methods adopted in reheating 
furnace practice for the correlation of output and fuel 
consumption. This method finally shows that, other 
things being equal, the greater the effective time of 
contact between the reducing gases and the ore before 
the hearth is reached, the lower is the fuel consumption. 
Among the factors influencing effective time of contact 


the burden prior to charging; (c) suitable methods of 


The carbon required for external heat losses in the 





* Paper read before the Iron and Steel Institute, 
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been considered to be the case, and it therefore follows 
that slow driving of the furnace is the least economical 
method of obtaining effective time of contact, since the 
external heat losses, per ton of pig iron produced, per 
unit of time, are increased proportionately. The carbon 
required for meeting external heat losses in the hearth 
zone is inversely proportional to the hearth diameter, 
so that, in furnaces having the same effective time of 
contact between reducing gases and ore, and the same 
production of iron per square foot of hearth area per 
hour, small hearths are less economical than large 
hearths. 

A general study of the results available indicates 
that furnace practice in different countries has 
developed on lines covered by economic considerations 
of the following general character. In countries using 
local ores with a very wide market for pig iron of 
constant quality, with high labour rates and large 
capital resources, the tendency has been towards large 
hearth diameters with moderate rates of driving, 
reckoned as lb. of carbon per square foot of hearth 
area per hour. In countries largely using imported 
ores of high quality with a market considerably in 
excess of immediate post-war capacity and with 
limited capital resources, the necessity of increasing 
outputs with furnaces of moderate size has resulted in 
extensive preliminary treatment of the ore with a view 
to the attainment of very high rates of driving per 
square foot of hearth area per hour. In countries 
in which market conditions for pig iron are of a con- 
stantly varying character, the tendency has been in the 
direction of furnaces of moderate rates of driving. 
If the furnace efficiency be measured by the extent of 
preliminary reduction of the materials in the shaft, 
after due allowance has been made for all factors 
involved, practice in the various countries is com- 
paratively similar. 

The quality of the iron, in so far as it is represented 
by the percentage of silicon, has an important effect 
on the hearth heat consumption. The influence of 
dry blast has been investigated, and results indicate 
not only improved thermal efficiency at the tuyeres, 
but that a further saving exists, due possibly to an 
increase in the effective rate of reaction between the 
gases and ore. Results obtained indicate the necessity 
of investigation into : (a) Improved refractories in 
blast-furnace practice, to allow of reduction of external 
cooling losses, with maintenance of suitable furnace 
lines ; (6) the influence of the quality of the ore on the 
efficiency of reduction in the upper portion of the 
furnace and consequent effect on fuel consumption in 
the hearth; (c) the nature of the influence of moisture 
and/or hydrogen on blast-furnace reactions. 

The mathematical correlation of data of operating 
furnace practice makes it clearly evident that Bell’s 
suggestion made as far back as 1890, that the rate of 
driving in a furnace would be limited at some stage or 
other by inadequate preparation (or reduction) of 
the materials in the shaft, is fully confirmed. There are 
evidently two counterbalancing factors. An increased 
rate of driving would result in a lower fuel consumption, 
due to reduced external heating losses per ton for the 
increased iron produced at higher rates of driving, but, 
in opposition to this, the faster the rate of driving the 
less would be the time of contact of the materials, the 
higher would be the iron factor X*, and the fuel con- 
sumption. There must therefore be, as Bell suggested, 
an optimum rate of driving in customary commercial 
furnaces ; but this general statement needs to be quali- 
fied owing to the limitations which accompany operating 
conditions. There is in customary practice extreme 
difficulty in maintaining at all times absolutely uniform 
distribution of the gas throughout the charge, with 
consequent complete and intimate contact of every 
particle of ore with the reducing gas throughout its 
passage through the furnace. 

Considerable further study, both of a larger number 
of operating records and of individual furnace practice, 
working under different conditions, is therefore desir- 
able, but some attempt may be made with the data 
available to indicate, if not to evaluate, the various 
additional factors that have not been dealt with. 
Among these are: (1) Coke quality; (2) character or 
reducibility of ore; (3) distribution of burden; 
(4) sizing of materials; and (5) furnace lines. 

These are not entered in their relative order of import- 
ance, which at the present stage of investigation may 
be difficult to determine, but in an order which allows 
of the more precise presentation of the data available. 
All these factors have one feature in common; they 
involve an alteration in the effective time of contact 
between gas and ore, but in every case complications 
occur, Owing to variations in the rate of driving which 
may result. The effect of coke quality may perhaps 
be taken as an example. 

Influence of Coke Quality.—As coke occupies about 
60 per cent. of the volume of the blast-furnace, an 





* The heat requirements (reckoned as lb. of carbon 
burnt in the hearth) per lb. of iron made. 
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increase in coke fines of, say, 5 per cent., would result 
in a serious increase in channelling, a reduction in the 
effective time of contact between the gas and ore, 
and an increased iron factor. The effect, therefore, of 
improved physical quality of coke would be: (1) In- 
creased output, with consequent reduced fuel, the 
effect of which, however, would be diminished by 
(2) decreased time of contact, due to the more rapid 
descent of the burden, whilst this would be counter- 
balanced possibly by (3) increased efficiency of contact 
due to reduced channelling and better distribution of 
the reducing gas. 

In addition, it is necessary to take into consideration 


other factors, such as alteration in slag volume due to | 


coke ash and sulphur, and also the alteration in the 
fixed carbon due to variations in ash, sulphur and 
moisture. 
chemical quality of the coke is also accompanied by 
improved physical quality, the sum total of all these 
factors may be considerable, and the fuel saving 
effected may be very much greater than could be 
calculated on the reduced requirements for the slag 
and the increase in fixed carbon only ; but other factors 
are frequently changed, and sufficient details are in 
most cases not available to allow of a complete analysis 
of their effects. This is particularly the case in Great 
Britain, where coke consignments to blast-furnaces 
are only rarely large enough to permit of a trial being 
made over a period long enough to allow of a complete 
analysis of the results. 

Influence of Character or Reducibility of Ore-—Many 
furnaces in an important producing area are using coke 
of excellent physical and chemical quality, so that the 
coke factor can to some extent be eliminated. The 
question therefore arises whether the high iron values in 
these areas are due to a factor—ore quality—common 
to all the furnaces. At the moment this question can- 
not be answered, but the results indicate the necessity 
for the investigation of ores of this type along the 
lines that are now being pursued by Professor W. A. 
Bone and his collaborators. Results of this research 
already indicate that, between certain well-defined 
limits of temperature, carbon deposition occurs to a 
most important extent. It has been suggested that 
this reaction is favourable to the operation of the 
blast-furnace, but, on the other hand, such deposition 
may be accompanied by physical changes in the ore, 
which might affect the uniformity of distribution of the 
gas in its passage through the zone at which this 
reaction occurs. If, however, this effect can be ade- 
quately controlled, by suitable burdening or correct 
furnace lines, the reaction should be beneficial. In 
any case, it profoundly influences blast-furnace pheno- 
mena, and it is desirable that the behaviour of different 
ores at the temperatures at which it occurs, and also 
at the higher temperatures beyond which the reaction 
does not proceed, should be determined. 

Distribution of Burden.—The importance of grading 
and preliminary treatment of ore is indicated by the 
high rate of iron production per square foot of hearth 
area of German as compared with American practice. 
H. A. Brassert* instances German furnaces of hearth 
diameters not greater than 13 ft. producing more 
than 600 tons per day. These results are confirmed 
by the statistical analysis of the furnaces examined. 
Grading of the materials with elimination of fines 
could result in either (1) reduction in the iron factor 
with consequent low fuel consumption, or (2) if fuel 
economy were not important the iron factor could 
be allowed to rise and a very high rate of production 
could be attained. German results quoted by Brassert 
show a rate of iron production per square foot of hearth 
area of more than 400 lb. per hour, and the attainment 
of this figure on comparatively small hearths suggests 
interesting possibilities in large hearth furnaces suit- 
ably equipped and using prepared materials of suitable 
quality. 

Furnace Lines.—In small furnaces driving at the 
rate of 150 lb. down to 100 Ib. of iron, per square foot 
of hearth area per hour, the hearth heat requirements 
to meet radiation water cooling and other external 
losses as determined from the expression 500/D (where 
D is the hearth diameter in feet), amount to 25 per 
cent. and upwards of the otal heat production in the 
hearth. This figure is probably too high in some of the 
smaller furnaces where no bosh cooling is used, but 


the general consideration of the results available is | 


sufficient to show that small furnaces, with a heavy 
proportionate constant charge of this order on the heat 
production of the hearth cannot, from fundamental 
considerations, be as economical as large furnaces, 
assuming, of course, that these have sufficient blowing 
power and auxiliary apparatus to be used effectively. 
There must be a limit to the effective hearth diameter, 
determined ultimately by factors governing the uni- 
form distribution of reducing gas from the blast at a 
pressure and of a volume sufficient to maintain a high 

* Blast Furnace and Steel Plant, vol. xvi, pp. 8-11, 
(1928). 








In some cases, where improvement in the | 


| rate of production per unit of area in the hearth, but 
| sufficient information is not available to determine the 
| optimum diameter, which would possibly vary for 
| different conditions. 
| In the case of some furnaces operating at high driv- 
| ing rates, the modern practice of using thin walls and 
| excessive watercooling of the bosh and hearth, although 
| economical in so far as they assist in maintaining correct 
furnace lines, thus securing a more correct distribution 
| of reducing gas and ore in the furnace, may involve 
a higher fuel consumption, owing to water-cooling 
| losses, than would be given by the average value of 
'500/D. This opens up a most important field of 
investigation—the improvement of blast-furnace re- 
fractories. With existing refractories, water-cooling 
at high rates of driving is probably a necessary evil, 
| but if an ideal refractory could be obtained which 
| would resist the corrosive influence of slags under 
| high-temperature conditions and satisfy the other 
| requirements of blast-furnace operation, it might be 
possible to consider not only the maintenance of the 
| most suitable lines to meet the required conditions with 
| different ores, &c., but also the reduction of the external 
| cooling loss. 
| Insulation of the shaft has already been used in 
| certain instances, and may be of advantage in that it 
assists in reserving thermal energy which can be use- 
| fully employed in the reduction process. If, further, a 
| refractory could be obtained which would allow of the 
|insulation of the furnace from the bosh downwards, 
| the considerations advanced above indicate that a sub- 
| stantial improvement in the fuel economy of the furnace 
| would be effected. 
| Factors Influencing Hearth Heat.—Apart from the 
| various factors involved in increasing the time of 
| contact between the gas and ore, which only indirectly 
| involve an alteration in heat requirements in the hearth, 
| there are others such as dry blast, which influence the 
| fuel consumption of a furnace directly by altering the 
| hearth heat conditions. 

It is extremely difficult to determine the actual 
heat losses by radiation, conduction to air and ground, 
and so on, in blast-furnace practice, particularly in 
the hearth zone. J. Richards* gives a series of values 
for the total external heat losses in a blast-furnace, 
which can be averaged at approximately 800 B.Th.U. 
per lb. of iron produced. It is difficult to estimate 
the proportion required in the hearth zone. J. E. 
Johnson{ suggests that the heat consumption in the 
shaft ‘to meet radiation and other external cooling 
losses amounts to 440 B.Th.U. per Ib. of iron, and in 
the hearth zone to 340 B.Th.U. per lb. of iron. The 
data, however, from which these figures were deducedt 
are by no means conclusive, but if it be assumed 
that 50 per cent. of the heat losses quoted by Richards 
take place in the hearth zone, the figures are approxi- 
mately of the same order in both cases, amounting 
to 350 to 400 B.Th.U. per Ib. of iron. 

An approximate comparison of this value with 
that deduced from the statistical average obtained 
by the authors can be made by taking, as an example, 
a furnace of 12 ft. hearth diameter, making, say, 
150 lb. of iron per square foot of hearth area per hour ; 
the total amount of carbon required per square foot 
of hearth area per hour to meet external heat losses 
in the hearth zone would be 500/D—approximately 
42 lb. of carbon. Assuming that this was burnt to 
carbon monoxide with a production of 4,375 B.Th.U. 
per lb. of carbon, it would mean that the actual 
heat per lb. of iron which must be produced to meet 
these losses would be of the order of 1,230 B.Th.U., 
a figure between three and four times the actual 
external heat losses in the hearth, as calculated by 
Richards and Johnson. 

The Slag Factor 0:28.—The actual thermal require- 
ments of slag up to free-running temperature quoted 
by Clements, amounts to 1,042 B.Th.U. per Ib. 
of slag. Johnson|} gives a somewhat lower figure of 
900 B.Th.U. per lb. He, however, assumes that 
two-thirds of the thermal requirements of the slag 
are obtained from the sensible heat of the gas passing 
up through the shaft, the actual requirements of 
the hearth zone being only one-third, and amounting, 
in a thermal balance sheet of the hearth and shaft, 
prepared on the assumption that 10 cwt. of slag were 
produced per ton of pig iron, to 300 B.Th.U. per lb. 
of slag. The factor 0-28, deduced by the authors, 
| amounts, on the assumption that the carbon is burnt 
| to carbon monoxide, to approximately 1,225 B.Th.U. 
| per lb. of slag, a figure again of the order of four 
times he theoretical heat requirements in the 
hearth as calculated by Johnson, but agreeing with 

* Metallurgical Calculations, 1907, Part II, page 289. 

+ Principles, Operations and Products of the Blast 
Furnace, 1918, page 72. 

tS. Cornell, Metallurgical and Chemical Engineering 
vol. vii, pages 747-750; (1914). 

§ F. Clements, see ENGINEERING, vol. cix, page 646, 
(1920). 

|| Loc. cit., page 72. 














a figure given by him, from practical experience, of 
0-33 Ib. of coke (say, 0-29 lb. of carbon). 

The lron Factor.—This consists of (1) the equivalent 
carbon required to bring the reduced iron entering 
the hearth zone to free-running temperature, and 
(2) thermal requirements of hearth reduction, as 
previously explained. The total heat of molten 
pig iron leaving the hearth at free-running tem- 
perature, according to Clements is 566 B.Th.U. 
Johnson’s figure,* is 600 B.Th.U., of which 480 B.Th.U. 
are obtained from the shaft and 120 B.Th.U. from 
the hearth. Summarising his calculations, the con- 
sumption of heat in the hearth for the iron is as 
follows :— 

Reduction of silicon 150 B.Th.U. per lb. 
Heat of iron not imparted in the 

shaft ... oh =e =o cao ne Re 
Heat for direct reduction of iron 

(assuming 10 per cent. direct 


reduction) es Ga cas %> we 
Total heat requirements of the 
iron in the hearth ... ace (CLO) ns %» 


From the average equation deduced by the authors, 
the carbon burnt in the hearth per lb. of iron amounts 
to 0-56 lb., which, assuming the carbon to be burnt 
to CO, is equivalent to 2,450 B.Th.U. per lb. of iron, 
again a figure of the order of four times the theoretical 
requirements. In all three cases, therefore, the actual 
carbon consumption in the hearth, of slag and iron, 
or its heat equivalent to meet the requirements of 
radiation and external cooling losses, is of the order 
of three to four times the actual B.Th.U. required 
according to the best existing authorities. This is 
again in accordance with customary furnace experience, 
that the carbon that must be burnt in order to meet 
thermal requirements of the system is considerably 
in excess of the theoretical requirements, owing to 
sensible heat losses in the gas from the zone 
considered. 

Effect of Moisture in Blast.—Essentially the effect 
of moisture in blast is to diminish the heat available 
at the tuyeres, and dehydration of the blast would 
therefore act in the same way as an increase in blast 
temperature. The heat absorbed by the reaction 

C + H,O = CO + Hy 
amounts to approximately 2,900 B.Th.U. per lb. of 
water vapour gasified at the tuyeres. 

Unknown Factors.—There are one er two factors 
which do not allow of analysis, namely (1) the personal 
factor involved in methods of control and operation 
of the furnace; (2) the factor called by Continental 
blast-furnace managers, the ‘‘ temperament” of the 
furnace. These factors would affect both the rates 
of driving and the iron factor (X), and a proportion 
of this factor X would always remain to some extent 
unknown. Records of operating practice submitted 
by blast-furnace managers, however, are generally 
those of furnaces working at their best, so that in 
the preceding examination there has been to some 
extent, an elimination of the effects due to personal 
or other causes which might reduce the efficiency of 
the furnace operation. 

The mathematical expression ultimately developed 
agrees qualitatively with customary blast-furnace 
experience, and offers the advantage that it links up 
the functions of the hearth and shaft in one general 
equation. For the moment, however, these notes 
must be regarded as a progress report, and must not 
be considered to do more than represent an actuarial 
average of furnaces examined, which, as results accu- 
mulate, is definitely open to modification and 
development. 








REGISTRATION OF Motor VEHICLES IN DANZIG.— 
According to recent statistics accompanying a Bill which 
is in preparation at present affecting the taxation of 
vehicles in the Free City of Danzig, the number of 
passenger cars in use increased from 61 in 1919 to 1,231 
in 1927, the number of ’buses from 0 to 60, the number of 
lorries from 11 to 562, and the number of motor cycles 
from 2 to 808. At the end of 1927, the principal countries 
of origin of the various types of vehicles in use were as 
follows :—Passenger cars, United States of America, 
478, and Germany, 460; omnibuses, Germany, 36, and 
the United States of America, 18; motor cycles, Ger- 
many, 328, and the United Kingdom, 283. 





Tue Hawvirax-DartmMoutTH Bripce.—His Majesty's 
Acting Senior Trade Commissioner in Canada reports 
that he has been in communication with the Imperial 
Trade Correspondent at Halifax, who, writing under date 
of May 10, states that the project for the Halifax-Dart- 
mouth bridge is still in an early stage. It is the feeling 
of the committee that the Government and the Canadian 
National Railways will contribute largely towards the 
cost of the bridge. So far there has been no bridge 
planned, several sketches have been made by local 
engineers, and a sketch was also made for the Canadian 
National Railways. The engineer, who has been taking 
an active interest in this matter, is Mr. F. W. W. Doane, 
Young avenue, Halifax, Nova Scotia. 





* Loc. cit., page 70. 
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THE BEGGS DEFORMETER. 

NumeERows proposals have been made, in the past, 
to determine stresses in complicated frameworks or 
other structures by means of measurements made 
on models. In many cases, however, the require- 
ments of the mathematical theory have been far 
from satisfied, and in particular there has been 
violation of the basic assumption that the form of the 
structure is not sensibly changed by the imposition 
of its load. This objection does not apply to an 
ingenious method of determining stresses by direct 














Fug. 7. | 
D 
- . al 
a A F 
734 A) ENGINEERING” 
































if a load W, applied at the point A of an elastic 





were measured by the means provided for this, and 
from these measurements the normal stresses, the 
shears and the bending moments were deduced at 
the 23 selected sections. A comparison of the 
results thus determined with those arrived at by 
the very laborious, yet only roughly approximate, 
calculations previously made, showed that the 
calculated stresses were in most cases very greatly 
overestimated. 

The Beggs apparatus is based on Clerk Maxwell’s 
reciprocal deflection theorem, according to which, 


structure, produces at a point B a deflection of 3in., 
then if W be removed from A and re-applied at B, 
the deflection now produced at A will also be 8 in. 
This theorem is subject to the condition that when 
the load is transferred from A to Bit is caused to 
act at B along the line in which the deflection 3 was 
measured, and similarly the corresponding deflection 
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measurement of the deformations of a model, which | 
was devised, some four or five-years’ ago, by Profes- | 
sor G. E. Beggs of Princetown University. Though | 
of such recent origin, the Beggs apparatus has 
already been employed both in Europe and America 
for finding the stresses in highly redundant arch 
bridges. One notable case is that of the new 
Grandfey viaduct, which replaces a lattice girder 
structure erected near Freiberg, in 1862, to carry the 
tracks of the Lausanne-Berne railway. The new 
work is a 7-span arched viaduct constructed of 
reinforced concrete, the deck being carried on 
cross walls and spandrel arches, monolithic both 
with each other and with the main arch structure. 
The redundancy thus introduced made any accurate 
computation of the stresses commercially impracti- 
cable, and drastic simplifying assumptions had to be 
adopted in order to render the calculation feasible. 
It was therefore decided to check the results thus 
obtained by means of Professor Beggs’ apparatus. 
A model of the arch was constructed in celluloid, 
and, taking the redundant constituents in turn, 
each was divided and the opposing surfaces at the 
cut forced apart definite distances. The correspond- 
ing deflections at selected points of the deck 





|may be denoted by 4. Hence, when the load W is 


4, 


produced at A must be measured along the original 
line of action of the load. 

Now, when the load was applied at A it must 
have produced some deflection at this point which 


transferred to B, thus producing the deflection 8 at 
A, it will be obvious that this could be cancelled 


by applying at A a force equal to hs W. The way in 


which Professor Beggs has made use of this relation- 
ship is well illustrated by the simple case of a girder 
continuous over two spans. In order to determine 
from a model the reaction produced at the central 
pier by a load applied at some point, C say, of 
one of the spans, we may give the central support 
a definite deflection A, and measure the correspond- 
ing deflection 8 at the point C. Let W be the force 
which, applied at the central pier, would have 
produced there the stated deflection A. Then if 
the central pier were entirely removed, a load W 
applied at C would produce at the site of the pier 
the measured deflection 8. To cancel this we must 


apply a force equal to ; W, and this, therefore, 





represents the reaction produced at the central 


pier by a load W applied at C. By measuring 8 
for a number of points an influence line can be 
drawn showing the reaction at the central pier 
corresponding to any position of the load on the 
two spans. 

In the above example, the girder was taken to 
be continuous over two spans only, but the method 
holds good whatever the number of spans, and has 
the obvious advantage that the reactions at the 
redundant piers are determined independently of 
each other. When computed by the ordinary methods 
of calculation, this is impossible, and the reactions 
have to be found by solving a number of simul- 
taneous equations. This’ advantage of the Beggs 
method is retained in other applications of it, so 
that in any redundant structure the stresses in 
each redundant bar are determined independently 
of those in the others. 

Maxwell’s theorem also applies to the case of 
bending moments. If, for example, we take the 
case of a beam fixed at one end and supported at 
the other, the bending moment at the point of 
fixation due to a load applied at some point D of 
the beam can be determined by giving a definite 
angular deflection to the “fixed” end of the 
model and measuring the corresponding vertical 
deflection produced at the point D. 

This is perhaps most easily seen if we use a model 
in which in place of actually fixing the end of the 
beam, we simply support it here, and make a very 
stiff extension of it beyond this point, as indicated 
in Fig. 1. With this arrangement, let us give a 
definite deflection A to the protruding end of this 
beam, that is to say, to the point F, and let us 
measure the deflection 5 thus produced at the point 
D. Then, as in the previous examples, if a load W be 
applied at D the reaction needed at F in order to 
cancel the deflection at F, thus keeping the surface 
BF horizontal, will be given by the relation 


6 ow 
R= i’ Ws 


If now we multiply both sides of this expression 
by A, the length of the stiff extension, we get 


6 y 
RA = ach W. 
But RA is the moment at the point B and : =; 


was the angular deflection produced when the point F 
was given the linear deflection A. Hence, the bending 
moment at the fixed end of the beam is equal to 


3 w. 
t 


A more complicated case is represented in Fig. 2, 
which also shows diagrammatically the apparatus 
devised by Professor Beggs. As all the displace- 
ments must be microscopic to lie within the elastic 
properties of the materials, and in order that the 
model may not be deformed greatly from its geo- 
metric shape, the applied displacements must be 
produced by very precise means and the resulting 
displacements must be measured with like precision. 
Professor Beggs, therefore, uses a set of accurately- 
made deformeter gauges to give the necessary dis- 
placements and a filar micrometer microscope for 
measuring the corresponding deflections, 

Each deformeter gauge consists of two parallel 
steel bars, shown at Y in Fig. 2. In each bar there 
are two opposing V notches, and the bars are held 
together by helical springs, which allow a small 
relative motion between the bars. Gauge plugs 
machined to specified sizes within a tolerance of 
plus or minus 0-00002 in., are provided for intro- 
duction between the gauge bars, for the purpose of 
producing definite amounts of thrust, shear or 
rotative displacement. The model is connected to 
a drawing board by clamps and the deformeter 
gauge. The board rests in a horizontal plane and the 
model is supported upon steel balls rolling on plate 
glass, so that friction will not restrain its deformation. 
One bar of the gauge is fixed, and is secured in place 
on the drawing board by screws a, Figs. 2 and 3. 
The movable bar of the gauge is attached to the 
model by a clamp and screws 8, if a fixed condition 
of the structure is to be represented, or by a needle 
point if a hinged condition is to be investigated. 
For the unstrained position of the model, two 
“normal” gauge plugs remain in the V notches 
between the two bars. The microscope is set up 
over the point of loading of the structure and the 
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fixed cross hair oriented parallel with the direction 
of the assumed load by sighting on a mark 
scribed on the nodel. To illustrate the method, 
suppose the vertical thrust component of the 
reaction at Y is sought. The “normal” plugs are 
removed from the gauge, and a pair of smaller 
plugs are inserted, thus causing a vertical displace- 
ment of the support. The moving cross hair of the 
micrometer is now brought tangent to a reference 
mark on the model at the assumed load point D, 
and an initial reading of the micrometer is taken. 
The small thrust plugs are now removed and larger 
thrust plugs are inserted between the gauge bars, 
thus producing a known vertical displacement at 
the support and a definite deformation of the elastic 
model. The reference mark moves across the field 
of view in some diagonal direction AC, The moving 
cross hair is again brought tangent to the reference 
mark, and a second reading of the micrometer taken. 
The difference between the two readings is the com- 
ponent AB of the motion AC of the reference mark, 
this component being measured in the direction of 
the assumed load. Then, by Maxwell’s theorem, 
the vertical component of the reaction at the support 
equals the applied load multiplied by the ratio of 
the displacement AB and the gauge displacement. 
The other components of the reaction may be found 
in similar manner. The thrust and shear displace- 
ments usually employed equal 0°0500 in. The 
diagram on the right of the figure indicates the 
manner in which the various gauge plugs are em- 
ployed to produce displacements for thrust, moment 
and shear. Circular plugs are used for the thrust 
and moment displacements, and rectangular plugs for 
the shear displacements. A standard box of gauges 
is shown in Fig. 6, and a bridge model mounted for 
study, in Fig. 5. 

By observing simultaneously with several micro- 
scopes the displacements at various load points of 
the model, produced by applied displacements at 
sections of unknown stress, ordinates for the deforma- 
tion lines may be obtained rapidly. By Maxwell’s 
theorem, these deformation lines are, to a scale 
determined by the displacement ratios as explained 
above, influence lines for the reaction or stress com- 
ponents. By employing these influence lines in the 
usual manner, the effect of any concentrated or 
distributed loadings may be determined. 

A check on the work is provided by the fact that 
the internal reactions thus determined must be in 
equilibrium with the external loads. This is readily 
tested by the methods of graphic statics. 

Models prepared by Professor Beggs are made of 
celluloid or fine quality cardboard. Usually they 
are of constant thickness. The model is not neces- 
sarily a small-scale reproduction of the structure, 
but its members are given the same proportionate 
stiffness as those of the structure represented, by 
making the widths of the model members propor- 
tional to the cube roots of the moments of inertia 
of the actual cross sections. As the ratio of deflec- 
tions is independent of the coefficient of elasticity, 
this coefficient both for the model and for the 
structure may be disregarded. Cardboard used for 
models has a thickness of about one-twentieth inch. 
Celluloid is used in thicknesses 0-080 in. to 0° 100 in., 
and are cemented together with celluloid emulsion. 

The Beggs apparatus has been employed to 
determine the stresses in the arches of the Arlington 
Memorial Bridge, now in course of erection across 
the Potomac at Washington, D.C. This bridge will 
have eight arch spans and a central bascule draw 
span. The importance of the bridge as a monument 
and as a major feature in the general plan of the 
capital, made architectural considerations of primary 
importance throughout. Although the efficiency 
of the structure as a highway is well provided for 
by a six-lane roadway, the principal features of the 
design have been dictated by considerations for 
appearance, including the adoption of a low-level 
bridge, special ornamentation, and granite facing. 
The arches are 94 ft. wide, face to face of the granite, 
and of spans varying from 166 ft. to 180 ft. Each 
span consists of a reinforced concrete arch barrel, 
with spandrel walls at each face for support of the 
granite facing and railing, and with cross walls of 
concrete, spaced 8 ft. apart, to support the deck and 
to distribute the spandrel wall loads across the arch 
barrel. The width between spandrel walls is so 


it rendered the latter of doubtful value as criteria, 
and a three-dimensional model was therefore used 
to determine to what extent the cross walls might be 
expected to distribute the spandrel wall loads across 
the arch, and the amount of participation of the 
deck slabs in such distribution. The models were 
constructed and the analyses made by Professor G. E. 
Beggs, of Princeton University, and we are indebted 
to Mr. Charles Carswell, of the staff of the Arlington 
Memorial Bridge Commission, for the particulars 
given. 

The studies made included a series to determine 
the stresses in the longitudinal section of the arch 


barrel for the 166-ft. arch, analyses being made | 
for the arch barrel alone, for the fixed arch with | 





come upon the arch. The reductions in arch 
stresses resulting from the continuous type of 
construction accordingly are realised only for 
the spandrel walls, the roadway surfacing, and 
the live loads. The models for the determination 
of stresses in the longitudinal section of the arch 
were all made of celluloid, and were laid out to 
the lines of the reinforced concrete structure, 
not to the lines of the equivalent homogeneous 
structure, because the proportion of stiffness of 
the section due to the reinforcing steel is negligible. 
Influence lines were also determined for the arch 
at a point between the crown and the springings. 
The results are shown in Fig. 8. In this case 
the effect of the superstructure is less marked 
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continuous superstructure and with the superstruc- | 
ture cut at mid-span, and for two and three hinged 
arches. The models in question are represented in 
Figs. 7, 8 and 9, and by the photograph reproduced | 
in Fig. 4. The high degree of accuracy obtained | 
with these models was indicated in the analysis of 
the arch barrel alone, for the case in which it was | 
fixed at the springings. The reactions as computed 
very carefully by the elastic theory were found to 
coincide exactly with those determined by the 
model. Influence lines were derived from the models 
for critical sections of the arch barrel and for 
sections through the deck slab and through the 
cross walls of the superstructure. As shown in 
Fig. 7 these influence lines indicated a very marked 
reduction in crown stresses due to the continuous 
superstructure, and this type of construction 
has been adopted for all the arches. In the 
construction of the work, however, the sequence 
of operations is such that the continuous super- 
structure cannot be obtained until after the 





great as compared with existing arch bridges, that 


dead load of the cross walls and deck slabs has 


6. 


than it was at the crown. Influence lines were 
also obtained for the middle section of the super- 
structure as in Fig. 9. 

As already noted a three-dimensional model, 
represented in Figs. 10 and 11, was also prepared to 


|indicate the transverse distribution of the spandrel 


wall loads. This model was made one-fiftieth the 
size of the 166-ft. arch. The arch barrel was con- 
structed of a moulded tapered sheet of celluloid, to 
represent correctly the concrete arch. The cross walls 
and slabs were prepared of celluloid of proper scale 
thickness to represent the contemplated construction, 


‘and then cemented together and to the arch barrel. 


Spandrel walls were not attached, but the cross 
walls of the model were provided with brackets 
at the ends for the attachment of weights repre- 
sentative of the spandrel wall loads. Experiment 
on the model consisted in the measurement, by 
Ames dials, of the deflections of the deck slab 
produced by loadings on the brackets. The 
deflection contours obtained from these readings 
are indicated in Fig. 12, page 34. In this 
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MODEL EXPERIMENTS FOR THE ARLINGTON MEMORIAL BRIDGE. 
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diagram the deflections, recorded on the intersec- 
tions of lines 1 to 8 and A to E, have been com- 
puted from the average of eight observations at 
the corresponding points of the model. The 
recorded deflections, given in the accompanyi’ g 
table, are in inches for the full-sized concrete arch. 

Table of Measured Deflections. 


7 8 


3 4 5 6 


Line 1 


ig 


A 0 0080, 0° 0175 0° 0306 0 0405 0" “0482 2 or OF 505 , 0 0546 0°06: 30 


B oO 0060 0: 0121 0°0: 246 oO 0302 0 0358 0 0393 0" 04: 26 0 0462 


C 0-0022 00105 0- 0185 00231 0°0285 0 00302 0°0285 0-0301 


D- 00020 00085 0- 01: 24 0-0195 0°0205 0-0222 0-0213 iy 0256 


1D) 0:0007 0:0054 0-0105 00169 00185 0: 0196 0°0195 0-0205 


The sitienibiaie sensitive, deformation by very 
slight pressure from the hand on the top producing 
large movements of the gauges, and temperature 
changes due to the opening of a door of the room 
producing similar large displacements. From the 
experiments on this three-dimensional model it 
was concluded that the deflection of the bridge 
caused by the weight of the spandrel walls will be 


of no serious consequence in increasing stresses, | 


either in the arch barrel or in the deck slabs, and 
that the cross walls will transfer the weight of the 
spandrel walls across the arch barrel in a very 
satisfactory manner. 

Maxwell’s theorem, on which the Beggs apparatus 
is based, follows at once from the fact that if we 
represent by U the work stored in a structure due 
to its elastic deformation by a load P applied at 
the point A and a load W nevi’ at the point B, 


then the deflection at A is equal to © pand the deflec- 


: iets holds good 


whatever the values of P and W, including zero 
values. The stress T, say, in any bar of such a 


tion at B is similarly equal to ae : 
a 


structure is equal to the sum of the stresses due to | 


P and W taken separately, so that T may be written 
in the form T = aP + dW, where a and 6 are 
coefficients depending only on the shape and 
arrangement of the “eens The work stored 


in the bar is equal to = a ii . [aP + DW}, and 


2EQ 2EQ 


the total work stored in the whole framework is thus 


given by the expression 


1 l 
U =—_3- + bW Pe, 
ap > g laP 
Hence 
ou a... See , 
<p cos oie Q (a¥ + bW) 
and 
oe. toe... 
wre Tr 
. 5 l l 
Hence, when P = 0 the deflection at A is j,.2 Fy 
ab W and when W = 0 the deflection at B is 


ie , 
n=O abP. Hence the deflection produced at A by 
a one-ton load at B is exactly the same as that 
produced at B by a one-ton load at A. 

In the case of a statically indeterminate framework 
if Q denote the stress in a redundant member, pa 


have, by Castigliano’s theorem, the relationship | 7 
0, so that it is not possible to determine the stress 
in such a member by merely giving it a displacement 
and noting the corresponding deflection produced at 
other points of the frame. In such case it is neces- 
sary to cut the redundant bar in two, and to displace 
the two ends of the cut relatively to each other by § 
definite amount A say. Let us represent by a 
the corresponding deflection at some other point of 
the frame, A say. Then, if the redundant bar be 
made whole again and a load W be applied at the 
selected point of the frame, A, the corresponding 
stress in the redundant bar is given by the relation 
6 wy 
o=< W. 
the distance piece between the two halves of the 
redundant member by two equal and opposite forces, 
which we may represent by Q: and Q,, and which 
separate the cut ends of the bar by the given amount 
A. If Q: acted alone the displacement of its point 
of application might be represented by d; and the 
corresponding displacement of the point A by 81. 


The proof follows at once if we replace 
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If Q, acted alone the corresponding displacement of | 
its point of application would be d, and that of the 
point A would be 5,. In the actual case when both 
forces act we have d, = d; — A, whilst the actual 
displacement 8 of the point A is 8; —8,=6.) 
If Q: acted alone and cancelled, at its own point of 





Fig. 
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In the foregoing we have neglected the fact that 
when Q, acted alone, it gave rise to a displacement 
of the point of application of Q,, whilst when Q, 
acted alone it similarly displaced the point of 
application of Qi. These two displacements are, 
however, numerically equal and cancel out when 
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application, the deflection produced there by a 
load W applied at A, its value would be given by 


Qi 
of Q, ac ine alone wculd be Q, - 


; 2 ES RAD : 

- W and similarily, the corresponding value 
_4 

= , wv. 


Hence, since in the actual case 


1=—Q=Q 
we get 
Q (dy — do) = (6; — 62) W 
or 


QA = 6W. 








-o----—--- 
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one displacement is subtracted from the other: so 
that A = d; — d, simply. 

To determine redundant moments and stresses the 
corresponding member of the structure must be cut 
in the same way and the opposing faces of the cut 
giver. the appropriate displacement. The corres- 
ponding deflections of different points of the 
structure are then measured and serve to determine, 


in the way already explained, the redundant 
moments and stresses corresponding to any specified 
loading. 


It will be seen that when the Beggs apparatus 
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! 
is used for determining a bending moment we may 
regard one arm of the clamp as equivalent to the 
stiff extension of the beam represented in Fig. 1. 
The centre of one of the notches is displaced a 
distance 4 by inserting the large plug. If then the 
centre of the clamp were restored in some way 
to its original position, and the deflection 6 due 
to the plug noted at some point of the model under 
examination, we find as before, that a load W applied 
at this point would give rise at the notch to a reaction 


given by the relation R : W. The distance of 
the notch from the centre of the clamp being known, 


the moment due to R is also known, and hence the 


bar. In practice, the centre of the clamp is kept 
stationary by inserting the small diameter plug in the 
notch in the second arm of the clamp. 








THE NATIONAL PHYSICAL 
LABORATORY. 


‘THE annual meeting of the General Board of the | 
National Physical Laboratory was held on Tuesday, | 


‘ » IG > 7 , visite . 4 4 ° 
June 26, when a very large number of visit FS | diameter, 10 in. long, forms the middle portion of | ammonia manufacture. 


were received in the Aerodynamics Building by 
Sir Ernest Rutherford, O.M., as President of the | 
Royal Society, ex officio chairman of the Board, 
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but it proved very difficult to maintain horizontal 


stream line flow in the central channel, the coloured 
stream soon becoming wavy. It has, therefore, 
been decided to make the inner channel vertical, 
projecting through the floor of a tank. 

In the experiments on the heat transmitted to a 
current of air flowing over thin heated plates parallel 
with the direction of flow, it was observed that the 
rate of drop of temperature, measured in planes 
normal to the plane of the plate at different distances 


behind the back edge, was greater than the drop of | 


velocity, as if heat and momentum were not trans- 
ferred by the same agency. Further experiments 
in the distribution of heat and of momentum are 


corresponding bending moment in the redundant | therefore being made with the flow of air through 


concentric pipes, maintained at different tempera- 
tures, and also by sending hot gas at 500 deg. C. 
through a narrow rectangular channel, 1° 5 in. wide 


and 0: 1in. high; the latter arrangement approaches | 


more closely the simple conditions of heating thin 


plates. 
Sir T. E. Stanton’s experiments on air currents 


are of service for the testing of parts of aircraft, 
and require special plant. The wind channel, 3 in. 


a vertical tube, and is split in to an upper half 
(diverging nozzle) and a lower half. The lower half 
is raised when the aerofoil or propeller under test 
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inch, the corresponding direct stress would be 28 
'tons per square inch, and both indentation and 
tensile tests would be measures of the point on the 
stress-strain curve at which a small increase in 
stress is accompanied by a large increase in strain. 
But the friction between the tool and the piece is 
neglected in this consideration, and that factor 
is now being studied. 

Materials at High Temperatures._Reports on the 
laboratory work on the fatigue-resisting properties 
of mild steel and on creep of metals at high 
‘temperature have recently been dealt with in 
our columns (ENGINEERING, May 4, page 557, 
jand June 1, page 672), in connection with papers 
by Mr. Tapsell. Other reports on 0-51 per cent. 
|carbon steel and on 0-53 per cent. carbon cast 
steel, and further on steel for boiler tubes and 
superheater and steam drums, on a high-chromium 
|high-nickel steel, and on a cast steel used in 
|turbine manufacture, are either, or are shortly to 
| be, published. Work is also in hand on a forged 
|steel used in turbine manufacture, on a_heat- 


|at up to two and a-half times the speed of sound | treated 0-51 carbon steel, on a 3 per cent. nickel 


| steel, and on the Elektron (magnesium) light alloy. 
{Some of these alloys are employed in synthetic 
The alloys tested for 
| use at high temperatures are chill-cast nickel- 

chromium alloys containing up to 60 per cent. Cr, 
| rolled bars of nickel-chromium (up to 40 per cent. 


Sir Richard Glazebrook, chairman of the Executive | has been mounted in the throat in compass needle | Cr), and various tarnaay alloys of tichel, chueubeus 


Z ‘ 4: - » Nes am rec . 
Committee, and Sir Joseph E. Petavel, director of, fashion. ‘The two parts are then bolted together | and iron. 


the Laboratory. The annual report of the Executive | 
Committee* which had been submitted to the) 
General Board in March, records increased demands | 
for commercial work as well as good progr 
work relating to national and international standards, 
although in some departments the increase in paid 
work had involved a reduction of the time devoted 
to fundamental investigations. This applies in par- 
ticular to the Departments of Engineering and of | 
Aerodynamics and to the William Froude National | 
Tank, in which more tests were performed in 1927 | 
than in previous years, whilst in the other depart- | 
ments the numbers of actual tests, though not the 
test work, decreased. No new buildings have been 
erected during the year, but the generating plant 
of the high-voltage electricity building has been 
completed. The need of a standard voltage in excess 
of 300,000 volts, which was urged by the German 
delegates at the International Electrical Conference 
held at Bellagio last September, has accentuated the 
difficulties of the equipment for research. Provision 
has been made for commencing the new Physics 
Building, and the construction of a variable density 
wind tunnel in the aerodynamics department has 
been decided upon. 


ENGINEERING DEPARTMENT. 


Fluid Friction.—Investigations required by various | 
Government and research departments have some- | 


what curtailed the independent Laboratory research. | pumps and the gear-box between the engine and | cent. cutie aed. 


As regards the friction of fluids under dynamically 
similar conditions, considera ble information had been 
obtained by Sir Thomas Stanton and Miss D. Marshall 
from experiments in a small rectangular channel, 2 in. | 
by 2 in. in cross section, in which waves of given | 


| 


by means of their flanges. 


Building Research Board  Investigations.—The 


ess in the | Continued determinations of the distribution of the | mainly by cracking. 
| wind pressure over the roof of the Metropoli-| proportions 25 : 25:50 have so far given the best 
|tan-Vickers Works at Manchester have not yet| results under prolonged loading at 800 deg., and 
| cleared up the cause of the- divergent observations. | the further addition of tungsten and carbon looks 
| An additional Dines head, of variable elevation | promising. 

above the ground, also indicated irregularities, | 


although mounted at sufficient distance from the 
building to be unaffected by its presence. Mr. A. 
Bailey is now trying an improved manometer 
consisting of many parallel tubes. The electric 
wind-pressure recorder of Mr. C. Jakeman, which 
we illustrated last year (ENGINEERING, July 1, 1927, 
page 23) has proved to be of service. The potential 


| differences indicated by the movement of a wire 


brush over a potentiometer wire are now sufficiently 
amplified by valves to operate the ink pen of a 
clockwork recorder. These instruments were de- 
signed for observations on the Forth bridge, on the 
instigation of the Building Research Board, for 
which Mr. J. H. Hyde has constructed further instru- 
ments, of more extended amplitude and frequency 
range, for recording the horizontal vibrations of 
buildings due to heavy road traffic. Experiments 


The increased chromium percentage 
| (40 instead of 20) proved an advantage for high- 
|temperature use; at 800 deg. C. failure occurred 
Of the Ni-Cr-Fe alloys the 


| Spring Research.—The joint research of the 
Engineering and Metallurgy Departments for the 

Springs Research Committee is conducted on three 
lines. The investigation of the mechanical pro- 
| perties of seven standard steels has been completed. 

These are the steels which, with the exception of 
| nickel-chrome steel, are those most frequently used 

for the manufacture of laminated springs. The 
| hardening and quenching processes adopted in the 
| tests were such as to give the steels a completely 
/martensitic structure, but free from quenching 
|cracks. The tempering temperatures were chosen 
|to yield Brinell numbers ranging from 330 and 500, 
‘that is, over the usual range. The materials tested 

were carbon steels 0-6 per cent. C (oil-quenched at 
| 950 deg.), and 0-8 per cent. C (900 deg.) ; silico- 
manganese steels (oil-quenched at 950 deg. or water- 
/ quenched at 870 deg.); chrome-vanadium steel, 


made at a pumping station showed that the records | nickel-chrome, low-chrome (0-6 per cent. C, 0-56 
obtained with these seismometers are by no means | (Cr) and high-chrome (0-55 C, 1-4 Cr) steel, all oil- 


limited to the heavy vibrations due to the main 


|quenched between 850 deg. and 800 deg. Some 


engine, but are complicated by the vibrations of the | quench-cracking was observed in the 0-8 per 


pumps. 
Hardness.—_By request of the Hardness Test 
Research Committee of the Institution of Mechanical 
Engineers, which is now dissolved, Mr. G. A. Hankins 
is preparing a synopsis of all the work done in this 


The tensile strength was, in 


(general, proportional to the Brinell number, the 
|mean rate for all the steels being 0-22. The 
|fatigue limit (rotating cantilever test) increased 
| with increasing Brinell number, and the steels 
|of any group did not vary much in this respect. 


length and speed were produced by air moving | field since the publication by the Committee of the |The Izod values fluctuated a good deal in all the 


over the surface of still water. In order to eliminate 
the influence of the sides of the channel, a larger | 
channel, 12 in. square, 50 ft. long, has been con- | 
structed in which, by means of a Sturtevant suction | 
fan, air currents can be maintained at speeds up to | 
150 ft. per second over a water depth of 6 in. The 
bottom of the channel is levelled, and the waves are | 
photographed through sheets of glass inserted in the 
roof and flooring ; the beautiful complex waves are, 
however, less easily photographed than watched 

by eye. The system of eddies thrown off from | 
solids in streaming water has been photographically | 


examined in a tank with vertical glass walls, 17 in. 
wide, 2 ft. deep and 12 ft. long, the solid being | 
placed in a central glass-sided channel, 2 in. square, 

passing through the end wall of the tank. The | 
general arrangement was that which Osborne Rey- | 


nolds adopted in 1886 for colour-band experiments : 


* The National Physical Laboratory. Report for the | 
year 1927. Published by H.M. Stationery Oftice for the | 
Department of Scientific and Industrial Research. | Price 
7s. 6d. net.] | 


bibliography in 1916. More than 200 papers have 
been published on methods and machines during the 
last ten years, but a systematic review of the state 


has not been attempted before. Mr. 
Hankins has further been investigating the complex 
relations between the mean stresses occurring in 


| a tensile test piece during the drawing-down stages 
| prior to fracture and the stresses deduced from | 


indentation tests, and has made use of the mathe- 
matical method of Hencky, who assumes that 


plastic deformation occurs in a ductile material | 
Hankins’ | 


at a constant shear stress K. Mr. 
formula for the mean normal pressure over the 


cone indentation area, when friction is neglected, 
« a constant. The constant depends 
upon the cone angle, and has the value 2-6 for a| 
This indentation is | 


iS Pm 2K 


vertical cone angle of 135 deg. 
similar to that of a Brinell ball. The assumption 
that strain occurs at constant stress would appear 
not to be greatly in error for steel. 


‘groups. Torsional fatigue tests, made on silico- 
| manganese and on chrome-vanadium steels, tem- 
|pered at low temperature so that the tensile 
| of the problem, and a critical survey of the results| strengths were of the order of 115 tons per square 
obtained, 


inch, did not give higher fatigue limits than the 
same material gave with a tensile strength of about 
9) tons, unless a high degree of surface polish had 
been imparted to the specimen. This indicates 
that, though great hardness and tensile strength 
may increase the resistance of spring steel to 
torsional fatigue, the surface polish required is so 
high that the increased resistance is of little 
practical value. 

The endurance tests of single leaves of 0-6 per 
cent. carbon steel, under repeated bending moment, 
had been made on the leaves as received, hardened 
and tempered, and on the same after grinding 4x in. 
off the surface. The approximate limiting ranges 
of stress obtained on tests extending to 6 x 10° 
repetitions of stress were:—ranges of about 


For mild steel, | 30,000 Ib. per square inch (10,000 to 40,000) in 


K would then be of the order of 14 tons per square | the former case, and ranges of 85,000 lb. per square 
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inch (10,000 to 95,000) in the latter case. Thus the 
removal of the surface defects, principally hardening | 
cracks, raised the limiting range to a marked degree, | 
The machine used ran at 160 repetitions per minute, | 
“0 that several millions occupied a great deal of | 
time. Mr. J. Bradley has therefore designed a new | 
high-speed fatigue-testing machine, which was con- 
structed in the Laboratory. It gives up to 1,500} 
repetitions per minute. Tests which are in hand | 
of single leaves of 0-6 per cent. carbon steels, sub- | 
mitted to various heat treatments, show that the | 
removal of the surface skin may more than double | 
the resistance to fatigue. The test piece, up to} 
18 in. long by 2 in. by } in., is held horizontally 
hetween the ends of two long, horizontal clamps, 
and is bent by the application of two pairs of equal 
forces. The inner ends of the clamps are linked 
to a strong bar mounted at the top of the machine 
(above the test piece), which tilts about a pivot, 
adjustable in height ; this tilt is observed by means 
of a mirror and telescope. The outer ends of the 
clamps are joined by a system of links to a two- | 
throw crankshaft, oscillated by a I-h.p. electric | 
motor. In order to prevent damage to the machine 
and to stop it when the test piece is failing, a cut-out 
is provided. This device consists of a contact bar 
or arm mounted immediately above the test piece 
in such a way that the test piece, when bent to its 
extreme upward deflection, just fails to touch any 
of six screws passing through the arm and set 
separately. When a crack forms, a slight buckling 
will occur at some point ; and one of the screws 
will make contact, when the arm will swing back | 
and stop the motor. The device is very delicate, | 
and has operated properly, though the cracks 
formed were afterwards found to be barely visible. | 
Road Vehicles and Road Tests.—Service tests of | 
springs have been conducted in connection with some | 
comparative vehicle tests, on two similar one-ton | 
vans, one of which was fitted with a special form of 
wheel suspension. The springing of the axles of the | 
‘two vehicles was identical, but in the one each | 
wheel, mounted on a stub axle, could make a verti- 
cal movement relative to the main axle under 
the control of the action of helical springs. The | 
wheel is guided vertically by two steel plungers | 
working in steel cylinders, the cylinders being partly | 
filled with oil, and containing the helical springs. | 
‘The relative movements of the rear wheels and the 
axle required the provision of a carden shaft within 
the axle, between the differentia] gear and each rear 
wheel. Tests made over rough and smooth roads 
at a speed of 5 miles per hour showed that the 
fitting of this wheel suspension slightly reduced the 
vibrations of the vehicle body and the stresses on the 
leaf springs; the vibrations when travelling over 
granite sets were not appreciably reduced. Other 
forms of suspension are being tested. | 
Other work ior the Ministry of Transport includes | 
the mixing and laying of various concretes on experi- | 
mental] 300 ft. sub-sections, of by-pass roads. The 
experiments on skidding, conducted on various | 
surfaces, considered dangerous, have not so far | 
disclosed any abnormally low coefticients of friction. 
A model chassis, ‘which was demonstrated on the 
inspection day, fitted with four independent brakes, | 
showed that the application of all the four brakes 
gives a very quick pull-up without any tendency to 
turn round, whilst application of the rear brakes 
only causes the carto turn round. For the further 
investigation of the skidding problem, Messrs. 
Douglas, of Bristol, have constructed a special 
3-wheel side car to the design of Mr. J. Bradley. 
One of the rear wheels of this car can be set at any 











angle to the longitudinal axis, and the forces aris- | 


ing under the rolling and skidding motion of these 
wheels are recorded on a chart in front of the driver. 
The question of wheel dimensions is being investi 
gated with the aid of a special trailer, which ix 
drawn over a road surface formed with hollows. 
There is a prejudice ayainst the small wheels of 
low-body cars, but it would appear that roads will 
not suffer particularly from this practice, provided 
the tyres be good. 

Cement Mictures.—The variation in strength of | 
concrete mixtures of une part of Portland cement, | 
two parts of washed sand and four parts of stone | 


from Thames ballast, with percentages of water | 
ranging from 47 per cent. (by 
i 


weight of cement) 


| did not run parallel. 
mixtures, has been tested at intervals of 1 day, | 


| in his valuable 
The stiffness of shaft 6A was determined by the | 
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to 80 per cent. showed, after six months, average 
maxima in the stress at limit of proportionality, 
crushing strength and modulus of elasticity for 
about 53 per cent. of water, and after 12 months, 
maxima for about 61 per cent. of water, But the 
figures fluctuated a good deal, and the three values 
Ciment fondu, in 4:2:1 


28 days, and 180 days after gauging at tempera- 


tures ranging from 65 deg. up to 125 deg. F. As | 
the temperature of moulding was raised, the strength | 


of the cement fell off very decidedly, from 7,000 Ib. 
or 8,000 lb, per square inch at 65 degrees, to 4,000 Ib. 


at 125 degrees, and the usual increase in the strength 

of the cement during the first 28 days was very | 
The final strength, however, was well up to | 
the figure of ordinary Portland cement, so that the | 
use of Ciment fondu in hot climates, about which | 


small. 


doubts have been expressed would seem to be un- 
objectionable, except perhaps for abnormally high 


structural stresses. Asbestos cement pipes have been | 


submitted to various tests in diameters, ranging from 
2 in. to 12 in. The tensile strength ranged from 


1,100 Ib. to 3,000 Ib. per square inch, according to | 


size and age, and the modulus of elasticity from 1-2 
to 2-3 ~ 10° Ib. per square inch, while the crushing 
strength was about 8,000 Ib. per square inch. 


(To be continued.) 





AN EMPIRICAL FORMULA FOR CRANK- 
SHAFT STIFFNESS IN TORSION.* 
By B. C. Carter, D.1LC., M.1.Mech.E. 

Tue formula put forward in this article was 
evolved from the results of stiffness tests on crank- 
shafts 1M to 5M and 6A to 9A, inclusive, of those 
depicted in Fig. 1. Subsequently the necessary 
data for checking purposes became available for 
shafts 1IA and 13C to 16C inclusive. In the 
designation of the shafts, the letters M, A, and C 
denote marine, aircraft, and motor car types, 
respectively. 

The stiffnesses of shafts 1M and 3M were deter- 
mined by the Admiralty by twisting scale models. 
Shafts 2M, 4M, and 5M were tested for stiffness 
by the New York Navy Yard, the results having 
been published already by Professor F. M. Lewis 
paper on torsional vibration.t 


aircraft firm concerned, and the stiffnesses of the 
remaining aircraft shafts were determined by the 
Air Ministry. For the car shaft data, the author 
is indebted to a motor car firm of high repute. 

In all cases the shafts were twisted in bearings 
with clearances approximating to those used in 
ordinary working, and all stiffnesses relate to trans- 
mitted torque. 

Description of Formula.—'The table on page 3s 
comprises a diagram showing the notation adopted, 
statement of the formula, and data and results. The 
points A and B may be any points in the journal, 
but in the table they have been taken as the journa! 


| centres, and, consequently, the tabulated stiffness 


values apply also to portions of correspondiny 
shafts between crankpin centres. The formula for 
the equivalent length of journal .shafting comprises 
three terms : 

(a) The first term represents the stiffness of the 
journal shafting increased by an arbitrary amount 
0-8 h, to take approximate account of the local 


vielding of the webs at the points of juncture with | 


journals and crankpins. 
(b) The second term is proportional to the equi- 
valent length of the crankpin with full torque trans- 


| mitted through it. 


(c) The third term is proportional to the twist 
which would result from the bending of the webs 
in their own plane in transmitting a pure torque 
with no bearing restraints (so that one journal 
becomes displaced laterally in relation to the other) 
if simple beam equations were applicable. 
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hay ne regard to the proportions of the shafts, the 
complexity of form in many cases, and the obscure 
restraints offered by the bearings, it is not to be 
expected that a simple rational formula can be 
obtained ; nor, for many practical purposes, is such 
a formula needed. 


The yveneral form of the author's equation was 
obtained by treating the crank as being unrestrained 


by bearings and subjected to a pure torque at points * 


A and B. Subsequently, the numerical coefficients 
of the three terms, namely, unity, } and 3, were 
determined by trial and error. An attempt was 
made at first to determine the best values for these 
coefficients by treating them as unknowns in simul- 
taneous equations, which were solved in groups 
of three, but the values given by the groups differed 
considerably and averaging the respective values was 
not satisfactory ; moreover, to adopt any other value 
than unity for the coefficient of the first term would 
be anomalous. 

It should be observed that, in the ideal case, the 
ratio of the rigidity modulus to Young’s modulus 
is included in the coefficient to the third term, but, 
as this ratio is sensibly the same for all materials 
'of which cranks are made, the formula should not 
| need to have the third coefficient modified according 
| to the material. . 
| The formula resembles one proposed by Geiger,* 
|but it is simpler. Geiger’s formula involves an 
|arbitrary quantity Z, which has a large influence 
|on the results and to which no physical significance 
appears attributable. In the article quoted, Geiger 
proposes certain values for Z under certain condi- 
tions, but these values do not enable the formula 
to be applied to the widely-varying shaft designs 
given here. “ 

Discussion of Results.—It is of interest, in the 
first place, to compare the torsional stiffness of 
each crank as obtained by test with that of the 
corresponding continuous journal. The ratio of 
the first of these quantities to the second is given 
in the 16th column of the table, and is represented 
by the dots in the upper part of Fig. 2. The ratio 
| lies between 0-97 and 1-17 for the marine shafts, 

between 0°45 and 0-71 for the aircraft shafts, 
land between 0-3 and 0-47 for the car shafts, the 
respective average values being approximately 
| unity, one half, and three-eighths. 

| Secondly, it is of interest to compare correspond- 








|ing quantities derived from the formula and from 
|tests. The points denoted by small circles in the 
upper part of Fig. 2 represent, in each case, the 
|ratio of calculated torsional stiffness of the crank 
}to that of the corresponding continuous journal. 
| Considering the variety of the crank designs, it is 
}rather surprising that the corresponding dots and 
circles in Fig. 2 are in such yood agreement. 

Inthe 17th column of the table, the ratio of calcu- 
lated stiffness to test stiffness is tabulated, and the 
j values are shown graphically in the lower part of 
Fig. 2. Taking the test results to be exact, the 
range of error in the calculated stiffness values is 
from 6-4 per cent. low to 8-2 per cent. high for the 
marine shafts, 10-2 per cent. low to 4°8 per cent. 
high for the aircraft shafts, and 3-8 per cent. high 
to 13 per cent. high for the car shafts; thus all 
the results lie between 10-2 per cent. low and 13 
per cent. high. The corresponding error in reson- 
ance speed determinations should be within 5 per 
i} cent. low and 6 per cent. high, as will be understood 
| from reference to the final paragraph of this article. 
By placing a shaft in its category as regards 
| general design and proportions, it should be possible 
|to get closer results. That this may be so is indi- 
'eated from a consideration of shafts 14C and Ld5C, 
|which are similar, the latter having been evolved 
from the former by increasing certain scantlings 
Islightly to obtain increased stiffness. If, after 
ltesting shaft 14C and finding that the formula 
vives a result 7 per cent. high for such a shaft, the 
formula had been applied to shaft 15C, with a 


7 per cent, correction, the result would have been 


Although the several terms have the foregoing | within 2-5 per cent, of the test value. 


* Published by pernussion of the Director of Scientific 
Research, Air Munistry, on the recommendation of the 
Aeronautical Research Committee 

t * Torsional Vibration in the Diesel Engine.’ Sox 
of Nav. Arch, and Mar, Eng. New York, 1925. 


| significance the formula is not rational, and indeed | 
}on stiffness is of interest. 


| 


Weller 


The examination of the effect of crank dimensions 
With this matterin view, 
a non-dimensional treatment has been adopted in 


chnung der Verdrehungssehwingen von 
legtunper Z.¥.0.7., 1921, 8.1241 
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the preparation of the table. 
we have : 

i p 

ge P+Q+ 


(7, ) +08 ( i 


K, where 


Non-dimensionally , and bore as their journals. 
the webs would be merely local enlargements on a 
With 
increasing throw, distortion of the crank in trans- 
mitting torque will increase, and, for some particular | 
throw, this will just neutralise the local enlargement 
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continuous journal, increasing the stiffness. 


If the throw were zero, 





37 


throws, rather small crank-pin diameters, large 
crauk-pin bores, narrow and thin webs, and pin and 
journal lengths which are various. The car shafts 
are closer to the aircraft shafts in type than to the 
marine shafts ; they tend to be less stiff than the 
aircraft shafts (in relation to corresponding con- 
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In the table, the crank scantlings have been 
tabulated in terms of d:, together with quantities P, 


)'} 


Q. and R. Average values of the scantling/journal- 
diameter ratios are given in the bottom row to serve 
as a standard of comparison in considering crank 
proportions. Values of P, Q, and R are given for 


this averave crank, 
Consider cranks having pins of the same diameter 





effect of the webs. From the results given it is 
seen that these effects do practically neutralise 
each other in the case of the marine shafts, so that 
the stiffness between journal centres differs little 
from the stiffness of the corresponding continuous 
journal, it being remarked that the pin and journal 
cross-sections are the same in these shafts. 
Compared with the “ average shaft,” the marine 
shafts are characterised by short throws, journals 
and crank-pins which are long and of small bore, 
and webs which are wide and thick. On the whole, 
the aircraft engine shafts have comparatively long 





‘tinuous journals), largely on account of their 
relatively small crank-pin diameters. 

It is clearly impracticable in a short article to 
make all possible general inferences from the results 
given, and it must be left to the reader to draw such 
deduction, as may be relevant to particular aspects 
of the matter with which he may be concerned. 
Something may be gathered from an examination 
| of singularities. For example, shaft 11 A has an 
‘abnormally long throw in relation to its journal 
diameter, and, on this account alone, it would 
‘have a relatively low stiffness. However, its 
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stiffness factor is greater than that of the other If ) be exact, and an inexact value be taken for ; tl ei f /s a ee 
Wu rows, 1e aiue oO oO é wiht: es 
aircraft shafts and ix, in fact, the same as that of the — . other quantities will have inexact NV y # 
“average shaft,” as will be seen by reference to : ig frequencies increases steadily from about 0°97 
Fig. 2. This is accounted for partly by the values as follows : when q 0-25 to 1-0 when q 2.) The same 
relatively low value of Q, which is traceable to the is approximately true for three, four, six and 
fact that the crank-pin has a stiffer section than we 05 075 10 20 eight throws. Thus an error of 10 per cent. in 
the journal, the bore being the same for pin and 1 1 1 ! 1 the estimation of C will, in itself, result in an 
journal, but the crank-pin diameter being greater rs) cas 23! eos oss! cos. 03! 405 8° error of less than 5 per cent. in determination 
than the journal diameter. It is also accounted Gr a 165 os a 43 =-29 Of fundamental frequencies, 
for partly by the relatively large distance between If a change of crank design be contemplated to 
TABLE. 
SUGGESTED EMPIRICAL FORMULA FOR CRANK SHAFT STIFFNESS» 
IN BEARINGS 
Equivalent Length from A to B 3 (3 — 64 ww (d\s — 
= 1 = (2b + 0-KA) + ( 
in Terms of Journal Shaft (2) + O-08) 4 \dot — = : 2 hu 
l 
= » + ¢ ~ K 
a, . ’ 
GJ 
Corresponding Stiffness from Ato B= 
where G 11-8 106 Ib. per sq. in. for steel. 
and J "(dis ~5;4) 
(546.8) | ham Past mee Fvasteney 
1 2 ; 4 > 6 z s , lv it iz 1s 14 15 16 17 Is 1 
- ' 3 Seles Shee ie et eR acecenanenabgciersstomacnestniie = 
j } | | Ratio: «~ 
| | 2h | Cal. Pl | 
No Ins. | hs rm. | & | : : - = P Q R - | = 2h +4) Stiff. Tt = Remarks 
is d, | qd, | dq, | d; | d; d; d, ad dy | d, d, 1 = Test 2. SUS. 
| | | sei. | Bad 
a. ok ne CES Sa aaa 5 , ae 4 < 106 ; = | 
IM 1-656 0-868 | 0-49 1-0 0-49 | 0-529 | 0-49 1-13 1-51 1-448 | O-854 | 0-727 | 3-03 3-194 | 0-992 | 1-054 1°55 | Seale model of a marine engine shaft. | 
2M | 9-453 , 0-876 | 0-456 | 1-0 0-456 | 0-521 0-458 | 1-167) 1-655 | 1-407) O-875)— (0-602 | 2-88 3-12 1-0 | 1-082 3:00 | Example given by Professor Lewis, Pror. 4 
| Soe. Naval Architects and Marine Engi- | 
neers, VOL. xxxiii, 1925 (New York) 5 | 
3M 1-5 | 0-896 | 0-541 1-0 0-541 , 0- 1-01 1:33 | 1 0-758 | 1-057 | 3-22 | 3-104 | 0-967 | 0-964 1-15. Scale model of a marine engine shaft. d 
4M (11-22 | 0-931 | 0-461 | 1-0 0-461 | O-f 1-126 | 1-648 | 1 0-845 | 0-653 | 2-88 3-05 1-0 1-059 512 Example given by Professor Lewis | 
5M 1/70 | 1-0 0-464 1-0 0-464 | 0- 1-14 1-571 | 1 0-857 ° 3-13 | 2-93 1-17 | 0-936 129-4 Example given by Professor Lewis | 
6A | 2-875 | 0-826 | 0-587 | 0-933 | 0-652 | O- 0-892 | 1-022 | 0 1-044 4:13 | 4:33. 0-477, 1-048 | 5-6 Aircraft engine. q 
7A | 2-324] 1-1 0-645 | 0-848 | 0-538 | O- 1-015 | 1-22 1 1-452 4-844 -4-34 0-592 | O-898 | 2-76 Aircraft engine. 7 
8A | 5-0 1-2 0-65 | 0-85 | 0-5 0-% | 0-66 1-19 | O- O-884 4-48 4-175  0°455 | 0-932 28-5 Aircraft engine. | 
9A | 2-92 | 1-28 | 0-714 | 0-99 | 0-7 0- 1-O1, | 1-145 | O-¢ 0-88 4°954 5:08 $= 0-452 | 1-025) 4-2 Aircraft engine. q 
1OA | 2-625 | 1-38 | 0-524 | 0-905 | 0-477 | O- 0-952 | 1-31 | 1- 1-062 4:3 _ - —  Aireraft engine. : 
ILA | G-118 | 1-54 | 0-692 | 1-04 | 0-692 | 0- 1-016 | 1-231 | 1- 0-627 14-16 | 3-96 | 0-707 | 0-952 30-24 | Aircraft engine. : 
18C | 2-625 | 1-047 | 0-5714) 0-8095) 0-4285) 0-2 0-7047) 1-152 | O- 1-193 2 4:337 | 4-5 | 0-466 | 1-038 | 4-17. Motor car engine 
4c | 2-0 | 1-125 | 0-625 | 0-75 0-375 | O- 0-75 1-1 0- 1-605 | 2- 513k | 5°5 O-377 | 1-07 1-425 Motor car engine. 
15C | 2-125 | 1-058 | 0-588 | 0-7050| 0-3529 0- 06353 1-094 | 1-803 | 2-526 | 5-139 | 5-7 = 0-343 | 1-108 1-718 Motor car engine. 
16C | 2-0 | 1-125 | 0-625 | 0-75 | 0-4375) 0-2 | 0-725 | 1-125 1-847 5:97 | 6-75 | O-2062 1-13 1-163 Motor car engine. 
17€ 1-89 1-353 | 0-423 | 0-937 | 0 | 0- 2-592 1-248 2-432 6°364 | 5-78 0-776 | 0-91 1-307 Motor car engine, specia! case, six cranks, 
| | | four bearings. Calculation applied to a 
| | cranks in pairs. 4 
a — |} 106 (0-58 O99 | O51 | 0-38 | 0-42 0-927 1°29 1096 1-047 L562) 3-705 _ —_ Formula applied to average proportions : 
| of all shafts except 10 A and 17 ( 4 
| (264+ 2h +a) 1/1 = 0-68. a 
journal centres, which gives a relatively flexible | ns a 
standard of comparison. 1-2 
The large influence on stiffness of the web width w, | o , 
is noteworthy. As the term R varies inversely as : 
the cube of w, where RK represents an important iF | 4 
part of the “equivalent length,” crank stiffness | . wae : 
may be increased economically within limite, by | Le ° = 3 
increasing w, which is an argument for disc webs | oFalue of 2024h+a 4 
where high stiffness is required. Value of f 
Application to Torsional Resonance Investigations. | “ t E 
Dotted Line shows y 


-In the case of an ungeared engine with a number | 
of equal cranks connected to a heavy flywheel or | 
airscrew, the natural torsional frequencies of the | 


equivalent flywheel system are given by : 


el Cc 
ins v/s. 2 Js 
where C is the stiffness between adjacent crankpin 


centres, and I is the equivalent flywheel inertia 


moment per crank. The quantity 4/y is a non- 
dimensional coefficient depending upon the number 


Value of : 
for Av Propor - j 
tions ofall Shaves. q 
jl except 10A'S17C 






Fi 


of throws and a quantity q, which is the ratio of the ‘i vil 
: ~ : . Calculated stiffness 
stiffness between heavy flywheel and first crankpin Test Saffness 
centre, to the stiffness C. o - . 
‘ l . 
If j+ 3 denote the equivalent length of shafting ; tml 
from — flywheel or airscrew to first — — bg /¥ / by ee oO Il | modify the torsional resonance speeds, the corre 
centre, being the equivalent ee yet ween ij Vay © c * sponding effects upon the value of I need to be 
adjacent crankpin centres, then g = ,and J re Jy oe | ee 
J P q 54 : f 1-05 ‘ where r/ yy and A/ ¥ corre. Capt. J. Morris (Journ, Roy. Aer. Soe, vol. xxvii, Apri! 
2 J and October, 1923). This may be expressed the fe i 
corresponding values of g and j are : spond to q' and q respectively, and to the » s sk yarn 1 "f-\ 
— — 7 number of crank throws concerned. pee (1 Cm 5 ot na ] wheres 2sin-t(a/ y )- 
| 0-25 } 0-5 0-75 1-0 2-0 The relations between y and g are such rat. for Fuller particulars of these relationships are given by the 
| Phe relat bet yand q h* tl for Full ticul f th l hig by 
‘ author in his paper: “* Dynamic Forces in Aircraft En- 
j 3B } 1-3 0-83 0-51 0 * A very neat trigonometrical relationship between | yines.”” Journal Royal Aeronautical Society. vol. xxxi, 


y. g and », the number of throws, has been given by April, 1927, et neq. . 


oe 
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Fie. 1. 


Disc Harrow; Messrs. JAMES AND FREDERICK Howarp, LIMITED. 

















Fic. 2. DovusiEe-Furrow PLovau; Messrs. JAMES AND FREDERICK Howarp, LIMITED. 























Fie. 3. Batancr PLroveH; Mrssrs. JAMES AND FREDERICK Howarp, LIMITED, 





considered, because the frequencies are a function 
Cc 
of a/ . 

The author hopes that readers who have accurate 
torsion test results for other crankshafts will put 
them forward for comparison with those given 
here, and for further checking of the formula 
proposed or any other. 








THE ROYAL AGRICULTURAL SHOW 
AT NOTTINGHAM. 

ALTHOUGH it is impossible to report any marked 
improvement in agricultural prosperity since the 
Royal Show at Newport twelve months ago, the 
industry has at least been free from such serious 
embarrassments as the outbreak of foot-and-mouth 
disease in 1924 and 1925, or the labour crisis in 
1926. It is hardly to be expected that this freedom 
from serious disturbance should lead to any startling 
improvement, as at the best the industry is handi- 
capped by international economic factors over which 
it has no control, and the greatest hope of future 
prosperity appears to lie in the rating relief which 
will be afforded if the present proposals of the 
Government become operative. Although far from 
conclusive, a useful indication of the fluctuations in 
prosperity in the industry are given by the entries at 
successive shows, and it is satisfactory to note that 
the entries at Nottingham, in every class, are greater 
than those at Newport last year. The greatest 
increase occurs in the machinery section, but all 
the live-stock entries, together with those of seeds 
and fertilisers, show a substantial improvement. 
The machinery entries have increased from 3,855 to 
5,466, but caution is necessary in drawing deductions 
from these figures, as the majority of the firms 
concerned not only cater for the foreign market, but 
also manufacture plant which is in no sense agricul- 
tural. It is thus possible for these firms to enjoy a 
prosperous year quite independently of the home 
agricultural market. It is interesting to recall that 
on the last occasion when Nottingham was chosen 
for the venue, in 1915, the entries throughout were 
much below the average, but, as the meeting fell 
within the war period, and was, in fact, the last 
held before the Armistice, the actual figures have 
little statistical value. 

Turning now to the exhibits with which we are 
more immediately concerned, the key-note in the 
machinery sections is improvement in detail, with 
very few striking departures from accepted practice. 
Electrically-operated implements, on which we 
commented at some length in our review of the 
Newport show, have made little progress, but this 
is only natural, as this particular development must, 
to a great extent, hang fire until sources of supply 
are more freely available on the farm. We also 
commented last year upon the fact that one or two 
of the leading firms, who had previously made a 
practice of exhibiting, were not represented, and it 
is satisfactory to note that this year there are 
decidedly fewer absentees. 

We may commence our description of the actual 
exhibits by dealing with those of Messrs. James and 
Frederick Howard, Limited, of Bedford. This 
firm has been engaged in the manufacture of 
agricultural implements for over 100 years, and 
on a recent occasion, when entertaining a 
party of British Empire farmers to luncheon at 
the works, a plough was exhibited that had been 
in regular use for eighty years and was still in 
sound condition. Three of the firm’s exhibits at the 
Show are illustrated in Figs. 1 to 3 on this page. 
The first of these, shown in Fig. 1, is a new disc 
harrow, which has been introduced to meet the 
demand for a light but strong implement, with 
the necessary flexibility and adjustments to ensure 
an even depth of cultivation on rough uneven 
ground. The frame is of simple construction, and 
is triangulated in the horizontal plane for strength, 
the central and cross-members being of steel angles 
and the sides of steel bars. Pivoting draught bars 
connect the corners of the frame to the gangs and 
gang frames, and these bars allow the angles of the 
gangs to be adjusted as required, and permit the 
bumpers to be in contact for all conditions of work. 
The discs are of high-quality steel, and are ground 
on the cutting edges. The standard discs are 
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ROYAL AGRICULTURAL SHOW, NOTTINGHAM. 

















Fig. 4. 


18 in. in diameter, but 20-in. discs can be fitted if 
required. The bearings carrying the disc gangs 
are lined with hardwood bushes soaked in oil, and 
are fitted with grease lubricators carried by pipes 
projecting above the gang frames, as shown in the 
illustration. The scrapers are of spring steel, and 
are fitted to a carrying bar of square section, upon 
which they may be adjusted independently to 
ensure even scraping of all discs. The scrapers on 
each gang can be thrown out of operation by the 
movement of a hand lever. Oscillating scrapers 
can be fitted if required. These are operated by two 
independent foot levers, one for each gang, and, by 
means of special catches, their positions may be 
adjusted for any particular conditions, thus reducing 
choking to a minimum. A hand wheel and screw 
mechanism, acting through a rocking cross-bar on 
the tops of the central draught rods, affords a 
means for regulating the pressure of the disc gangs 
at the centre of the implement. The rocking cross- 
bar allows the two gangs to adapt themselves 
independently to ground irregularities. The stan- 
dard machine may be modified by substituting a 
central hand lever for the hand wheel and screw 
mechanism, and a rocking fore-carriage, with adjust- 
able brake, can be supplied as an extra. Transport 
wheels, shown in the foreground in Fig. 1, can also 
be supplied if required. 

A new plough, shown by the same firm, particu- 
larly designed for use in the Colonies, is illustrated 
in Fig. 2. This is one of two new double-furrow 
ploughs exhibited, either being convertible to 
single-furrow if required. The model illustrated 
is the lighter of the two, and is intended for use on 
light soils. It can be set to work from 3 in. to 
6 in. deep, and from 7} in. to 10 in. wide, by altering 
the bodies from one side of the beam to the other. 
The position of the shares can be adjusted by means 
of the setscrew, visible in the figure, on the top of 
the frame. The evenness of the furrows can thus 
be regulated to get the maximum ploughing effi- 
ciency. 

The new balance plough, illustrated in Fig. 3, 
is also more particularly designed for colonial use, 
and embodies several novel features. It is arranged 
so that the handles swing over when reversing 
the plough, and a spring catch is fitted to hold them 
in one of two alternative positions, according to the 
most convenient weight for the operator. The 
plough is provided with combined skim and knife 
coulters, which are adjustable for angle, and a guide 
dise furrow wheel is also fitted, as shown in the 
illustration. The draught is taken direct from the 


rear of the beam, ensuring steadiness in work. 





The plough is made with high-carbon steel beams, 
and the digging bodies are provided with steel 
breasts, making the plough light and easy to handle 
at the headlands. The makers claim that the 
implement will face the stiffest ground, and that 
the cutter knives fitted thoroughly pulverise the 
soil and leave it open to atmospheric influences, 
thus saving very considerable time in subsequent 
harrowing. 

One of the farmer’s most serious problems is 
that of cheap and rapid transport, and he has not 
been slow to avail himself of the facilities afforded 
by road vehicles. The loads that have to be handled 
are frequently very considerable, and, in such cases, 
the steam vehicle affords an attractive alternative 
to those fitted with petrol engines. It is therefore 
not surprising that steam lorries form a regular 
feature of the exhibits at the Royal Show, although 
their chief adherents are probably the large general- 
transport firms or contractors. One of the most 
advanced designs at the present show is the rigid- 
frame six-wheeler exhibited by Messrs. Richard 
Garrett and Sons, Limited, Leiston Works, Leiston, 
of which we reproduce a photograph in Fig. 4. 
This wagon is suitable for a load of 10 tons, and, 
as will be clear from the illustration, is arranged 
with a forward position for the driver. The boiler 
is of the same type as that used on the maker’s 
other well-known vehicles, and is fitted with an 
inspection door for cleaning and expanding the 
tubes. The engine is also of the maker’s standard 
type, with which we have dealt on previous 
occasions. It will be recalled that the valves are 
of the poppet type, and that the crankshaft is 
carried on roller bearings, the same type of bearing 
being also employed for the countershaft and all 
road wheels. The gear box, which forms one 
unit with the engine, is of the chain type, and the 
drive from the differential shaft to the forward 
of the two back axles is by double chain ; a further 
pair of chains transmit the drive to the second rear 
axle. There are two sets of independent brakes 
operating on the rear wheels, one set being operated 
by hand or foot lever, and the other by steam, 
controlled from the driver’s cab. The standard 
wagon is fitted with a wind screen and electric- 
lighting equipment, the body being of the flat- 
platform type with hinged sides and tailboard. 

The display of rollers at the show is very com- 
prehensive, practically all the leading makers being 
represented. Among the new exhibits in this class 
is a crude-oil road roller manufactured by Messrs. 
Ruston and Hornsby, Limited, Lincoln. This firm 
took up the manufacture of petrol rollers in 1914, 
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paraffin rollers in 1920, and crude-oil rollers in 
1925, but this is the first occasion on which one of 
the latter type has been exhibited. An examination 
of the machine indicates that the design and work- 
manship are fully equal to the high standard of 
Messrs. Ruston’s older products. The roller is illus- 
trated in Figs. 5 to 7, on the opposite page, from 
which it will be seen that it is of the three-wheel 
type, although it can also be supplied as a tandem 
machine. It is made in five sizes, the maximum 
weights, in working order, being 74, 9, 11, 13 and 
15 tons, respectively ; the roller illustrated is the 
1l-ton model. The leading dimensions are shown 
in Figs. 5 and 6, and it may be added that 
travelling speeds of 3, 1 or 2} m.p.h. are obtainable 
either forward or reverse. The engine, which is 
mounted longitudinally in the frame, is of the 
enclosed, medium-compression type, running on 
the four-stroke cycle. It develops 20 b.h.p. on 
fuel oil, or 22 b.h.p. on refined oil, and is suitable 
for any of the recognised fuels not exceeding 
0-9 specific gravity. The engine is started up on 
petrol, compressed air, contained in the cylinder 
visible above the engine in all three figures, being 
employed to turn the engine over. The engine is 
lubricated on the forced-feed system throughout, 
and this, in conjunction with the adoption of the 
four-stroke cycle, results in a low consumption of 
lubricating oil. Cooling is effected on the three- 
smaller sizes, including that illustrated, on the 
hopper system, the two larger sizes being fitted with 
radiator and fan. 

A roller chain, shown in Fig. 5, transmits the 
drive to a spur-gear train terminating in a pinion 
engaging with a gear wheel connected to the rolls as 
shown in Fig. 6, the gears, with the exception of the 
final drive, being machine-cut and enclosed. When 
the engine is required for driving auxiliary plant 
by belt, the gears are disconnected by simply 
putting the control lever in neutral. The change- 
speed and reverse gears are in constant mesh. 
The general arrangement of the steering can be 
followed from Fig. 5, from which it will be seen 
that the steering wheel is mounted on the end of 
a shaft terminating in a worm-gear box. From the 
worm wheel, the drive is taken to a spur-gear 
train terminating in a pinion engaging with teeth 
on the trunnion. The rolls are of disc pattern, 
built entirely of steel, with renewable plate rims 
bolted on in sections. The back rolls are of 
uniform diameter, the axle ends being inclined to 
allow for the road camber. Both the front and 
back rolls are designed for water ballast, which 
can be introduced in any desired proportions to 
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suit the rolling conditions. Scrapers are fitted on 
all the rolls, and the machine is provided with 
two independent Ferodo-lined brakes. The foot 
brake is fitted with a catch, enabling it to be held 
on as long as required. The drum for this brake 
is carried on the change-speed gear shaft, and is 
water-cooled. The second brake is hand operated 
through a nut and screw mechanism, the drum being 
mounted on the last motion shaft. The main frame 
is of steel, and forms a strong box girder, on which 
all the housings for the shaft bearings are formed. 
The engine is bolted directly to the top of the 
frame, so that all transmission shafts remain per- 
manently in alignment with each other and with 
the crankshaft. In conclusion, it’ may be men- 
tioned that two clutches are provided, for forward 
and reverse motion, respectively. Both are operated 
by one lever, and permit the roller to be reversed 
without disengaging the gears. 

The firm of Messrs. Blackstone and Company, 
Limited, of Stamford, are showing examples of 
their spring-injection oil engine, ranging in size 
from 6 to 150 brake horse-power, a light-fuel 
portable engine of 23 brake horse-power, a variety 
of petrol engines, and a new range of hopper-cooled 
engines running on medium fuels. We have 
described the great majority of these exhibits 
in the past, the large spring-injection engines having 
been referred to on several occasions. The hopper- 
cooled engines are also of the spring-injection type, 
and represent an interesting development. They 
are being shown in 5, 64, 8 and 10 brake horse- 
power models, the 10 brake horse-power engine 
being illustrated in Fig. 8, on this page. As will be 
clear from the photograph reproduced, the engine is 
a self-contained and compact unit mounted for use 
as a stationary or semi-portable plant. It starts 
|from cold, and runs on the lighter fuel oils or 
| paraffin. The main characteristic of the engine is 
a low fuel consumption, due to the system of 
| fuel injection, which was fully described on page 60 
| of vol. cxviii, of ENGINEERING. Starting is effected 
‘on the torch system. The engine is strongly 
| built to withstand rough usage, and the hopper is 
|of ample capacity for ordinary work. In the 
|event of the engine being required for continuous 
| running at full Joad, a model can be supplied with 
| radiator and fan. The unit illustrated develops its 
|rated power at 450 r.p.m., and the total weight is 
| 14 ewt. 2 qrs. 
| Itis regrettable to note that the market for certain 
| classes of contractors’ machines is still retained by 
| foreign firms, but as regards concrete mixers, at 
any rate, there is little excuse for not employing 
those of British make. We have described several 
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excellent machines of this type in our columns 
recently, and may refer more particularly to those 
exhibited at the last Royal Show, manufactured 
by Messrs. Marshall, Sons and Company, Limited, 
and described on page 73 of vol. cxxiv of ENGI- 
NEERING, and those manufactured by Messrs. 
John Fowler and Company (Leeds), Limited, 
described on page 28 of the same volume. Both 
makers are again exhibiting similar machines, and 
in addition, there is a new concrete mixer shown 
by Messrs. Aveling and Porter, Limited, Rochester. 
The outstanding feature of this machine, which is 
illustrated in Fig. 9, on this page, is that gauging is 
dispensed with, the capacity being based on the 
use of one whole bag of ordinary cement. The bags 
average 11 to the ton, but if rapid-hardening cement 
is used, at 20 bags to the ton, two bags are required 
per batch. Both sand and aggregate are placed 
directly in the hopper without previous gauging, 
the hopper itself acting as a gauge box, in which 
the relative proportions of sand and aggregate are 
adjusted by means of a movable partition. The 
water supply is arranged so that the operator has 
only to move a lever to draw off the correct amount 
of water. The hopper is elevated by a gear-driven 
winch, the control being by a Ferodo-lined brake of 
large diameter. An automatic knock-off is pro- 
vided, which comes into operation when the hopper 
reaches its top position. The hopper is then at an 
angle of 50 deg., ensuring a clean discharge of 
the materials into the mixing drum. The latter 
hardly calls for special comment, as it follows the 
usual accepted practice. The height of discharge, on 
the standard machine, is sufficient to allow of a 
barrow being placed under the drum, but provision 
is made, by means of a long cable and hopper- 
track extension, for the machine to discharge into 
light-railway skips. When this arrangement is 
adopted, the mixer must be raised either on a tem- 
porary structure or a special under carriage, both 
the under carriage and track extension being 
obtainable from the makers. The machine is 
mounted on pivoting wheels, which allow of move- 
ment in all directions, all wheels being fitted with 
barring slots for moving the mixer over a short 
distance. A draw bar is provided for use when 
it is desired to transport the mixer any considerable 
distance. In addition to this machine, Messrs. 
Aveling and Porter are exhibiting one of their 10-ton 
compound steam rollers, an 8} ton quick-reverse 
tandem-type steam roller, a crude-oil roller, and 
other examples of their well-known products. 
The two steam rollers were described on page 666 
of vol. exx of ENGINEERING, subsequent modifica- 
tions being referred to on page 691 of vol. exxiv. 
A description of the crude-oil roller will be found 
on page 69 of the same volume. 


(To be continued.) 


THE LAUNCH OF H.M. CRUISER 
‘* SHROPSHIRE.’’ 


OnE of the London class cruisers provided for in the 
1925-26 Naval Programme was launched from the 
Dalmuir Nava! Construction Works of Messrs. William 
Beardmore and Company, Limited, on Thursday, July 5. 
This vessel, the Shropshire, is the first warship to bear 
that name and is, in fact, the first to bear the name of 
any inland county. The contract for the construction 
of the Shropshire was placed in the Spring of 1926, but 
owing to the coal strike and other labour disputes of 
that year, the keel was not actually laid until the end 
of February, 1927. The construction, to the present 
stage, has therefore occupied about 16 months, and it 
is hoped that the vessel will be ready for her trials 
about a year hence. 

The other vessels of the class are named London, 
Devonshire, and Sussex, and of these, the London and 
Devonshire have been built at Portsmouth and Devon- 
port, respectively, while the Sussex was constructed 
on the Tyne by Messrs. Hawthorn, Leslie and Company, 
Limited. All have been built up to the limit of 
displacement and armament set by the Washington 
Treaty, and Lord Invernairn, speaking at a reception 
following the launch, congratulated the Chief Construc- 
tor and his colleagues on the results obtained with 
regard to speed and armament on the limited displace- 
ment allowed. Rear-Admiral J. W. C. Henley, 
Director of Naval Equipment of the Admiralty, 


speaking on the same occasion, pointed out that the 
designers were also limited by the fact that, owing to 
the necessity for protecting our long ocean trade 
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routes in war time, sufficient fuel had to be carried to 
give the vessels an extended radius of action. 

The main dimensions of the Shropshire are :—Length, 
595 ft.; breadth, 66 ft.; and draught, 17 ft., while 
the standard displacement is 10,000 tons. She will 
be propelled by geared turbines constructed by the 
builders. The turbines, which are designed to develop 
80,000 shaft horse-power, drive quadruple screws, and 
the estimated speed is 32} knots. Steam will be 
supplied by oil-fired water-tube boilers, also being 
constructed by Messrs. Beardmore. The main arma- 
ment consists of eight 8-in. guns, mounted in four 
turrets which are designed to permit a high angle of 
fire, and, in addition, four 4-in. anti-aircraft guns are 
carried, as well as a number of smaller guns and machine 
guns. A set of quadruple torpedo tubes is also pro- 
vided on each side of the ship. The form of the hull 
can be seen in the illustration opposite, which has 
been reproduced from a photograph taken as the 
vessel was travelling down the ways during the launch. 
The christening ceremony was performed by the 
Countess of Powis, whose husband, the Earl of Powis, 
is Lord Lieutenant for the County of Shropshire. 








THE RAMSDEN REFLEX 
MICROGRAPH. 


TuE increasing use of the microscope in connection 
with industrial processes has given rise to a demand 
for an instrument of a more robust character than 
those usually employed by skilled scientific workers, 
a design suitable for hard every-day use in the hands 
of comparatively unskilled persons being necessary 
for the class of miscroscopic work to which we are 
referring. To meet this demand, the instrument 
illustrated in Figs. 1 to 5 on page 46 has been 
designed by Lieutenant-Colonel J. V. Ramsden, 
C.M.G.. D.S.0., Whiston Priory, Ford, Shrewsbury, 
with the aid of some professional microscopists, and 
arrangements for the manufacture of this instrument 
have been made with Messrs. The Wheeler Manufactur- 
ing Company, Limited, of Wellington, Salop. Although 
all classes of work that can be carried out with an ordin- 
ary microscope and the usual accessories can be done 
at least as well with the Ramsden micrograph, 
the latter is designed more on the lines of a precision 
tool than a scientific instrument. Practically all the 
screws used, for instance, have standard Whitworth 
or B.A. threads, and hollow-hexagon screws, which 
have no projections and are not easily interfered 
with, are employed for those adjustments which 
can be made permanently. The constructional 
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materials used have been selected with a view to 
obtaining smooth movements combined with strength 
and durability, the stages and important screws 
being of gun-metal or steel, the body and smaller 
parts of aluminium alloy, and the guides of Duralumin 
or Delta metal. Large knurled-ebonite handwheels 
are fitted on the coarse and fine focussing adjustments, 
and another interesting feature is the provision of 
means for recording a title and any necessary data 
on the same plate as that on which the micrograph 
is secured. In general, the instrument appears to 
be well adapted for use in works metallurgical labora- 
tories, for which, in fact, it has been particularly 
designed, although it can be equally well employed 
for bacteriological and other high-class work in which 
a considerable number of micrographs are regularly 
required to be produced with the minimum expenditure 
of time and trouble on the part of the operator. 

| The construction of the instrument is shown by 
|the sections given in Figs. 1 and 2, and from these, 
with the aid of the photographs reproduced in 
| Figs. 3 to 5, it will be seen that it comprises a 
|rectangular body of cast aluminium alloy, to which 
|are clamped two vertical and two horizontal rods, 
}each carrying a metal box containing an electric 
lamp of the Pointolite or projector type. In each 
|case, the method of attachment of the rods to the 
| body, and that of the parts they carry to the rods 
| themselves, is based on the Kelvin system of geometric 
bearings, which ensures accurate alignment, while 
| permitting easy adjustment. On the right-hand side 
of the body is mounted a vertical cylindrical column 
secured to the body in geometric slides, and this 
column, which can be raised and lowered for focussing, 
carries the substage and stage. 

The operation of focussing is carried out, as mentioned 
above, by raising or lowering the vertical column on the 
right of the body. The column, it should be explained, 
is hollow, and in it is a large steel screw having a 
pitch of 1 mm. and carrying at its upper end a divided 
head. At its lower end, the screw bears on a hardened- 
steel pad, on to which it is pressed by a light spring, 
as well as by its own weight and. by that of the stage 
and substage, in order to take up backlash. When 
the screw is rotated by means of the’head, the column 
is raised or lowered, together, of course, with the 
stage and substage, the movement constituting the 
coarse-focussing adjustment. . The fact that the screw 
is of 1 -mm. -pitch also’ enables ‘the movement to be 
| used for certain measurements. For fine focussing. 
a hardened and ground steel eccentric disc is. provided, 
|the centre of rotation of the disc being displaced 
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LAUNCH OF H.M. CRUISER ‘ SHROPSHIRE.” 


(For Description, see opposite Page.) 
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9-5 mm. from its geometric centre. The long arm 
of a 5 to 1 lever bears on the periphery of this disc, 
and the short arm carries the hardened-steel pad on 
which the screw of the coarse-focussing gear bears, as 
already explained. When the eccentric disc is rotated 
by a knurled ebonite knob, seen on the right of the 
body in Figs. 1, 4 and 5, the screw is raised or lowered 
slightly by means of the mechanism described, which, 
although of a substantial character, gives a very 
delicate adjustment for fine focussing. A protecting 
plate attached to the knurled knob and fitting over 
the eccentric disc, is divided on its periphery into 
“00 parts, so that, by turning it through one division, 
the Stage and substage are moved through 0:0005 mm. 
It is quite possible, however, to estimate a movement 
of only 0-0001 mm. 








% 


SCT 
is aig Tite, Ge Ves 





In the top of the body is a vertical tube, which 
fits into a long bush and can be raised and lowered 
when required, but is normally held in a fixed position 
by a pointed screw plunger indicated in Fig. 1. The 
upper end of this tube is slotted and the objectives, 
permanently mounted in centring rings, are slipped 
on to the end of the tube, spring plungers in the cen- 
tring rings fitting into the slots. The tube is lowered 
for this purpose by unscrewing the plunger and is 
afterwards raised again to the working position, the 
conical point of the plunger ensuring accurate location. 
Provision is made, in the latest designs, for separate 
adjustment of the eyepiece, to allow for the corrections 
required by different thicknesses of cover glasses. In 
the bottom of the body, below the end of the tube, is 
an optically-worked metal mirror which reflects the 


light passing down through the tube up on to a focuss- 
ing screen, fitted into recesses formed in the upper front 
portion of the body, which is inclined after the manner 
of a reading desk, as will be clear on reference to Fig. 2. 

The examination of transparent objects is carried 
out by light supplied from the upper lamp box, shown 
on the left of Fig. 1, and it should perhaps be explained 
that the type of lamp box used has been adopted to 
enable the lamps to be mounted with their caps down- 
wards, this being the best position for durability and 
efficiency. The box is clamped to the vertical guides, 
and to the front of it is attached, by means of a bracket, 
a fitting carrying a mirror mounted at an angle of 
45 degrees, to reflect the light from the lamp vertically 
downwards, and a centring holder for a concentrating 
lens. By adjusting the position of the box on the guides, 
and also the position of the lamp in the box, the light 
can be focussed exactly on the centre of the stage. 
The latter is clamped to the vertical column and is 
guided, at its outer end, by the rear rod carrying the 
Jamp. A spring-toggle arrangement presses a flat pad, 
on the stage, up against the rod and holds it in position, 
while permitting free longitudinal movement of the 
stage, forfocussing. The substage is similarly mounted 
and guided, but by turning back the toggle lever, either 
can be swung round in the horizontal plane out of the 
way, a feature which has been found of great con- 
venience in practical work. In certain models of the 
instrument, the stage is fitted with a rotating plate, 
which can be turned by a milled head at the side, and 
the rotating plate is divided in degrees on its periphery, 
the scale being read by means of a vernier. A 
mechanical stage of the ordinary commercial pattern 
can be fitted on to the rotating plate, or a swing- 
stage plate can be fitted if desired. The latter permits 
of both backward and forward, or right and left, move- 
ment of the object, the whole surface of which can 
thus be successively examined. 

The sub-stage, as shown in Figs. 1 and 2, is pro- 
vided with a centring device fitted with a screwed 
bush bored to an internal diameter of 1-527 in., 
which is the Royal Microscopical Society’s standard 
size for the condensers used for concentrating 
light on to the object on the stage; the arrangements 
permit the condenser to be accurately centred and 
focussed, as is essential in critical work. A separate 
swinging holder is also provided on the sub- 
stage for carrying the polariser used in petrological 
work or a colour screen for photographic work. The 
analyser for use with the former is carried in a holder 
mounted on a sleeve fitting on a vertical rod inside the 
body of the instrument, as will be clear from Figs. 1 
and 2. The same rod also carries a holder in which a 
Becke lens can be inserted for the observation of inter- 
ference fringes. Either device can be brought into 
use independently of the other by turning knobs 
provided on the top of the body to the left of the objec- 
tive tube, as indicated in Fig. 1. Provision is also made 
in the holder for the analyser for the insertion of 
quartz wedges, used in investigating doubly-refracting 
substances. 

Attention may here be called to the care that has 
been exercised in the design to prevent accidental 
damage tothe apparatus. It will be noticed, for instance, 
that the sleeve carrying the analyser holder is fitted 
with a collar, a projection from which extends below 
a stop ring fitted on to the objective tube. This device 
prevents the latter from being lowered until the analyser 
holder has been swung round clear of the tube. Another 
instance of this is best shown in Fig. 2. From this 
figure, it will be seen that a hinged guard is provided 
at the back of the body immediately in front of the 
opening giving access to the interior. The hand there- 
fore cannot be inserted into the body, to fit an eyepiece 
into the lower end of the objective tube, without 
knocking the guard down over the mirror. The latter 
is thus protected from the damage that might otherwise 
be caused if the eyepiece were accidentally dropped. 
Eyepieces, when needed, are held in position by a 
“garter”? clamp, which consists of a helical spring 
coiled into a circle and fitted on to the objective tube 
close to the lower end. A groove in the latter keeps 
the spring in position, and a slot cut through the bottom 
of the groove enables it to exert a pressure on the 
eyepiece. 

The image formed by the objective is reflected up 
by the mirror on to the ground-glass screen, as already 
mentioned, and a hood is provided over this screen for 
the insertion of a focussing magnifier, which can be 
used for obtaining the finest definition. The image 
can, of course, be examined visually on the screen, 
but if, as is usually the case, a photographic record is 
required, the screen is removed and replaced by a 
photographic plate enclosed in a metal dark slide. 
Provision is also made for the insertion below the 
focussing screen or plate of a ruled-glass measuring 
screen, which enables the actual dimensions of the 
object to be seen at a glance, or to be determined 
from the photograph on which the lines are recorded. 





As previously mentioned, the title and any necessary 





44 


data relating to the specimen, can be permanently 
recorded on the plate, and the arrangements for this 
purpose are shown in Fig. 2. It will be seen that the 
front portion of the body is formed into a separate 
compartment, in which is fitted a flat tube, having a 
simple lens at its lower end. The upper end of the 
tube terminates immediately in front of the focussing 
screen or photographic plate, and the lower end carries 
a metal screen to prevent the light from a low-powered 
electric lamp, mounted in the compartment, from 
falling directly on to the lens. The lamp illuminates 
a card or slip of paper attached to a metal slide, which 
can be inserted through an opening in the side of the 
compartment, as is most clearly shown in Fig. 3. It 
will be understood that, with this arrangement, an 
image of the lettering on the card will be formed on the 
screen and duly recorded on the photographic plate. 

The arrangements for the illumination of opaque 
objects, such as metallurgical specimens, are based 
on the work of Mr. Conrad Beck, C.B.E. The illumina- 
tor consists either of a piece of thin transparent glass 
or of a narrow strip of mirror, mounted in a holder and 
located inside the objective tube at an angle of about 
45 deg. to the axis, so that light directed horizontally 
through an opening in the side of the tube is partly 
reflected up through the objective on to the specimen. 
On its return journey, part of the light passes through 
the transparent illuminating mirror and forms an 
image on the screen or photographic plate, in the same 
manner as an image would be formed by light trans- 
mitted through a transparent specimen. In the 
arrangement adopted in the Ramsden micrograph, a 
trunnion arm is fitted on to the objective tube as shown 
in Fig. 1, the arm being held in position by a clamping 
screw. The right-hand end of this arm is hollow, and 
in it are fitted two lenses and an iris diaphragm, used 
for controlling the light admitted through the trunnion 
arm on to the mirror. Fitting on the trunnion arm is 
a saddle, which can be tilted about the trunnion or 
moved laterally along it in either direction; it can 
then be fixed in the desired position by means of a 
screw at the back, shown in Fig. 2. In front of the 
saddle is a bush in which the holder of the illuminating 
mirror fits, and as the mirror holder can be moved 
longitudinally in the bush and also tilted to any angle, 
it is possible, by the combined movements of the saddle 
and the holder, to fix the mirror in any desired position 
in the tube. The accurate adjustment of this mirror 
is, of course, of extreme importance if the best possible 
results are to be obtained in micro-photographic work. 
The light which enters the trunnion arm through the 
iris diaphragm, above referred to, is supplied by a lamp 
contained in a box similar to that previously described, 
in connection with the illuminating arrangements for 
transparent specimens. The lamp box, as shown in 
Figs. 1 and 5, is clamped on to the horizontal guide rods, 
and in front of the lamp box is a centring lens holder 
also fitted with an iris diaphragm. Both the lens and 
diaphragm can be accurately centred by the screws 
provided for the purpose, and the position of the lamp 
itself can be adjusted both vertically and laterally 
outside the box. 

To overcome the effects of vibration, and thus render 
photographic work possible in the neighbourhood of 
machinery in motion, the special form of tripod stand 
illustrated in Fig. 5 has been devised by Colonel Rams- 
den. The principle employed is that of interrupting 
the structure in places and introducing alternate layers 
of very light and very dense material, so that vibra- 
tions will be reflected from these points and not trans- 
mitted to the instrument. To this end, each foot of the 
tripod is placed in a cup filled with alternate layers of 
cork-wood and paper, cork buffers being also inserted 
between the top of the stand and the table itself. The 
results, we are informed, have been quite satisfactory. 

In conclusion, it may be mentioned that the instru- 
ment is made in various slightly modified forms for use 
when the class of work for which it is required is 
limited. For instance, it can be supplied for the 
examination of cither transparent or opaque objects 
only, and in a simplified form for tho rapid routine 
inspection of either class of objects, Fig. 3 is actually 
an illustration of the routine-inspection type of instru- 
ment for use with transparent objects. 


Batrery Locomotive ror THE New York Cenrrat 
RAILRoAD.-——A locomotive of unusual design, which has 
recently been built for the New York Central Railroad 
by the American Locomotive Company, is described in 
the American journals, It is equipped with a 218-cell 
storage battery weighing 17 tons, which is normally used 
to supply the whole of the energy required for operation. 
This battery is charged from an oil-electric set on the 
locomotive at such times as it is unloaded or being only 
lightly discharged. On overload, energy is obtainable 
both from the battery and the oil-electric set, while pro- 
vision is also made so that a supply of current can be 
taken from either an overhead trolley or a third rail. A 
change-over from one system to another is effected auto- 
matically, the necessary indication being given to the 
driver by means of light signals, 
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THE MORTON BEARING-BUSH SNUG. 


In bearing bushes made from white metal, or other 
soft anti-friction metals, it is usual, in order to prevent 
the bush from turning in the bearing block, to cast a 
snug integrally with the bush, the snug engaging in a 
recess in the block. There is, however, a tendency for 
this soft metal snug to shear, allowing the bush to turn 
and frequently obstructing the oil passages. To elimi- 
nate this possibility, an improved and patented form 
of snug has been introduced by Messrs. The Glacier 
Metal Company, Limited, of Ealing-road, Alperton, 
Wembley, London, under the name of the Morton 
bush snug. 

The arrangement, which will be understood from 
the annexed figure, consists in forming the snug of 














hard brass, and in one part with a bonding plate 
around which the white metal of the bush is cast. The 
bonding plate is usually of the form of a Maltese cross, 
as shown in the figure, and is curved to correspond in 
shape with the bush. The edges of the plate are made 
oblique, and tapered holes are formed through each 
arm, thus keying it to the casting. When the arrange- 
ment is applied to what is termed a bronze-back bear- 
ing, the snug is made in one piece with an X-shaped 
plate, which carries at each end a half ring forming the 
end-retaining flanges of the bearing. In this arrange- 
ment, which is a somewhat stronger construction, 
the anti-friction metal is cast on the plate portion 
between the rings and inside them. A bearing with 
a flange at one end only may also be made in the 
same way. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Business is extremely 
quiet, and the outlook is discouraging. Local consump- 
tion of Cleveland pig iron continues fairly heavy, the 
bulk of the restricted make being absorbed at iron- 
masters’ Own consuming works, but sales to home 
customers at a distance are on a disappointing scale. 
Deliveries to Scotland show a falling off, and shipments 
to foreign destinations are quite trifling. The strong 
statistical situation, however, enables makers to adhere 
to the fixed quotations of the past few months. Stocks 
are very low, and the restricted production is well dis- 
posed of for the next week or two. No. 1 quality is 
68s. 6d.; No. 3 g.m.b., 66s.; No. 4 foundry, 65s.; and 
No. 4 forge, 64s. 6d. 

Hematite.—East Coast hematite manufacturers have 
a free hand so far as quotations are concerned, and in 
their anxiety to avoid blowing out furnaces they are 
ready to accept orders at substantially below cost. 
Stocks are fairly heavy and are steadily increasing. It 
is difficult to ascertain on what terms contracts can be 
arranged. Nominally, the basis of market rates is still 
69s. for mixed numbers, but prices a good deal below 
that figure are stated to have been taken. Sales are 
almost entirely of iron to analysis, to suit particular 
needs of consumers. 

Blast-Furnacemen’s Wages.—The average net selling 
price of Cleveland pig iron for the second quarter of 
the year having been certified at 62s. 11-61d. per ton, 
as compared with 63s. 0-23d. for the previous three 
months, North-East coast blast-furnacemen’s wages are 
lowered by 0-25 per cent. for the third quarter of the 
year, reducing wages from 9 per cent. above the standard 
to 8-75 per cent. above the standard. 


Foreign Ore.—There is little or no business in im- 
ported ore. Merchants’ efforts to open negotiations 
with consumers are unsuccessful, though threatened 
scarcity promises to force up values. Best rubio is 
22s. 6d., c.i.f. Tees. 

Blast-Furnace Coke.—Durham blast-furnace coke is 
only moderately taken up for local use. Good average 
qualities are 17s, 6d. to 17s. 9d., delivered here. 


Manufactured Iron and Steel.—New business in manu- 
factured iron and steel matures very slowly. Aggregate 
tonnage output is still fairly heavy, but orders are much 
needed to maintain the present activity at the works. 
Common iron bars are 101. 5s.; best bars, 10/. 10s. ; best 
best bars, 10/. 15s.; iron rivets, 111. 5s. ; packing (parallel), 
7l. 10s.; packing (tapered), 10/.; steel billets (soft), 
6l. 15s. ; steel billets (medium), 7/. 2s. 6d. ; steel billets 
(hard), 7/. 12s. 6d.; steel rivets, 11/.; steel ship plates, 
8l. 7s. 6d.; steel angles, 7/. 17s. 6d.; steel joists, 
7l. 17s. 6d. ; heavy sections of steel rails, 87. 10s. ; black 
sheets (No. 24 gauge), 91. 17s. 6d. to 10/.; and galvanised 
corrugated sheets (No. 24 gauge), 13/. 10s. 








MorTor-VEHICLE REGISTRATIONS IN  Braziu.—His 
Majesty’s Consul at Sao Paulo reports that, according 
to statistics published by the Federal Ministry of Agri- 
culture, the total number of automobiles in Brazil, 
during the years 1923, 1925 and 1926, were 25,337, 
42,743 and 58,175, respectively. According to His 
Majesty’s Consul at Para, the total number of motor 
vehicles registered at Para, Manaos and Maranhao on 
December 31, 1927, were, respectively, 315, 191 and 173. 





British X-Ray Apparatus.—As an indication of the 
development of the X-ray apparatus industry in this 
country, it is of interest to note that, in conjunction 
with the second International Congress of Radiology, 
to be held during the present month at Stockholm, an 
exhibition of apparatus is to be held in the Parliament 
House, ati white an important feature will be an exhibit 
of British-made X-ray apparatus. Until 1914, the 
industry was mainly carried on in other countries, 
but, since that date, it has grown steadily in England, 
and the present occasion is the first on which it has been 
possible for British manufacturers to show their products 
on a large scale at such a congress outside Great Britain. 

CONVERSION OF THE M.Y. “ Narcissus.’’—An_ in- 
teresting conversion of propelling machinery from steam 
turbines to Diesel engines hon recently been carried out 
by Messrs, Camper and Nicholsons, Limited, The 
vessel concerned was the motor yacht Narcissus, owned 
by Captain C. O, Liddell, and built by the Fairfield 
Shipbuilding and Engineering Company, Limited, in 
1905. Her main dimensions are: overall length, 
223 ft.; beam, 27 ft. 6 in.; and fully-loaded draught, 
11 ft. She was originally fitted with twin-screw direct- 
drive turbine machinery of about 1,500 s.h.p., which 
gave her a speed of 14:3 knots on trial, while the new 
machinery consists of two, six-cylinder, two-stroke 
Sulzer-Diesel engines, each of which is rated at 675 
b.h.p. at 210 r.p.m. With these, during trial trips run 
on July 2 and 3, an average speed of 14°55 knots 
was maintained for four runs on the measured mile. 
Steam, supplied by an_ oil-fired Cochran boiler, is 
retained for some auxiliary purposes, but those auxili- 
aries used in port are electrically driven, the current 
being provided by a generator driven by a Gardner 
hot-bulb engine. Current for lighting purposes, when 
at sea, is supplied by a steam-driven generator, while 
two auxiliary compressors, one steam-driven and the 
other driven through a clutch from the Gardner engine, 
supply manceuvring air for the main engines. A point 
of interest is that the space available for the accommo- 
dation has been greatly increased by the adoption of 





Diesel engines. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Despite the fact that several of the 
principal classes of raw and semi-manufactured steels 
can be bought cheaper from South Yorkshire works than 
from firms on the Continent, the current demand is 
unsatisfactory. Purchasers, generally, are still content 
to buy on a hand-to-mouth basis, and only cover imme- 
diate needs, with little thought of buying ahead. South 
Yorkshire prices continue stable, but, with Continental 
prices showing a tendency still further to increase, it is 
anticipated that local producers will meet with a better 
demand in the near future. Heavy engineering works 
are doing better than for a long time past, but the orders 
taken show a small margin of profit. Keen competition 
is being experienced from Bohemia, Westphalia and 
Belgium. Local firms continue to receive their share 
of th limited amount of armament business in circula- 
tion. An improved demand is shown from the ship- 
building industry. There is a big call for forgings, and 
this is providing plenty of work for large presses, while 
makers of high-pressure boilers for land and marine use 
report a steadily-expanding output. Railway work, on 
home account, is much below capacity, though there 
are several openings for overseas expansion. India, 
South Africa, South America, and Australia are all 
inquiring for steel products. Tram and motor *bus 
construction is a progressive line, that is absorbing a 
steadily increasing proportion of steel in various forms. 
Makers of stainless steel and rustless iron, in order to 
cope with a big demand, have been compelled to extend 
plants. Automobile steel and fittings are in healthy 
request, while special steels used in aircraft construction 
show expansion. 


South Yorkshire Coal Trade.—The amount of business 
being transacted remains at an unsatisfactory level. 
The operation of the coal export scheme has improved 
the export position, but the call from home consumers 
does not afford much encouragement. Industrial users 
are buying on a hand-to-mouth basis, and show no 
inclination to enter into forward business. The house- 
coal market displays a slight improvement, especially 
in first-class qualities. Both London and country 
districts are buying more freely. Inferior sorts, how- 
ever, are stagnant. Blast-furnace coke continues steady, 
while good tonnages of foundry and furnace varieties 
are being shipped abroad. Gas coke remains firm. 
Quotations: Best hand-picked branch, 26s. to 27s. 6d. ; 
Derbyshire best brights, 19s. 6d. to 20s. 6d.; best 
house, 18s. 6s. to 20s.; screened house, 16s. to 17s. ; 
screened house nuts, 14s. to 15s. 6d.; Yorkshire hards, 
14s. to 16s.; Derbyshire hards, 14s. to 16s.; rough 
slacks, 8s. 6d. to 9s. 6d.; nutty slacks, 5s. to 6s.; and 
smalls, 3s. to 4s. 6d. 








Prersonat—Messrs. Bryson Brothers (Motors), Limited, 
122, St. Vincent-street, Glasgow, have been appointed by 
the Westinghouse Brake and Saxby Signal Company, 
Limited, York-road, King’s Cross, N.1, as their agents 
and fitting station for Glasgow and the West of Scotland, 
for vacuum-servo and pressure brakes for road vehicles. 
—We are advised that Messrs. Vickers, Limited, have 
formed a subsidiary company, Messrs. Vickers (Crayford), 
Limited, to take over their works at Crayford, Kent, 
for the manufacture of motor bodies, variable-speed 
gears, agricultural tractors, automatic looms and other 
engineering products, with registered offices at Vickers 
House, Broadway, Westminster, 8.W.1. They have 
also formed a subsidiary company, Messrs. Vickers 
(Aviation), Limited, to take over their works at Wey- 
bridge, Surrey, for the manufacture of aircraft, aircraft 
accessories and equipment.—Mr. J. Hamilton Gibson, 3, 
Central-buildings, London, S.W.1, has taken Mr. J. F. 
Petree into partnership, and practises with him under the 
style of Hamilton Gibson and Petree, consulting engineers, 
at the above address. 


Tue Cutna Year Boox, 1928.—Anyone familiar with 
events in China during the past eighteen months will 
fully realise the extreme difficulty of producing a work 
of reference on this country that is comprehensive and 
reliable, Nosingle government authority, with the excep- 
tion of the Maritime Customs and Post Office, is now in 
position to furnish information regarding China as a 
whole. In spite of these circumstances, the China 
Year Book, 1928, edited by Mr. H. G. W. Woodhead, 
(.B.1., and published in China by the Tientsin Press, 
Lim:tod, contains a surprising amount of detailed in- 
formation regarding the country’s internal administration 
tnd trade, much of which must have been obtained with 
the greatest difficulty. ‘To economise space, the former 
chapters on area and population, climate and meteorology, 
xeology, and people and language, have been condensed 
into a single chapter, under the title of General Informa- 
tion, and the list of factories has been omitted from this 
edition, owing to the fact that so many industries have 
been closed down in Nationalist territory, and informa- 
tion in regard to others is difficult to obtain. Much 
interesting information, concerning recent military 
operations and other outstanding occurrences, has been 
included, and should be of considerable assistance in 
obtaining a grasp of the present situation. The book 
is divided into 28 chapters, dealing with revenue and 
trade statistics, mines and minerals, river conservancy 
and harbours, communications, shipping, &c. ; while 
& Chinese ‘‘ Who’s Who” is included, together with a 
chapter devoted to the history and activities of the 
Kuomintang, the country’s fundamental revolutionary 
ody. The sole agents for the volume in Great Britain 
_ Europe are Messrs. Simpkin, Marshall, Limited, 4, 
Stationers’ Hall-court, London, E.C.4, and the price is 


42s, net. 





NOTES FROM THE NORTH. 


Giascow, Wednesday. 

Scottish Steel Trade.—A dull tone has prevailed in the 
Scottish steel trade during the past week, and there has 
been little evidence of any desire on the part of consumers 
to buy. As reported before, only one or two establish- 
ments have been anything like well employed recently, 
and the stoppage for holidays this week will be welcomed 
by the managements, which have had much difficulty 
during the past few months in securing enough work to 
keep even part of the plant in operation each week. 
The closing down for the annual Fair Holidays will 
permit of specifications accumulating, and thus assure 
a little activity when the reopening takes place. The 
home demand has been somewhat erratic of late, while 
export inquiries have not come up to expectations. 
Although all establishments in this area will close down 
this week, there has been an almost entire absence of 
pressure for deliveries—a state most uncommon in the 
industry at this period of the year. In the black-sheet 
trade, there has been a slightly better demand since the 
earlier days of this month, and some firms report that 
their order books have once more a better appearance. 
Galvanised sheets are again in fair demand, and prices 
are firmer. The following are the current market 
quotations :—Boiler plates, 10/. 10s. per ton ; ship plates, 
8l. 7s. 6d. per ton; sections, 71. 17s. 6d. per ton ; sheets, 
4 in., 82. 12s. 6d. per ton; and galvanised corrugated 
sheets, No. 24 gauge, 131. 10s. to 131. 12s. 6d. per ton, all 
delivered at Glasgow stations. 

Malleable-Iron Trade.—No improvement of any kind 
can be reported in the malleable-iron trade of the West 
of Scotland over the week. Business all round is scarce, 
and buyers are not specifying for anything beyond actual 
requirements. The re-rolled steel bar departments are 
still quiet, and little in the way of holiday rush has been 
experienced at any of the works. Prices are as follows :— 
Crown bars, 10/. 5s. per ton for home delivery, and 
9/. 15s. per ton for export ; re-rolled steel bars, 7/. 7s. 6d. 
to 7/. 10s. per ton for home delivery, and about 71. 2s. 6d. 
per ton for export. 

Scottish Pig-Iron Trade.—The demand for Scottish 
pig-iron has not got any better, and few extra orders 
have come to hand for despatch before the holidays. 
Inquiries are poor, and as the outlook is not encouraging, 
it is very probable that when furnaces are damped down 
this week, the owners will not be in a hurry to relight 
them. Prices are unchanged, and are quoted as 
follow :—Hematite, 74s. per ton delivered at the steel 
works; foundry iron, No. 1, 75s. to 76s. per ton, and 
No. 3, 70s. to 71s. per ton, both on trucks at makers’ 
yards. 

Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, July 7, amounted to 258 tons. Of 
the total, 220 tons went overseas and 38 tons coastwise. 
For the corresponding week of last year, the figures were 
180 tons overseas and 121 tons coastwise, making a total 
shipment of 301 tons. 








AccIDENT PREVENTION PostTERS.—In connection with 
their accident-prevention scheme, we have received a 
selection of posters from the National Employers’ Mutual 
General Insurance Association, Limited, 8, 9 and 10, 
Browns-buildings, St. Mary Axe, E.C.3. We are advised 
that, for the fee of one guinea per annum, the Association 
will send, regularly each month, a set of four different 
posters illustrating common accident causes and depicting 
methods of prevention. These posters are intended for 
display to employees for one week only, as interest can 
only be maintained by regular changes and variety of 


appeal. 

WuitwortH Socirety.—The fifth summer meeting of 
this society was held on June 28, during the summer 
meeting of the Institution of Mechanical Engineers at 
Southampton. The dinner took place at the Dolphin 
Hotel, the chair being taken by the president, Mr, Thos, 
Sugden, who installed the new president, Mr. F. H. 
Livens, J.P. An interesting discussion took place re- 
garding ‘‘ The Whitworth Book,.”” The membership roll 
now comprises more than 500 names, Full particulars 
may be cheeined from the Hon, Secretary, Whitworth 
Society, care of the Institution of Mechanical Engineers, 
Storey’s-gate, St. James’s Park, Westminster, 8.W.1. 


Conrracts.—Messrs. John Butler and Company, 
Limited, Stanningley Iron Works, Leeds, have secured a 
sub-contract for constructional steelwork required for 
several of the buildings of the new Leeds Corporation 

ower station at Kirkstall.—Messrs. Sir W. G. Armstrong 

/hitworth and Company, Limited, have secured a 
contract for the building of three twin-screw Diesel- 
engined cargo vessels, each of 8,500 tons deadweight, 
for Messrs. Westfal-Larson and Company, Bergen. The 
firm has also secured a contract for the construction of a 
large number of superheater locomotive boilers, and other 
locomotive details, from the Indian State Railways.— 
Messrs. Delco-Remy and Hyatt, Limited, 111, Grosvenor- 
road, London, 8.W.1, have received a contract for the 
supply of a further 1,200 sets of their patent type Hyatt 
vollee-baeuhangs mine-tub wheel and axle equipment for 
the Betteshanger colliery, from Messrs. Pearson and 
Dorman Long, Limited, 19, Victoria Street, 8.W.1, 
for whose Snowdown colliery they have already supplied 
some 1,200 sets.—-The British Thomson-Houston tae 
pany, Limited, Crown House, Aldwych, W.C.2, have 
secured a twelve months’ contract from the War Office 
for the supply of Mazda vacuum and gas-filled lamps to 
the Southern Command, stations abroad, and the Chief 
Superintendent of Ordnance Factories. 





NOTES FROM THE SOUTH-WEST. 


CarpirFr, Wednesday. 


The Coal Trade.—Exceedingly quiet conditions 
continue to prevail in the steam-coal trade. Inquiry 
has dwindled to small proportions, and the volume 
of business ge is insufficient to keep pits working 
more than half the week. On one day in the past 
week, an important concern, with 24 pits in commission, 
had only three pits working. Even with numerous 
temporary stoppages, which are of frequent occurrence, 
salesmen experience considerable difficulty in disposing 
of the much lessened output, and practically any class 
of coal can now be bought on the basis of the voluntary 
minima scheme, under which small coals rule from 
10s. 6d. to 12s. 6d., and large from 16s. 3d. to 19s. 3d., 
according to quality. The minimum scheme, which 
has been in operation on a voluntary basis for some 
months, is shortly to be operated with a penalty for 
selling under the minima schedule. The penalty is 
2s. per ton for all coal sold at less than the minimum, 
and collieries failing to make a return of their sales 
for any quarter will be charged the 2s, per ton on their 
output for the preceding quarter. With regard to 
c.i.f. business, documentary evidence, such as charter- 
parties, are to be deposited to check the prices obtained 
for coal. It is understood that at least 80 per cent. 
of the collieries have signified their willingness to be 
bound by the scheme, and this percentage is considered 
sufficient to make the scheme workable. The levy 
of 3d. per ton on output, proposed in the original scheme, 
and compensation for loss of output caused by stoppages 
owing to lack of trade, have been definitely dropped, 
for the present at any rate. Though the demand 
for coal is so meagre, collieries are adhering to the 
minimum prices, with the result that there are no 
variations in values, and at the same time forward 
business is checked as prospective buyers prefer to 
follow a hand-to-mouth policy, seeing no advantage 
in buying forward at current prices, while salesmen 
refuse to discount current values. Shipments of coal 
in the past week amounted to 433,550 tons, which 
was 36,000 tons more than in the preceding week, 
and 56,500 tons greater than a fortnight ago. Compared 
with a week ago, clearances from Cardiff were raised 
from 249,270 tons to 275,440 tons, at Swansea from 
41,870 tons to 54,410 tons, and at Port Talbot from 
32,390 tons to 36,330 tons ; but at Newport were lowered 
from 67,270 tons to 63,830 tons, and at Llanelly, from 
6,730 tons to 3,540 tons. 

Anthracite Colliery Deal.—Shareholders in the Amalga- 
mated Anthracite Collieries, Limited, have been called 
together by Lord Melchett to approve one of the 
biggest deals ever arranged in connection with the 
Welsh anthracite industry. The proposal is to acquire 
the Gwaun-cae-Gurwen Colliery Company, Limited, 
and the Vale of Neath Colliery Company, Limited, at 
a cost of 4,300,000/., of which 1,300,000/. is to be paid 
in cash. To carry out the transaction it is proposed 
to increase the ordinary capital of the Amalgamated 
Anthracite Collieries, Limited, by 2,000,000/., and to 
create debentures amounting to 3,500,000. Sir William 
Berry, Bart., brother of the late Lord Buckland, and 
Sir D. R. Llewellyn, Bart., are to join the Board of 
Amalgamated Anthracite Collieries, and Sir David is to 
give his personal supervision to the management of the 
properties acquired. 

Iron and Steel.—Exports of iron and steel goods in 
the past week totalled 19,493 tons, compared with 
21,023 tons a week earlier. Shipments of tinplates 
and terneplates were reduced from 10,284 tons to 
7,821 tons, and of black plates and sheets, from 3,373 
tons to 561 tons. 








Moror Cycies In Britis Kast Arrica,—According 
to a report received from His Majesty’s Trade Com- 
missioner’s Office in East Africa, the total number of 
motor cycles in use at December 31, 1927, in Kenya 
Colony was 1,488, in Nyasaland 1,052, in Zanzibar 188, 
in Tanganyika 1,066, in Northern Rhodesia 652, and 
in Uganda 1,033, 


© «ncnenione 


Tenpers.—We have received from the Department of 
Overseas Trade, 35, Old Queen Street, London, 8.W.1, 
articulars of tenders invited by various bodies in the 
British Possessions and in foreign countries, Further 
details and information relating to these may be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case :—The South African Railways and Harbours are 
inviting tenders for the supply and delivery of structural 
bridgework in three 30-ft. deck spans. (Ref. No. AX. 
6536); and for the supply and delivery of structural 
steolwork, etc., for a new timber store and sawmill. 
(Ref. No. AX.6537). Tenders are to reach Johannesburg 
by August 23.—The Indian Stores Department is 
inviting tenders in respect of their requirements of 
galvanised wrought-iron or mild-steel tubes and fittings 
for gas, for the period September 1, 1928, to August 31, 
1929. Tenders, addressed to the Chief Controller of 
Stores, Indian Stores Department, Engineering Branch, 
Simla, must be presented by July 23. (Ref. No. A. 
6,539).—The New Zealand Public Works Department, 
Post and Telegraph Department, is inviting tenders for 
the supply and delivery at Wellington of two 10-cwt. 
electric travelling indoor cranes complete. Tenders to 
reach Wellington by September 11. (Ref. No, AX.6545). 
—It is reported from Wellington that the latest date for 
the receipt of tenders regarding the four 5-ton electrically- 
operated lufting cranes required by the Lyttelton Harbour 

oard, has been extended from September 4 to October 2. 
(Ref. No. AX.6546). 
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THE RAMSDEN REFLEX MICROGRAPH. 


(For Description, see Page 42.) 
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HIGH-PRESSURE PASSENGER LOCOMOTIVE. 


CONSTRUCTED BY THE SWISS LOCOMOTIVE AND MACHINE WORKS, ENGINEERS, WINTERTHUR. 


(For Description, see Page 51.) 
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HIGH-PRESSURE PASSENGER LOCOMOTIVE. 


CONSTRUCTED BY THE SWISS LOCOMOTIVE AND MACHINE WORKS, ENGINEERS, WINTERTHUR. 
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Journal and any other publications bearing 
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THE BRITISH ENGINEERS’ ASSO- 
CIATION. 


To paddle one’s own canoe is a pleasant enough 
occupation, but as a means of transit it cannot 
compete with a rowing boat, and still less with a 
motor launch. If by chance, too, the canoe finds 
itself near a weir in an awkward wind, and has 
neglected the precaution of inducing a suitable 
companion to sit in the stern, it will be in a worse 
position than a heavier boat for avoiding danger. 
By no sort of means, in fact, can the solitary and 
unaided traveller on the river either make the 
progress or enjoy the safety of those who form part 
of a crew or have the benefit of mechanical help. 
This somewhat trite analogy illustrates the situation 
in which industries of the present day find themselves 
as compared with those of ancient times. Work 
may have been pleasanter when every man could 
do it on his own account without regard to what 
other people were doing in the same line, but in the 
quantity of work produced it cannot have been as 
effective. Up to a certain point it is, of course, 
possible to row against the stream, or to neglect 
to take advantage of favourable currents, but the 
progress of the vessel will suffer. 

At the present time few industries can less afford 
the luxury of neglecting the means of progress than 
that of British manufacturing engineers. Their 
industry is, indeed, indispensable to the well- 
being of the community, and even to its existence 
in its present form, and those who engage in it have 
the encouragement of knowing that their customers 
would be hit almost as hard if engineers went out 
of business as they would themselves. They know 
in advance, therefore, that the problem of providing 
a subsistence for their industries can be solved, but 
at the present time they must be conscious that a 
solution adapted to existing conditions has not 
been found. Among the services which the 
British Engineers’ Association has rendered to its 
constituents and to the industry at large have been 
its remarkable investigations into the economic 
conditions of the various branches of engineering, 
and the comparison it has thus been able to institute 
between the position of the engineering trade and 
those of other occupations. This can be indicated 
in a variety of ways, all of which tell much the same 
story. As good an index as any may, perhaps, be 
found in the dividends paid by a variety of trades, 
ranging from 20 per cent to 25 per cent. for large 


gilt-edged securities, and 4 per cent. for engineering. 


;|The last figure relates to the business of a large 


number of representative engineering and allied firms 
in 1926, and even this meagre dividend was paid 
only by taking nearly a third of its amount from 
reserves, leaving the earned profits at about 24 per 
cent. Obviously, the industry cannot afford to go on 
working at this r** and must take every means in 
its power to imp:: - its position. No one measure, 
or set of measures, will be sufficient. Though the 
position may be summed up in single figures, such 
as those we have just quoted, they represent the 
resultants of many different adverse influences, 
each of which must be mitigated before the desired 
improvement is attained. Some of them, indeed, 
may be found in individual factories, and their 
remedy may lie in the power of those who conduct 
them ; but when all possible remedies have been taken 
within the works, many more influences depressing 
to its business will be found outside them. The 
industry may be hampered with more than its 
fair share of public expenses, or may have to pay 
too much for the services it requires. Laws may 
be interpreted in a sense unfavourable to it, as 
for example in the practice by which imperfect 
allowance is permitted for depreciation in the 
calculation of income. Outside the factory, though 
within the industry, more is spent in competition 
than is necessary to stimulate the aggregate amount 
of demand. The list could be extended only too 
readily, and no one of the evils will cease of its 
own accord. 

Burdens such as these have two circumstances in 
common. On the one hand, they have ultimately 
to be paid by the consumer, and, in some sort of 
relation to their amount, reduce the volume of 
his demand. On the other hand, they are common 
to all manufacturers in the same line of business, 
and according to a_ belief which is steadily 
growing stronger in all classes of work, common 
action is required if the best and most rapid remedy 
is to be found for the common trouble. Such 
action is recommended not merely because it is 
cheaper for the industry to obtain the remedy 
at once for the benefit of all its constituents than 
for each to spend the time and the money necessary 
for procuring it for their individual selves. In 
many matters, including those of the most con- 
sequence it is also more effective, and often may 
be successful where individual efforts would fail. 
It is demanded, moreover, not merely by the indus- 
tries which are seeking relief. More and more the 
bodies to whom they address themselves are seeking 
to be assured of what is really wanted by looking 
to some representative body to state it. 

The opportunity of obtaining such a statement 
both saves the body, to whom application is made, 
the time and trouble of listening to successive 
representations from individual members of the in- 
dustry in question, and gives it the advantage of a 
statement from an expert and representative body. 
Incidentally, moreover, it may provide an index of 
the urgency with which the remedy is demanded, 
and the power by which it is backed, which could 
be gathered with difficulty, or not at all, from a 
number of individual applications. 

These views have been verified repeatedly in 
modern experience, particularly abroad, where co- 
operation has had a more extended and consistent 
trial than in thiscountry. They may be summed up 
in a few propositions. Where a number of firms are 
suffering from the same disadvantage, they are more 
likely to secure its removal by co-operative than by 
individual action. When such disadvantages are 
incident to the occupation, and are likely to be 
succeeded by others as circumstances change, a 
standing organisation will be more effective than 
one improvised for a particular object, the mechanism 
of which has to be reinstated when the next occasion 
for its services presents itself. Its purpose is 
likely to be attained the more certainly, the more 
sharply it is defined, and to be successful a co- 
operative body must therefore represent con- 
stituents with sufficient interests in common. 


Finally, the weight it will carry with the decisive 
authorities may depend to a greater or less 
extent on the justice of its demands, but even 
more certainly it will be affected by the strength 
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stronger body will carry greater conviction to 
the minds of those to whom it may address itself, 
whether in the forum or the market place, and it 
is less likely to be impeded by lack of means to 
express itself adequately. 

In some ways the engineering industry is not ill- 
provided with organisations for such purposes. It 
has the benefit of the Federation of British Indus- 
tries for expressing the needs common to industry 
as a whole, and a number of admirable specialised 
associations, such for example as the B.E.A.M.A., 
to deal with the individual needs of its more 
important branches. Both the Federation and, 
speaking generally, the specialised associations, 
receive adequate support from their constituents, 
but by their constitution they cannot be satisfactory 
organs for expressing the needs not of one but 
of all engineering industries. The Federation has 
to take account of many interests which have 
nothing in common with those of engineers. The 
specialised associations, on the other hand, though 
their interests have very much in common, have to 
assert them individually, and lose the advantage of 
the greater weight of a body which represents not 
one but all engineering industries. The body by 
which this function is discharged is the British 
Engineers’ Association, which at the present time 
finds itself in an anomalous situation. Its member- 
ship is sufficiently large, and includes a sufficient 
variety of branches of the industry, to enable it to 
speak on behalf of engineers as a whole. The ability 
and industry of its Director, Mr. D. A. Bremner, and 
his staff, has enabled it to turn this advantage to 
its proper account. The statement it prepared for 
the British delegates of the International Economic 
Conference in respect to the position of the engineer- 
ing industry was recognised as one of the most 
remarkable, eniightened, and candid documents 
submitted to that body. At home, and more 
recently, its influence has had a considerable part 
in procuring the rating reforms and the mitigation 
of railway tariffs now under consideration, and 
many similar matters remain for its attention in 
the future. The position and results it has attained 
are due not merely to the ability with which they 
sought, but to the fact that the bodies the Associ- 
ation has addressed have been able to regard it as 
representing the common interests of the engineering 
industry. 

In order, however, that it should be able to seize 
its opportunities, it must have the financial resources 
necessary for the purpose. At a conference held 
recently between the Council and the members of 
the Association it was shown that the membership of 
the Association, distinguished and representative 
though it is, is insufficient in numbers to provide 
even the modest amount required for its expenses. 
In addition to discharging its representative func- 
tions with the success and distinction illustrated 
above, it serves as a centre of intelligence in regard 
to export as well as home markets, which is at the 
disposal of its members, and in various other ways, 
such, for example, as in procuring rebates off the 
charges for exhibition, it is able to give them 
individual advantages, some in the form of actual 
cash saving. When the size of the industry is 
remembered, the variety of its branches, and the 
number of firms engaged in it, it seems remarkable 
that this effective national and individual service 
should be provided on a subscription income of a good 
deal less than 10,0001. per year, and still more so that 
difficulty should be found in increasing the income 
to that sum, which is thought necessary to assure 
its proper working. The situation can, perhaps, be 
best explained by the hypothesis put forward by 
more than one speaker at the Conference, that very 
many engineers are not aware of the advantages 
the industry has gained, and still stands to gain, 
through the Association’s work, nor even of the 
services it is rendering to its individual constituents. 
The Association now proposes to submit its case 
afresh to the individual firms of the industry. 
While each firm must decide for itself the extent to 
which it can support the Association, it is to be 
hoped that it will not reach this decision until it 
has considered the case with the care it deserves. 
If this be done conscientiously the effect can hardly 
fail to put the Association on a more satisfactory 
and effective footing. 


INDIAN RAILWAY PROGRESS. 


Tue effect of a wet summer, like that of 1927, 
is in England only reflected to a small extent in 
the balance sheets of our industrial firms, for the 
weather, though a prime topic of conversation, does 
not greatly affect the operation of such concerns. 
On the other hand, agriculture and transport suffer, 
and those who make their livings by catering for 
the recreation of other people also experience a 
decrease in prosperity. Looking at the reverse side 
of the picture, agriculture is probably the only 
industry that is adversely effected if the rainfall is 
deficient, but that deficiency is seldom so great as 
to have any really harmful result. In India the 
position is reversed. An effective monsoon means 
prosperity, and a defective one a serious falling off in 
trade, and these meteorological conditions are much 
more immediately noticeable in the accounts than 
they would be in this country. 

This is clearly brought out in the Report by the 
Railway Board on Indian Railways for 1926-27 
[Calcutta : Government of India Central Publica- 
tion Branch, Vol. I, 9s. 3d., Vol. II, 7s. 3d.], wherein 
it is stated that the defective monsoon of the 
previous year caused such a reduction of receipts 
in the early part of the period under review that 
it seemed likely, in order to pay the annual con- 
tribution to Central Revenue, that it would be 
necessary to draw on reserve. The monsoon of 
1926, however, gave widely distributed rain, which 
resulted in an increase both in goods and passenger 
traffic. This increase, combined with a reduction in 
working expenses, enabled the railways not only to 
meet their obligations but to add a substantial sum 
to the reserve. Put in figures, the tonnage of goods 
moved increased from 79-8 to 85-8 millions, and the 
number of passengers carried from 599 to 604 mil- 
lions. The mileage of the lines open for traffic in- 
creased during 1926-27 from 38,579 to 39,049 miles, 
and the ton-mileage from 19-9 to 20-3 thousand 
millions. The total receipts were *Rs. 1,00,12 
crores as against Rs. 1,00,59 crores in 1925-26. 
The total expenditure increased from Rs. 91,31 crores 
to Rs. 92,62 crores, in spite of the fact that, as 
already stated, the working expenditure fell from 
Rs. 53,75 to Rs. 53,51 crores. The net gain 
was, therefore, Rs. 7,49 crores as against 
Rs. 9,28 crores in 1925-26. The saving in working 
expenditure was mainly due to the lower cost of, 
and economies in the use of, fuel, against which had 
to be set increases in the repairs and maintenance 
charges and under the heading of administration. 
Of the total earnings on all railways, 58-2 per cent. 
was from goods traffic, 33-9 per cent. from pas- 
sengers, and 7-9 per cent. from parcels and miscel- 
laneous sources. The revenue from passenger traffic 
showed a decrease of 3-44 per cent. owing to the 
reduction of the fares on a number of railways. On 
the other hand, the goods receipts rose by 0-98 per 
cent., chiefly owing to improved earnings from jute, 
coal and grain. 

Up to the end of March, 1927, the capital account 
of all the railways, including those under construc- 
tion, amounted to Rs. 788,67 crores, of which 
Rs. 700,96 crores was on account of the State- 
owned railways and the remainder represented 
capital raised by Indian States, companies and 
district boards. During the year under review the 
total capital outlay was Rs. 29,20 crores, of which 
Rs. 27,14 crores was spent on State-owned rail- 
ways. Of this amount, Rs. 6,27 crores was laid 
out on new lines. During 1926-27, 420°77 miles of 
new line were opened for traffic, 280-92 miles of 
which were on the 5-ft. 6-in. gauge, 128-25 miles 
on the 3-ft. 33-in. gauge, and the remainder on the 
2-ft. 6-in. gauge. The longer of these lines were 
from Barkakhana to Chandil (74-77 miles) and in 
the Talcher coalfields (61-52 miles). These are both 
of importance in connection with the coal traffic. 
The short length from Landi Kotal to Landi Khana 
(5:27 miles) is also worthy of mention, since it 
completes the Khyber Railway. On March 31, 
1927, 2,551-44 miles of line were under construction, 
of which 930-26 miles were on the 5-ft. 6-in. gauge, 
1,260-97 miles on the 3-ft. 33-in. gauge and 360-21 





* The approximate value of a rupee at the present 
rate of exchange is ls. 6d. 








on the 2-ft. 6-in. gauge. Sanction was given during 
the year to the construction of 492-73 miles of line. 

As mentioned in last year’s report,* new con- 
struction is being dealt with on the basis of 
examining the whole country by areas, which 
roughly correspond to those served by the sepa- 
rate railway administrations. This policy has 
now materialised in the production of a five-year 
programme of construction by each of the larger 
railways, and, though it cannot be expected that 
every one of the many lines therein projected will 
be worth constructing, since they cover a mileage 
of 7,000 miles, there seems no reason why the addi- 
tion of 1,000 miles per annum to the Indian railway 
system over the quinquennium should not be 
realised. In order that the capital cost of these 
lines may be commensurate with the probable 
traffic, the Railway Board have laid down four 
standards of construction. The first two will 
apply to main and branch lines as ordinarily built. 
The third will be for light lines of the same gauge 
as the present gauge, while the fourth will comprise 
a still lighter form of construction, such as will be 
suitable for feeder lines and pioneer railways of 
narrow gauge. An additional special class will 
cover lines dealing with the heavy mineral traffic 
from the coalfields. This will allow the use of 
much heavier engines and train loads than any now 
employed in India, and should greatly facilitate the 
development of this important trade. 

Brief reference is made to the electrification 
schemes, which have been undertaken in the 
Bombay area. These cover the main and purely 
suburban lines on both the Great Indian Peninsula 
and Bombay, Baroda and Central India Railways. 
The work on the first of these projects had reached 
an advanced stage at the date of the report, and 
electrified services were bei~g run between the 
Victoria Terminus and Kurla and Thana, and 
between the Victoria Terminus and Bandra with 
successful results. The remainder of the conversion 
is being rapidly pushed on. Re-investigations into 
the advisability of electrifying the Calcutta and 
Madras suburban lines were also completed and 
are under consideration, and the same applies to 
proposals for electrifying the Trichinopoly-Madura 
and other sections of the South Indian Railway, 
in the vicinity of which cheap hydro-electric power 
is available. Various hydro-electric schemes in 
the Madras Presidency were also examined. 

Among the improvements in existing railways 
mention may be made of a notable performance on 
the North Western Railway, where some 300 miles 
of rails were replaced and 700 miles of sleepers 
renewed during the year. Even this record would 
have been improved but for the failure of one of 
the larger suppliers of cast-iron sleepers. Ascheme 
for improving the railway facilities round Delhi 
by the provision of an interchange goods yard at 
Shakurbasti, the construction of a central goods at 
Delhi Sadr, and the replacement of the existing pas- 
senger station at the same place by a new one near 
Ajmere Gate, was approved. This will cost Rs. 84 
lakhs. A scheme for co-ordinating the railway 
facilities at Cawnpore at a cost of Rs. 77 lakhs 
was also sanctioned. A separate new terminus is 
also to be built at Belassis Road, Bombay, for the 
Bombay, Baroda and Central India Railway at a 
cost of Rs. 53 lakhs. This will take the place 
of the station at Colaba, which is to be closed in 
connection with the development proposals of the 
Bombay Improvement Trust. This project was 
decided on after a proposal to use the existing 
Victoria Terminus of the Great Indian Peninsula 
Railway for the long-distance traffic of the former 
railway had been carefully considered. 

Coming to operation, it appears that on the broad- 
gauge lines the average overall speed of passenger 
trains increased from 19-5 to 19-9 miles per hour, 
and of the goods trains from 9-58 to 9-84 miles per 
hour, during the year. The average number of 
tons carried in goods trains rose from 372 tons to 
381 tons, the result of these improvements in speed 
and loading being that the gross ton-miles per train 
engine-hour increased from 7,368 to 7,725. On the 
metre-gauge lines there was a similar increase from 
3,118 to 3,176 ton-miles. The engine-miles per day 





* See ENGINEERING, vol. cxxiv, page 130 (1927.) 
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per engine increased from 57-8 to 67-2 miles on the 
broad gauge, and from 63:3 to 65-4 miles on the 
metre-gaugelines. At the same time the percentage 
of engines under repair on the broad gauge lines 
decreased from 22-7 to 21-9, and on the metre gauge 
from 19-4 to 19-0, thus showing that much greater 
use is being made of the stock. On the Eastern 
Bengal Railway the employment of Servis recorders 
and marshalling yard statistics resulted in a reduc- 
tion of the shunting miles per 100 goods-train-miles 
from 112-1 in 1924-25 to 86 in 1926-27 on the broad 
gauge lines and from 69°4 to 59-2 on the metre 
gauge railways. 

Reference has been made above to the economies 
that were achieved in the use of fuel. The duty 
of finding ways, in which savings in this direction 
could be effected, was delegated to special officers on 
the State-worked railways and on the larger com- 
pany-owned railways. The result was that on the 
Class I railways the fuel consumption decreased from 
6,610,361 tons in 1925-26 to 6,494,188 tons in 
1926-27, in spite of an increase in train and engine 
mileage of 64 million miles. 

Railways in India, like those elsewhere, are 
suffering from road motor competition, especially 
in the neighbourhood of large towns, such as 
Calcutta, Bombay and Rangoon. To counteract 
this, steps are being taken to improve the service, 
and experiments are being made with rail-motor 
coaches of various patterns. Attention is called in the 
report to the new high-class rolling stock, which is 
being used for the Imperial Indian mail train between 
Bombay and Calcutta. An interesting develop- 
ment is the external lighting of the trains, while 
they are standing in stations, thus augmenting the 
illumination of the platforms, and assisting the 
transfer of passengers. These lights are switched 
on automatically when the speed of the train falls 
below a certain value, and are automatically 
switched off again, when that speed is exceeded. 
Considerable progress has also been made in fitting 
goods wagons with vacuum brakes, and on four of 
the large systems practically every wagon is so 
equipped. This enabled the average speed of 
main-line goods trains to be increased from 9-08 
m.p.h. in 1923-24 to 10-1 m.p.h. in 1926-27. 

The design and construction of eight new standard 
types of broad and metre-gauge trial locomotives 
reference to which was made in our previous article,* 
has been proceeded with, and these locomotives are 
now in service. The Railway Board have also 
arranged for the order of four experimental four- 
cylinder 4-6-2 broad-gauge locomotives, working at a 
pressure of 225 |b. per square inch, and provided with 
camshaft-operated poppet valves, so that a constant 
release and compression at all points of cut-off is 
obtained. Detail designs for nine different types 
of 2-ft. 6-in. and 2-ft. gauge locomotives, and for 
standard light and heavy 0-8-0 broad-gauge shunt- 
ing engines are also being prepared, while the 
standardisation of the design and construction of 
wagon and coaching stock underframes has also 
been proceeded with. In this connection attempts 
are being made to use indigenous timber for carriage 
building, and the same policy is being applied 
through a Sleeper Pool Committee to the provision of 
wood for sleepers. The same fiscal policy has resulted 
in a seven-years’ contract for the supply of rails 
and fishplates being entered into with the Tata 
Tron and Steel Company. The conversion of all 
the B.E.S.A. types of locomotives, working on 
saturated steam, to superheated steam has been 
hastened, and it is hoped that this work will be 
completed by 1929--30. A further improvement is 
the provision of electric headlights on all locomo- 
tives working mail, passenger or mixed trains. 
At the date of the report the work necessary to do 
this had been completed, on 1,700 out of the total 
of 3.139 locomotives affected. 

During the year under review further experiments 
were carried out to determine what alterations 
were necessary to existing underframes, so that 
they could withstand the stresses imposed by 
the adoption of automatic centre buffer couplers. 
These experiments showed that the alterations 
could be carried out safely at a reasonable cost 
on the Indian Railway Conference Association’s 
wagons, though as regards the older wagons the 


financial aspects of the change are still under 
review. In the meantime it has been arranged 
that all new locomotives and rolling stock should 
be fitted with a yoke type of draft gear, which will 
enable conversion to be effected merely by replacing 
the temporary drawhook by an automatic central 
buffer. The two types of couplers under con- 
sideration for adoption are the M.C.B. and the 
Willison, the latter being an experimental type of 
sufficient merit to warrant more extended trials. 
The report of the State Railways Workshops 
Committee,* presided over by Sir Vincent Raven, 
was received in April, 1926, and we are glad to 
hear the Railway Board have accepted the main 
policy underlying the report, namely, the modernisa- 
tion of the State Railways’ workshops methods, 
and have issued instructions to agents to give 
immediate effect to it. They have also approved the 
introduction of a progress system, for scheduling 
repairs, as well as a planning and production branch 
in each of the larger shops. It is further hoped to 
introduce an accounting system, whereby the 
costs in railway workshops will be directly 
comparable with those quoted by outside firms. 
During the year under review the total number of 
employees increased from 750,079 to 763,097, 
of whom 5,017 and 5,012 respectively were 
Europeans. The number of Indians filling gazetted 
posts increased from 26-85 per cent. to 29-07 
per cent., while on the Eastern Bengal Railway 
41 per cent. of these posts are filled by Indians. 
The scheme of recruitment and training referred to 
in last year’s report was sanctioned, and 13 
vacancies in all were filled in accordance with it. 
Training has been successfully carried out at 
the Railway Transportation School at Chandausi, 
57 officers and 508 subordinates passing through 
this establishment in the year. The miniature 
2}-in. gauge railway in this schoo] has been improved 
with a view to enable it to withstand the heavy wear 
caused by its being in use for five or six hours a 
day, and various additional equipment has been 
provided. The area schools at Asansol, Lyallpur 
and Bina, though not functioning fully, are all 
training staff. These schools are intended for 
the subordinate staff, while to provide for the 
even more important needs of the officers it has 
been decided to build a Staff College at Dehra Dun, 
the scheme costing some Rs. 20 lakhs. Arrange- 
ments are also being made for the practical 
instruction of 17 students annually—nine from 
Indian colleges and eight from institutions in the 
United Kingdom—on railway construction work. 
The number of fatal accidents (2,893) was rather 
less than the year before, though the number 
injured (5,736) was somewhat greater. Of the 
fatal accidents 347 were caused to passengers, 
324 of these being due to movements of trains 
and vehicles exclusive of train accidents. In all 
23,463 accidents occurred, 43 per cent. of which 
were due to running over cattle. One case of 
sabotage is reported, and on the Bikaner State 
Railway (metre gauge) a train of 16 vehicles was 
completely blown over by the wind, with the 
exception of the engine. Hardly any damage 
was done, though 10 passengers were slightly 
injured. A Safety First campaign is being 
vigorously undertaken with good results. 








NOTES. 
THE FINANCIAL ASPECT OF RESEARCH. 


OnE of the more difficult problems of the technical 
man at the present time is to persuade those who 
have not had the advantage of his type of training, 
but who nevertheless hold the purse strings, of 
the value of research. The result is, as has often 
been pointed out in ENGINEERING, that many of 
the research associations which were formed after 
the war with the laudable object of supplying 
industry with information that could be turned to 
profit are finding the struggle for existence increas- 
ingly difficult. Surprisingly enough, the British 
Electrical and Allied Industries Research Associa- 
tion is among the number, for if there is one industry 
more than another that has grown up on the results 
of scientific research it is certainly the electrical 








* loc. cit. 


* See ENGINEERING, vol. cxxii, page 636 (1926). 


industry. Nevertheless, it has been found necessary 
to issue an appeal to secure funds to meet the present 
expenditure of about 25,000/. per annum and, if 
possible, to double that amount in five years. 
This appeal is coupled with the statement that, 
unless this support is forthcoming, the Association 
is likely to be short-lived. As far as mere assets 
are concerned, the electrical industry should have 
no difficulty in raising this amount, or even a much 
larger sum. Its gross annual revenue is of the order 
of 40,000,000/., and a contribution of one-tenth 
per cent. of this would be sufficient to provide the 
income required by the Research Association. It is 
only fair to mention that, so far, the manufacturers 
have contributed their share of the Association’s 
requirements, though perhaps not all they might. 
The failure has been on the part of the electricity- 
supply undertakings, especially those which are 
municipally owned, principally because the govern- 
ing committees do not appreciate the actual and 
potential value of research. That is an obstacle 
which has obviously to be overcome before any 
advance is made, and, at a meeting held recently, 
many ways were suggested of doing this. In our 
view, however, the only profitable way is the educa- 
tion of those from whom the money is to come. 
From this standpoint, the Association has much to 
learn. For example, the meeting at which this 
important problem was discussed was not public, 
an official report only being issued some weeks after 
the event ; this is not the same thing. Again, the 
Association should keep their paymasters more 
fully, and more frequently, acquainted with what 
they are doing, in language which they can under- 
stand, and lose no opportunity of driving home what 
research has done to reduce costs and increase 
profits. This may seem a very sordid view to take, 
but financiers must be talked to in the language 
of the money market and not of the laboratory. 


THE CANADIAN Pacrric Liner “ DucHESS OF 


ATHOLL.” 


The second of the four 20,000 ton cabin-class 
liners for the Liverpool-Montreal service of the 
Canadian Pacific Railway Company, viz., the 
Duchess of Atholl, sails to-day on her maiden voyage 
from Liverpool. This vessel has been built by 
Messrs. William Beardmore and Company, Limited, 
at Dalmuir, and is practically identical with the 
Duchess of Bedford, built by Messrs. John Brown 
and Company, Limited, Clydebank, and illustrated 
and described on page 675 of our last volume. Her 
sister ships, the Duchess of Richmond and the 
Duchess of Cornwall, are also building at Clydebank, 
the former having been launched last month while 
the latter will be launched in the autumn. These 
four ships, with the 25,000 ton Empress-class liner 
recently ordered from the Fairfield Shipbuilding and 
Engineering Company, Limited, Glasgow, will 
make a very important addition to the already 
extensive fleet of the Canadian Pacific Company. 
The particulars previously given of the Duchess of 
Bedford apply, in general, to the Duchess of Atholl, 
so that we need only mention here that both are 
600 ft. in length, 75 ft. in breadth, 53 ft. in depth 
from keel to bridge deck, and have a load draught 
of 27 ft. The service speed is 174 knots, and the 
vessels are designed to carry 600 cabin-class pas- 
sengers, 500 tourist class passengers and 500 third- 
class passengers, the accommodation provided for all 
classes having reached a particularly high standard 
of comfort and convenience. To engineers, how- 
ever, the chief interest in the vessels centres in the 
machinery, which marks a distinct advance in 
marine propulsion by steam. The arrangement 
adopted, which is due to Mr. John Johnson, the 
owners’ chief superintending engineer, was de- 
scribed in detail in connection with the Duchess 
of Bedford, but we may remind our readers that the 
two sets of turbines, with single-reduction gearing, 
are supplied with steam at a pressure of 350 Ib. per 
square inch, from six oil-fired water-tube boilers 
of the Yarrow type, fitted with superheaters and air 
heaters, while two ordinary cylindrical multi- 
tubular boilers, working at 200 lb. per square inch, 
are provided to supply steam for the auxiliaries and 
for the make-up feed to the water-tube boilers. 
For the latter purpose, a certain quantity of steam 
from the cylindrical boilers is admitted to the 
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intermediate-pressure turbines, and this steam, pas- 
sing through the turbines to the main condensers, is 
delivered by the feed pumps to the water-tube boil- 
ers, together, of course, with the main condensate. 
The exhaust from the auxiliaries is returned to the 
cylindrical boilers by a separate system, so that there 
is no possibility of the feed to the main boilers 
becoming contaminated with oil or scale-forming 
elements. On the trials of the Duchess of Atholl, 
which were carried out off the Clyde on June 4, 5 and 
6 last, the mean speed attained on the measured 
mile was just over 19 knots, the shaft horse-power 
developed being 21,180. Inthe 12 hour consumption 
trials, in which the displacement was 23,000 tons, 
the horse-power developed 17,200, and the mean 
propeller revolutions 110-4 per minute, the oil 
consumption recorded was 0-60 lb. per shaft horse- 
power-hour for propulsion and 0-64 lb. per shaft 
horse-power-hour for all purposes, the pressure and 
temperature of the steam in the high-pressure 
receiver being 345 lb. per square inch, and 663 deg. 
Fahr., respectively. The vacuum obtained was 
29 in., corrected for a 30 in. barometer, with a sea 
temperature of 51 deg. Fahr. The efficiency of the 
main boilers, calculated on the gross calorific value 
of the fuel used, was about 85} per cent. During 
the last week end, the Duchess of Atholl was engaged 
on a cruise of about 48 hours duration from Liver- 
pool to the Western Hebrides and back, her machin- 
ery giving complete satisfaction throughout. It 
will be particularly interesting to know if the 
excellent performance of these vessels on trial is 
maintained over an extended period under service 
conditions, although there is no reason to doubt 
that this will be the case. 





EXTENSIONS TO ‘“‘ SELECTED ”’ STATIONS. 


A crITICIsM frequently made of the National 
Electricity Scheme is that it is too rigid, extensions 
to “selected ” stations being scheduled years ahead 
on the basis of estimates which may not be realised 
in practice. It is already evident, however, that 
both the Commissioners and the Central Electricity 
Board regard these schemes rather as a guide than 
as a rule of conduct, and that what is actually done 
in future will be definitely related to existing needs. 
For instance, during the past week, extensions to 
generating plant have been inaugurated at Maid- 
stone and Battersea. The first of these was neither 
“selected” nor chosen to be worked temporarily 
under arrangements with the Central Board, but it 
has since received an increase in status, and the site, 
which is on the banks of the Medway, is, we under- 
stand, to be developed to its full capacity. This is 
a recognition of the geographical importance of the 
town and of theexcellent operating results (1-82 lb. of 
coal per kw.-hour on an annual output of 19,735,472 
kw.-hours) which have been obtained by Mr. E. FE. 
Hoadley. The latest plant consists of a 60,000 Ib. 
Stirling boiler and a 7,000 Ib. Brush-Ljungstrém 
turbo-alternator, together with the necessary acces- 
sories and control gear. An interesting point in con- 
nection with the design of the station is that, 
though ample water is available from the River 
Medway, it has been necessary to install cooling 
towers, the Medway Conservancy being in the habit 
of draining the river occasionally for cleaning pur- 
poses. At Battersea this disability is not present, and 
ample room exists for the erection of a station of the 
largest size. The latest extensions consist of two 
Babcock and Wilcox boilers with a maximum evapo- 
rative capacity of 95,000 Ib. of water per hour, steam 
being supplied at a pressure of 325 Ib. per square inch 
and a final temperature of 700 deg. F. The boilers 
are fitted with air heaters, economisers and super- 
heaters, the total heating surface being 32,088 sq. ft. 
The new-turbo-alternator is of the Fraser and 
Chalmers-General Electric type, and is designed for 
a normal load of 10,000 kw. Expansion is first 
effected in a number of stages of comparatively 
small diameter, each stage utilising a small heat 
drop only, so as to obtain a higher efficiency in 
the high-pressure portion. Reducing valves and 
an Arcade superheater allow steam from the new 
boilers to be used in the older turbine plant. It is 
probable that, as further extensions are made, the 
higher pressure and temperature will be standardised 
throughout the station. Circulating water is ob- 
tained from the Thames, through a 15 ft. tunnel 
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driven by the Foundation Company to a distance 
of 300 ft. from the river wall. The new plant was 
supplied to the designs of Mr. F. A. Bond, the 
Borough Electrical Engineer. 








ASSOCIATION OF PUBLIC LIGHTING 
ENGINEERS. 


Tue fifth annual meeting and conference of the 
Association of Public Lighting Engineers, a body which, 
up to the beginning of this year, was known as the 
Institution of Public Lighting Engineers, was held at 
Sheffield from July 10 to 12, under the presidency of 
Mr. J. F. Colquhoun, city public lighting engineer of 
Sheftield. At the formal opening of the proceedings on 
Tuesday, the 10th inst., the chair was taken by the re- 
tiring president, Mr. A. C. Cramb, and an official wel- 
come to the Institution was given by the Lord Mayor 
of Sheffield (Alderman M. Humberstone, J.P.), who 
remarked that, while in 1924 Sheffield had only 11,112 
gas lamps and 287 electric lamps in its streets, it had 
now 13,988 gas lamps and 2,176 electric lamps. This 
was a remarkable improvement, for which it had in 
large measure to thank the Association. The Lighting 
Committee also desired to light all the courts and alleys 
in the city, and to increase the illumination of the 
tramway routes to the greatest possible extent, in 
order that the larger volume of swiftly-moving traffic 
might operate in safety. 

Mr. J. F. Colquhoun then took the chair and delivered 
his Presidential Address, in the course of which he 
remarked that when the British Standard Specification 
for Street Lighting was expounded last year by Messrs. 
Jolley, Waldram and Watson, he felt that a demonstra- 
tion of it was essential, in order to test out its various 
features. He had, therefore, with the willing help of 
those interested, erected a number of installations to 
demonstrate the various classes of the specification, 
and had included in the address data regarding the 
fittings and lamp arrangements used, as well as of the 
hourly consumption of gas or electricity and the hori- 
zontal illumination obtained. 

Special attention was called to two of the installa- 
tions, in one of which 750-watt electric lamps were 
erected on 25-ft. poles, 226 ft. apart, while, in the other, 
10 cub. ft. gas lamps were placed on 13-ft. 6-in. poles, 
82 ft. apart. These installations were in the same class 
in the specification, but while the minimum illumina- 
tion (0 -065 and 0 -06 foot-candle) were almost identical, 
there was a considerable difference in the maxima 
illumination (4-0 and 2-0 foot-candles). The increased 
maximum illumination, in the former case, did not, 
however, add a great deal to the visibility. 

In another installation, an endeavour had been made 
to use flood lighting. It consisted of eight 500-watt 
lamps placed along 710 ft. of 42-ft. wide roadway. 
Whatever might be said for this arrangement, it was 
not economical. In a third installation, the magnifica- 
tion used in the refractors was 12, and with 500-watt 
lamps the glare was harmful, visibility being distinctly 
impaired. When the 500-watt lamps were replaced 
by 300-watt units, the glare was considerably reduced 
and the visibility much improved. 

In a general commentary on the installations, the 
President said that effective illumination was not 
always attractive illumination. In one case, the 
minimum illumination was 0-06 foot-candle, and the 
maximum 2-0 foot-candles (ratio 1:33), while in 
another the minimum illumination was 0-1 foot- 
candle, and the maximum 0-5 foot-candle (ratio 
1:5). The first was, however, much more attractive 
than the second, which seemed to show that, while 
installations equal in minima illumination were equal 
in effectiveness, if they differed in maxima illumination 
they differed in attractiveness. The installation with 
the greater contrast was more attractive, so long as the 
ratio of minimum to maximum illumination did not 
exceed 40. If installations were arranged in the order 
of their minima illumination, they would be found to be 
in the order of merit from the point of view of effective- 
ness, while, if arranged in the order of their maxima 
illumination, obvious contradictions occurred. This 
seemed to prove the value of the specification, which 
should therefore be put in operation throughout the 
country. 

Papers on the “‘ Non-Manual Control of Gas and 
Electric Public Street Lighting,’ were then read by 
Mr. E. H. Horstmann and Mr. E. E. Sharp, respectively. 
Both communications dealt exhaustively with the 
various apparatus now available for lighting up and 
extinguishing gas and electric lamps automatically, 
and cannot, therefore, be briefly abstracted. 

Mr. Horstmann stated that, as the result of ex- 
haustive enquiries, he deduced that the employment of 
clock-controlled gas installations led to economies, 
and that the efficiency was increased. Differences of 
opinion existed as to whether a quick or slow action 
of the gas cock was desirable on lighting up. From 
the point of view of carbonisation, there could be no 








doubt that the former was preferable, as it gave the 
correct mixture at the point of ignition and prevented 
lighting” back, sooting the mantles and the emission 
of fumes. The majority of users preferred this method, 
though in exceptional cases it might be desirable to 
form the quick-lighter tappets in such a way as to 
allow a short interval during which the gas could 
trickle through. followed by a quick movement for 
the full flow. The types of gas cock in use still varied 
considerably. 

Many methods of extinguishing the pilot during 
lighting hours had been devised, but it was doubtful 
whether the economy in gas consumption was as great 
as would at first appear, owing to the fact that, in 
order to ensure re-lighting, it was advisable to allow 
a more generous setting of the by-pass than would 
be necessary with a constantly-lighted pilot. It was 
also necessary to exercise care in determining the posi- 
tion of the pilot-head in relation to the burner, so as 
to ensure the former re-lighting before the gas was 
extinguished, while if the pilot was extinguished gradu- 
ally when the gas was lighted, the orifice was likely 
to become carboned up; the ideal arrangement would 
be a spontaneous-ignition device. If such were evolved, 
the biggest hindrance to the spread of automatic light- 
ing would be removed. 

Mr. Sharp pointed out in his paper that more 
methods of remote control were possible with electricity 
than with gas, that in the former case the clocks must 
be designed bearing in mind that they never had the 
protection of the lantern and the help of the by-pass 
flame to keep off the condensation and cold, and that 
with electricity the absence of a by-pass increased the 
saving that could be effected by automatic control. 
As regards methods, time-switches were of universal 
application. Direct switching from the station was 
difficult to justify on account of its cost. The use of 
the selenium cell was impracticable, not only owing 
to its instability, but owing to its sensitivity and cost. 
The ‘‘ Aga’ system, which was much used in harbour 
work, was also impracticable for street lighting, owing 
to the impossibility of screening it from extraneous 
lights. The Olipel system, which operated by super- 
imposing an alternating current of comparatively high 
frequency on to the existing lighting current, though 
employed in five towns and fascinating technically, had 
only limited possibilities. Relay systems had advant- 
ages, but were not really automatic. 

Coming to time-switches, the three enemies of the 
clocks used were dust, rust and wear, and the steps 
that must be taken to counteract these were con- 
sidered. Contacts should not be affected by oxidation, 
should never be of the knife pattern, and should come 
together firmly, otherwise there was danger of welding. 
The best insulators were high-grade ebonite and 
Bakelite, fibre, bone and ivory being all unsuitable. 
Cable entries should be sealed against damp. A com- 
bination of the electrically-wound clock and the solar 
or astronomical dial theoretically did away with all 
need for attendance, and, even on street-lighting work, 
it would soon be possible to leave electrically-wound 
switches without attention for at least three months. 
The Warren motor would be a useful device to employ 
for street lighting, but necessitated the installation of 
a master-clock at the station to keep the frequency 
correct. Time-switch control was cheaper than hand 
switching. For instance, at Leyton, where 1,850 
switches had been installed, the saving was 14s. per 
post per annum. 

Mr. Horstmann and Mr. Sharp’s papers were discussed 
jointly, but, owing to the fact that the authors had 
read them almost in full, and a large amount of other 
business had to be transacted, the time available for 
their consideration was very short. 

Mr. Bertram Kelly said that the condition of the 
mains had, prima facie, little effect on the operation of 
the resonance switches used in the Olipel system. He 
had 1,200 relays in operation at Douglas, the voltage 
impressed on the mains to operate them being from 
6 to 8 volts, which fell to as little as 1 volt at distant 
points. An advantage of the system, not mentioned 
by Mr. Sharp, was its flexibility ; it enabled the lamps 
to be switched on or off at any time in a very simple 
way and, though its capital cost was higher, its operat- 
ing cost was less than that of time switches. 

Mr. Haydn T. Harrison remarked that the Aga 
system, though not suitable for street lighting, had 
possibilities other than those mentioned by Mr. Sharp, 
such as the lighting of airways. Its operation was not 
based on the principle of the Crookes radiometer, but 
on thermal effects. He wondered why the time- 
switches used by gas engineers were so much cheaper 
than those used by electrical engineers. They both 
had to do the same work. 

Mr. C. I. Winstone could not understand how one 
man could look after 590 lamps, as stated by Mr. 
Horstmann. He noticed that in 38 per cent. of the 
cases mentioned by that author, the winding of the 
time-switches and the cleaning was done at the same 
time, and that in some districts there was no inspec- 
tion. This was saving money at the cost of efficiency. 
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Supervision was absolutely necessary. Again, if the 
clocks were only wound once a month, the variations 
in their operation would be greater than if they were 
wound once a week. Even if there were no financial 
saving from the use of time switches, they did away 
with complaints of early lighting and late extinguishing 
of the lamps. 

At the conclusion of the meeting, members were 
entertained to luncheon by the Sheffield Gas Company, 
after which visits were paid to a number of steel works 
in the city. 

In the evening, the street-lighting installations 
conforming to the British Engineering Standards 
Association Specification, and specially installed under 
the direction of the president, were inspected. These 
cover eight miles of streets, and are being tested 
by the staff of the National Physical Laboratory with 
the assistance of volunteers drawn from the members 
of the Association of Public Lighting Engineers. 


(To be continued.) 








HIGH-PRESSURE PASSENGER 
LOCOMOTIVE. 


On Plates V to VIII, this page and page 52, we 








out thoroughly on the test-bed, before incorporating 
them in a complete locomotive. The test-bed results 
proved so satisfactory that this additional work was 
forthwith decided on, with the result that the engine 
was completed in 1926, and arrangements were made 
for service trials of it on the Swiss Federal Railways, in 
competition with one of their standard passenger 
locomotives which had recently undergone a thorough 
overhaul. 

Some particulars of these comparative tests will 
be given later and, for the present, we will merely 
note that the new engine showed itself superior to 
the standard by from 35 per cent. to 40 per cent. 
in the item of coal consumption, and by 47 per cent. 
to 55 per cent. in the quantity of water required. 
Various layouts were carefully considered before the 


Fig. 20. 
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during the competitive service trials, already referred 
to. In spite of its small provision of water, which 
was only about half that of the competing standard 
locomotive, the boiler of the high-pressure: engine 
proved fully equal to all demands. 

Some consideration was given to the question of 
a turbine versus reciprocating engine, and to the 
fitting of a condenser. With the working pressures 
contemplated, the advantage obviously lay with the 
reciprocator, and the fitting of a condenser would, 
it was held, have increased costs and weights out 
of all proportion to the gain in fuel consumption. 

An important innovation was the adoption of high- 
speed uniflow engines and reduction gearing. Amongst 
the many advantages of the latter, is the fact that 
the same standard engine can be used for different 
services, a change in the gear ratio being sufficient 
to convert a goods into a passenger locomotive. 
Production can thus be simplified, and the number of 
spares reduced, whilst the engines themselves can 
be thoroughly tried out on the test-bed before being 
mounted in the frames. 

Owing to the moderate weight and dimensions of 
high-speed engines, it would be possible to generate 
3,000 effective h.p. on a single frame, and as much as 
4,000 h.p. to 5,000 h.p. may prove possible with 
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Machine Works, Winterthur, of which some particulars 
were given by Dr. Herbert Brown in the discussion on 
modern locomotive developments at the recent confer- 
ence organised by the Institution of Civil Engineers. 

At one time, 70 lb. per square inch was the standard 
pressure for locomotive boilers. This was gradually 
raised to 140 lb., and later on to 200 Ib. or 225 lb. per 
square inch, and economy has been further sought by 
compounding the engine, superheating the steam, and 
employing feed-water heaters using exhaust steam. 
Compounding effected a saving of 10 per cent. to 15 
per cent. in the coal and water consumptions, and this 
was further augmented by another 10 per cent. or 15 
per cent. by the use of high superheats, whilst the feed 
heater effected a further gain of 7 per cent. to 10 per 
cent. By these methods, the coal consumption per 
horse-power hour, as measured at the drawbar, was 
reduced to a figure of something like 3-31b. Even 
this latter figure was, however, far from satisfactory, 
as it was equivalent to an overall thermal efficiency 
of but 7 percent. Pressures as high as 350 lb. to 400 lb. 
per square inch have been experimented with in 
America, with promising but not very striking gain 
being effected. In all this work, moreover, progress 
has been evolutionary rather than revolutionary, there 
being in all these cases no notable departure from 
traditional practice. 

As the result of a very thorough and comprehensive 
study of the whole subject, the engineers of the Swiss 
Locomotive and Machine Works came to the conclusion 
that in order to secure from very high pressures the 
advantages theoretically due, whilst ensuring reliability 
in service, and a reasonable first cost, a radical depar- 
ture from Stephenson precedents would be necessary in 
regard to both boiler and engine. With a given total 
temperature, the gain due to an increase of pressure is 
proportionately very much greater with non-condensing 
engines than it is when a condenser is fitted. Thus, 
with a total temperature of 700 deg. F., the adiabatic 
heat drop from 850 Ib. (gauge) down to 20 Ib. (abs.) is 
some 354 per cent. more than it is with an initial 
pressure of 215 lb. (gauge). There is thus a very rapid 
improvement in the theoretical steam rate between the 
limits named. At still higher pressures, however, the 
rate of gain falls off. 

The large gain, theoretically due to the adoption of 
very high pressures, induced the Winterthur firm to 
undertake the construction of an experimental loco- 
motive. The work was commenced in 1926, and it was 
decided, in the first instance, to construct the boiler and 





steam engine as independent units, and to try them 





Fig. 22. 
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arrangements, finally adopted, were evolved. Extreme 
pressures would have necessitated a costly and possibly 
unreliable boiler, whilst the fittings and accessories 
would have been expensive and heavy, and moreover, 
as already noted, the theoretical steam rate improves 
but slowly as extreme pressures are approached. 
It was decided, therefore, to adopt an average 
pressure of 700 lb. per square inch, with a maximum 
boiler pressure of 850 lb. per square inch. The range 
of pressure thus provided for admits of the taking 





of a temporary overload, and it proved adequate 





STATIONARY HIGH-PRESSURE TESTS OF No. 47; 
AUGUST 3, 1927. (Figs. 22, 23 and 24.) 
Duration of test, less intermediate stop .. 1 hr. 29 min. 
Coal consumption ee ee - i, bs. 
Water coasumption . 13,100 Ibs. 
1,110 HP/h 


Output ae Py 
Specific coal consumption .. .» 1:76 Ibs. H.P.-hr. 
Specific steam consumption - 11°8 Ibs. H.P.-hr. 


Fig. 22 :—-Temperatures of water and steam. 
tw, temperature of water entering feed pump 
tw2 temperature of water entering economiser 
twz temperature of water leaving economiser 
td, temperature of saturated steam 
td, temperature of superheated steam 


Fig. 23 :—Temperatures of air and combustion gas. 
tl, temperature of air in the test room 
tla temperature of air below the grate 
tg, temperature of combustion gas entering the superheater, 
tgo temperature of combustion gas leaving the superheater 
tg3 temperature of combustion gas leaving the economiser 
tg, temperature of combustion gas in the chimney 


Fig. 24 :—Steam pressure, number of revolutions and output. 

pm pressure of admission 

px boiler pressure 

m number of revolutions per min. 

Ne effective output 
thoroughly lubricated, so that wear and tear should 
be very much less than with the normal type of loco- 
motive engine. With the gear drive, the designer has a 
wide choice in fixing the number of cylinders to be 
adopted. Three have been used for the Winterthur 
high-pressure engine, and the torque per revolution 
varies only 8 per cent. to 10 per cent. from the mean, 
whilst with the normal type of four-cylinder locomotive 
the variation may be as much as 25 per cent. Uni- 
formity of torque is favourable to adhesion, and a 
figure of 33-3 per cent. has been recorded with the 
new engine with dry rails. Balancing is improved 
and the destructive effects on road-bed and bridges 
is correspondingly diminished. 

Compounding was rejected, since to be satisfactory 
with such high initial pressures. intermediate super- 
heating would be necessary, and a more complicated 
valve gear would be required. Both facts would 
run counter to the aim at simplicity, which has been 
a governing factor in the design of the new engine. 
It was, therefore, decided to adopt a three-cylinder 
uniflow engine, having cam-operated admission valves 
of the poppet type, which have special advantages 
where high superheats are used. 

The characteristic appearance of the new locomotive 
is well shown in Fig. 1, Plate V, whilst Figs. 2 and 3 
are reproduced from photographs taken, respectively, 
on the off- and near-side of the leading end of the 
locomotive. The housing which covers the engine in 
Fig. 1 was removed before those photographs were 
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taken, in order to expose the engine, and its acces- 
sories. 

The general arrangement of the locomotive is shown 
in Figs. 4 and 5, Plate VI. As shown, the engine 
has six coupled wheels, with a Bissel truck at each end. 
The frames are extended about 9 ft. in front of the 
smokebox, and the engine is carried by this extension. 
The cover over the engine is movable, and access is 
thus readily attained to the engine on all sides, and also 
to the smokebox of the boiler. The driving wheels are 
coupled to a crank on a jackshaft, which gears with 
the,engine crankshaft. The water supply is carried in 
two side tanks and one rear tank, the coal bunker being 
arranged over the latter. A diagram showing the rela- 
tionship of the component parts of the new locomotive 
is reproduced in Fig. 6. The boiler is of the water- 








it is delivered at nearly the boiler temperature to 
the leading end of the top drum, as shown. The 
steam for the feed pump is taken from the rear end of 
top drum, and is passed through the rear water wall 
to a small auxiliary feed-heater, mounted inside of 
the firebox. ‘The feed pump exhaust goes to the 
feed-heater, and thence to the atmosphere. 
Photographs of the boiler as completed at the works, 
are reproduced in Figs. 11 and 12, and of one of the 
component tube elements in Fig. 15. Longitudinal 
and cross sections of the boiler are represented in 
Figs. 13 and 14. These show the economiser and 
superheater in place. Both these accessories can be 
readily disconnected and removed when necessary, and 
can, moreover, be easily separated into their individual 
elements. A photograph of the economiser, which 





piston rod is provided with metallic packing. A 
special lubricating oil is used for all parts subject to 
the high-temperature steam. The exhaust ports, 
which are uncovered by the piston at the end of each 
stroke, are at the bottom of the cylinders. These 
have a diameter of 84 in., and a stroke of 13} in. 

The crankcase fits between the extended frames, 
to which it is rigidly bolted, and thus forms an effective 
cross stay. The three-cylinder arrangement was 
adopted as being the simplest which would secure 
both uniformity of torque and ease in starting. A 
flexible pinion is keyed to each end of the crankshaft 
and each gears with a spur wheel on a jackshaft below, 
which, in its turn, transmits the drive to the wheels 
by means of cranks and connecting rods. 

Both boiler and engine were, on completion, sub- 
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tube type, with an upper drum a and two bottom | 
drums 6. These are connected by tubes, of which 
the rear groups form the side walls of the firebox, 
whilst the ends of this firebox are closed by two water 
walls c,c, as indicated. A third water wall connects the 
leading ends of the drums. The plates of these walls 
are bound together by hollow stays, and the products 
of combustion pass through the stays of the inter- 
mediate wall (as indicated by the arrows) into a 
chamber, in which is fixed te superheater e and the 
economiser d. An air preheater f is fixed in front of 
the smoke box. The incoming air enters this at the 
top, as indicated by the arrow, and is delivered below 
the firegrate through the duct g. The regulator h 
collects steam through the usual perforated internal 
pipe, and delivers it, as indicated, to the superheater e 
from which it is passed directly to the engine. The 
exhaust from the latter is directed in part to the blast 
pipe, as indicated, but another part is tapped off by 
the branch ¢ to the feed heater j7. Through this heater 
the feed is forced by the compound steam pump k 
up to the economiser d, which it enters at a tem- 
perature of from 175 deg. to 195 deg. F., and from which 
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shows also arrangements made for scaling, is | jected to exhaustive shop tests. The boiler proved 
reproduced in Fig. 9, whilst the superheater is | satisfactory in every respect, though at first there was 
represented in Fig. 10. The design of all component | some difficulty in securing the desired intensity of 
elements, both of the boiler and engine and of their | combustion, but this trouble was soon surmounted 
accessories, was the result of very extensive and com- | by systematic research work. In normal running an 
prehensive research work, on which each element was | evaporation of 8,000 Ib. of steam per hour at a pressure 
thoroughly tried out. The water walls are connected | of from 740 to 850 lb. per square inch was easily 
to the top and bottom drums by inside and outside | maintained, to which should be added the steam taken 
welds, as indicated in Figs. 7 and 8, Plate VI, thus| by the feed pump. The evaporative efficiency was 
securing the rigidity necessary in a locomotive boiler. | 0-8, and 600 lb. of steam were generated per hour per 
Photographs of the engine are reproduced in Figs. 16 | square foot of grate area. This high output is to be 
and 17, Plate VIII, and longitudinal and cross- | attributed largely to the effective use made of radiation, 
sections on Figs. 18 and 19. The frame in which the | but is also partly due to the excellence of the water 
engine is shown in Fig. 16 is not part of the locomotive, | circulation. The results of tests made at different 
but was used in running trials on the test-bed. The | outputs are plotted in Fig. 20, the efficiency being 
engine has three double-acting cylinders, and is designed | calculated with the temperature of the feed tank as 
to run at a speed up to 700 r.p.m. The camshaft |its basis. The total range of efficiency is from 82 per 
operating the valves is above the cylinders. It runs in| cent. when 41:2 lb. of coal were consumed per square 
ball bearings, and is coupled up to the crankshaft | foot of grate per hour to about 72 per cent. at double 
by bevel gears. There are six cams to each cylinder, | this figure. The steam temperature ranged from 
and the cut-off is varied, and the engine reversed, by | 720 deg. F. at maximum output to 780 deg. at the 
sliding the camshaft axially. The cylinders are bolted | lower rate. : 
to the crank-case, and are free to expand axially. The| The engine was subjected on one occasion to & 
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continuous run of 84 hours, and a series of other tests 
were made, of which the results are plotted in Figs. 22, 
23 and 24, page 51. Typical diagrams are reproduced 
in Fig. 21, which show that with a cut-off of 4-9 per 
cent., the mean pressure was 76 -4 lb. per square inch, 
whilst with a cut-off at 70 per cent. of the stroke the 
mean pressure rose to 293 lb. per square inch. The 
corresponding outputs were 470 h.p. and 1,200 h.p. 
The latter figure is particularly notable in view of the 
fact that the engine, complete with its accessories, 
weighs only 4-8 tons. The average steam consump- 
tion per brake horse-power was 13 -2 Ib., and the coal 
consumption 1 -63 Ib. 

After the completion of the shop tests, the whole 
plant was carefully examined. The boiler was found 
to be completely free from solid scale. There was 
merely a collection of fine mud in the lower drums, 
which was easily washed out. This highly advant- 
ageous result is attributed to the feed heating arrange- 
ments, the solid scale being deposited on the heater 
and economiser, from which it can readily be removed. 
‘The engine also proved to be in perfect order. 

Road tests were commenced in November, 1927, 
as already noted, and in the following January arrange- 
ments were made for comparative tests, with a standard 
superheater locomotive belonging to the Swiss Federal 
Railways, as already mentioned. 

Particulars of the two engines are given below : 

Conventional Winterthur 
Low-Pressure High-Pressure 


Boiler pressure Locomotive. Locomotive. 
lb. per sq. in. 170 850 
Grate area ... sq. ft. 24-7 14-4 
Heating surface 
sq. ft. 1,290 1,040 
Heating surface of 
superheater, sq. ft. 346 215 
Water capacity of 
boiler, imp. gall. 1,080 594 
Number of cylinders 2 3 
Diameter of cylinders 
in. 21} 84 
Stroke of pistons in. 233 13} 
Gear ratio ... a — 1:2°5 
Diameter of driving : 
wheels... in. 60 60 
Maximum speed 
m.p.h. 46-5 50 
Weight empty (with 
tender) tons 64-2 62-8 
Weight in working 
order tons 90-8 75 
Tank capacity 
imp. gall. 3,500 1,320 
Coal capacity tons 4 2-7 


The two engines were approximately of the same 
power, and each carried during the tests water and fuel 
for approximately the same mileage. The tests were 
all controlled by the railway staff, non-stop runs being 
made on consecutive days between Winterthur, Stein 
and Sackingen and back, a distance of 93 miles with 
a maximum gradient of 1 in 125 and between Winter- 
thur and Romanshorn and back, a distance of 70 
miles, with a maximum gradient of 1 in 83}. The 
train load on the longer run was 300 tons carried on 
40 axles, and on the shorter 242 tons on 31 axles. 
A profile of the line is reproduced in Fig. 31, and the 
main observations made are plotted in Figs. 25 to 30. 

In these diagrams the dotted line refers to the 
standard locomotive and the full line to the high- 
pressure engine. The horse-power at the drawbar, as 
recorded by the dynamometer car, is plotted in Fig. 25, 
the drawbar pull is shown in Fig. 26, and the speed in 
Fig. 27. Steam temperatures are shown in Fig. 28 
and boiler pressures in Fig. 29, whilst Fig. 30 repre- 
sents the percentage of cut-off. 

The tests indicated an average reduction of 35 to 
40 per cent. in fuel consumption, and of from 47 to 
55 per cent. in the water supply was needed. 








Souta Arrican Imports or Motor Cars.—According 
to recent statistics, relating to the importation of motor 
cars into the Union of South Africa during the month of 
February, 1928, which have been furnished by His 
Ma jesty’s Senior Trade Commissioner, the United States 
ot America were easily first, with a total of 718, valued 
at 136,8137. The United Kingdom was second, with a 
total of 148, valued at 26,007/.; France third, with a 
total of 23, valued at 4,096/.; and Canada fourth, with 
a total of 15, valued at 3,248/. 





_ CONSUMPTION OF ELECTRICITY IN GREAT BRITAIN.— 
lhe latest figures available to the Electricity Commis- 
sioners show that the amount of electricity sold to 
consumers by authorised undertakers in Great Britain 
in the year 1927 was 6,850 million kw.-h. The sales 
ot electricity to consumers in 1927 represented an 
‘increase of about 19-6 per cent. on the figure for the 
previous year. Since 1920-21, the annual sales of 
electricity by authorised undertakers have increased 
from about 3,512 million kw.-h. to 6,850 million kw.-h., 
“.e., by 95 per cent., and have thus practically doubled 
in the course of seven years, notwithstanding the 


ee conditions of trade and industry during that 
pe nod, 
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ENGINEERING TRAINING AND 
EDUCATION. 


British Empire Scholarships.—The Governors of 
Loughborough College, ‘Leicestershire, invite applica- 
tions for the award of five open scholarships in the 
Feeulty of Engineering, each of the value of 75/. per 
annum. Candidates for these scholarships, which are 
tenable at the college for the period of the full diploma 
course, must be of British parentage, should have had 
a good general education, and must be resident in some 
part of the Empire at the time of application. The 
entrance examination for the session 1929-30 will take 
place on Tuesday, Wednesday and Thursday, April 16, 
17 and 18, 1929, and applicants must be not less than 
16 years of age on October 1, 1929. Those resident in 
the United Kingdom will be required to attend at 
Loughborough, while those resident in other parts of 
the Empire will be examined, on the above dates, at 
local centres, where recognised facilities are available 
and have been approved by the college governors. 
Six papers are included in the examination, as follows : 
—English, mathematics, higher mathematics, one 
modern language selected from French, German or 
Spanish, and two science papers chosen from 
each of the following groups: (a) Chemistry, or heat, 
light and sound ; and (6) Mechanics, or magnetism and 
electricity. Further particulars and application forms, 
on which candidates should state the subjects they wish 
to offer, may be obtained from the college registrar, 
to whom the forms should be returned not later than 
March 28, 1929. 

The Institution of Electrical Engineers.—The next 
Examination for Associate Membership of the Institu- 
tion of Electrical Engineers will be held on November 
28, 29 and 30, of this year. Candidates must either 
be Students or Graduates of the Institution, or 
have lodged with the secretary a duly completed form 
““E”’ for election as Associate Member and have been 
informed that they must pass the examination as a 
condition of election. Entry forms for the examina- 
tion, which must be completed and returned by 
October 1, and particulars regarding election to 
membership of the Institution, may be had on appli- 
cation to the Secretary, The Institution of Electrical 
Engineers, Savoy-place, Victoria Embankment, London, 
W.C.2. 








THE REPAIR OF LARGE BELLS B 
WELDING. ' 


The practice of bell founding is generally classed as 
one of the arts, and though an everyday operation of 
the engineer, namely casting, is employed, it is sup- 
posedly outside his more scientific methods. At the 
same time, the very modern development of welding 
has now come to the help of this old craft. Hitherto, 
when a bell of historic interest has cracked through 
constant use, there appeared to be only the alterna- 
tives of sending it to the local museum, or of re-melting 
it, the difficulties attendant on repair being considered 
almost insuperable, or at all events, the result of such 
an attempt being unsatisfactory. The last mentioned 
of the alternatives, of course, practically destroys all 
the sentiment, justifiable enough, which attaches to the 
original work. It has been left to a firm specialising in 
the entirely unrelated field of repairing motor-car engine 
and similar parts by welding, to develop a successful 
and simple technique for restoring cracked bells. We 
recently had an opportunity of inspecting such a 
restoration at the works of Messrs. Barimar Limited, 
14-18, Lamb’s Conduit-street, Theobald’s-road, W.C.1. 

The bell is the seventh of a peal of twelve, belong- 
ing to the church of St. Mary-le-Tower, Ipswich, and 
of which the tenor weighs 32 cwt. It weighs 8 cwt., 
and bears the inscription, cast on, of “‘ MILES GRAIE 
MADE ME 1607.” It thus belongs to what is, according 
to some authorities, the best period of bell founding, 
the 16th and 17th centuries seeing the creation of 
many of the famous examples of the Netherlands. 
It had cracked on the edge a little to one side 
of the flat arising from the wear of the clapper, and 
was open for about 4 inches, though the actual 
damage extended for a length of nearly 9 inches. 
After suitable dressing, the weld was made by a 
special electric process, with metal as nearly as possible 
of the same composition as the bell itself. The 
selection of the welding material is an important 
factor in the success of such a repair. It may be 
said to involve, to some extent, the old tradition of 
craftsmanship, depending as it does almost entirely 
on the operator’s judgment, and seeing that different 
ages employed different compositions. Thus, the bell 
metal of the time of Henry III, consisted of 2 parts 
of copper to 1 part of tin; later, it was 4 parts of 
copper to 1 part of tin. The arris of the finished weld 
was filed down level with the original surface, and a 
very close examination was needed to detect the 
precise situation of the repair. 











We subjected the bell, when it was hanging on a 
crane hook, to tests in octave, quint, tierce, and in 
the full consonant, and though it is impossible to say 
whether the original tone is reproduced until the bell 
is re-hung in its peal, the tone was excellent, and it is 
easy to believe that the original quality is restored, 
and that the bell will be in tune with the remainder. 
The question naturally arose as to the permanency of 
such a repair, and we were assured that the experience 
of a number of years had shown no deterioration iin 
other restored bells, some of them older and more 
extensively damaged. A case in point was some bells 
of a church in Norfolk, which were dated 1568, and 
though put into use again after repair, fully three 
years ago, have continued to fill their normal function 
satisfactorily ever since. 








THE LATE MR. P. D. DONALD. 


Tue death of Mr. Patrick Dunlop Donald, which, we 
regret to record, occurred in a Glasgow nursing home 
on the 8rd instant, has removed a well-known and highly - 
respected figure from Glasgow shipping and engineering 
circles. Mr. Donald, who was Engineer-in-Chief to the 
Clyde Navigation Trust, was in his sixtieth year. 
Born on December 3, 1868, he received his general 
education at Kilmarnock Academy, afterwards study- 
ing engineering at Glasgow University for three years 
from 1884 to 1887. He then served as a pupil to the 
late Mr. John Strain until 1891, when he became 
assistant to Messrs. Strain and Robertson. In this 
capacity he took part in the preparation of the working 
plans for the Barnton Branch of the Caledonian 
Railway, and also in the work of supervising construc- 
tion. His next engagement was with Messrs. J. & A. 
Leslie & Reid, of Edinburgh, whom he joined in 1894, 
his work being connected with the Talla Extension of 
the Edinburgh and District Waterworks. Two years 
later, he became assistant to Mr. C. R. Hansom, 
engineer and manager of the Perak State Railways of 
the Federated Malay States. In this appointment he 
supervised the working of some 150 miles of open line 
and prepared the plans for, and supervised the con- 
struction of, 135 miles of extension lines. 

It is, however, in connection with his work for the 
Trustees of the Clyde Navigation that his name will 
be chiefly remembered. He joined the engineering 
staff of the Trustees in 1903, and for ten years acted as 
leading office assistant to the late Mr. W. M. Altson, 
being appointed chief assistant in 1913. Five years later, 
on the retirement of Mr. Altson, he was appointed chief 
engineer. In his work on the Clyde, he was specially 
responsible for the layout of the railway approaches 
and marshalling sidings for the Rothesay Dock, and 
for the design of quay walls at Merklands and Meadow- 
side, including the erection, at the latter place, of the 
large granary capable of holding 30,000 tons of grain: 

During his term of office as chief engineer, he carried 
out the reconstruction, to modern requirements, of 
most of the old quay walls in the upper part of the 
Harbour of Glasgow. The chief engineering difficulties 
in this work lay in the removal of the old quay-wall 
foundations. In the case of Plantation Quay, the work 
involved the use of steel caissons sunk under compressed 
air as the foundations for the new wall. His chief 
monument, however, will be the extensive system of 
docks at Shieldhall, the whole scheme covering a length 
of river frontage from Shieldhall to Renfrew and involv- 
ing the construction of six wet docks, with seven miles 
of quayage, and two graving docks. Work on the 
first of the wet docks is now approaching completion. 

Mr. Donald was an engineer of high professional 
qualifications and administrative ability, and his death, 
after a brief illness, will be widely regretted. He became 
an associate member of the Institution of Civil 
Engineers in March, 1894, and was transferred to full 
membership in January, 1919. He leaves a widow 
and a son and daughter, to whom, as well as to his 
professional associates, the sympathy of all who knew 
him will be readily extended. 








MELBOURNE INTERNATIONAL Motor SHow.—A copy 
of the catalogue of the International Motor Show held 
in Melbourne from May 3 to 12, together with newspaper 
euttings referring to the various special exhibits, has 
been received by the Department of Overseas Trade, 
35, Old Queen-street, London, 8.W.1, from His Majesty’s 
Trade Commissioner at Melbourne. The catalogue and 
cuttings will be forwarded on loan, in order of application, 
to interested British firms. (Ref. No. AX.6531). 





METEOROLOGICAL INSTRUMENTS FOR CuHILE.—It is 
reported from Valparaiso that a recent Chilean Govern- 
ment decree has authorised the establishment of a Naval 
Meteorological Service dependent on the Department of 
Maritime Territory of the Ministry of Marine. Firms 
interested in the supply of meteorological instruments, of 
British manufacture, can obtain further information on 
application to the Department of Overseas Trade, 35, 
Old Queen-street, London, S.W.1, when reference 
number B.X. 4549 should be quoted. 
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LABOUR NOTES. 


Art its Conference in Bristol last week, the National 
Union of Railwaymen considered the serious economic 
condition of the railway industry, and decided, it is 
understood, to authorise its representatives to meet 
representatives of the companies, for the purpose of 
discussing the matter. Speaking at the closing 
session, Mr. J. H. Thomas, M.P., said: ‘‘ This con- 
ference has had placed before it the full position. 
That is a new and, I hope, a good departure in the 
relationship between capital and. labour. We have 
reached a stage in the railway industry where all the 
cards can be put on the table. We are entering into 
negotiations without abrogating our rights, and without 
abating one jot of our privileges as trade unionists, 
but, having been invited by the other side jointly to 
consider the position of the industry, we are going to 
approach the problem with a single-minded desire to 
do the right thing. Iam going into these negotiations 
with a desire to show the railway companies and the 
public that we are as anxious about the future of the 
railways as any section of the community. We know 
if our industry goes under that we go under with it.” 





‘**We know,” Mr. Thomas went on to say, “ that 
if the financial position of the railways is such that 
they cannot borrow new capital, development must 
be hampered, and the employees will be the first to 
suffer. We are prepared to make a contribution to 
try and solve the difficulties. We are going to make 
that contribution equally with the other side, by 
facing the facts—not by placing an unfair burden on 
one section, not by a disproportionate contribution 
by one section as against another, not by interfering 
with a fair and full recognition of our own men’s 
economic position, but with a desire to do what is 
right.” 





Mr. John Bromley, M.P. (General Secretary of the | 


Associated Society of Locomotive Engineers and 
Firemen), stated subsequently, in the course of an 
interview, that, so far neither he nor his organisa- 
tion, had considered any proposals, and no under- 
standing of any kind existed. ‘‘ We know,” he said, 
“the general facts as to the difficulties confronting the 
railways, and we shall go into the conference with an 
open mind to hear what suggestions the companies 
have towards meeting the situation. I do not believe 
the guaranteed week is menaced.” Sir Josiah Stamp, 
President of the London Midland and Scottish Railway 
said: ‘‘ We have not even reached the stage yet of 
arranging a meeting with the unions, and detailed 
proposals have not been discussed informally. It 
can be stated quite definitely that any scheme which 
purports to outline proposals the companies will 
make to the unions is not in the slightest degree 
authentic.” 





At the last annual Conference of Trades Councils, 
a resolution was passed suggesting that the six repre- 
sentatives of the Trades Councils on the Trades Councils 
Joint Consultative Committee should attend future 
Trades Union Congresses. The General Council have 
decided that they cannot support the new principle 
involved. Trades Councils, it is pointed out, were 
excluded from Congress in 1895. The question of 
their admission will arise on a resolution that has been 
submitted by an affiliated union, but the General 
Council do not intend to support it. 





In the course of his address to the annual con- 
ference of the National Association of Trade Union 
Approved Societies, the President expressed the hope 
that the setting up of the Social Insurance Depart- 
ment of the Trades Union Congress would lead to 
co-operation and a quickened interest in social insur- 
ance services. Mr. J. L. Smyth, the head of the Depart- 
ment, who attended the conference, stated that he 
was confident that in the work that lay before it, not 
only of a national, but also of an international, charac- 
ter, the co-operation of the Association would be very 
helpful. In his opinion, it was regrettable that more 
trade unionists were not in trade union approved 
societies. Mr. A. A. H. Findlay, the fraternal delegate 
from the T.U.C., to the conference, expressed the 
view that greater efforts should be made to increase 
the membership of the trade union approved societies, 
as, at present, only a million and a quarter out of 
about five million trade unionists were members of 
such societies. 





The leading editorial note in the July issue of 
Man and Metal, the organ of the Iron and Steel Trades 
Confederation, is devoted to comments on the @peech 
which the Prime Minister delivered at the annual dinner 
of the British Cotton Growing Association. The 
writer declares that Mr. Baldwin’s advice to the cotton 


trades is equally applicable to the iron and steel trades. 
A number of firms are certainly, he says, over-capitalised 
in the sense that the replacement value of their plants 
is much less than the capital value. ‘“‘ They have 
also,” he proceeds, ‘‘ extensive debenture debts, and 
we are wondering when they are going to ‘cut away 
the dead wood and clean up the mess’ that was made 
by inflation of capital when prices were high during 
the latter period of the war and the two boom years 
that followed.” In the iron and steel trades, it is 
claimed, as in the cotton trade, “there is a danger 
of the employers sacrificing the good feeling which has 
existed amongst the men for over a generation.” 


The Council of the General Federation of Trade 
Unions at their annual conference at Great: Yarmouth 
last week passed the following resolutions :—‘‘ Where 
the proposals of any manufacturing or trading company 
for capitalisation, recapitalisation, or raising additional 
capital appear to be of such a nature as to endanger 
commercial or industrial stabilities, or to facilitate 
fraud upon the small investor, or appear likely to 
create industrial unrest by threatening changes in 
wages, hours, or working conditions, the Board of Trade 
should have power to appoint one or more competent 
inspectors to investigate the affairs of any such com- 
pany and report thereon to the Board of Trade and 
to Parliament, in order that action may be taken to 
protect the workers’ and other interests concerned.” 





It was intimated at a meeting of the Committee of 
the Shipbuilding Employers’ Federation in London on 
Friday last that five of the six craft unions had now 
accepted the offer to increase the war bonus of plain 
time workers to 10s. per week. The maximum addi- 
tion will be 3s. per week, and it is to be paid in two 
instalments, the first this month and the second in 
September. The unions which have accepted —in addi- 
tion, of course, to societies affiliated to the Engineering 
and Shipbuilding Trades Federation—are those of the 
Boilermakers, Shipwrights, Plumbers, Painters, and 
Electricians. 

Section 7 of the Act of June 15, 1921, which limits 
hours of work in Belgium to eight in the day and 48 in 
the week, authorises the Minister of Industry, Labour 
and Social Welfare to grant permits for the prolongation 
of work beyond the limits fixed by the Act, in order to 
enable undertakings to meet unusual demands arising 
from unforeseen circumstances. The permit may not 
be given until an agreement has been arrived at between 
the head of the undertaking and the organisation or 
organisations to which the majority of the workers 
belong, or failing an organisation, the majority of 
the workers. Permits may not be granted for more 
than three months in any one year, and the extra hours 
may not exceed two ina day. In 1927, the number of 
permits granted was 699 ; they affected 32,174 workers 
and allowed 2,574,267 hours. In 1926, 424 permits 
were granted. 





During the summer of last year, the United States 
Bureau of Labour Statistics carried out an extensive 
study of wages and hours of labour in foundries and 
machine shops. Summarising the results, the Monthly 
Labour Review states that the investigation covered 
38,986 wage-earners in 417 foundries, and 86,771 wage- 
earners in 526 machine shops, in 28 States. According 
to the 1925 census of manufacturers, the States not 
included in the survey employ only 3 per cent. of the 
total number of wage-earners in these industries. 
Average full-time hours decreased from 52-4 per week 
in 1923 to 51-1 in 1927, or by 2-5 per cent. Average 
earnings per hour, in all occupations combined, increased 
from 55-8 cents in 1923 to 62-4 in 1927, or by 11-8 
per cent. Between 1923 and 1927, full-time earnings 
per week increased 9-1 per cent. The increase in full- 
time earnings per week was less than the increase in 
average earnings per hour, on account of the decrease 
in average full-time hours per week. Full-time hours 
per week were a little lower in machine shops than in 
foundries. In machine shops, the full-time hours per 
week decreased 1-4 per cent. between 1923 and 1927. 
Earnings per hour increased 11-8 per cent., and full- 
time earnings per week 10-2 per cent. 





Average hours of work of males in foundries varied 
from 49-9 for moulders, hand and floor, to 52-6 for 
crane operators, and those of females from 48-4 for core 
makers to 50 for chippers and rough grinders. In 
machine shops, hours ranged from 49-5 for charge 
hands and fitters to 51-2 for crane operators, and those 
ot females from 48-6 for grinding-machine hands and 
operators to 51-3 for crane operators. The lowest 
average hours of both male and female workers in 
foundries and machine shops, namely, 45-3 and 45 
respectively, were in the State of Oregon, the highest, 


Georgia. Average full-time earnings per week varied 
from 21-31 dols. to 34°71 dols. for male workers, and 
from 19-89 dols. to 27-23 dols. for female workers. 





In the course of a brief review of the proceedings of 
the recent International Labour Conference at Geneva, 
the weekly official organ of the International Labour 
Office mentions that the Governing Body has been 
requested to take up anew the whole question of the 
revision of Conventions and to present a report on the 
problem to the next conference. This question, it will 
be remembered, has already occupied the attention of 
the Governing Body on several occasions, more par- 
ticularly as a result of the proposal of the British 
Government with regard to revision of the Hours Con- 
vention. In course of an exchange of views on this 
matter during the debate on the directors’ report, the 
representative of the British Government made an 
important formal declaration of its attitude and inten- 
tions, and one, the official organ states, that may prove 
to indicate the lines along which a solution of this 
thorny problem may be found. 





According to The Times correspondent at Riga, 
unemployment was described as one of the gravest of 
Soviet problems, at a recent trade union conference 
in Moscow. In January, he says, registered unem- 
ployed trade unionsts in the Soviet Union totalled 
2,000,000—an increase of 500,000 since October. The 
total figures are not available. The unemployed trade 
unionists include, roughly 500,000 skilled workmen. 
Schmidt, the Commissar of Labour, declared at the 
conference, the correspondent says, that it was difficult 
to combat unemployment owing to the prevalence of 
favouritism and trickery in Soviet establishments. 
The unemployed also behaved badly. He did not know 
a single Labour Exchange official of standing who had 
not been thrashed at least once by enraged applicants 
for employment. 





A deputation from the League of Nations Union has 
interviewed Sir Arthur Steel-Maitland, the Minister of 
Labour, on the subject of the Washington Hours’ 
Convention. It was introduced by Major J. W. Hills, 
M.P. Lord Lytton asked that the points, upon which 
the Government desired the revision of the Washington 
Hours Convention, should be sent to the Governing 
Body of the International Labour Office as soon as 
possible; that a draft Bill should be introduced so 
that it might be seen on what lines the ratification of 
the Convention could proceed, and that the deputation 
might be informed on what grounds the proposals 
for revision were based and the particular points on 
which revision was needed. Mr. E. L. Poulton, 
Captain L. H. Green and ‘Viscount Cecil of Chelwood 
also spoke. The Minister, in replying to the deputa- 
tion, stated that he had already made clear, in the 
House of Commons, the reasons why revision of the 
Convention was essential. The British Government’s 
representative, however, at the January meeting of 
the Governing Body of the International Labour Office 
in January (when the question of revision would be 
discussed) would be given a further opportunity of 
developing the considerations which had led the 
Government to ask that the Convention should be 
reviewed and, if so decided, revised. Sir Arthur 
emphasised that any delay there might be in securing 
revision was the responsibility of those who had 
opposed this course. He himself desired to press 
forward with the Government’s policy of revision as 
rapidly as possible. 





The Ministry of Labour states that on July 2, 1928, 
the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain was 
1,217,500, of whom 783,500 were wholly unemployed, 
356,600 were temporarily stopped, and 77,400 were 
persons normally in casual employment; 970,400 
were men, 29,700 boys, 190,900 women, and 26,500 
girls. On June 25, 1928, the number of unemployed 
persons was 1,192,564. Of these 767,100 were wholly 
unemployed, 350,072 were temporarily stopped, and 
75,392 were persons normally in casual employment ; 
959,085 were men, 28,045 boys, 180,208 women, and 
25,226 girls. The number of unemployed persons on 
July 4, 1927, was 1,053,576, of whom 847,242 were 
men, 27,712 boys, 151,686 women, and 26,936 girls. 








Tue AMERICAN AUTOMOBILE INDUsTRY.—A confiden- 
tial report on production, &c., in the more important 
works of the American automobile industry, has been 
prepared by the Department of Overseas Trade, 35, Old 
Queen-street, London, S.W.1, from information furnished 
by His Majesty’s Consul at Detroit, Michigan, and issued 
to firms whose names are entered on its special register. 
United Kingdom firms, desirous of receiving a copy of this 
report, together with particulars of the special register 
service, should communicate with the Department at the 








namely, 54-5 and 54-3 respectively, in the State of 








above address, quoting ref. no. A.X. 6341. 





Bac reece Cra nates izes AS ieee aes 


I cE Rk enn Sota a SS 








as 
ie 
cae 



























1 DE acc den a Pts 


Se at 











JULY 13, 1928.] 





HOTCHKISS INTERNAL-CONE 


wn 
Un 


ENGINEERING. 





PROPELLER. 











Fie. 1. 


THE HOTCHKISS INTERNAL-CONE 
PROPELLER. 


Fig. 2. 


| . 
| under reserve for departmental and experimental work. 


| BITUMINOUS SANDS FOR ROAD |Some prospecting with 2-in. asphalt augers was 
SURFACES. | first done, samples thus obtained giving from 11-2 
Resipuum from the refining of crude petroleum is | to 15-8 per cent. associated bitumen, and averaging, 


Tue principle of the internal-cone propeller invented | | es 
by Mr. Donald V. Hotchkiss, of North Bridge, Ware- | largely used as a road surfacing material. But since |for 19 samples, 13 per cent. Analyses indicated an 


ham, has already been described in ENGINEERING,* | the merits of ‘‘ cracked” petrol have become more | unbalanced aggregate, but it had been proved by 
the article referred to dealing with a 15-in. propeller | widely recognised there is a growing tendency for | Previous experience that when combined with suitable 
employed on an 18-ft. launch, the maximum draught | crude petroleum to be completely converted—with coke | Clean aggregate, a satisfactory wearing surface could 
of which was 6 in. This system has now been adopted | and gas as by-products—and a consequent decrease in | be produced. Preparations were therefore made to 


on a large number of craft, the latest of which is a 
25-ft. towing launch, ordered by the War Office, with 
total draught of 10 in. The vessel is equipped with a 
35 h.p. engine running at 1,400 r.p.m., and with an 
impeller speed of 260 r.p.m. gives a tow rope pull of 
336 lb., or equal to the towage of four 40-ft. bridge 
pontoons. The design of the gear is similar to that 
used with the 15-in. cones, but in this case the cones 
are 33 in. in diameter. a ~- ~ ey 
The cones, a view of which is given in Fig. 1, are 


of welded and galvanised mild-steel plate, the flanges | 


being set at an angle to the horizontal to suit the 
section of the tug. The impellers consist of gun- 
metal hubs with galvanised steel blades, each of which 
is slotted into its place on the hub and then secured by 
two gun-metal nuts. Slacking back these nuts enables 
the blades to be easily removed, through the inspection 
hatches, even when the tug is afloat and fully loaded. 
The gear box is of gun-metal and the cones are 
assembled on it by two projecting spigots. The latter are 
secured by two hexagon nuts inside the cones, a rubber 
insertion ring being interposed between the cone end 
plating and the flange on the spigot to ensure water- 
tightness. By slacking back the two nuts, which can 
be accomplished through the inspection hatches, the 
gear box hinges between the cones and the angle of 


to requirements, without disturbing the fixing of the 
cones. 


clearing grids and bilge suction, is 400 lb., and when 
in service about 400 lb. of water are carried in the 
casings. The latter figure could be reduced by the 
use of floating impellers, but as the pumping capacity 
of the apparatus is probably in excess of 30 tons 
per minute, the weight cannot be considered heavy. 
The average weight per h.p. of the cone propeller is 
about 12 1b. The projection through the shell of the 
tug is about 3 in., and since the propellers are set up 
on the rising section no part of this is below the line 
of the keel. - 


In a 32-ft. launch, which has recently been con- | 


structed, the transverse impeller shaft carries two 
double impellers, each operating in a pair of cones 
(Vig. 2), which are welded together to form one casing 


| bituminous sand from McMurray. A few months later 


inclination of the shaft line can therefore be suited | it was suggested by the Commissioner of Canadian | ©”: 
| National Parks that this work should be undertaken |'ailway flat trucks. 


The wei iain ncludi . 
e weight of the apparatus, including the self | tween the town of Jasper, Alberta, and a summer| Nau D ; . 
tourist hotel named Jasper Lodge, operated by the Cana- bituminous sandstone, and bituminous limestone have 














'the supply of residuum would appear to be possible. | carry out the necessary excavation work. 
As a result of this it is probable that increased | The overburden which had to be removed consisted 
attention will be given to the world’s supplies of | Of @ variable thickness of boulder clay, below which 


/natural rock asphalt. As these sources are very large, | were 2 ft. to 4 ft. of sand and soft sandstone. The 
|there need be no cause for anxiety about shortage | UPpeT surface of the bituminous sand was weathered 
| occurring in supplies. But factors which have to be | for 1 in. to 4 in., and partly leached. The average 
considered in the commercial development of such | thickness of overburden removed was 12 ft. _ 
| deposits include difficulties and cost of transportation, A light winch driven by a petrol tractor was installed 
| quality of the material and the amount of overburden | to operate a No. 1 slip scraper dragged by lead and tail 
|to be removed. | wire ropes of 4 in. diameter. Waste material was 
Investigations were commenced some years ago by | dumped in an adjacent ravine; overburden was drilled 
the Canadian Department of Mines of the properties and | by means of 6-in. post-hole auger, charged with No. 1 
| practical application of the enormous deposits of bitu- | black blasting powder, tamped with heated bituminous 
| minous sands of Alberta, which comprise the largest | sand, and fired in groups by a battery - The blasted 
occurrence of solid asphaltic material known to exist. |material was then readily sluiced into the river 


| Following the completion of the general report in| by means of a pump driven by a petrol tractor 
| April, 1925, which has been referred to on a previous | mounted on a small scow moored to the shore. The 
occasion in these columns,* investigations were con- | bituminous sand was broken in similar manner, by 
8 : : - : 

tinued during the field season of 1926 by Mr. S. C. Ells, | boring with augers and blasting with black powder. 
in accordance with the original project. The results of | Lumps too large to handle were broken down by 
|; that part of the work which deals with paving and | blasting or with sledge hammers. The bituminous 

|sand was then conveyed by barrows to a chute dis- 


|construction have recently been published in bulletin | : ‘ 
orm.+ |charging on to decked scows, which were towed a 


Towards the end of 1925 it had been decided to | distance of about a mile up the Clearwater River, 
at which point the cargo was transferred to a small 
|mine car, hauled by cable and winch, and then dis- 
| charged through a chute on to the deck of standard 
Notwithstanding this rather 


| with the co-operation of the Mines Branch, Depart- | cumbersome handling, the cost of bituminous sand 


ment of Mines. The section of road treated lays be- | delivered on railway trucks was under 3 dols. per ton. 
Natural rock asphalts, including bituminous sand, 


| surface about three miles of road at Jasper Park with 


dian National Railway System. During the summer been used for many years in the United States for 
months traffic over this road is fairly heavy; in 1926 | Various types of paving, but failures occurred at first 
it amounted to over 500 cars per day in addition to a | almost every district where these natural materials 
fleet of 2-ton motor trucks run by the Parks Branch. | were tried, which resulted in a strong prejudice against 
During the last three years it has been re-surfaced and | their use. The causes of these failures are, however, 
gravelled at least three times, and forms a compact | "0W well recognised, and include such factors as lack 
macadam. There are numerous sharp curves and the | of uniformity in the quality of material quarried and 
subsoil consists of river wash—boulders, gravel and | Shipped, and carelessness or lack of skill during sub- 
sequent operations. Ninety per cent. of these failures 
may be attributed to the use of unsuitable rock asphalt 
and to overheating; the result of the latter is seen in 
breaking-up and movement of the road surface. Respon- 
sible producers of rock asphalt in the U.S.A. now exer- 
cise great care in ensuring that only suitable material 
is delivered ; one producer in Texas will only sell his 


sand. 

The character of Alberta bituminous sand varies 
widely throughout the McMurray area, as was pointed 
out by Mr. Ells in former reports. In some places it is 
banded with impurities to such an extent as to render it 
apparently worthless for paving purposes, elsewhere 





on either side. The effect of this combination is to the aggregate may be fine or coarse according to the 

produce four discharge streams with two intakes, each | conditions of original deposition, and throughout the 

intake serving two cones and thus to double the water | area the percentage of associated bitumen varies 
that can be discharged at the same revolution speed. | widely. 

Notwithstanding difficulties of transportation, it | 

, ‘ | was decided to excavate bituminous sand for paving the | 

lotor CrcLe REGISTRATIONS IN NEW ZEALAND.—It|road at Jasper from an area which had been placed | 

's reported from His Majesty’s Trade Commissioner's 

o'ice in New Zealand that 36,690 motor cycles were 














* See ENGINEERING, vol. exxiii, page 571 (1927). 
+ Use of Alberta Bituminous Sands for Surfacing | 





registered in New Zealand as at April 30, 1928. 
apes | miehanige, By S. C. Etts, Ottawa. Dept. of Mines, 
See ENGINEERING, vol. cxxiv, page 186 (1927). | No. 684. (Price 20 cents.) 





product to responsible paving contractors. When there 
appears uncertainty as to the character of the work 
to be done, the producer insists on being represented 
by one of his own inspectors. The result is that the 
value of rock asphalts is becoming widely recognised 
and their application extended. It would be unfor- 
tunate if the experience gained from past failures in 
the United States should not be profited by to the 
fullin the use of Alberta bituminous sands. 

Heated mixers of two classes are used in the United 
States for treating rock asphalt; those internally 
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heated and those externally heated. The former are 
used in Texas and Alabama for treatment of bituminous 
limestone; elsewhere externally heated mixers have 
been generally adopted. Both classes are made as 
portable, semi-portable, and stationary plants of large 
capacity, whilst there are also smaller portable intern- 
ally heated mixers for handling bituminous concrete, 
sheet asphalt and asphalt mastic, manufactured by 
various firms. The Koehring No. 12 hot mixer is a 
typical example, and it is claimed that sand, gravel, 
or stone, which does not contain excessive moisture 
may under ordinary conditions be heated to 400 deg. F. 
in this apparatus in 3 to 4 minutes. If asphalt cement 
is used, this is preheated and poured or pumped from 
the measuring tank into the mixing drum, and combines 
with the hot aggregate in about 1 minute. The 
character of the bitumen associated with the rock 
asphalt and the ease with which it breaks down when 
heated are factors determining the selection of the 
type of mixer, as well as the length of time required 
to heat a unit batch of material. Alberta and Cali- 
fornia bituminous sands require a considerably longer 
period of heating than bituminous limestone owing to 
the higher percentage of light oils generally associated 
with the bitumen. Hence the cubic capacity of the 
mixing drum must be regarded as an important 
factor when designing apparatus for treating bituminous 
sand. It has up to the present not yet been demon- 
strated which type—internal or external heating— 
is the most suitable for commercially treating Alberta 
bituminous sands. A type of heated mixer known 
locally as the “ torpedo”’ or ‘‘ torpedo gun”? is the 
most generally used of the externally heated variety. 
The drum, which is tapered towards the discharge 
end, is fitted internally with a spiral flanged-plate 
screw conveyor, 6 in. in diameter with a 12-in. pitch, 
each turn of which is secured by four light brackets 
(14 in. by fin.). The drum revolves, usually at 6 r.p.m. 
or 7 r.p.m., inside the firebox which is heated by gas 
or oil, the ends of burners being inserted at two or more 
points on each side and inclined downward so that the 
flame strikes the ground and is deflected upward. The 
foundation is generally constructed of 
Usually, ‘‘ torpedoes ” are erected in pairs, so that a 
continuous output may be obtained in the event of it 
being necessary to stop one of them for any cause. 
If the temperature and speed of the drums are properly 
regulated, “‘ balling ’’ and coking of charged materials 
can be kept at a minimum ; but careless handling will 


result in the formation of coke from 1 in. to 14 in. in | 


thickness. Apart from spoiling the batch and clogging 
the mixing blades, this may seriously damage the drum 
of the “torpedo.” When heating and mixing are 
completed, the batch is discharged through a gate 
which is opened for the purpose. The time required 
for heating is judged by observing the colour of the 
gases given off, and results are thus dependent on the 
skill of the operator. in California a batch is usually 
considered completed when the escaping oil vapour 
changes from a light biuish white to a deep yellow. 
The gases remaining in the drum are blown out by 
steam during the drawing of the batch; omission to 
carry out this precaution may result in a serious explo- 
sion. The name “torpedo gun” probably owes its 
origin to this characteristic. 

It might be thought that by bringing the bitumen 
into direct contact with the heated inner surface of the 
drum there would be danger of ** cracking ”’ the bitumen 
but it is probable that as the large mass of cool aggregate 
is introduced at the same time as the bituminous sand 
the former tends to counteract this effect. In any 
case surface mixtures heated in torpedo mixers are 
free from cracks which might be due to overheating, 
and the quality of the bituminous sand mixture is 
uninjured. 

Internally-heated mixers usually consist of two 
revolving drums and either one or two externally 
placed combustion chambers, locally known as 
* targets.” The inner periphery of each drum is 
provided with a series of flights of mixing blades, 
something similar to those used in certain types of 
concrete mixers. 

Although internally-heated mixers had not previously 
been tried for the treatment of bituminous sand, the 
success which had followed the use of this type of 
apparatus for bituminous limestone induced Mr. Ells 
to attempt similar methods in manipulating Alberta 
bituminous sand, in spite of the fact that periods of 
heating were unknown, the effect that the rather high 
temperatures might have on the soft bitumen associ- 
ated with the bituminous sand. 

Two discarded concrete mixers were secured, and 
steps taken to assemble the necessary auxiliary equip- 
ment. Considerable time was lost in determining the 
internal design and dimensions of the combustion cham- 
ber and the hot flues, and in securing oil burners and 
suitable oil fuel. The original mixing and lifting blades 
in the drums were then found to be too light, and had 
to be replaced with much stronger ones. A new type 
of feed hopper and discharge chute had to be designed, 
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and the driving gears had to be altered to obtain the 
correct speed of rotation ; and clutches had to be added 
to the main shaft. The plant was finally shipped to 
Jasper, and erected in six working days. The cost for 
materials and labour in assembling for shipment was 
approximately 2,000 dols. 

The plant produced approximately 500 tons of sur- 
face mixture in 16} working days, which was delivered 
to the road, and notwithstanding certain minor defects 
which developed—as might be expected with apparatus 
improvised from second-hand materials—these were 
not sufficiently serious to interfere with continuous 
operation. 

It is not possible to state definitely the actual period 
of heating which is necessary, since, owing to the limited 
capacity of the drums at Jaspar, in order to prevent 
spilling of material from drum openings, the bitu- 
minous sand was fed somewhat slowly and heated 
alone for a short time until it became plastic. The 
clean aggregate being introduced three to five minutes 
later. Again, certain changes in drum design and in 
diameter of flues will tend to increase heating efficiency 
considerably. But taking a throughput of 15 batches 
per 83 hours, the average time required for loading, 
heating, and discharging a 2-drum batch of 5,800 Ib. 
was 34 minutes. The most rapid heating occurred 
on one occasion when a batch of fine-grained mixture 
—85 per cent. bituminous sand and 15 per cent. fine 
gravel—was heated to 325 deg. F. in 17 minutes. 
Rate of heating depends upon :—Design, cubic capacity 
and internal dimensions of combustion chamber ; 
types of burners, and permissible temperatures ; 
diameter and length of flues; speed of drums; con- 
dition of materials when fed into drums ; percentage of 
added clean aggregate. 

The width of the wearing surface laid at Jasper was 
15 ft., increased to about 20 ft. at curves, and the 
compacted thickness was approximately 2 in. Mr. Ells 
suggests that the mixture used might best be described 
as a stone-filled sheet asphalt, and remarks that when 
laid on a base other than Portland cement concrete, 
a somewhat thicker wearing surface seems desirable. 


concrete. | Mr. C. R. Marshall, of the Crown Paving and Construc- 


tion Company, has suggested a binder course, with a 
maximum thickness of 14 in., carrying, say, 5 per cent. 
asphalt cement and a 2-in. wearing surface. The 
question, however, of thickness and character of 
wearing surface which will give best results—and the 
correlated problem of laying and _ rolling—presents 
an important field for further experiment. 

Core samples were taken from each wagon of bitu- 
minous sand when it arrived at Jasper, and the per- 
centage of bitumen, percentage of moisture, and 
grading of sand aggregate determined. In summer 
this takes about 3 hours, but in winter, when the 
sand is frozen, sampling takes more time and requires 
more care. 

Crushed limestone and rather fine pit gravel consti- 
tuted the clean aggregate incorporated with the 
bituminous sand. The limestone was crusher run 
rock, passing a l-in. ring. Both gravel and crushed 
rock were passed through a screen, and a part of the 
material passing a }-in. mesh, as well as material having 


|a diameter greater than 1 in., were removed. These 


aggregates were not dried before screening and there- 
fore carried varying percentages of moisture according 
to weather conditions. Grading of screened aggregate 
was consequently not uniform. Evidently drying 
before screening would not only have decreased 
the period of heating, but would also have provided 
a more uniform product. To obtain a paving mixture 
containing from 9 to 10 per cent. of asphalt cement, 
the relative proportions of bituminous sand and clean 
aggregate were varied from time to time according 
to the analyses of the core samples of the bituminous 
sand. 

Conditions not having been the same as would prevail 
under established commercial practice, it is not easy 
to deduce accurate cost data for the paving work 
done at Jasper; neither plant nor personnel were 
operated at full capacity. Probably the cost of unload- 
ing trucks constitutes the most important single factor 
in a cost estimate on the commercial use of bituminous 
sand. This operation is largely dependent on weather 
conditions, and on the character of the material. 
When the temperature is below 40 deg. F., the lumps 
do not compact to any extent, whereas duringt warm 
weather the whole mass on the trucks tends no con- 
Low-grade material can also be unloaded 
more easily than the richer grades. In Californla costs 
of unloading were greatly reduced by the empoyment 
of two large wooden trays on each flat railway truck, 
the corners of the trays were fitted with heavy lugs by 
which they were lifted from the trucks by a derrick 
and dumped. 

Assuming operations on a large scale with the adop- 
tion of labour-saving appliances, the cost of loading 
bituminous sand at McMurray should not exceed 
50 cents per ton. With freight to Edmonton at 
3 dols., clean aggregate at 2.20 dols. per ton, and a 








mixture equivalent to 70 per cent. bituminous sand 
and 30 per cent. clean aggregate, costs at Edmonton 
would be about 3.11 dols. per ton. With plant costs 
of 44 cents per ton the total cost, apart from overhead 
costs and profit, would be about 3.55 dols. per ton 
of surface mixture. With hauling costs from the plant 
at 1.30 dols. per ton, and street work at 4.50 dols. 
per ton, the total cost of material in place would be 
approximately 9.35 dols. per ton, or 93 cents per 
square yard 2-in. compacted surface. The corre- 
sponding costs of oil asphalt mixtures at Edmonton 
and at Winnipeg were (1926) approximately 1.25 dols. 








THE EFFECTIVE “I’’ OF H.M.S. 
‘*WOLF.’’* 
By G. H. Horrmann. 


* Tue I/y calculation was introduced to this Institu- 
tion in 1872, and there has been practically no change 
in the method of calculation ever since.” That 
means that our methods of estimating the most 
important straining effects on a ship’s hull are still the 
same as they were fifty-six years ago, which surely is 
a remarkable thing for a period in which the greater 
part of the evolution of the steel ship has taken place. 
As to the reason, another quotation may serve. 
** Although we have had numerous abstract calcula- 
tions of hogging and sagging strains put before us, 
there is a singular dearth of information of actual 
strains on ships, whether these are deducible from cases 
of failure or otherwise.”’{ This statement, true in 1883, 
still holds good. Yet there has become available at 
least one piece of very valuable work in the matter, 
which has done a great deal toward the evolution of 
ships’ strength calculation : 7.e., the experiments made 
upon H.M.S. torpedo-boat destroyer Wolf by the 
Committee on Destroyers, the principal results of which 
were presented to this Institution in 1905 in a paper 
by Professor (now Sir) John H. Biles. These results 
showed that the I/y calculation cannot be relied upon 
to give accurate quantitative results even for known 
bending moments, but that experimental coefficients 
must be used in order to obtain agreement between 
theoretical and actual stress values. Moreover, it 
was definitely proved that the stress estimates on 
the I/y method only can possess comparative 
value. 

The next step in the matter was taken by the late 
Marine-schiffbaumeister Pietzker, of the German 
Navy. In his book on Festigkeit der Schiffe, he gave 
a new method of estimating longitudinal stresses in 
ships, based upon the experiments made upon H.M.S. 
Wolf, which, for the bearing it has on the subject of 
the present paper, may be shortly outlined here as 
follows: The deflection y is a function of the bending 
moment M, the moment of inertia I, and the modulus 
of elasticity E. Now, from the experimental data 
there were known co-related values of M and y, which 
proved that the “factor of stiffness’? E I had been 
less than anticipated from theoretical considerations. 
As, in the words of Mr. Foster King,§ ‘it is difficult 
to conceive a change in the modulus of elasticity of 
the material, to which a strain-meter is attached, as 
a consequence of that material being joined to other 
material of the same strength,” Herr Pietzker laid down 
as his basic principle that something must have been 
wrong with the moment of inertia calculation. In 
calculating the “‘ effective’? I, Herr Pietzker takes 
the plating along longitudinal members—whether they 
be continuous or intercostal, if they only stiffen the 
plating against buckling—to be fully effective for a 
width of forty to fifty times its thickness, 7.e., twenty 
to twenty-five thicknesses on each side of the stiffening 
member. The remainder is considered to be fully 
ineffective. 

In the year 1925 the Council of this Institution opened 
the columns of their Transactions to a contribution 
by the present author, in which were described some 
investigations, suggested by Professor Vossnack of 
Delft University, concerning the question as to whether 
Herr Pietzker’s theory, which is stated to be based on 
the experiments upon H.M.S. Wolf, is in exact agree- 
ment with these experiments. That paper’s contents 
can be roughly sketched as consisting of (1) proofs 
that, at least in the case of the Wolf, Herr Pietzker’s 
theory is rather on the safe side, and (2) an attempt 
to explain the discrepancy found between calculated 
stress and measured strain. It was given the kindest of 
receptions by the members of this Institution, but the 
discussion showed most clearly that further research 
was imperatively needed. The present research was 
therefore undertaken, and has led the author to a 
theory concerning the effective I of H.M.S. Wolf, 





* Paper read before the Institution of Naval Architects, 
March 29, 1928. Abridged. 

+ Dr. Robb, Trans. I.N.A., 1925, vol. xvii, page 55. 

t Mr. W. E. Smith, Trans. I.N.A., 1883, vol. xxiv, 
page 141. 
§ Trans. I.N.A., 1925, page 51. 
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which has been briefly outlined in the technical press,* 
and which is presented in this paper in its relation to all 


sufficient experimental data at hand to confirm the 
theory to such a degree that it may be confidently 


available strain indications taken on H.M.S. Wolf | used for practical calculation as it stands now. There- 


while an appendix shows how to use the theory for 
actual strength calculations for new design. 
The theory advanced can be summarised as follows : 


fore Hooke’s Law has been adhered to, though with 
the knowledge that it cannot be fully accurate. 
Regarding (IIa). Herr Pietzker’s fifty thicknesses 


I. It is still assumed that the strain on any of the | are empirical, and as such will require careful investiga- 


fibres is directly proportional to its distance from the 
neutral axis. 


tion concerning the actual relation between thickness 
| of plating, spacing of frames, pull or push stress and 


II. In deducing the stress from the strain, the follow-| head of water-pressure. ‘The fifty thicknesses are, 


ing rules must be observed :— 

(a) Herr Pietzker’s fifty thicknesses, to be called 
in the following paragraphs “ effective flange,’ are 
always considered as fully effective, whether in tension 
or in compression ; 

(6) Plating in tension is always considered to be 
fully effective ; 


(c) Plating in compression, not affected by water- | 


pressure, is considered fully effective so far as it is 
strained below its resilient forcet as indicated by 
Euler’s formula for columns having fixed ends, and 
when strained above that limit is considered to con- 
tribute that resilient force to the moment of elasticity, 
whatever the strain ; 

(d) For plating in compression, at the same time 


Fig./. RELATION BETWEEN INDICATED STRAIN AND ACTUAL STRESS 
FOR 8-L8. PLATING ON A FRAME SPACING OF 20/NCH. 


| however, supported by practical experience, and as 
such have proved of undeniable value in actual 
ship design. But it must be borne in mind that the 
expression “‘ effective flange,’ as used in the present 
paper, does not mean quite the same as it did in Herr 
Pietzker’s book and in Professor Von Kaérman’s* and 
| Dr. Schnadel’st papers. 

The difference is illustrated in Figs. 2 and 3. They 
|show a part of the plating, stiffened longitudinally 
(i.e., in the direction of the stress) by angles spaced so 
as not to influence each other’s effective flange. Fig. 2 
gives the case where the plating beyond the effective 
flanges is considered quite ineffective. The stress is 
set off square to the plating in which it prevails, thus 
the area enclosed by the stress curves represents to 
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affected by water-pressure, the relation between strain | scale the elastic force prevailing in the plate. Then 


and stress is calculated from Koch’s formula :— 


2 
p= p+ 2-44 Et 


where p’ = ‘‘indicated”’ stress on the plating, i.c., 
the product of the strain found as per 
(I) multiplied by the modulus of elas- 
ticity of the material, viz. 13,500 tons to 
the square inch ; 

= true compressive stress in the plating ; 

= frame-spacing ; 

= deflection of the plating under the com- 
bined action of the compressive force 
and water-pressure. This is calculated 
as 


Pp 
l 
f 


n 
=e 
where f, = deflection as it would be when due to 
water-pressure only ; 


- = ratio between the resilient force of an 


elemental strip of plating and the actual 
push on that elemental strip. This ratio 
is the same as that between buckling 
stress and actual stress. 


This formula does not give the actual stress as an 
explicit function of the indicated strain, thus requiring 
the fairing of a stress diagram for each thickness of 
plating for the frame-spacing under consideration. A 
sample diagram has been given in Fig. 1. 

lhe above principles give rise to the following com- 
ments :— 

Regarding (I). In view of Mr. J. Lockwood Taylor’s 
paper on “The Theory of Longitudinal Bending of 
Ships,”’} this assumption may seem scarcely warranted. 
On the other hand, it is very convenient, and, however 
much there can be said in favour of the general trend 
ot Mr. Taylor’s paper, for the present author there 
vemains some doubt as to whether there is already 





* ENGINEERING, August 13 and 27, 1926. 
* Resilient force = R = 4r°EI. 

F7) 
+ Trans N.E.C.I., 1924-1925. 





| the stress must have a maximum at the middle of the 
| effective flange, which is shown here as coincident with 
| the half breadth of the flange of the angle bar. It may 
| be that the middle line of the effective width is situated 
at some other spot, such as the centre line of the riveting 
or the vertical axis of gravity of the stiffener, but for the 
present consideration these questions are of secondary 
importance. From that maximum the stress will 
gradually diminish as we approach those parts of the 
plating, where the stiffening effect of the angle is felt 
no longer, e.g., in the way shown by the curve. Then 
the elastic force in the plate is represented by the area 
enclosed by the curve; this would, for practical calcu- 
lation, be inconvenient to deal with, so for the wide strip 
| with variable stress we substitute a narrower one, which, 
| at a uniform stress equal to the maximum one prevailing 
|in the wide strip, gives the same elastic force. The 
width of the equivalent effective flange is thus the area 
of elastic force of the really effective strip, divided by 
the maximum stress. Graphically this is represented 
by the equality of the shaded areas ; the effective flange 
has been drawn in full, the so-called non-effective 
plating is shown by dotted line. 

In Fig. 3 there are shown the conditions prevailing 
when the intermediate plating is considered to con- 
tribute a smaller stress than the effective flange. Then 
the curve of real stress must obviously not be faired 
into the line of zero stress, but into the stress line of 
the unstiffened plating. The triangular areas, the 
equality of which is the condition to be fulfilled by the 
boundary lines of the stress area of the effective flange, 
are shaded here too. And Fig. 3 is the one which illus- 
trates the ‘‘ effective flange” in the meaning this 
expression has in the present paper, while Fig. 2 
represents it as it is meant by Messrs. Pietzker, Von 
Karman, and Schnadel. 

It may be pointed out that the question of width 
of effective flange is relatively less important here 
than it was in Herr Pietzker’s theory. On the tension 





side of the ship-girder, anyhow it has no importance 
at all, the plating on that side being considered fully 





* Beitrige zur technischen Physik August Féppl zum 
Geburtstag, January 25, 1925. 
+ Jahrbuch der Schiffbautechnischen Gesellschaft, 1926. 
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effective, whether stiffened or not. And on the 
compression side, the importance of having the 
accurate width of effective flange diminishes with the 
difference in efficiency between the stiffened and the 
unstiffened parts. When this difference is small, 
the stress figures will be scarcely affected by an error 
in that width, while at a somewhat greater difference 
the stress figures are not nearly so much affected as 
was the case in Herr Pietzker’s theory, where the effec- 
tive flanges were assumed to do all the work. Thus 
we may state as the chief difference between Herr 
Pietzker’s theory on longitudinal strength and the one 
advanced here, that while in the former the effective 
flanges, together with longitudinal angles, &c., were 
considered to do the actual work of keeping the hull 
intact against the external loads, in the latter these 
effective flanges are only considered as keeping the 
hull in shape and thereby enabling the unstiffened 
parts to stand up to their work, which, according to the 
construction of any special vessel, consists in with- 
standing a considerable or even the far greater part 
of the bending moments coming upon the hull. 

Regarding (II (+)). This assumption may be right 
in such cases as where the ship’s plates have been well 
straightened before being built into the ship, and where 
they have not acquired some distinct bulging as a 
result of the riveting. Where plates are loaded ‘by 
water-pressure and tension combined, they may have 
a tendency to show an “indicated” tensile stress 
somewhat below their actual one, just as plates loaded 
by compression combined with water-pressure show an 
“indicated” stress above the actual compressive 
stress in them. But in the present case we may, it 
is thought, regard such effects as inconsiderable.* 

Regarding (II(c)). Doubts have been cast by 
Mr. L. Bosschart concerning the correctness of this 
assumption. From experience gained on the occasion 
of a big shipyard fire he suggests that for this class of 
plating Euler’s formula for pin-ended columns should 
be used, and his suggestion is corroborated by an 
observation of Mr. J. Lockwood Taylor’s. The sugges- 
tion was carefully considered, and the result arrived at 
was, that it would seem that the mode of stiffening 
of the plating has a decisive influence in the matter. 
The burnt ship was a stringerless one, and Mr. Taylor’s 
sketch of the stiffening of the deck of his vessel C., 
upon which his observation was made, does not show 
any under-deck longitudinals. Thus in both cases the 
frames and beams were free to tilt under the action of the 
plating, which tilting, however small, would seem 
necessary to make the formula for pin-ended columns 
applicable, as in that case at the points of support the 
tangent to the curve of deflections must deviate from 
its original position. On the other hand, the deck 
beams of the Wolf were held against such tilting by 
means of closely spaced deck girders, and the cal- 
culated results are in favour of the assumption of fixity 
rather than of that of free support. Thus it would 
seem advisable to secure the webs of frames or deck 
beams by means of lugs to deep longitudinals, having 
at least one continuous angle on the inside, in all cases 
where the working stress approaches or exceeds the 
buckling limit of the plating as found from the Euler 
formula for pin-ended columns, and such plating is 
counted upon to contribute a large part of the ship’s 
moment of inertia.t Only then, it is thought, Rule 
II (c) may be used with confidence. 

Regarding (II (d)). This assumption has been re- 
tained from the earlier paper, and has been commented 
upon in that paper itself, as well as in the discussion 
thereon. 

It is now possible to proceed to the question, how 
to take account of the above points of view in actual 
strength calculations. The method here presented is 
closely related to that of including the effect of wood 
decks in the I/y calculation for a steel ship, where their 
sectional area is included after multiplication with a 
reduction factor inversely proportional to their ability 
to resist stresses as compared to that of the steel. That 
principle leads, in this case, to the following course of 
work, which is illustrated by the example given in the 
Appendix for the ship in hogging condition with 2 ft. 
of water over keel. This condition was chosen because 
it contains an instance of both causes of reduced 
efficiency mentioned above. 

A. Date for first approximation. These are the 
results of the calculations for bending moment and for 
I/y by the usual method. In the appendix this is 
referred to.as ‘‘ the usual I/y calculation.’’ The stress 
line conforming to these data is shown in Fig. 4, on 
page 58, on the extreme left. From this line the mean 
stresses for the variously affected parts of the bottom 
strakes, which in this case are the only ones having 
their efficiency impaired, are taken. These “indicated + 





* ENGINEERING, loc. cit. 

+ It is of interest to note that in destroyers, where all 
these conditions are found together, it is the modern 
practice to fit numerous deep longitudinals. ; . 

t Called “‘ indicated ’’ because they appear in strain- 
indicator readings taken over a frame-space. 
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stresses have been reduced to their actual value 
corresponding to the main stress line by means of the 
Euler formula and the Koch diagrams, of which that 
for the lower bottom strake has been given in Fig. 1. 
The actual stress values in the bottom have been plotted 
in the stress diagram, and have been shown by the 
heavy line. 

B 1. The effective areas of the bottom strakes 
are calculated for inclusion in the I/y calculation for 
first approximation. This is done by splitting up the 
actual areas according to the following criteria: 
E.F. = effective flange; 8.B. = outside effective 
flange, but safe against buckling and not affected by 
water-pressure; N.S. = not safe against buckling, 
but dry, W.P. = affected by water-pressure. When 





Fig.4. SAMPLE DIAGRAM FOR 


always be more or less arbitrary. The values for 
effective I and I/y given below have been calculated 
with this degree of approximation. 

C 1, 2, 3. If the degree of approximation remains 
above 5 per cent., the work is repeated until this value 
has been reached. We then get a third, fourth, &c., 
I/y calculation, and a third, fourth, &c., stress line. 
It is thought that, generally, the second approxi- 
mation will suffice; at least, it did do so in the 
present case. 

The calculations here described were performed for 
all conditions of H.M.S. Wolf, for which strain indica- 
tions were available. These were in the sagging series : 
ship dry, and ship partially supported by the cradles 
and partially by 1 ft., 2 ft., and so on up to 7 ft. of 


STRESS CALCULATION, H2 CONDITION. 
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Fig. 7. POSITION OF NEUTRAL AXIS. 
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water-pressure comes in, the difference between “ safe 
and ‘“‘ not safe’? against buckling disappears, as the 
sharp bend in the stress line for the dry plating (Fig. 1) 
vanishes with the least water-pressure. The actual 


areas of the four groups of plating (termed d A) are | sponds to the ship floating free. 


multiplied by the stresses (p) prevailing in them 


according to the heavy stress line, and the resulting | condition did do so. 
elastic forces (P) are added together. The resulting | represented the full strains arising from the calculated | 
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| water, in which latter condition the ship was floating | 


| free. And for hogging they were: ship dry, and 
| combined support by the cradles and by | ft., 2 ft., 


fs ae : 
S7 condition did not 


give rise to longitudinal bending moments, but H6 


elastic force divided by the actual area gives a mean | longitudinal B.M., combined with the influence of the 


stress. 
between Hooke’s meen stress and the mean stress just | 


found, giving as a result :— 
Reduced mean stress | 


Actual area xX carers | 
Hooke’s mean stress | 


B2. This area is included in the calculation for | 
first approximation for the effective I, hereafter referred | 
to as ‘‘ second I/y calculation,” the first I/y calculation | 
being that according to Hooke’s Law without any | 
corrections at all. The stresses found with this reduced | 
I/y value are plotted as the second stress line. 

B 3. If the first appro::imation should (as it never 
will) at once give the correct result, it is obvious that ! 
the resulting elastic forse, viz., reduced area x 
‘indicated *’ stress from second stress line, must 
equal the elastic force found as a result of the addition | 
described above. Or, when we divide both elastic | 
forces by the total actual area, we get the same thing 
in terms of stress. Now the degree of approximation | 
is defined as the ratio between the difference of these 
two stress values and the mean stress used for cal- 
culating the effective area, and is given as a percentage. | 
From tentative calculations concerning the results of | 
successive approximations, it is proposed to consider | 
as sufficient a degree of approximation of 5 per cent. | 
or less, but it is not forgotten that such a limit must 


Effective area = 


| lowering of the water-level. 


Then the actual area is multiplied by the ratio | sinking water-level, whereas the hogging results gave 
the strains belonging to an increase in B.M. and a} 
The results of the calcula- | 


tions have been plotted in Figs. 6, 7 and 8, while Fig. 5 
serves the purpose of showing the location of the strain 
indicators in the midship section. These have been 
numbered with reference to the stress curves in Fig. 6. 

The general lay-out of this diagram is as follows :— 
A number of vertical lines have been drawn in such a 
manner that their distance from the line of zero moment, 
which also is vertical, is proportional to the recon- 
structed bending moment* as found for the condition 
with whose identification mark the line is numbered.t 
The scale on which these moments have been set off is 
added to the figure. Across the vertical lines a set of 
horizontal ones has been traced with convenient 
spacing, so as to afford lines of zero stress for each set 
of strain indicators, or pair of sets. From these lines 
of zero stress the stress values were plotted at rizht 


* For the explanation of the term “reconstructed 
bending moment” see Trans. I.N.A., 1925, pages 43, 
et seq. It represents the values of bending moment in 
the various conditions as arrived at after careful cross- 
checking of all published data. 

+ H = hogging, S = sagging ; 
feet of water over keel. 


1, 2, 3, &c. = so many 


|and so on up to 6 ft. of water, which, again, corre- | 


Therefore the sagging results | 


angles, thatJis, along the lines of constant bending 
moment. Pot 

The calculated stresses are not given as separate 
spots, as they proved to follow the fairing of curves of 
calculated stress, whose intersections with the lines of 
constant bending moment represent the calculated 
values without any appreciable error. The experimental 
stress values are indicated by dots. Where two sets of 
strain indicators were fitted on the same level, one port, 
the other starboard, one curve would give the calculated 
stresses in way of both of them ; thus most of the stress 
curves bear double numbers. Hence, too, the necessity 
for distinguishing between port and starboard readings. 
Nos. 8 and 9 strain indicators were not quite on the 
same level, but their vertical distance was small enough 





Fig.5. DISPOSITION OF STRAIN INDICATORS. 
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Fig.6. STRESS DIAGRAM SHOWING 
RELATION BETWEEN CALCULATED 
CURVES AND EXPERIMENTAL SPOTS. , 
































































































7 
<n 
DATUM LINE FOR NP i STRAIN INDICATOR Mh HI Hg H2! Hi nO 
son 32 5 36 
wor | 
| 
| 
i ae 
ae | 
+ Furaune 2 AND 5S STRAIN JNDICATORS) i | 
] | 
| 
| } | L 
4 | | | lyse T | 
f arumne rons ano — hess 
| | a 
| | | : 
| a | | | 
Ly | | wr T | | 
1 0/7. | 
| T 
| =f) 
1-1 
U4 asf 
a 
- -“ 
+ 
H noel TENSION > 
eT 
oe 
~s 
NJ 
> 
owe 
5o S $3 “ ss sé g 4S HA HS HZHIKO 
SCALES OF B.M. 
1000 900 800 700 600 SOO 400 300 200 100 GlnETME TORS Cop 
1 “Sop 
3000 2500 2000 _ 1500 1000 _S00_OFOOT TORS a 
‘| 
° 0 S00 0 po wo SSookgem SSS 4s 67 go9 10 was/syin . 
| to make their two curves merge into one. The stress 


| values used for plotting the curves of Fig. 6 have always 

| been taken from the main stress line, as this was neces- 

| Sary on account of the fact that the strain indicators 

| were fitted so as to measure the strain in one frame- 
space. 

| When we compare the relative positions of the calcu- 


| lated curves and the experimental spots for the sagging 


| series in Fig. 6, we see the following : Strain indicator 
| No. 1, situated on deck amidships in way of the large 


| . . . . 
| funnel openings, shows strains considerably in excess 


| of the calculated ones. It is thought that this need not 
| be looked at as a decisive proof against the correctness 
| of the theory here advanced, as it seems pretty sure 
| that in way of large openings the stress distribution will 
| differ from that calculated for a continuous structure. 
| On the other hand, strain indicators Nos. 2 and 3 show 
| readings fairly consistent with the theoretical values. 
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The results for the deck edge (Nos. 4 and 5) fall some- | 
what short from the calculated values, which might | 
indicate that the riveting of the deck stringer angle may 
not have been fully up to its work, an assumption 
which could, perhaps, find support in the fact, that in 
the vicinity of the bunker bulkhead (strain indicators 
Nos. 2 and 3) the experimental spots closely conform 
the calculated curve, suggesting that this bulkhead, in | 
spite of its non-continuity, still assists the sides of the | 
ship in their function as a web of the ship-girder. 
Strain indicators Nos. 6 to 9 are, perhaps, the most | 
satisfactory of all. Their readings were taken at the | 
sheerstrake, those of Nos. 6 and 7 at its top, and those | 
of Nos. 8 and 9 at its bottom. And while in these | 
positions, 1.¢., at the topsides of the vessel, secondary | 
stresses, are, perhaps the least likely encountered, the | 
agreement of their readings with the curves is nearly | 
complete, especially for the results of Nos. 8 and 9. | 
Strain indicators Nos. 10 and 11, situated as they were | 
quite near the calculated position of the neutral axis, 
seem to suggest that its real position may not have 
been so very different from that found on the lines of | 
the present theory. 

But then the results of No. 12 strain indicator, 
situated on the lower keel angles, are considerably in 
excess of the calculated values. This might be ex- 
plained by the influence of the sinking water-level, 
accurate calculations for which cannot be made on 
account of the complexity of a ship’s structure, which | 
contains so many statically redundant members, that | 





Fig.9. DISTRIBUTION OF STRESSES IN THE “WOLF” 
$o 


HOGGING 


which was the starting-point of the hogging series. 
So the hogging results, being at hand, were included 
in this paper only for the sake of completeness, but 
the author feels doubtful as to the justification of 
conclusions based thereon. 

In Fig. 7 there are shown the positions which the 
neutral axis takes up in the section throughout the 
whole of the experiments. This diagram has been 
built up in quite the same way as was Fig. 6. It is 
seen that in the sagging series the neutral axis is 
situated below Hooke’s, as might be expected from 
the rapid falling off in efficiency of the deck plating, 
which was then in compression ; in the hogging series, 
on the other hand, it is to be found above Hooke’s 
N.A., owing to the impaired efficiency of the bottom 
plating. But it may strike one as curious that its 
position should be the same as that calculated from 
Hooke’s Law in the S6 condition instead of in the 
S87 one, when the bending moment was zero. This 
spot, however, is not a calculated one, but has been 
found by means of extrapolation; the calculated 
spots for the other values of bending moment are 


| not separately shown, as they may once more be taken 


as situated at the intersecticas of the curves with the 
lines of constant bending morient. The upward trend 
of both parts of the curve 15 undeniable, and their 
intersections with the line of zero bending moment 
were easy to obtain at the same spot. Thus the theory 
seems to be in accordance with Professor Abell’s views 
on the action of the water pressure on the bottom 
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any attempt to arrive at numerical results must, in 
this case, be based upon so many simplifying assump- 
tions, that such results could scarcely be looked upon 
with any degree of confidence. It seems certain, how- 
ever, that the general tendency must be, that under 
full water-pressure the centre-girder bends upwards 
between the bulkheads, it being “‘ fixed”’ at the latter 
owing to continuity. Frame 84, where the strain 
indicators were brought to work, was situated near 
the middle of the aft boiler-room, where such curvature 
of the centre-girder must have had its hollow down- 
wards, thus throwing a compressive stress upon the 
keel plate and lower angles, upon which the strain 
indicators were fitted, while the top angles were subject 
to tension.* If, now, the water-pressure disappears, 
these stresses will disappear too, and may even change 
sign, making the strain indicator on the lower keel 
angles show an elongation, which is more or less only a 
compression ceasing to exist. This elongation, super- 
posed upon the sagging strain, which for the keel is a 
tensile one, might account for the difference here under 
consideration. 

The hogging results, on the other hand, present a 
less satisfactory aspect. While some of these spots 
come well within the range of the curves, it cannot 
be denied that, on the whole, their general trend is 
not the same. The analysis of the hogging results 
was, however, beset with special difficulties, which 
seem to have proved insurmountable. First, the 
reconstruction of the bending moments was more 
open to doubt here than for the sagging series; and 
secondly, an initial strain had to be allowed for. This 
was done by plotting the experimental values from 
‘nes parallel to the lines of zero stress, and inter- 
secting the calculated curves at H6 bending moment, 








* See ENGINEERING, loc. cit. 





plating of a ship, and through that medium upon its 
longitudinal bending. There will be a tensile stress 
set up in the plating loaded by water pressure, tending 
to shorten the distance between the frames. 
internal stress will give an external bending moment, 
which must be resisted by the midship section of the 
vessel. In this case, however, the unstiffened bottom 
plating will more or less drop out of the I/y calculation, 
as it is that very plating which is putting the bending 
moment onthe ship. That bending moment, therefore, 
must be resisted by those longitudinal members which 
are not so affected, and it is clear that these latter must 
have a neutral axis well above that calculated from 
Hooke’s Law when the whole of the bottom plating is 
included. The run of the curves shows that this 
tendency would develop with the decrease of longitu- 
dinal strain upon the bottom as caused by the “ ordi- 
nary” bending moments, which tend to supersede 
the effect as soon as they have reached any considerable 
magnitude. 

Fig. 8 shows curves of I and I/y also plotted on 
bending moment. Here, too, a strong discontinuity 
of the curves seems to appear at zero bending moment. 
The spots on this line were found by extrapolation from 
the hogging curves, and the run of the sagging curves 
was made to reach them, which proved possible without 
departing from the rule that the intersections of the 
curves with the lines of constant bending moment 
should give the calculated spots accurately. More- 
over, the extrapolation was made so as to conform 
to the relation between I, y, and I/y. In view of the 


foregoing paragraph, it would not seem unreasonable | 


that the moment of inertia for zero bending moment 


should be so much less than that for any other position, | 


while the contrast between the I/y lines for deck and 
bottom may be accounted for by the shifting of the 


| neutral axis up and down the section. 


This | 





Finally, in order to show the general trend of the 
theory advanced, in Fig. 9 there are shown the calcu- 
lated stresses in the whole of the midship section, set 
off at right angles to the plating in which they prevail. 
On the left the hogging stresses are shown, and on the 
right the sagging ones. Of course, only the stresses 
originating from the longitudinal bending moment 
have been shown here, with the exception of the curves 
for Hl and H2 conditions, which were omitted for 
considerations of space. No account has been taken 
of the influence of the curvature of the bilge plating, 
but this omission cannot, it is thought, have any 
considerable effect in the present case, as the bilge 
plates are always situated inside the buckling limits, 
and thus would carry their stress, whether curved or 
not. 

The author wishes to express his thanks to Professor 
Vossnack, of the Naval Architecture Department of 
Delft University, for his helpful criticism during the 
course of the work; in fact, the comments on the 
theory advanced have partly been based upon his 
views in the matter. The author’s thanks are also 
due to all those who joined in the discussion on the 
earlier paper, as many of their remarks have helped 
to build up the present theory. Among these, he may 
be allowed to mention the name of Sir John Biles, 
not only on account of the reception he already gave 
to the work of one to whose lot it fell to cast some 
doubt upon his own explanation of the results obtained 
on H.M.S. Wolf, but still more because it was he who 
gave us these results. Theories may pass, but experi- 
mental data remain, and when the present theory will 
have been long superseded by another and still another, 
investigators will still look to his results for corrobo- 
ration of their theoretical views. 








OFFICIAL StTatistics.—It is not always realised 
what a wealth of material on a wide range of topics 
is contained in the numerous Government publications 
that are issued year by year. The very bulk of the 
matter available, however, rendered much of this 
useful information virtually inaccessible until the 
introduction of the annual Guide to Current Official 
Statistics, the sixth volume of which has just been 
issued by the Permanent Consultative Committee on 
Official Statistics, Treasury Chambers, Whitehall, S.W.1. 
The central feature of the guide is a detailed subject 
index, constructed on novel lines, to enable the enquirer 
to discover in a few minutes, not only which publications 
contain statistics bearing on his subject, but also their 
| precise scope and the dates and localities to which 
they relate. Such a work of reference should appeal 
to all who take more than a passing interest in current 
| affairs, and it may be obtained from H.M. Stationery 
| Office, price ls. net, or post free ls. 4d. 


| BriTIsH STANDARD SPECIFICATION FOR WIRE Ropes.— 
| Prepared by committees representative of both the buying 
| and manufacturing interests, a standard specification for 
| round strand steel wire ropes for use with cage or plat- 
form hoists, or lifts working in guides and used for the 
hoisting of either passengers or goods, has recently been 
published by the British Engineering Standards Associa- 
|tion, as No. 329—1928, This new work fully covers 
| round-strand ropes having 6 strands of either 12, 19 or 
| 24 wires per strand of both ordinary and Lang’s lay, 
| but it is not intended to apply to coal hoists or similar 
appliances. A foreword gives some useful recommenda- 
tions for the guidance of designers and users, by means 
of which it is hoped to ensure reasonable endurance in 
service of the wire ropes covered by the specification. 
Specifications for oil well ropes and for colliery haulage 
ropes are also in hand, and will be published as and when 
they are completed. Copies of this new specification can 
be obtained from the B.E.S.A., Publications Department, 
28, Victoria-street, London, 8.W.1, price 2s. 2d. post free. 





MINING ELEctRIcAL TEests.—Without subscribing to 
the fallacy that electricity is so dangerous an agent that 
its use must be attended by a multiplicity of restrictions, 
it may be admitted that its increasing employment in 
mines necessitates the greatest care being taken in the 
design and maintenance of the apparatus and the supply 
circuits. This is recognised in the regulations of the 
Mines Department, which prescribe the periodical testing 
of all the equipment. These tests include both insula- 
tion and continuity tests and can be carried out by simple 





apparatus. Their scope and object is well indicated in a 
| booklet by Mr. E. Dinsdale Phillips on Mining Electrical 
| Tests, which has recently been published by Messrs. 
Evershed and Vignoles, Limited, of Acton Lane Works, 
| Chiswick, London. In dealing with insulation tests the 
| author indicates the necessity for obtaining the best 
possible earth and of employing a pressure and instru- 
ments consonant with the character of the installation 
being tested. He lays down the procedure to be followed 
in investigating a wide-spread network and the deduc- 
tions that should be made from the results obtained. The 
same procedure is followed in dealing with continuity 
tests and finally the necessity of keeping proper records of 
the results obtained is emphasised. Testing not only 
indicates what is wrong, but provides much useful 
information regarding the approach of future trouble. 
It cannot be too systematically conducted, nor the 
knowledge it gives neglected. The book is written 
clearly and simply in a style admirably adapted for the 
purpose in view. It should be most useful to those for 
whom it is intended. 








FINE GRINDING. 


At the Ceramic Society’s April meeting Parts IX, 
X, and XI of Dr. Geoffrey Martin’s ‘‘ Researches on 
the Theory of Fine Grinding,” were presented. The 
investigations were made on crushed quartz sand, the 
particles of which are irregular in shape. Part IX 
dealt with the relation between diameter and volume 
of particles; Part X dealt with relation between 
diameter and surface ; and Part XI was concerned with 
calculations relating to diameters, surfaces, and weights 
of homogeneous grades of crushed quartz, with the 
aid of tabulated results of experimental work. In 
order to gather the more important features within a 
moderate space the three parts may be dealt with 
together. 

In the papers a homogeneous grade is defined as a 
collection of particles obtained by repeated air elutria- 


tion (for fine powders) or repeated sieving (for coarser | 


material) until no further change in the distribution of 
the particles is perceptible. The statistical diameter 
of a homogeneous grade is defined as the average 
diameter of its component particles, as measured under 
the microscope in a specified way. The statistical 
volume and statistical surface are the corresponding 
volume and surface respectively. 

Experimental evidence was adduced to show that in 


any homogeneous grade of irregularly shaped particles | 
; S | particle of ground sand of specific gravity s. 
d+ 


of crushed sand, = the rolume constant B and 


\ 
d3 
= the surface constant A, where d is the statistical 
diameter of the particles, V is the corresponding 


statistical volume, and S the corresponding statistical | 


surface. 

The experimental results further showed that the 
value of the volume constant B is practically the same 
for the various homogeneous grades of crushed sand, 
from which it is inferred that the average statistical 


shape of the particles of sand is the same whether the | 


particles are large or small. 

This has an important bearing in connection with 
ground powders, for it refutes the assertion often made 
by practical men that the very finely ground particles 
differ in shape from the coarsely ground particles. 
In like manner the experimental results show that the 


surface constant A remains constant over an extremely | 


wide range of particle size. This again strengthens 


the inference that the average shape of the particles | 


is the same in coarse and very fine grades. 


It may be recalled that the volumes and surfaces of | 


particles of regular shape may be expressed in terms of 
cubes of some definite linear dimension multiplied by 


a constant. Thus, for spherical particles, V => x a 


= 0-5236 d’, and S = 7m d*, where d represents the 
diameter of the sphere. 
B.D® = B (1-122 d)® whence B = (1-122)8 
In Part IV the statistical diameter D of a cube of 
side d was shown to be 1-122 d. 
ticles, s = 6 d?, the value of A being 6 in this case. 
The value of A found for irregular particles was 0 -28, 


= 0 -7082. 


which indicates rather flattened split particles of crushed | 


sand. 
As aresult of Dr. Martin’s investigations, the relations 
existing between diameter, volume and surface of 


| 
Constants of Different Homogeneous Grades of Crushed | 


Quartz Sand Separated by Air Elutriation. 
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isl 3 33x10 | 0-23 | 31,426,800 | 791 2-14 
1 | 4-011073 | 0-28 | 16,705,650 | 584 2-01 
2} 459x107; | 0-28 | 11,296,900 | 508 1-98 
3 | 5-13x107 | 0-28 8,486,100 | 496 2-10 
4} 5-51 x107 | 0-2 | 8'181,850 | 443 1:95 
5 | 6:93x1072 | 0-28 | 5,676,650 | 414 1-98 
6| 6-73x10~> | 0-28 | 3,846,150 | 367 2-01 
7| 7-58x103 | 0-28 | 2,779,800 | 334 2-03 
8 | 8:95x107; | 0-28 | 1,650,000 | 315 2-27 
9 | 9-28x107 | 0-28 | 1,469,300 | 292 +5} 2-20 
10 | 10-89x1073 | 0-28 889,050 | 244 *1] 2-21 
11 | 13-05x10% | 0-28 522,300 | 221 -9| 2°35 
12 | 15°51x1073 | 0-28 | 323,300 | 187 *8| 2-29 
13 | 18-03x1073 | 0-28 | 202,900 | 162 9-1] 2-35 
14 | 21-72x1073 | 0-275 116,520 | 141 8-8} 2-44 
15 | 25-87x1073 | 0-283 68,120 | 118 7:6| 2-48 
16 | 29-57x1072 | 0-273 47,200 | 107 2-2] 2-49 
17 | “5 “; | O-271 8,788 | 68-16) 33-3] 2-49 | 
18 | 77 0-306 4,712 | 52 5:7| 2-49 
19 | 0-284 2,188 9-4) 2-49 





Standard Leighton Buzzard Sand :— 


(a)| 92-37x10-3 | 0-380 1,240 
(0)| 84-00x103 | — 1,667 
| 


49-75) 24-29] 4-69 





particles of regular shape, as expressed in the general 
equations involving volume constant or surface con- 
stant, are now extended to homogeneous grades of 
irregular shaped particles. The numerical value of 


For cubical particles, V = | 


For cubical par- | 
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these constants depends on the actual shape of the 
particles. The surface constant A for particles of 
crushed sand was found to range from 2 to 2 -49, and it 
is claimed that, having regard to the difficulties of 
determination, it may be considered as sensibly equal 
for large and small particles. 

In Part XI are given various data obtained by experi- 
ment, with a few equations, which enable calculations 
to be made relating to diameters, surfaces and weights 
of homogeneous grades of crushed quartz. The chief 
results are given in the table in the previous column. 

The silica content of the samples of sand only varied 
from 99-84 to 99-90 per cent., and the differences are 
of no practical importance. The value 2-65 may be 
used for the specific gravity, the actual limits of which 
were 2 ‘649, and 2 -658, the great majority being much 
nearer to the former. Similarly, 0-28 may be taken 
|as the numerical value of the volume constant B. 
From the values determined for the surface and 
| volume constants it is possible to calculate the surface, 

volume and weight appertaining to any homogeneous 
| grade of crushed quartz sand, the principal formule 
| being the following :— 





| (1) » = B x d’, where v is the average volume of 
| one particle of diameter d. 
| (2) V=N x B x 43, where V is the volume of N 


| particles of statistical diameter d. 
(3) w = s x B x d3, where w is the weight of one 


(4) W = N.s.B.d’, where W is the weight of N similar 
| particles, and 

ON = Te 

(6)S = N x A x d?, where S is the surface of N 
| particles of diameter d. 

Substituting the value of N from (5) in (6) gives 
he ee oe 
()8=WxEx>xG 

| All these formule appertain to homogeneous grades, 
| all the particles in any one grade possessing the same 
statistical diameter. Any convenient units may be 
}employed, providing they are used consistently, but 
| it is generally safer to adopt the C.G.S. system of units, 
| making any necessary conversions. 








CATALOGUES. 


Machine Tools.—A catalogue of presses, punches and 
| shearing machines in stock is to hand from Messrs. Henry 
| Pels, 32, Osnaburgh-street, London, N.W.1. 

| Oil Stills.—A description, with illustrations, of large 
| tubular stills for refining oils is given in a paper issued 
| by the Foster Wheeler Corporation, 165, Broadway, 
New York, U.S.A. 

Fans.—Lists of standard single-inlet fans and stream- 
| line fans, with capacity and dimension tables, are to 
hand from the Blackman Export Company, Limited, 
| 374, Euston-road, London, N.W.1. 

Lubrication—A pamphlet dealing with graphite 
| lubricants for chain and other drives, and also graphite 
| paint, is to hand from Messrs. Joseph Dixon Crucible 
Company, Jersey City, N.Y., U.S.A. 

Turret Lathes.—Illustrations of their turret lathe, and 

of the application of a series of tools to repetition work, 
}are to hand from the Jones and Lamson Machine 
| Company, Springfield, Vermont, U.S.A, 
Steam Wagons.—Some useful and practical information 
| for owners and drivers of steam road vehicles is to be 
|found in the News, periodically issued by Messrs. 
Sentinel Waggon Works, Limited, Shrewsbury. 

Paint for Castings.—Messrs. British Insulated Cables, 
| Limited, Prescot, Lanes., have issued a circular of a 
| quick-drying black paint which they manufacture for 
| protecting castings from rust, either before or after 
| machining. 
| Reinforced-Concrete.-—The Cement Marketing Company, 
Limited, Portland House, Tothill-street, London, 8.W.1, 
in a recent Bulletin, give particulars and illustrations of 
factories, bridges, warehouses, &c., built with their rapid- 
hardening cement. 

Handling Equipment.—A catalogue showing a large 
variety of electric-battery trucks, tractors, cranes, 
dumping vehicles, &c., suitable for one-man operation, is 
to hand from the Elwell-Parker Electrie Company, 
Cleveland, Ohio, U.S.A. 

Boiler Scale Removal and Preveution.—The application 
of graphite to the removal and prevention of scale in 
steam boilers is explained in a small pamphlet issued 
by Messrs. Graphite Products, Limited, 220, Queens- 
} road, Battersea, London, S8.W.8. 

Walls.—A method of treating 








| Treatment of Damp 


9| the damp walls of underground buildings with their 


bituminous preparations is described by Messrs. Wailes 
Dove Bitumastic, Limited, 5, St. Nicholas Buildings, 
Newcastle-on-Tyne, in a recent bulletin. 

| Electric Furnaces.—Messrs. Verdon Cutts and Company, 
| Limited, 87, Fargate, Sheffield, have issued a leaflet of 
| notes on electric heating, including records of temperature 
readings taken to prove the uniformity of heating over 
; all parts of furnaces of their construction. 





| Dredgers and Excavators.—Some illustrated sheets to 
| hand from Messrs. Priestman Brothers, Limited, show 
| striking examples of grab-hopper dredgers and drag-line 


and shovel excavators. These are fitted for sea, river, 
and land work in many forms, and with steam, oil, or 
electric motive power. 


Pneumatic Tools.—A new edition of their catalogue 
of pneumatic tools has been issued by the Consolidated 
Pneumatic Tool Company, Limited, 170, Piccadilly, 
London, W.1, showing a very large variety of tools, 
made in a full range of sizes, and giving dimensions, 
capacities, weights,’ &c. Useful practical notes on the 
methods of using and cleaning the tools are also included. 


Electric Lighting.—Messrs. Korting and Mathiesen 
Electrical, Limited, 715, Fulham-road, London, S.W.6, 
have sent us leaf catalogues of their Mirrorlite electric 
lantern with silvered-glass mirror reflector and diffusing 
glass rim, floodlight projectors, hoarding reflectors, 
transformers for bells and signals. The second number 
of their Review has also been received, giving informa- 
tion on street lighting. 


Switchgear.—The British Thomson-Houston Company, 
Limited, Rugby, have issued new catalogues dealing 
with centrifugal mechanisms for the electrical controi of 
oil-immersed circuit-breakers, air-break circuit-breakers 
| for alternating and direct-current circuits not exceeding 
| 660 volts, oil-immersed star-delta starters for squirrel- 
| cage induction motors, and direct-current motor control 
| panels. All these catalogues contain ample descriptive 
| matter, illustrations, and technical particulars. 

Special Steels.—A new catalogue issued by the Kirkstall 
| Forge, Limited, Leeds, contains a large amount of 
information about carbon, nickel, nickel-chrome, and 
| chrome-vanadium steels in black, reeled, bright, die- 
poner and turned finishes, and in various heat-treated 
| conditions. There are many excellent technical notes 
| which will be helpful in the machine shop, and an 
| interesting historical note on the early records of the 
| forge, which is believed to be the oldest in England. 

| Heavy-Oil Engines.—The new edition of their catalogue 
| of heavy-oil engines issued by Messrs. Tangyes, Limited, 
| Birmingham, deals with four sizes developing 144, 168, 
200, 230 b.h.p. with two cylinders, and four similar 
engines of double the powers, with four cylinders. The 
engines are of the four-stroke, horizontal, cold-starting 
type, and are governed by variable admission of the fuel. 
They are suitable for residual, refined or other fuel oils, 
but can also be supplied to run on tar oils or alcohol if 
required. 

Gear Cutting.—The new edition of the catalogue of 
Sunderland gear-planing machines issued by Messrs. 
J. Parkinson and Son, Shipley, will be useful for the 
careful explanation of the process and description of the 
machines and cutters it contains. The range of machines 
made includes special adaptations for cutting spur. 
spiral, and double-helical gears, and also for sharpening 
cutters, testing, running in, &c. In all cases the capacity 
of the machines is stated, and practical notes on opera- 
tion are given with numerous illustrations of details. 


Electrical Equipment.—Catalogues recently received 
from the Westinghouse Electric and Manufacturing 
Company, East Pittsburgh, U.S.A., deal with the follow- 
ing subjects: Standard railway motors for narrow- 
gauges, oil-electric cars for the Canadian National Rail- 
ways, standard motors for all purposes, small turbo- 
generator units, low-speed synchronous motors, motor 
bearings, street and railway passenger cars, electric 
power shovels, lighting systems, drum switches, and 
control panels for wound-rotor induction motors. 

Marine Oil Separator——An oil separator which is 
| continuous in action and is unaffected by change of list 
or trim of a ship is dealt with in a catalogue issued by 
the White Patent Oil Burning Company, Limited, 
Hebburn-on-Tyne. The catalogue shows eight sizes, 
ranging in capacity from 25 gallons to 100 gallons per 
hour, and the tests show that the effluent is clear. and 
that the oil content is reduced to 14 parts per million 
under normal working conditions, or to 32 parts per 
million when the separator is worked at 50 per cent. 
overload. The United States regulations . permit a 
maximum of 100 parts of oil per million to be discharged 
in navigable waters. 

Boilers.—Messrs. Daniel Adamson and Company, 
Limited, Dukinfield, Manchester, nave sent us some 
particulars of a new type of boiler they are making, 
called the ‘‘ Super-Lancashire.” The two furnaces are 
placed rather higher in the shell than in an ordinary 
Lancashire boiler, and a steam drum is placed above the 
shell and connected by anti-priming pipes. ‘The furnace 
gases return through two nests of fire tubes placed within 
the shell and below the furnaces, and then pass away by 
a flue directly under the shell. The length of the boilers 
is not more than 20 ft., as compared with the 30 ft. of 
the standard Lancashire boiler. Details of other 
improvements are also given, and a high fuel efficiency 
is claimed. 














Rapip Pocket PRICER AND PER Ton RECKONER.— 
Messrs. Gall and Inglis, 31, Henrietta-street, London, 
W.C.2, have recently issued two new additions to their 
series of Rapid Reckoners, the first being a Pocket Pricer 
and the second a Per Ton Reckoner. The former is 
intended to assist traders in quick calculations as to the 
selling price of any goods offered, that will remunerate 
at the requisite profit shown by the balance sheet, the 
tables being at varying rates from 1} per cent. to 473 per 
cent. The latter will be found most useful for freight 
and tonnage rates, or for dividing up consignments among 
different departments or contractors, as it shows each 
penny rate from 3d. to 75s., and, to facilitate the pricing 
of certain classes of work, $d. intervals are given up to 
3s. Both books are published in a handy pocket size, 
the former being priced at ls. 3d. net, and the latter at 
ls. 6d. net. 
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FLATLANDS AVENUE SEWER, | 
BROOKLYN. | 
By Frank W. Sxrnner, M.Am.Soc.C.E. | 


BROOKLYN, the second of the five great boroughs | 
of the City of New York, is a very important | 
manufacturing centre, and is also noted as a resi- | 
dential district with a very large number of separate | 
houses for its 2,200,000 residents. It has an area | 
of 49,709 acres, 1,300 miles of streets, and | 
property assessed at about 3,000,000,000 dols. In | 
the eastern part, a comparatively level, low- | 
lying, superior residential district of 3,500 acres | 
will be drained of stormwater by the new com-| 


rss 


> 


Fig. 
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was built at a speed twice as great as required by 


the contract. 

The sewer, designed and built under the direc- 
tion of Mr. A. J. Griffin, chief engineer of sewers, 
and Mr. Philip P. Farley, consulting engineer, 
Borough of Brooklyn, commences as shown in 
Fig. 1 with 132-in. and 150-in. branches starting 
from different points on Foster-avenue and uniting 
in a 180-in. section which proceeds with increasing 
dimensions to its terminus, where it is 47 ft. wide 
and 13 ft. high overall. The total length of 14,800 
linear feet is composed of 495 linear feet of single- 
barrel rectangular sewer equivalent to a 132-in. 
circular section, 1,453 ft. of 138-in. single barrel, 
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bined sewers about to be described. These have a 

capacity of 2,460 cub. ft. per second, and will 

discharge storm water only, through a receiving 

one at the foot of Flatlands Ave., into Jamaica 
ay. 

The sewer is located on the centre lines of 
the streets, most of which are paved and have 
water, gas and electric mains and sanitary sewers 
laid below their surface. The bottom of the 
inner sewer invert is from 15 ft. to 38 ft. below the 
surface of the street, and in many places is several 
feet below ground water level. It was rapidly 
built in open excavation through coarse sand 
overlaid by a few feet of earth or loam, and 
although the soil was unstable and the excavation 
occupied in some places nearly the full width of 
the street between curb lines, it was constructed 
without serious accidents, damage to property, 
settlement of adjacent buildings or serious obstruc- 
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1,338 ft. of 150-in. single barrel, 4,419 ft. of 180-in. 
double-barrel, 268 ft. of 198-in. double-barrel, 852 ft. 
of 204-in. triple-barrel, and 3,625 ft. of 216-in. triple- 
barrel sewer, all with reinforced concrete invert, 
vertical walls and flat roof, and having the invert 
paved with vitrified bricks and tiles. Generally, 
the invert concrete is laid directly on the sandy 
bottom of the trench, but in some cases it is carried 
on a platform of 4-in. longitudinal planks supported 
by transverse sills 3 ft. apart. The concrete was 
chiefly about a 1: 2:4 mix made with six bags of 
cement, 0-5 yard sand, and 0-9 yard of stone per 
batch. Typical sections are given in Figs. 2, 3 
and 4. 

The principal quantities involved included about 
470,000 yards of excavation, 3,000,000 ft. of timber, 
3,000,000 vitrified bricks, 6,300 tons of deformed re- 
inforcement steel and 99,000 yards of concrete made 
with 93,000 yards of broken stone, 47,000 yards 





tion to traffic which in some places was heavy. It 


of sand from the trench excavation and 446,000 bags 


of Portland cement. The latter, with the aggregate, 
was delivered daily, only small emergency storage 
being maintained near the mixing machines, 
although much of the sand was spoiled alongside 
the trench. For convenient organisation, equip- 
ment and operation, the work was divided by 
the Montrose Contracting Company, the contractor, 
into sections A and B, having separate organ- 
isations and equipments. Section A at the lower 
end, costing about 2,100,000 dols., is 7,000 ft. 
long and is all of the three-barrel type. Section 
B is 7,800 ft. long and is of the one and two-barrel 
types, and cost about 1,300,000 dols. 

The concrete and asphalt pavements were cut 
through by pneumatic tools operated with 20-lb. 
air from portable compressors, the street car 
tracks were taken up and the pavement was 
broken into convenient pieces and removed by steam 
shovels or with buckets operated by locomotive 
cranes mounted on chain tracks, as shown in Fig. 5, 
on page 62. Operations were simultaneously com- 
menced at six nearly equidistant points, the top 
soil being excavated by steam shovels working in 
the trench and by drag line, and clam shell buckets, 
operated by the cranes in the street alongside the 
trench. The steam shovels delivered to a large fleet 
of 5-ton lorries sometimes on the bank, as shown in 
Fig. 6, and sometimes in the trench which they en- 
tered onal:7ramp. The steam shovels excavated 
to a maximum depth of about 18 ft., below which the 
excavation was completed by the buckets which, 
unlike the shovels, worked below water level. The 
shovel cuts and part of the drag line cuts were made 
with sloping sides, elsewhere the trench had vertical 
sheeted sides. The locomotive cranes generally 
travelled on temporary platforms made of long 
3-in. transverse planks protecting the pavement from 
heavy concentrated loads, and distributing the 
weight sufficiently to enable the machines to operate 
over soft, wet and unpaved sections of the streets. 
Usually the excavating buckets delivered to spoil 
banks up to 25 ft. high, parallel with the trench, but 
with a 25-foot berm intervening. For very wide 
deep excavations, the spoil had to be handled twice 
by the cranes to pile it beyond the reach of their 
booms when in excavating position. 

The excavation was interrupted at the intersection 
of each transverse street, on which traffic was 
maintained until the sewer construction was com- 
pleted on the next transverse street. The cross traffic 
was then detoured to this street, excavation was 
made between the two bulkheads, and the section 
of sewer connecting the trenches on both sides of the 
transverse street was completed, backfilled, and 
traffic restored, thus involving minimum obstruction 
and permitting excavation to be made by hand 
around the frequently congested installations of 
pipes and conduits, without interrupting the opera- 
tion of the drag line excavation. At one point 
where the sewer makes an abrupt bend round a 
railroad bridge its alignment was close to an aban- 
doned sand pit, about 30 ft. deep, that interrupted 
cartage alongside the sewer trench. This difficulty 
was promptly remedied by using the first available 
spoil from the trench excavation to fill in the pit, 
making an embankment at this part about 600 ft. long 
containing 40,000 yards of earth, and providing an 
excellent site on which a central concreting plant 
was established. The top of this fill was covered 
with long 3-in. planks, providing a good working 
platform when the embankment was softened by 
rains, and enabling it to carry safely the 45-ton 
chain-track cranes used on this section of the work. 

The excavation and handling of materals except 
concrete, and all equipment on section A, was 
effected by the use of three, 60-h.p. and one 
80-h.p. Link- Belt petrol operated, all-purpose, 
chain-track cranes with 50-ft. and 60-ft. booms. 
Being mounted on chain tracks, these easily and 
rapidly travelled over any surface encountered, and 
up any grade without assistance and without 
track-laying delays. They served as derricks as 
well as excavators, and provided a large amount of 
the power required. They were at first equipped 
with drag line buckets that removed the 5 to 8 ft. of 
top soil, after which the clean sharp sand was exca- 
vated down to ground water level by three steam 
shovels delivering as stated to lorries on the top of the 





sloping bank. Below water level the trench was 











lined with sheet piling and excavated by Blaw- 
Knox Dreadnaught buckets operated between the 
trench braces by the track cranes. The clamshell 
buckets and the steam shovels each handled about 
600 yards of spoil per 8-hour shift. At the lower 
end of the trench, where there was no traffic limitation 
and plenty of space, the cranes, working on both 
sides of the trench dumped the spoil directly on 
banks 25 ft. clear of the excavation and about 
25 ft. high. 

The chain-track cranes were of the standard heavy- 
duty type, having a large, one-piece rotating base, 
enclosed, oil-tight, gear housings, large drums and 
friction clutches, and were fitted with a rope guard 
on the boom, and impervious joints to the tread 
plates. They were high-speed machines; on the 
large machine speeds were employed of 150 ft. and 
105 ft. per minute for grab and drag line buckets 
respectively, for slewing motion 15 and 20 seconds 
per rev., and speeds of travel 1 mile and 0-8 mile 
per hour. The tracks had self-cleaning treads and 
the machines were capable of shipment on a flat 
car, fully assembled, ready for service. Used with 
grab-bucket equipment these cranes have a record 
of total operating cost, including depreciation, &c., 
of 20-06 dols. per day or 0-054 dols. per cubic 
yard handled and only 6-00 dols. repairs in six | 
months. Used with a drag-line bucket, the corres- | 
ponding figures were 28-68 dols. and 0-041 dols. 

The large amount of wooden sheet piles required | 
for the deep trench of section A, nearest the outfall, | 
was driven exclusively by two No. 6 and eight No. 8 
(Junior) Union hammers operated by compressed | 


air. ‘These were found very convenient and efficient | 
and were used simultaneously on both sides of the | 
trench in the different places where, to expedite the | 
work, the trench was opened at intervals of several | 
blocks. | 

The No. 6 hammers, weighing 850 Ib., struck | 
340 775-lb. blows per minute, with a consumption of | 
75 cub. ft. of air at 100 lb. nominal pressure. They | 
were provided with steel jaws and extension pieces | 
to engage the pile tops, and a 2-in. manganese steel 
bearing plate on top of the pile to distribute the | 
energy of the blows and prevent splitting or battering 
the wood. 

The 195-lb. Junior hammers struck 475 400-Ib. | 
blows with a consumption of only 50 cub. ft. of air | 
at 90 lb. pressure. This type of hammer is shown | 
in use in Fig. 7. All hammers were equipped with | 
an inlet and lubricator delivering oil into the air | 
passage without any possibility of it getting into the | 
hose. The hammers are so light that they can be | 
easily handled, and they worked perfectly when | 
partly submerged to drive the short piles in the | 
drainage trenches in water about 2 ft. deep. 

Although the exigencies of the work seldom | 
permitted their long continuous operation they 
drove as many as 1,200 sq. ft. of the 2- and 3-in. | 
sheeting up to 18 ft. long in one 8-hour shift with | 
only one man per hammer. These hammers can | 
be equipped with a special simple harness which 
permits them to pull up to 1,500 or more square | 
feet of wooden sheet piles per day. On this work, | 
however, much of the sheeting was retained | 
permanently in the ground. It is estimated that 
besides the greater convenience and rapidity of | 
driving, the cost of driving the sheeting was about 
70 per cent. less than if it had been done by hand. | 

Drainage.—Near the outfall end of the sewer, 
where the excavation was carried far below ground 
water level, great quantities of water flowed from 
the adjacent bay, through the sand stratum and 
entered the trench through the sides and bottom 
until means were found +o lower the water table. 

A sump pit was dug, and in the bottom there 
was placed an 8 ft. by 8 ft. framework 5 ft. high, 
covered on the four vertical sides and the bottom 
with fine wire mesh. This served as a suction 
chamber in which a pump was installed. Observa- 
tion pits were dug at intervals of 15 ft. from the 
sump, and pumping was commenced, the sump 
being emptied in about a minute. The pump was 
then throttled down to a speed just sufficient to 
correspond with seepage into the sump and keep 
the pump primed. After two days regular 
continuous pumping it was found that the water 
table presented a surface of approximately para- 
bolic curvature, rising, as shown in Fig. 8, rapidly 
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near the sump where it had a depth of about | there, and all the drainage from this excavation of 
5 ft. lower than the original ground water level, | the trench was handled from the single sump. 

| At the outfall end of the trench a 12-ft. by 12-ft. 
‘sump 20 ft. deep was excavated, lined with wooden 
sheeting at the top and with steel sheet piles at 
the bottom. 


and sloping up to a distance of only 1 in. below 
the original level at a distance of 75 ft. from the 
sump. 

This indicated the necessity of locating ordinary 
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sumps close together, but it was found that the’ 


excavation of longitudinal drainage ditches below 
ground water level and below sub-grade in the 
trench acted as a continuous sump and kept the 
trench dry for many hundred feet from the pump 
sump. This arrangement proved so efficient that 
a second sump located 1,000 ft. from the main 
pumping sump at the lowest point of the outfall end 
of the sewer was not used ; no pump was installed 





SHEET-PILE Driving By Ark Hammer. 


deposited in the bottom of the pit about 5 ft. 
below subgrade of the sewer trench. In this pit 
two 8-in. centrifugal pumps were installed, driven 
by electric motors of about 20 h.p. each. These 
pumps discharged into a 4 ft. by 12 ft. by 4 ft. 
wooden receiving tank, with an outlet to the old 
Flatlands Avenue sewer. They worked night and 
day, ultimately lowering the ground water level 
immediately adjacent 9 ft. or 10 ft., and perceptibly 


A 3-ft. layer of broken stone was 
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diminishing it for a distance of as much as | 
2,000 ft. away. Their efficiency was greatly | 
promoted by the drainage system installed in the | 
bottom of the trench that was found to be very 
reliable and satisfactory. 

The trench was excavated 4 ft. wider than the 
over-all dimension of the sewer, and in the bottom 
there was excavated on each side, for the full | 
length of the portion opened, a ditch 2 ft. wide 
and 2 ft. deep, sheeted next to the sewer, with 
4-ft. planks 2 in. thick, driven by the air hammers. 
These ditches were filled to subgrade with broken 
stone thus making efficient blind drains. Double | 
transverse bulkheads 2 ft. apart, also made of | 
vertical planks 4 ft. long, were provided in the | 
bottom of the trench, below subgrade, every 30 ft., | 
and were connected with the two lines of similar | 
longitudinal bulkheads previously driven for the | 


long longitudinal drains. This is indicated in Fig. 9. | 
"7 | 





Fig.8. SAND DRAINING TEST. 


up by air hammers and drills. The old walls and 
roof proved to be so sound and strong that blasting 
had eventually to be resorted to. 

Bracing.—The trench was braced with three to 
five tiers of 8-in. by 8-in. and 12-in. by 12-in. wales, 
and cross-braces, which were at first spaced vertic- 
ally so as to necessitate bracing and blocking after 
the concrete had set. It was found, however, that 


|the 3-in. sheeting was stiff enough to stand un- 


braced from the ranger above the invert to the 
top of the sewer, and the lowest three tiers of braces 
were replaced by two tiers of 10-in. by 10-in. timber, 
one near the bottom of the trench and one just 
above the top of the finished sewer, making it 
necessary to remove only the bottom tier (after 
concreting the invert) for the sewer construction, 
and thus saving a considerable amount of time and 
trouble. 

The trench excavation was accompanied by a 
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These arrangements provided for the rapid 
draining of ground water which seeped through 
or under the sheet piles retaining the sides of the 
main trench, as well as that rising up through the 
bottom in the space enclosed by two adjacent 
transverse bulkheads which was eventually covered 
by the invert. The broken stones prevented sand 
boiling up, and promoted a constant flow of ground 
water to the pump sump. As each successive 
section of invert was concreted, the length of the 
drainage channels was extended, and the pumping 
being continuous, the water table was lowered 
nearly to the bottom of the sump. Thus about the 
same pumping equipment that would have been 
required for a single large pit sufficed to keep the 
constantly increasing length of trench dry. 

Excavation of the trench was temporarily 
discontinued at the intersection of Utica and 
Flatlands Avenues, thus preventing the farther 
extension of this drainage system, and beyond. this 
point it was more convenient to provide small 
temporary sumps, every 30 ft. or 60 ft., and to 
install in them portable electrically-driven centri- 
fugal pumps which discharged through steel pipes 
to existing sewers. At the upper end of the trench 
the small amount of ground water, the flow in 
intercepted sanitary sewers, and surface drainage 
were disposed of by portable petrol-driven diaphragm 
pumps delivering to adjacent sewers. 

Near the lower end of the sewer a twenty-five- 
year-old 120-in. rectangular sewer with brick side- 
walls was encountered. This had a flat concrete 
roof carried on transverse I-beams 5 ft. apart. 
The flow from this sewer was diverted into an 
8-ft. by 8-ft. wooden flume, about 1,000 ft. long, 
to the outlet in the sewer disposal channel, dredged 
from the receiving chamber to Jamaica Bay. The 
removal of the old sewer was commenced by 
cutting the roof slab into short sections, and taking | 
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timber gang of six men, who set the upper tier of 
8-in. by 8-in. wales and cross-braces 10 ft. apart, 
and placed the 2-in. square-edge wooden sheeting 
from 10 ft. to 16 ft. long. This was bevelled at the 
bottom and driven by hand to a short penetration 
in the bottom of the trench as the excavation pro- 
gressed. The remainder of the excavation, to an 
average depth of 28 ft. below the surface was made 
with clam shell buckets, each of which hoisted and 
dumped by the locomotive cranes, could handle a 
maximum of about 280 yards in 9 hours. 

A second timber gang, which set the lower tiers of 
sheeting and bracing, removed in the upper part 
of the trench several thousand feet of an existing 
brick sewer, 48 in. in diameter, and excavated by 
hand to a depth just below the elevation of the 
sewer invert. This gang consisted of 12 men and 
foreman, and ordinarily advanced at the rate of 
about 50 linear ft. per 8-hour shift. 

A third timber gang finished the bracing, prepared 
sub-grade, drove sheeting to a penetration of about 
18 in. below the bottom of the trench, and com- 
pleted trimming and bracing after the excavating 
buckets. 

In the wide trenches, such as shown in Fig. 9, 
it was necessary to provide intermediate supports 
for the long transverse timbers which were accord- 
ingly carried by two temporary vertical timbers 
for each of the braces in the three upper tiers. The 
braces in the two lower tiers were carried on per- 
manent 3-in. vertical pipes, generally old boiler 
tubes, set in the partition walls of the triple-barrel 
sewer, and cut off above the top of the roof concrete | 
after the roof was finished. 

On Avenue I, the trench was sheeted with one 








tier of 3-in. planks 28 ft. long, and the 12-in. by 12-in. 
transverse struts were all spaced far enough apart 
in the horizontal planes to give ample clearance for | 
the operation between them of the excavating | 


it off bodily after which the brickwork was broken | buckets, and so arranged vertically that only the! of the side walls. The roof form was supported on 


lowest set interferred with concreting operations 
and had to be removed before the completion 
thereof. The remaining two upper tiers of cross- 
braces were also eliminated after concreting was 
finished, and the tops of the sheet piles were secured 
and the pressure of the earth was resisted by inclined 
braces engaging the top lines of wales and having 
bearings at their lower ends on concrete angle lugs 
integral with the roof slab, as shown in Fig. 10. 

After the completion of the timbering, a gang of 
three carpenters set bulkheads for 40-ft. sections 
of invert concrete, and were followed by the steel 
gang, who suspended the invert reinforcement bars 
from the lower tier of 10-in. by 10-in. transverse 
braces. This steel, most of it in 40-ft. lengths, was 
cut to order and delivered from storage by special 
home-made trailers, having a wooden platform 4-ft. 
wide and 42-ft. long, supported by a pair of long 
deep steel channels mounted on a pair of wooden 
wagon wheels, and hauled by a tractor or truck. 
The carpenters set the 16-ft. lengths of wooden 
longitudinal forms for the 90-deg. coves at the 
intersection of the invert and side walls, ready for 
concreting the invert and setting the vertical side 
wall forms. 

Wood and Steel Forms.—The wall forms for the 
single barrel sewer were made in panels 20-ft. long 
by 6 ft. 34 in. high with 14-in. square edge horizontal 
boards nailed to 4-in. by 6-in. verticals 30 in. apart. 
Originally, they were supported from a rigidly- 
braced wooden framework on a 6-wheel car running 
on the broad-gauge invert track. They were each 
connected to the car by two adjustable horizontal 
and one diagonal #-in. turnbuckle rods in each of 
these transverse planes. This permitted them to be 
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rigidly set to the exact level and alignment, and 
easily stripped by turning the turn-buckles. They 
were quickly set and shifted, and the arrangement 
worked very well until after a thin film of cement 
had dried on the faces of the forms. After this, 
it was found easier to detach the forms from the car 
and clean them in a horizontal position, so that the 
use of the cars was discontinued and the form 
panels were handled by the locomotive cranes and 
on flat cars. 

The wood forms for the roof slab of the 180-in. 
sewer were made in 8-ft. sections, and of a trans- 
verse width equal to the clear distance between the 
vertical side walls. The 8 by 9-ft. horizontal 
surface of the form was made of 2 by 12-in. dressed 
boards, nailed on the top of two pairs of 2 by 10-in. 
transverse beams. These were supported on three 
longitudinal beams 2 ft. apart, carried on the caps 
of two 4 by 4-in. adjustable vertical posts, 4 ft. 
apart, on the centre line of the sewer. 90-deg. fillets, 
with a 12-in. radius were hinged to the 8-ft. longi- 
tudinal edges of the form platform, and could be 
kept in place tangent to the horizontal and vertical 
surfaces, by inclined braces. The vertical posts 
fitted between pairs of transverse guide frames, and 
their lower ends were supported on screw jacks on 
the platform of a four-wheel truck running on a 
543-ft. gauge invert track. 

When in position for concreting, the overhanging 
ends of the transverse beams were supported on 
shores with bottom wedges. To strip the forms, 
the wedges were slacked, shores removed, fillets 
revolved downwards, making clearance every- 
where with the finished concrete, and allowing the 
car and form to be advanced, the form cleaned and 
reset for the next section of roof slab. 

The long wooden panels for the roof and side wall 
forms of the 204-in. sewer were permanently hinged 
together at the centre lines of the coves at the tops 
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transverse beams overhanging the full-length braced | character of the street and the volume of traffic, 
frame work, mounted on six wheels on the invert or located near by in transverse streets. It was 
track. The transverse sills of this framework over- | of excellent uniform quality, much of it being 
hung the track and their ends were wedged against | sold for other building operations, and all being so 
the wall panels, when the latter were lined up against | clean and free from organic matter that it was 
the invert soffit for concreting, and at the same time | used without washing or screening. 

they were supported on pairs of screw-jacks set on| All aggregate was handled at the storage piles by 
the invert just outside the track rails. When the|seven petrol-driven portable measuring wagon 
form was adjusted for concreting, the framework | loaders, which rapidly delivered accurate batch 
was jacked up to lift the wheels off the rails ; slacking | amounts of both sand and stone to dumping lorries 
off the screw-jacks and wedges stripped the forms. | and to l-yard standard bodies of mine cars mounted 
The hinged joints between wall and roof panels were | on the chassis of light lorries of the type shown in 
provided with special screws with which they were | Fig. 14, so as to dump either longitudinally or 
adjusted and maintained in rigid position. These | transversely into the power-charging hoppers of 
forms are illustrated in Figs. 11 and 12, Fig. 13 giving | the concrete mixers. 

a detail of the cove fitting. The forms for the 216 in.| The cement, furnished daily as required, was 
section were somewhat similar. 120-linear ft. of | delivered from the dealers local warehouse to plat- 
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maximum speed and avoid delays, interruptions 
or interferences to any operation that might affect 
concreting. Excavation, trimming, sheeting, brac- 
ing and form work were maintained with successive 
ample clearance margins between them and the 
concreting. The deliveries of cement, broken stone 
and reinforcement steel, arranged long in advance, 
were continually checked and verified; the work 
was carefully scheduled and abundant mechanical 
equipment, supplies and spare parts were always 
immediately available in case of breakdown or 
unexpected developments. Both sections were 
completely and efficiently organised with competent 
reliable superintendents, foremen, and inspectors, 
and had ample forces of mechanics and labourers 
so that, in emergency, either section force could 
have assisted the other. 
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3-barrel Blaw Knox steel roof and wall forms of | 
the type shown in Fig. 15 on page 76, was also pro- 
vided. These were mounted on adjustable carriages, 
running on an invert track. They were found very 
satisfactory, and one 40-ft section could be stripped, 
cleaned, advanced to the next position, and adjusted | 
ready for use by a six-man gang in an hour and 
three quarters. In order to maintain the concreting 
at the same speed as the remainder of the work and 


forms about 6-ft. wide and 30 ft. long, raised a 
foot above the street surface near the concrete 
mixers. This wasshifted with them from time to time 
as the work progressed. The use of the platforms 
effected a considerable saving of labour in handling 
cement, and eliminated the cost of temporary 





as it would have been difficult to obtain quickly, 
more steel forms, four sets of the wood forms | 
described above were made in the contractor’s yard. 
It took 20 five hours to strip clean, advance and 
adjust for re-use one 40-ft. section of these forms. 

Materials.—The 1}-in. concrete stone was de- 
livered from the quarry in barges and unloaded 
by two }-yard steam shovels dumping into a fleet 
of 20 5-ton lorries. These machines easily climbed 
to the top of a 25-ft. storage pile which itself formed 
a ramp carefully graded and surfaced with stone 
equivalent to macadamising. This enabled the 
lorries to dump on top of the pile, and thus build 
it out indefinitely. The same lorries delivered from 
the storage pile to the street piles, near or alongside 
the sewer trench, sometimes transporting as much 
as 1,000 yards per day. 

The sand was all derived from the trench excava- 
tion. It was stored in spoil banks adjacent to 
the trench, when permitted by the width and 


storage sheds and of moving them from time to 
time. 

Adjacent to one of the repair storage yards was 
the reinforced steel yard, where the bars were 
stored, cut to length by oxy-acetylene torches, and 
bent on a table. It was provided with adjustable 
stops to hold the bars securely, and with movable 
rams worked by hydraulic cylinders, effecting 
several simultaneous bends. With this machine, 
one of the elaborate reinforcement trusses made 
from l-in. square steel rod for the 180-in. sewer 
roof could be completed in about 30 sec. by two 
men operating the machine and handling the rods, 


which were bent sharp in eight places simul- | 
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After the regular routine was established the 
sequence of concreting invert, side walls and roof 
slab in convenient lengths proceeded simultaneously 
at six points, where the movable mixers were in- 
stalled in the street close to the edge of the trench. 
For rapidity of operation and ease of movement a 
standard type road paving mixer, mounted on cater- 
pillar traction was adopted. A typical machine 
is shown in Fig. 16. The concrete was of a 
uniform mix throughout, each batch being made 
with six bags of Portland cement, } yard of 
sand and ,*,-yard of broken stone. Generally 
it was delivered from the mixer to the required 
position in the form through short steel chutes 
suspended from the revolving boom of the mixer 
and sometimes extended by a short wooden 
trough supported on the horizontal trench bracing, 
although sometimes small quantities were delivered 
by dump trucks or wagons to more distant points. 

A 40-foot section of invert for the 180-in. sewer, 


taneously, besides having a hook turned at each end. required about 30 yards of concrete which was 
Conecreting.—As rapidity and continuity of con- | placed by four men, exclusive of the mixer gang in 


creting were the ultimate governing factors in 
securing the earliest completion of the contract, as 


| about 4 hours. 


The next day after the invert was 
concreted the lower tier of bracing, just clearing its 


well as the minimum of overhead costs and economy | upper surface was removed, and a gang of 4 brick- 
of operations, great pains were taken to maintain | layers and 15 labourers paved the invert with 
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vitrified bricks excepting that a strip 2-ft. wide 
adjacent to each wall was paved with tiles. A 
view of a section of the invert concreted and rein- 
forcement bars set for the sides is given in Fig. 17 on 
nage 76. 

' The 80 ft. side wall sections of single barrel 
sewer, were each concreted by five men, in about 
4 hours, and after they were 48 hours old the same 
gang stripped the panels, laid them flat on the sewer 
invert, scraped them clean, shifted and re-erected 
them in about 2 hours. The roof concrete was 
placed a little more rapidly per cubic yard. Work 
on a typical roof section is shown in Fig. 18. 

As portions of the sewer were completed the 
adjacent sheeting was pulled by 3-part tackles 
operated by the locomotive cranes and was usually 
re-driven two or three times. Spoil, stored alongside 
the trench, when possible, was backfilled on top of 
the finished sewer by the locomotive cranes operat- 
ing clam shell and drag line buckets. It was gener- 
ally flooded by a 2-in. hose stream played on it 
continually during the back-filling. 

The principal equipment installed for the con- 
struction of this sewer included seventeen air driven 
hammers, four chain-track all-purpose cranes, three 
locomotive cranes, six concrete mixers of the road 
paving type, three steam shovels, about 50 motor 
lorries of 1-yard and 5-yard capacity, three tractors, 
five portable air compressors, seven wagon loaders, 
one road finishing machine, twelve clam shell and 
drag line buckets, one three-drum hoisting engine, 
pumps, cutting and welding torch equipments, &c. 

The work on both divisions of this sewer was not- 
able for the rational plan of operation ; for the ample 
equipment employed; for the elimination, as far 
as possible, of hand labour by the useof power 
machines; for the excellent co-ordination of simul- 
taneous and successive operations and for the rapid 
and efficient handling of large quantities of material 
without interruption. 

The method of excavating and drainage on a large 
scale proved very successful, and concrete of high 
quality and excellent finish was secured throughout. 
The thorough timbering prevented settlement of the 
earth under and adjacent to the streets, and traffic 
was maintained alongside the trench and at all 
intersecting cross streets. Only a minimum of 
okstruction was occasioned by the method of main- 
taining traffic in them, until it could be temporarily 
diverted to adjacent streets. Construction opera- 
tions were commenced in April, 1925, and by the 
contract requirements were to be completed in 400 
days, but the work was pushed forward so vigorously 
and such a large force and equipment were employed, 
that when operations were suspended on account 
of weather conditions before the end of the year, esti- 
mates had been approved for 85 per cent. of it all. 
The work was completed early in the next year. 








Markinc or ImportepD Lreap.—The standing com- 
mittee, on general merchandise, appointed by the Board 
of Trade, have reported on their inquiry as to whether 
imported sheet lead and lead pipes should be required 
to bear an indication of origin, under the Merchandise 
Marks Act, 1926. The report may be obtained from the 
Stationery Office, or through any bookseller, price 2d. 





FLoatine Dock ror ABADAN.—A self-docking floating 
dock, built for the British Tanker Company, Limited, 
London, for service at Abadan, Persia, was launched 
from the Armstrong yard of Messrs. Sir W. G. Armstrong, 
Whitworth and Company, Limited, on June 14. The 
dock is of the double-sided self-docking type known as 
the . Sectional pontoon,”’ and it consists of a lifting 
portion, formed of four similar pontoons, attached to 
two parallel side walls, which are continuous over their 
whole length. A few of the main particulars of the dock 
may be quoted as follows:—length over platforms, 
194 ft.; length over pontoon, 172 ft. 11 in.; overall 
width, 61 ft. 3 in.; clear width between fenders, 44 ft. 
6 in.; overall dimensions of the side walls, 152 ft. 1 in. 
by 19 ft. 7 in. by 6 ft. 3in.; and the depth of water 
required at the site is 22 ft. When floating in fresh water 
the dock is capable of lifting a vessel displacing 750 tons. 
It may be sunk to a depth of 12 ft. 6 in. over keel blocks, 
when the corresponding freeboard of the walls is 3 ft. 8 in. 
The pumping plant installation, which consists of two 
centrifugal pumps driven by semi-diesel engines, is 
capable of lifting a vessel of 10 ft. mean draught and a 
displacement of 600 tons in two hours, when the centre 
of each end of the pontoon deck has a freeboard of 
4 in. The dock has been constructed to the designs of 
Messrs, Clark and Standfield, 11, Victoria-street, London, 
and the whole of the work has been carried out under 
their supervision. The contract for delivery at Abadan 
has been let by Messrs. Sir W. G. Armstrong, Whitworth 
and Company, Limited, to Messrs. F. W. Pedder and 
Company, Limited, London. 


ENGINEERING. 





LITERATURE. 


——ee 
The Alternating-Current Commutator Motor. By C. W. 
OLLIVER, B.Se., E.S.E. (Paris). London: Chapman 
and Hall, Limited. [Price 21s. net.] 
Mr. C. W. Ottiver’s book on alternating-current 
commutator motors is the first publication of 
this kind in this country which is entirely devoted 
to alternating-current commutator machines of 
all types. The theory of this class of motor, 
while rather more complex than that of the 
direct-current or the induction motor, is not so 
difficult to understand that it cannot be explained 
quite easily to any engineer, or student, who knows 
the fundamental theory of alternating-current 
work. The reason why this motor has hitherto 
been neglected in our technical literature must, 
therefore, be accounted for by the fact that it is 
comparatively seldom used considering the enormous 
number of alternating-current motors installed. 
The author believes that this is due to a prejudice 
against the alternating-current commutator motor, 
which he attempts to break down by giving 
information on the behaviour of the motor under 
various conditions, and setting out for which 
classes of work it can be used to best advantage. 
The whole book is permeated by this desire and 
must be judged accordingly. The purely mathe- 
matical parts have been reduced to a minimum. 
This diminishes the value of the book somewhat 
from the point of view of the electrical machine 
designer, though it rather enhances it for the 
| power engineer and the user. This feature of 
‘the book is further emphasised by dividing it into 
| two parts, the first concerning the analytical treat- 
,ment of such subject matter as commutation, 
| theory of single-phase and polyphase commutator 
motors, cascade sets and power factor correction. 
The larger second part deals. with the practical 
applications of the motors for cranes, hoists, 
single-phase traction, rolling mills, colliery winders, 
the textile and paper industries, &c. 

In the analytical part, a full treatment of the 
theory of the single-phase commutator motor is 
given in one chapter, while the theory of the 
polyphase commutator motor is not so compre- 
hensively set out. It is distributed in various parts 
of the book, intermixed with other matter, and it 
would certainly be of advantage if, in future 
editions, all theoretical calculations concerning this 
motor could be combined in one chapter. More 
particularly, the ‘‘ Characteristic Features of a 
Commutator Rotor from a Polyphase Alternating 
Current Supply” should be introduced at the 
beginning of Chapter IV, where the general working 
of the three-phase motor is dealt with, instead of 
the middle of the book, on page 127. A fuller 
treatment of the important and valuable feature of 
the motor, the speed regulation by shifting of the 
brushes, would also add to the value of the book, 
especially in connection with double sets of brushes 
of which one set can be stationary under certain 
conditions. 

Part of the material included in the book has 
previously been published by the author in the 
technical press. This accounts presumably for the 
arrangement of the information, which is sometimes 
rather disjointed. While some features of the motor 
are not fully discussed, other constructions are 
described repeatedly. This can be understood in 
case of the various cascade arrangements of induc- 
tion motors and alternating current commutator 
motors, as there are many different applications for 
these combinations. 

It is, however, surely unnecessary to describe the 
three-phase commutator motor with shunt charac- 
teristics twice in close succession. This motor was 
first patented by Schrage. It is built in this country 
by the British Thomson Houston Company, and 
dealt with on pages 101 to 105 of the book under the 
heading, “ Field of Application of the Three-phase 
Commutator Motor.” Following this is a chapter 
on “Shunt Motors ” (pages 105 to 107), where it is 
again fully described as “ Manufactured by the 
Siemens Schuckertwerke.” This is somewhat mis- 
leading ; oversight could not have occurred if the 
author had given in every case the name of 
the inventor, as has been done for many other 
arrangements. For example, what is called in the 











book (page 65 and 68) the ‘“‘ Wagner Motor,” is 
constructed in accordance with patents taken out 
by Professor Arnold, and was built originally by 
the Oerlikon Company in 1892. 

A point which is primarily responsible for the fact 
that commutator motors are not used more frequently 
has not been sufficiently brought out in the book. 
The reason is the high price of these motors com- 
pared with direct current or induction motors of 
similar output. This is partly accounted for by 
high cost of commutator and brush gear, due to 
the fact that the voltage of the winding connected 
to the commutator must necessarily be low, to 
avoid sparking, with a corresponding increase in the 
current and the size of commutator and brush gear. 
Apart from this, costs are increased by the fact that 
the motor is not used more generally, and that in 
consequence, manufacturers cannot produce it in 
standard lines and large quantities except in the 
small sizes, which are used more extensively and 
can therefore be produced at reasonable cost. We 
have here a case of interlocking of cause and effect, 
and it is to be hoped that the better understanding 
of the function of these motors, which the author 
has set out to give his readers, will contribute some- 
thing to popularise the motor and so remove this 
particular difficulty. The thanks of every engineer 
interested in the subject are due to Mr. Olliver for 
this book, and for filling a rather glaring gap in 
our literature on electrical machinery. 


Studies in Naval Architecture, Strength-Rolling. By A. M. 
Ross, D.Sc. London: Charles Griffin and Company. 
(Price, 25s. net. ] 

TuE strength and the rolling of ships are subjects 
that date their main development from the time 
iron commenced to replace wood as the material 
employed in ship construction. The early trans- 
actions of the Institution of Naval Architects 
contain a number of papers dealing with these 
two subjects, and to a very large extent the 
methods of calculation for both strength and 
rolling, outlined in these papers have remained 
unchanged. So far as strength is concerned, and 
in particular the longitudinal strength, calculations 
representative of present-day practice were outlined 
in 1872, although it was some years later that the 
standard conditions of wave-length and wave-height 
employed in making the calculations were estab- 
lished. The consideration of transverse strength, 
followed quickly upon the theory of longitudinal 
strength, and during recent years the investigations 
have mostly been concerned with such matters 
as the “effectiveness” of plating, the efficiency 
of “panel” stiffening, the influence of discon- 
tinuities, and the like. 

Rolling reached an advanced stage quite early on, 
due mainly to the masterly manner in which the 
subject was treated by the late William Froude, 
and subsequent contributions to the subject have 


‘dealt chiefly with the stabilising effect of various 


anti-rolling devices. Dr. Robb’s book deals very 
thoroughly with both strength and rolling, and 
gives with each chapter fairly complete references 
to the original transactions. For the most part 
the book is formed upon lectures delivered to 
students at Glasgow University. In each chapter 
the underlying general principles of the subject 
treated are emphasised, and the references made 
to recent investigations have tended to give these 
principles their true perspective. 

After an opening chapter dealing with the 
trochoidal theory of waves followed by another 
upon the ellipse of inertia, a number of chapters 
are devoted to the subject of longitudinal strength. 
One of these chapters discusses the effect of 
heaving, the effect of pitching, and the combined 
effect of both heaving and pitching, investigations 
that have been carried out mainly by Dr. Robb 
himself. Subsequent chapters deal with transverse 
strength, local strength, and the strength of 
attachment, whilst the strength section of the 
book is concluded by an interesting general survey 
of our present knowledge of the subject. 

The five concluding chapters of the book are 
devoted to rolling; three of these discuss the 
theory and methods of calculation, the fourth 
deals with model experiments, and the final chapter 
is devoted to the various devices fitted as a means 
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of reducing the amount of roll. The book should 
prove a very useful text-book for students studying 
the subject for the first time, and a handy work 
of reference for those who are concerned not only 
with strength and rolling simply, but with all the 
multifarious problems connected with ship design. 





The Law of Carriage by Railway. By Lewis RicHARD 
Liesett, M.A., LL.D. (T.C.D.), of Gray’s Inn, 
Barrister-at-Law, one of His Majesty’s Counsel in 
Ireland, and THomas JoHn Day Arxkinson, M.A. 
(T.C.D.), one of His Majesty’s Counsel in Northern 
Ireland, Registrar of the Railway Rates Tribunal. 
London: Jordan and Sons, Limited, Sir Isaac Pitman, 
Limited. [Price 2/. 10s, net.] 

Ir is some years since anyone has written a large 

and comprehensive work on the law relating to 

railways. The reason for this is not far to seek. 

Ever since 1919 the law has been in a state of trans- 

ition. By an Act passed in that year a Ministry 

of Transport was brought into existence, while in 

1921 there was placed upon the book an Act which 

was destined to alter in certain very important 

particulars, the relations between railway companies 
and the public. That measure, however, did not 

come into full operation until January 1, 1928. 

The appearance of the volume before us is, therefore 

—.if only for this reason—opportune. 

We are inclined to agree with the learned authors 
when they say in their preface that the task of 
producing such a book is one of extreme difficulty. 
Railway companies are carriers. As such they are 
affected by the common law relating to carriers. 
They are also “‘common carriers,” and so are 
subject to the Carriers’ Act of 1830. In addition 
to that, they are affected by no less than thirty- 
five public acts of Parliament passed since 1838— 
commencing with the Railways (Conveyance of 
Mails Acts), 1838 (which, by the way, is erroneously 
described as being of 1938 in the J'able of Contents) 
down to the Carriage of Goods by Sea Act, 1924. 
All these measures must be dealt with in a com- 
prehensive text-book ; and they are all to be found 
in this one. 

We note, by the way that the authors have 
printed certain sections of the Cheap Trains Act 
of 1883 without drawing attention to the fact that 
Section 4 and part of Section 5 were repealed by the 
Finance Act, 1921. Again, they have omitted to 
refer (at the end of the book) to an Irish Railway 
Act of 1926. 

Statute law, however, is not everything. He 
who would be conversant with the law affecting 
railways must do more than consult the statute book. 
The Railways Act, 1921, authorised the publication 
of subordinate ‘‘ measures ” (we use that word for 
want of a better), including “Classification of 
Merchandise for Conveyance by Railway,” ‘‘ Con- 
ditions of Carriage”’ and “Standard Charges.” 
To merely set these forth requires well over two 
hundred pages of the volume before us. 

We have said enough to show that a considerable 
portion of this volume consists of matter which is 
already in print, whether in the statute book or 
in the countless printed forms, schedules, and so 
forth published by the railway companies. But 
it is when we come to read the authors’ notes to the 
various Acts of Parliament which are set out in the 
volume that we begin to appreciate the value of 
their labours. 

For assistance in the compilation of these notes 
a graceful tribute is paid by the authors to Mr. 
Daniel F. Brundrit, Barrister-at-Law. 

The first measure which called for elucidation is 
the Carriers’ Act, 1830. Railways are now in a 
somewhat extraordinary position with regard to 
this measure. Its main objects were two—to pre- 
vent a common carrier limiting his liability as 
insurer by posting up notices, and to protect a 
carrier from liability in respect of the loss of certain 
valuable articles unless declared by the consignor. 

So far as passengers’ luggage is concerned, rail- 
way companies are still bound and protected by 
this Act subject to this, that in its application to 
railways it has been modified in an important 
respect. Whereas the limit of value was formerly 
101. it is now (as regards railways) 25. To make 


the matter quite plain:—suppose a watch worth 
24l. is taken by a passenger by railway in his luggage; 


lost or stolen. But if he travels by road in the 
vehicle of a common carrier—e.g., a motor *bus— 
the ’bus proprietor is not liable unless the nature 
and value of the article was declared. Why this 
added burden has been deliberately placed upon 
the railway companies we have no means of know- 
ing. We observe, by the way, that in setting out 
Section 2 of the Carriers’ Act, the authors print it 
with the figure “101.” altered to ‘25l.,” but, 
of course, those who read the book should realise 
that so far as other common carriers are concerned 
the Act remains as it was a hundred years ago. 

But apart from its position in relation to pas- 
sengers’ luggage, is a railway company any longer 
a common carrier? It was, broadly speaking, a 
common carrier of goods carried at company’s risk 
down to December 31, 1927. But as the learned 
authors point out (on page 307), ‘ All merchandise 
is now to be carried under standard terms and con- 
ditions, unless there is a special signed contract. 
The question at once arises whether railway com- 
panies do not thereby cease, in any case, whichever 
their public profession may be, to become common 
carriers of merchandise and hence, so to speak, 
statutory carriers.” 

Terms have been settled by the Railway Rates 
Tribunal. They are set out and commented on 
in these pages. The Act of 1921 roundly provides 
that “they shall be the standard terms and condi- 
tions of carriage for all railway companies and shall 
be deemed to be reasonable.” An_ interesting 
question is bound to arise sooner or later in the Law 
Courts: “Can a company which always carries on 
standard terms ever be said to be a common 
carrier ?”” Some may regard this as an academic 
question because the position of a railway company 
under the standard terms is very similar to that of 
a common carrier. But it is not quite the same. 
By clause 5 of the Conditions of Carriage at Com- 
pany’s Risk, it is provided that ‘“‘the company 
shall not be liable for loss or injury (fram 
whatever cause arising) of or to any article ” described 
in the Carriers’ Act if worth more than 25/. unless 
declared. Importance attaches to the’ words in 
italics. 

Under the Carriers’ Act, your common carrier 
is and remains liable for the theft by his servant 
of valuables whether declared or not. Mr. Lipsett 
and his learned colleague say: ‘“‘ The words (in 
italics) would therefore prima facie relieve the 
company from liability for the felonious act of a 
servant whether there has been negligence on their 
part or not.” But query whether the Railway 
Rates Tribunal has power implied by them to 
repeal Section 8 on the strength of a case which 
decides that a railway company may contract out 
of it. 

If this interpretation be correct, it is manifest 
that the liability of a railway company for the theft 
of its servant differs according as the article pilfered 
is carried as luggage with a passenger, or consigner, 
upon the standard terms. Why this extraordinary 
anomaly ? But the man who can explain the why 
and wherefore of all the anomalies present in our 
English law has yet to be born ! 

Space does not admit of our commenting upon 
the other useful notes which are to be found in this 
work. There is a whole series of them added to the 
various sections of the Railways Act, 1921; and 
they are the more valuable because they incor- 
porate and comment on many decisions actually 
arrived at by the Railway Rates Tribunal within 
very recent years. Some thirty pages are devoted 
to a very clear exposition of the common law 
relating to the carriage of passengers. The volume 
also contains a statement of the statutory law of 
railways in Northern and Southern Ireland. An 
excellent index concludes a work which should be 
of the greatest value not only to lawyers but to 
all who are concerned with the actual working and 
administration of railways in these islands. 








Tue Institute oF Metats.—The council of the 
Institute of Metals has accepted an invitation from the 
Verein deutsche Ingenieure and the Deutsche Gesell- 
schaft fiir Metallkunde to hold next year’s autumn 
meeting of the Institute in Germany. The meeting will 
take place in Diisseldorf, and is expected to prove very 
attractive, not only to British members, but also to 


ELECTRICALLY-OPERATED COAL- 
LOADING PLANT AT WORKINGTON. 


Ir was a subject of comment at the recent Summer 
meeting of the Institution of Mechanical Engineers,* 
that the harbours and docks of Great Britain were, at 
the present time, being developed to an extent not per- 
haps fully realised. The great seaports were, of course, 
alluded to, but it is a matter of satisfaction to learn that 
here and there the smaller ones are being added to, 
remodelled, and brought up to date, in their equipment 
at least. An example of modern equipment is found in 
the electrically-operated coal-handling plant installed 
some six months ago, by Messrs. F. Turnbull and Com- 
pany, Heaton Junction Works, Newcastle-upon-Tyne, 
at the Prince of Wales’ Dock at Workington Harbour, 
which plant we now propose to describe with the aid 
of Figs. 1 to 11, on pages 67 and 68, and on Plate IX. 
As illustrated in Fig. 1, the plant does not convey an 
impression of the mobility it possesses, as the wheels 
upon which it is traversed along the dock side are not 
visible. From the general arrangement Fig. 9, on 
Plate IX, however, it will be realised that the structure 
runs upon three railway lines, a pair carrying the main 
tower and jib crane, and a single rail the hopper into 
which the coal wagons discharge. 

The Prince of Wales Dock is an extension of the old 
Lonsdale Dock, and vessels of 10,000 tons capacity 
can be berthed alongside the loading plant, either for 
loading or bunkering. The plant is moved from hold 
to hold as required, the vessel remaining stationary and 
thus rendering available berths immediately forward 
and aft of it. The available travel is 240 ft., at present, 
but provision has been made for a further 120 ft. of 
travel at either end should this prove desirable later 
on. The plant is designed to operate at the rate of 600 
tons per hour, a capacity which has been easily attained 
in practice. The coal wagons are brought along the line 
of rails seen at the right hand of Fig. 1, which rails 
are parallel with, and 84 ft. from, the quay face, 
Between the rails is a series of chutes 240 ft. long, 
corresponding with the range of movement of the plant. 
The receiving hopper of the loader runs under these 
chutes, and when stopped in a place determined by 
the position of the vessel, the railway wagons are 
manceuvred to discharge into one of them. From the 
hopper, the coal is guided on to a steel tray conveyor, 
3 ft. 3in. wide. This is inclined, generally at an angle 
of about 30 degrees, to the horizontal, and is articulated 
or hinged in two places for adjustment to various heights 
of vessel. Thus, when loading the highest vessel, the 
whole conveyor is practically in a straight line, whilst 
with small vessels the middle and ‘outer lengths are 
lowered, as indicated by the dotted outlines in Fig. 9, 
and the contour approximates to a curve. 

The coal is delivered to the vessel by a telescopic 
spout, to the end of which may be attached, when 
required by the depth through which the coal has to 
fall, an effective anti-breaking device. This, when in 
use, is carried by the derrick crane on the top of the 
structure. The general method of construction is 
readily seen in Figs. 9 and 11, on PlateIX. <A braced 
framework of rolled-steel joists, channels and angle 
irons, approximately cubical in outline, carries a plat- 
form and an upper storey, the main lines of which are 
roughly pyramidal, and the joists of one side are pro- 
longed to form the back stays of the derrick crane. 
The platform and upper storey, are cased in with corru- 
gated steel sheeting to form chambers for the operating 
machinery, while that of the rotating crane is similarly 
protected. The prolongation carrying the hopper and 
conveyor is also of the open type, and, it should be 
noted, is not rigidly attached to the main structure but 
has an articulated joint with it, near the middle rail, 
to compensate for any inequalities between the two 
tracks. All three rails are of 95 Ib. section. 

The whole structure is carried on fourteen double- 
flanged wheels, each 2 ft. 6 in. in diameter, divided as 
follows: On the front track, that is, the one nearest the 
quay, are four two-wheeled bogies, on the middle track. 
two similar bogies, and on the near track, two wheels 
on a single carriage. The front bogies are well seen in 
Fig. 11, Plate IX, in which it will be noticed that the 
load is earried on a centre rocker to ensure alignment, 
but the general arrangement is best understood from 
Fig. 3 page 68, showing the arrangements for tra- 
versing. This is effected by a 35-h.p. motor, driving 
through cast-steel machine-cut gearing, a shaft to one 
of the front and one of the middle bogies. A roller 
chain drive from the shaft actuates a second front 
bogie. The hopper extension wheels are followers only. 
A travelling speed of 20 ft. per minute is attained against 
a wind pressure corresponding to a wind speed of 20 
miles per hour. 

The conveyor is carried on a girder frame, 5 ft. deep, 
which, as stated above, is divided into three portions 
so as to provide for different heights of the discharging 
spout. Details of its construction are given in Figs. 6, 7 
and 8, page 68. Thetraysare 3 ft. 3in. wide, and each 
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* See ENGINEERING, vol. cxxv, page 808. 
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TRAVELLING CONVEYOR COAL-LOADING PLANT AT 


WORKINGTON. 


CONSTRUCTED BY MESSRS. F. TURNBULL AND COMPANY, ENGINEERS, NEWCASTLE-ON-TYNE. 

















Fia. 1. GENERAL VIEW OF PLANT. 





Fie. 2. Lirtina MacuiInery ror MIDDLE PoRTION OF CONVEYOR. 


link is made of a floor and two sides welded together, 
the latter being specially shaped at their ends, as shown 
in Fig. 8, to prevent any leakage of coal at the joints in 
whatever angle the three parts of the frame may be 
Situated relative tooneanother. Each plateis supported 
by spindles 1} in. in diameter, connected by a double- 
and single-link chain on each side. The chains, which 
have case-hardened pins, 1} in. in diameter, working in 


case-hardened bushes, are supported on rollers 7 in. in| 
diameter, pitched about 1 ft. 9 in. apart on the loaded ' 





side. A larger roller, 20} in. in diameter, is carried on 
the hinge pin at each of the articulations, to maintain 
the correct level of the conveyor across the gap. The 
conveyor is driven, at a speed of 110 ft. per minute, by 
a 50-h.p. motor situated underneath the receiving 
hopper as shown in Fig. 3. The double-reduction 
gearing is of cast steel, machine cut, and a hold-back 
gear is fitted to prevent the loaded conveyor running 
backwards when the current is shut off. The girder 
frame, though of lattice construction generally, has 
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side plates about 19 in. deep to form a trough in con- 
nection with the conveyor, and the gaps formed at the 
pivots by the ends of the girders are ingeniously covered 
by hinged plates which automatically adjust themselves 
to any angle of elevation or depression of the lengths 
of the conveyor. 

The conveyor discharges into the spout, details of 
which are given in Figs. 4 and 5 on the opposite page, but 
the lifting gear first requires attention. There are three 
motors provided for this, all operating their respective 
parts by steel-wire ropes winding on cast-iron grooved 
drums. The middle portion of the conveyor is lifted 
and lowered by a 10-h.p. series-wound motor, with 
treble-reduction gear, situated on the floor of the 
machinery room. Fig. 2 shows the motor, winch and 
gear, and gives a good idea of the type of machine 
fitted. The end portion of the conveyor and the spout 
are each operated by 15-h.p. motors, also with treble- 
reduction gear. These are situated on an upper storey of 
the machinery room. The arrangement can be followed 
from Figs. 9 and 10,on Plate IX. All the motors are fitted 
with post-type solenoid brakes, acting on drums near 
the flexible couplings to the motor shafts. The brakes 
have screw-operated limit-switch gear for high and low 
positions. In addition, indicator gear is fitted in the 
control cabin to show the relative position of the three 
movable parts. All three motors are wired so as to 
obtain series control on the hoisting side and potentio- 
meter control on the lowering side. 

The discharge spout has three motions. It may be 
raised and lowered, which is done by the motor just 
referred to ; it may be slewed in a horizontal direction 
to facilitate trimming fore and aft over the hold ; and 
it may be telescoped to suit the varying beams of 
different vessels. The slewing is done by ropes mani- 
pulated by hand, the pivot permitting this being shown 
in Figs. 4 and 5. Telescoping, the total range of 
which is 10 ft., is done by an endless rope passing 
over V pulleys, geared to a 5-h.p. motor situated in 
the third storey of the machinery room. The rope 
passes over fairleads to counterbalance pulleys placed 
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TRAVELLING-CONVEYOR COAL-LOADING PLANT AT WORKINGTON. 


CONSTRUCTED BY MESSRS. F. TURNBULL AND OOMPANY, ENGINEERS, NEWOASTLE-ON-TYNE. 
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near the middle of the structure in order to permit of | breaker. When this appliance is not in use, the tilting | shown in Fig. it i i iti 1€ 
the full vertical movement of the spout and conveyor. | lip at the end of the on may be deflected aa ; end of the 1 lira fag a 
The remaining details of the telescoping device may | wards, in order to give the descending coal a lateral | the 12-ton derrick crane at the top of the plant. When 
be followed from Figs. 4 and 5. The motion of the| spread. The lip is operated from the control cabin | not in use, it is stowed on the platform at the foot of 
telescoping rope is actually transmitted to the spout} by a small hand winch, which has a compensating |the stairway. The appliance consists of a vertical 
through the worm gear and endless chain shown. The/ weight to keep the wire rope taut when the conveyor | tube of rectangular cross-section, three sides of which 
outer end of the spout is fitted with pins, which take | and spout are lifted up. are formed of permanent plating whilst the fourth, 
the horn plates of the telescopic doors of the anti-! The Handcock anti-breakage appliance is clearly | at which the coal enters, is fitted with a number of 
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Fra. 10. Drrect-CovurpLtep PLovaH For Forpson Tractor; Msssrs. RANSOMES, SIMS AND JEFFERIES, LIMITED. 





Fie. 11. 


telescopic doors. When the hold is nearly empty, 
the uppermost of these doors is attached to the end of 
the spout, but, as it fills, the appliance is raised by the 
crane and the lower doors are successively used. This 
movement is independent of that of the spout, the 
object of the appliance being to keep the drop from 
the end of the spout as small as possible, and to com- 
pel the coal to descend gently. This is attained by 
allowing the coal to fall upon a series of hinged trays 
inside the casing, and these trays, being attached to a 
pair of endless chains revolving round sprocket wheels 
at each end of the apparatus, descend rapidly under 
the weight of the coal and deposit it gently upon the 
heap in process of formation. The trays fall into a 


vertical position on the ascending side of the tube.’ 


The speed of descent is regulated and racing prevented 
by means of an automatic brake of the centrifugal type. 

The operating crane has a 20-h.p. lifting motor, a 
10-h.p. luffing motor, and a 5-h.p. slewing motor, the 
two former being on the crane itself while the latter 
18 in the main structure, the motion being communi- 
cated by means of a worm-reduction gear and bevel 
wheels driving a vertical shaft, the pinion of which 
meshes with a rack attached to the crane. The 
lifting motor rotates a grooved drum through spur 
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Two-Furrow Tractor PLroueH; Mezssrs. RANSOMES, SIMS AND JEFFERIES, LIMITED. 


gearing, and the luffing motor is equipped with worm 
gearing. All these motors are fitted with solenoid brakes 
and limit switches for both directions. The whole 
of the motions, both of the main structure and the 
crane just described, are controlled from the cabin at 
the front of the plant, which commands a full view 
both of the conveyor and the vessel being loaded. All 
the nine controllers are grouped round the driving 
position to the front of the cabin within easy reach of 
the driver. The power, which is supplied at 480 volts, 
direct current, is taken, from plug boxes let into the 
quay, by cab-tyre flexible cable to a junction box on 
the machine, whence cables are run in conduits to 
the main switch in the control cabin. A nine-motor 
protective panel, with overload relays, is provided. 
The 50-h.p., 35-h.p. and 20-h.p. motors have contactor 
controllers, and the lower-powered motors have con- 
trollers of the drum type. The lifting motors are all 
wired for series control on the hoisting side, and for 
potentiometer control on lowering. During the six 
months the plant has been in operation we understand 
it has been completely satisfactory. Messrs. Rendel, 
Palmer and Tritton, Dartmouth-street, Westminster, 


§.W.1, the consulting engineers for the Workington 
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design and arrangement of the plant, and the electrical 
machinery was supplied by Messrs. The Metropolitan- 
Vickers Electrical Company, Limited, Manchester. 








THE ROYAL AGRICULTURAL SHOW 
AT NOTTINGHAM. 
(Concluded from page 42.) 


BEFORE concluding our description of the ex- 
hibits, a brief reference may be made to the more 
general features of the Show, which closed on 
Saturday, the 14th inst. The site, although 
perhaps rather far from the centre of Notting- 
ham, was admirable in other respects, ample room 
being available to display the various products 
to the best advantage. The transport arrange- 
ments were adequate, except on the day of the 
King’s visit, when needless congestion took place 
due to the absence of adequate return routes for the 
empty vehicles. The weather was excellent through- 
out, and this probably had a marked effect on the 
attendance, which was higher than has been the 
case for several years. Actually, 108,677 people 
visited the Show, which is 46,000 more than last 
year at Newport, and 34,000 more than the previous 
year at Reading. 

Messrs. Ransomes, Sims and Jefferies, Limited. 
Orwell Works, Ipswich, showed examples of their 
steam traction engines and threshing machines, 
together with a range of smaller implements, such 
as ploughs, mole drainers, and horse rakes. Many 
of these have already been described in our columns. 
An entirely new exhibit was a two-furrow plough 
designed for direct coupling to a Fordson tractor. 
This plough, which is illustrated in Fig. 10, above, 
is constructed almost entirely of high-carbon steel. 
The bridle is arranged so that the plough can be 
adjusted to compensate for any angular position 
of the tractor, as, for example, when the wheels on 
one side are travelling in the furrow. Under such 
conditions, the plough can be set level, so that both 
the furrows cut are of equal size. A hand lever, 
visible in the figure, is coupled to mechanism for 
raising or lowering the plough, the depth of plough- 
ing, which can be varied from 4 in. to 8 in. or 9 in., 
according to the type of body fitted, being regulated 
by the position of a wheel mounted onan arm pivoted 
on the side beam, and running on the unploughed 
land. Provision is made for adjusting the pitch of 
the bodies independently, thus enabling any varia- 
tions, due to the suction on the shares, to be counter- 
acted. Disc coulters, as shown in the figure, are 
fitted as standard, but ordinary knife and skim 
coulters can be supplied if preferred. The plough 


Harbour and Dock Board, were responsible for the | is available in two widths of cut, 10 in. or 12 in., 
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and can be uncoupled from the tractor in a few 
minutes. 

Another’ two-furrow plough, also shown by 
Messrs. Ransomes, Sims and Jefferies, is illustrated 
in Fig. 11, on page 69. This implement is suitable 
for all types of tractor, the head being arranged 
for attachment to a drawbar. Adjustments are | 
provided for varying the width of furrows from | 
8 in. to 11 in., and the depth from 3 in. to 10 in. | 
Provision is also made for adjusting the depth of 
the bodies, enabling the full wear to be obtained 
from the shares. ‘There is a clearance of 20 in. 
between the front and back bodies, which is quite 
sufficient for a free passage of the soil under ordinary | 


conditions. The plough can be readily en 
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from the tractor seat, the controls being arranged at 

the drawbar end, as shown in the figure. Both the | 
depth-regulating and levelling devices are operated | 
by hand screws. The plough is raised out of, or 
lowered into, the soil by pulling a cord. As the rear 
portion of the plough lifts first, a jointed drawbar 
is unnecessary, and the length of the plough is 
correspondingly reduced. An adjustable hitch 
can be fitted to the drawbar, enabling the head of 
the plough to be moved laterally. This offers 
advantages when ploughing on uneven land, and 
enables the operator to make the necessary adjust- 
ments to cut out a furrow, or even up the work, 
without dismounting from the tractor. The stan- 
dard implement is provided with 16-in. swivel-disc 
coulters, but, if preferred, knife or skim coulters 
can be substituted. 

There is undoubtedly a good market for a root 
thinner which, while being of light draught, is 
inexpensive and simple to operate. Two new | 
machines of this type, which appear to fulfil the 
requirements specified, were exhibited at the show, 
and both were entered for the Society’s silver medal. 
The first of these, illustrated in Fig. 12, on this page, 
was shown by Messrs. William Aitkenhead, Brierdale 
Works, Failsworth, Manchester. The action of the 
machine closely follows that of hand thinning, and 
the machine is, in effect, a large automatic hand 
hoe. Specially shaped hoes are moved across the 
rows of roots by the forward movement of two 
wheels running close on each side of the line of 
plants. As will be clear from the illustration, the 
two wheels are not in line. The arms on which 
the blades are mounted are pivoted on brackets 
supported between the two wheels, and each arm 
is provided with upward and side extensions. 
The action of the machine is difficult to describe 
in detail without drawings, but, expressed briefly, 
there are guide pieces mounted between the 
wheels, and supported on the framework visible in 
the figure. The extensions on the hoe arms come 
into contact with these, drawing the hoe blade back 
in its highest position, and swinging it across to 
produce the required hoeing action as it approaches 
the lowest position. The hoes are kept parallel 
with the ground, and as the blades are provided 
with vertical cutting edges, the plants to be removed 
are discharged cleanly towards the centre of the 
drill without disturbing the remaining plants. 
The machine is stopped or started instantly by 
raising or lowering the steering handles, so that 
patchy areas can be dealt with without difficulty. 
The machine can be readily adjusted to work at | 
8} in., 95 in., or 11 in. centres, and the makers state 
that the draught is so light that one horse can 
easily draw two machines trailing on a common 
carriage. The makers were awarded one of the 
silver medals for this machine. 

The second root thinner, shown by Messrs. J. B. 
Russell and Compan:’, Limited, Kirbymoorside, 
Yorkshire, is illustrated in Fig. 13. In this case 
all the hoeing mechanism is attached to one of 
the wheels, which is made of large diameter to 
minimise the draught. The hoes are mounted on 
the ends of radial arms, pivoted ona series of brackets 
passing between the wheel spokes, the brackets 
themselves being pivoted to the hub of the wheel 
at one end. At the other end, they are connected 
by links to a sliding collar surrounding the main 
axle. The collar can be moved along the axle by | 
a cod piece and nut-and-screw mechanism, the nut 
being formed in the centre of a bevel wheel engaging 
with a second bevel on a shaft terminating in a 
handle. By turning this handle, one end of the 
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Fie. 12. Root THinnerR; Messrs. WILLIAM AITKENHEAD. 





Fig. 13. Root Turnner; Messrs. J. B. RusseELL AND Company, LIMITED. 
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FouR-WHEEL-DrIvVE Tractor; Messrs. Lavin INDUSTRIAL VEHICLES, LIMITED. 





brac 
neat 
thus 
The 
by x 
posit 
bell - 
cont. 
With 
put 
that 
irre gv 
Whee 
of Tro 
purp 
of th 
the 
Alt 


whet! 


on ti 
detin; 


























Jury 20, 1928.] 


ENGINEERING. 


EXHIBITS AT THE ROYAL AGRICULTURAL SHOW. 








6B 


Fie. 15. 








ENGINEERING 


25-Cwt. TANDEM PETROL ROLLER; Messrs. ROBEY AND CoMPANY, LIMITED. 
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Fic. 16. 8-Ton TuHree-WHeEL Petrot RoLtLtER; Messrs. RoBey AND Company, LIMITED. 


bracket to which the hoe arms are attached is moved 


nearer to, or farther away from, the main axle, | 
thus regulating the depth at which the hoes work. | 


The hoe arms are normally held against the wheel 
by springs, but as each arm approaches its lowest 
position, it is caused to swing out by one arm of a 
bell-crank lever, to which it is attached, coming into 
contact with a roller. Mechanism is provided for 
withdrawing the roller, so that the hoes can be 
put out of action as required. It will be evident 
that the hoes will automatically follow ground 
irregularities, since they are attached to the 
wheel. The machine will work on various widths 
of rows, the outside wheel being adjustable for this 
purpose, and the device which regulates the setting 
of the hoes also allows them to be drawn clear of 
the ground for transport. 

Although it appears to be an open question as to 
whether tractors offer any appreciable advantage 
on the average British farmstead, they have very 
detinitely established their position abroad. It 








|has therefore been possible to test the various 


models on the market by prolonged actual service, 
and very valuable information has resulted on the 
most desirable features. As a result, the latest 
types represent a great improvement on earlier 
models. The Latil tractor, shown by Latil Indus- 
trial Vehicles, Limited, Stevenage-road, Fulham, 
S.W.6, is.an excellent example of modern design, 
and was successful in winning one of the Society’s 
silver medals. In several important features this 
tractor, which is illustrated in Fig. 14, page 70, 
embodies the most recent car practice, a typical 
example being the employment of a four-cylinder 
engine forming one unit with the clutch and gear- 
box. The cylinder bore is 85 mm. (34 in.) and the 
piston stroke is 130 mm. (5} in.), giving an R.A.C. 
rating of 17-9 h.p. It is unnecessary to describe 
the engine in detail, as it is in conformity with 
modern four-cylinder car engines of the side-by- 
side valve type. We may therefore pass on to 
the gear-box, which is bolted to the rear of the 








engine crank-case and is divided into two compart- 
ments, of which the front contains three forward 
and one reverse gears, operated by a central 
gear lever. The rear portion of the box contains 
high- and low-ratio sets of gears operated by a 
second lever on the gear-box cover, thus giving a 
range of six forward and two reverse speeds. The 
drive is transmitted to a main shaft, carrying the 
transmission brake drum, and a universal coupling 
at each end. From these couplings, cardan shafts 
are carried fore and aft to differentials mounted in 
cases bolted to chassis cross-members. From the 
differentials, universally-jointed driving shafts 
convey the drive to all four wheels through internal- 
toothed gearing forming the final reduction. The 
gears are enclosed in oil-tight casings, and both 
differentials can be locked simultaneously by a 
control lever beside the driver. The rear part of 
the gear-box contains a special sub-shaft connected 
to a capstan, the latter being visible in the illus- 
tration at the rear of the chassis. The sub-shaft is 
connected to the main gear train by putting the 
second gear lever in an appropriate position, and 
four capstan speeds can then be obtained by moving 
the first gear lever. 

The steering gear is connected to all four wheels, 
resulting in a turning circle of only 24 ft. diameter. 
The transmission brake is of the internal-expanding 
type, and is operated by a pedal. A hand-controlled 
brake, operating external-contracting brakes on all 
four wheels, is provided, in addition to the foot 
brake. The wheels shown in the figure are for road 
work, and two other types are available. These 
consist of either forestry wheels with fixed adhesion 
plates, or pneumatic-tyred wheels fitted with folding 
adhesion blades for mixed service on hard or soft 
ground. A spring-mounted towing hook is pro- 
vided, and two anchorage hooks are fitted at each 
end of the chassis. The tractor was recently tested 
under the auspices of the Institute of Agriculture 
and Engineering, of Oxford University, and put up 
a very excellent performance under most severe 
conditions. 

Messrs. Petters, Limited, Westland Works, 
Yeovil, exhibited a representative selection of oil 
and petrol engines, of both the stationary and 
portable types, for driving all types of agricultural 
and other machinery. The majority of these 
engines are already familiar to our readers. It will 
be recalled that the engines manufactured by this 
firm fall into two main classes, those of the surface- 
ignition type working on crude oil, and those 
working on paraffin or petrol with magneto ignition. 
Typical examples of the former type were described 
on pages 70 and 119 of vol. cxx of ENGINEERING, 
and of the latter on page 757 of vol. cxxiv. 

When dealing with the exhibits at the Public 
Works Exhibition, held in November, 1925, we 
described a three-ton petrol tandem roller shown by 
Messrs. Robey and Company, Limited, of Lincoln. 
The description will be found on page 665 of vol. exx 
of ENGINEERING, and reveals so many interesting 
and useful features that it is not surprising to find 
that the makers have decided to market larger and 
smaller models on the same general lines. We illus- 
trate the two new models, which were on view with 
the older machine at Nottingham, in Figs. 15 and 16, 
on this page. The smaller roller, shown in Fig. 15, 
weighs 25 cwt., and is fitted with a 5-h.p. air- 
cooled engine. The latter is manufactured by 
Messrs. J. A. Prestwich and Company, Limited, 
and operates on the four-stroke cycle. The drive 
from the engine is by flexible coupling to a shaft 
fitted with two cone clutches, for ahead and reverse 
working, respectively. The reverse is obtained by 
driving through a lay shaft, fitted with spur gears, 
in the usual way. From the clutch shaft, the drive 
is by spur gearing to second- and third-motion shafts, 
and finally to the rear axle of the roller. All the 
spur gears are totally enclosed and efficiently 
lubricated. No change-speed gears are provided, 
the road speed being up to 2} m.p.h. in either 
direction. The simplicity of the controls is brought 
out in the illustration, which, however, does not 
show the kick starter, which is of the usual type. 
The carburettor is fitted with single-lever control, 
operated by a foot pedal, the hand control on the 
steering-column bracket being for the ignition. 
It will be seen from the illustration that an 
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engine-cooling fan is fitted; this fan is driven from the 
main shaft. The steering head is of the worm and 
quadrant type, and single-side suspension is adopted, 
as on the earlier three-ton machine. Both front 
and rear rolls are 2 ft. 6 in. diam. and 2 ft. 6 in. 
wide. The main frame is a substantial steel casting. 

The larger roller, illustrated in Fig. 16, is of the 
three-wheel type, and is made in sizes of from 8 tons 
to 12 tons. It is therefore suitable for heavy road 
foundation work, as well as for the different bitu- 
mastic materials with which modern roads are 
surfaced. The front rolls have a large overlap with 
the rear rolls, and both are of the disc pattern, with 
renewable rims. Spikes are provided for the rear 
rolls for use in frosty weather. As on the smaller 
machine already described, steering is by worm and 
quadrant, so that there is no possibility of stagger, 
which is liable to set up waves in the road surface. 
The steering head is carried on ball bearings. 
engine has an output of 32 b.h.p. on paraffin, or 
40 b.h.p. on petrol, at a normal speed of 1,000 r.p.m. 


It is provided with a governor and is water cooled, | 
the radiator being mounted on top of the main | 


gear-box casing and cooled by a fan driven from the 
main shaft. The engine-starting gear is on the 
footplate in front of the driver, and is coupled to the 
main gear-box shaft by a roller chain. The engine 
can therefore be started from the driving position. 
The main frame is constructed of rolled-steel joists, 
bolted to the front-head bracket and to the main gear 
box. All gearing runs in a totally-enclosed oil bath, 
and is carried in a cast-iron gear-box suspended from 
the main frame channels. The engine is coupled to 
the clutch shaft in the gear-box through a flexible 
joint, this shaft, together with the reverse-gear shaft, 
running on roller bearings. Two gears are available, 
giving maximum road speeds of approximately 2 
m.p.h. or 4m.p.h. in either direction, Compensating 
gear is fitted to the final drive in the rear axle. A 
double-cone clutch is fitted, giving a quick reverse 
without the necessity for any gear change. The 
change-speed gears are engaged by means of dog 
clutches, operated by a single hand lever. An 
efficient screw brake is provided, which acts on the 
inside of each road-wheel rim, and is operated from 
the footplate. Water sprayers and adjustable 
scrapers are fitted to all rolls, and provision is made 
for fitting a three-tyne scarifier of the type used 
on the maker’s standard steam rollers. The overal! 
length of the 8-ton machine, shown at Nottingham, 
is 16 ft. 6 in., and the overall width 6 ft. 4 in. The 
front rolls are 4ft. in diameter by 4 ft. wide, and the 
rear rolls 5 ft. in diameter by | ft. 6 in. wide. 

The National Gas Engine Company, Limited, 
Ashton-under-Lyne, showed a representative selec- 
tion of heavy-oil engines of both the vertical and 
horizontal types, a 10 brake horse-power crankless 
gas engine, and a number of petrol-paraffin engines 
and pumps. We have selected a three-cylinder 
vertical heavy-oil engine, and a _hopper-cooled 
petrol-paraffin engine, for description, as the former 
represents a type which is rapidly gaining favour 
for general work, and the latter is of more particular 
interest to agriculturalists. The three-cylinder verti- 
cal engine, shown in Fig. 17, on this page, develops 
75 brake horse-power, and is specially designed to 
run on low-grade oils. The engine operates on the 
four-stroke cycle, and each cylinder is fitted with a 
separate pump and atomiser. The bedplate is 
cast in one piece, and is machined on both top and 
bottom surfaces. The crankshaft bearings are pro- 
vided with steps, bedded in the bedplate and secured 
with caps. The crank-case is also cast in one piece, 
inspection doors being provided on both sides for 
easy access to the moving parts. The crankshaft 
is machined from a Siemens-Martin steel forging, 
and is drilled in the usual way to provide a passage 
for the lubricating oil to the main and _ big-end 
bearings. The connecting rods are also drilled to 
convey oil to the small ends. The cylinders are 
fitted with separate liners, held at the top end and 
free to expand at the bottom. The cylinder covers 
are of deep section, and carry the inlet and exhaust 
valves, which are operated by push rods. The 
pistons are of cast iron, and the gudgeon pins of 
case-hardened mild steel. 
Siemens-Martin steel forgings, and both big and 
small ends are split. The big-end bearings are of 


The | 


ENGINEERING. 


[JULY 20, 1928. 


EXHIBITS AT THE ROYAL AGRICULTURAL SHOW. 
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75-B.H.P. Hravy-O1 ENGINE; 
Company, LIMITED. 
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Fig. 18. 


bearings are of phosphor-bronze. The engine speed 
is controlled by a centrifugal governor mounted on 
the crankshaft, and provision is made for increasing 
or decreasing the normal running speed by 5 per cent. 
while the engine is running. The governor actuates 
a by-pass valve on the fuel pump, regulating the 


proportion to the load. The lubricating-oil pump 
is of the gear type, driven from the crankshaft. A 
special feature of the engine is that it can readily be 
converted to run on gas if required. 

| The small hopper-type engine made by the 
|same firm, shown in Fig. 18, is of exceptionally 
neat design. 





It can also be supplied to run on town gas. 
sibility has been given careful 


quantity of fuel passing through the atomiser in | 





24-H.P. Hopper-Tyre Prrrou-PararFIn ENGINE; 
ENGINE Company, LiMiTED. 





The connecting rods are | and is fitted with a vaporiser for running on paraffin. | metal bearings at both ends. 
Acces- | 2} brake horse-power at 1,000 r.p.m., a maximum 
consideration, | of 2? brake horse-power being obtainable for short 





Messrs. THE NATIONAL Gas 


as the governor, crankshaft, and gear wheels can 
be readily examined. In addition, the removal of 
the fuel tank, which is bolted to the crankcase, en- 
ables the big-end bearing and piston to be inspected. 
The engine can be supplied either for hopper cooling 
or for cooling by a separate water system. The 
hopper is a separate casting, bolted to the engine 
cylinder, so that it can be readily removed and re- 
placed by a cover with connections for a cooling tank. 
As regards details, both valves are made of nickel 
steel and are easy of access. The crankshaft is 
machined from a steel stamping, and is carried in 
gunmetal bearings. The connecting rod is also 


It operates on the four-stroke cycle,|a steel stamping, and is fitted with anti-friction 


The engine develops 


cast iron, lined with white metal, and the small-end | inspection doors being provided so that such parts | periods. 
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Fic. 19. Brnou Banp-Saw; Messrs. A. tees : 
* so | fixed to the rim. 


RANSOME AND Company, LIMITED. : The table is 14} in. square, and 
|is mounted on a quadrant, enabling it to be tilted 


up to 45 deg. Adjustable saw guides, both above 
Among the more important firms represented at | and below the table, are provided. A roller takes 
Nottingham whose exhibits we havedescribed on pre- | the back thrust, and the side guides are hard-steel 
vious occasions, Messrs. John Fowler and Company | plates. As shown in the figure, both saw pulleys 
(Leeds), Limited, showed a 70 h.p. Diesel cable- | are enclosed by guards. The guards are mounted 
ploughing engine, described on page 75 of vol. cxxiv | on a single hinged connecting bar, so that they 
of ENGINEERING, a 40-h.p. shunting locomotive, can be swung out together to give access to the saw. 
described on page 8 of the following volume, a6-7 ton | No tools are required for changing the saw or making 
steam wagon, described on page 885 of vol. cxviii, adjustments, thumb screws being provided wherever 
and the concrete mixers referred to in our previous | necessary. 
article on the show. They also exhibited a num-| In addition to the saw described, Messrs. 
ber of steam and motor rollers, and agricultural Ransome showed a wide range of their standard 
implements. . Messrs. Marshall, Sons and Company, | woodworking tools, among which may be men- 
Limited, showed the concrete mixers and the steam | tioned the band saw with bevel roller-feed gear, 
road roller described on page 73 of vol. cxxiv, the | described on page 641 of vol. cxxii. of ENGINEERING. 
portable steam engine described on page 742 of | Included in this group was a tenoning machine 
vol. cxxi, and one of the heavy-oil engines described | with which we have not previously dealt. This 
on page 204 of our last volume. The firm’s well- | machine, illustrated in Fig. 20, above, is suit- 
known threshing machines were also exhibited. | able for all kinds of small single tenoning, and can 
Messrs. Davey, Paxman and Company, Limited, | be driven either by belt or direct-coupled motor. 
Aldwych House, Aldwych, W.C.2, showed a 25-29| The main frame is cast in one piece with a wide 
brake horse-power single-cylinder engine, and a| base, and is entirely self-contained with the excep- 
120-138 brake horse-power three-cylinder engine of | tion of the outer bearing for the countershaft. 
the crude-oil type. These engines were fully de-|The horizontal spindles carrying the tenoning 
scribed on page 220 of our last volume. |cutter-blocks run in ball bearings enclosed in 
The demand for woodworking machinery among | dustproof housings. They are mounted on wide 
agriculturalists is naturally small, and is mainly | slides, and each has an independent vertical adjust- 
confined to apparatus for timber felling and log | ment controlled by a hand wheel; in addition, the 
cutting, although on the larger estates it is not | top cutter spindle has a horizontal adjustment for 
uncommon for the felled timber to be sawn up| cutting tenons with unequal shoulders. The 
for gates, fencing, and so on. One of the most| cutters on both spindles are protected by guards, 
useful tools on the farm is probably a portable | not shown in the figure. A single belt drives both 
cross-cut log saw, and we described one of these, | spindles, and is kept at constant tension by means 
exhibited at Nottingham by Messrs. A. Ransome|of an adjustable jockey pulley. The table is 
aud Co., Ltd., Newark-on-Trent, on page 179 of | carried on double V rollers, and moves very freely. 
our issue for February 10 last. The same firm |The rollers are arranged so that it is impossible 
showed the small band saw illustrated in Fig. 19, | for them to get out of line with the cutter-blocks. 
above, which is suitable for cutting either wood | The fence is made to swivel for cutting angle tenons, 
or soft metals, and can be supplied either as a/|and is fitted with an adjustable stop. A quick- 
selt-contained unit for electric drive, or with a | acting clamp can be pushed along the cramp bar, 
pulley for belt driving. The power required is | and is readily adjustable for different thicknesses of 

















Fie. 20. Two-SprnpLE Trnontna Macutne; Messrs. A. RANSOME AND CoMPANY, LIMITED. 


presenting the greatest elements of novelty. It will 
be appreciated that limitations on our space 
preclude any reference to a very large number of 
products which have been previously exhibited, 
of which the majority have been already described 
in our columns. Taken as a whole, the British 
exhibits compare very favourably with those of 
foreign manufacture. This applies particularly to 
the commercial vehicle and implement sections, but, 
on the other hand, we are distinctly behind other 
countries in tractor design. There can be little 
doubt that the future will see large developments in 
the employment of the small high-speed Diesel 
engine in agriculture, as in other fields of work, and 
it is extremely desirable that we should endeavour 
to make up the leeway which already exists in this 
direction. Two of the largest motor windlasses 
exhibited, shown by British firms, were fitted with 
Diesel engines of foreign design. This reflects no 
discredit on the makers of these machines, who are 
concerned in fitting the best power units available, 
butitis very regrettable that they should be obliged 
to seek these units outside our shores. 








Tue INSTITUTION OF ELECTRICAL ENGINEERS.—The 
result of the ballot to fill the vacancies which will occur 
in the Council of the Institution of Electrical Engineers 
on September 30 next, has been announced as follows :— 
President, Lt.-Col. K. Edgecumbe; Vice-Presidents, 
Messrs. P. V. Hunter and A. H. Railing ; Hon. Treasurer, 
Lt.-Col. F. A. Cortez Leigh; Ordinary Members of 
Council, (Members) Messrs. J. M. Kennedy, R. K 
Morcom, C. C. Paterson, F. W. Purse, E. H. Shaughnessy, 
and Lt.-Col. W. A. Vignoles; (Associate Members) 
Messrs. T. G. N. Haldane and 8. Harcombe ; (Associate) 
Sir Philip A. M. Nash. 


AwarDs AT UNIVERSITY CoLLEGE.—The following 
awards have been made at the University College, London, 
in the Faculty of Engineering :—The Goldsmid Entrance 
Scholarship, to Mr. R. Russell, of King Edward VI 
Grammar School, Bath ; Jews’ Commemoration Scholar- 
ship, to Mr. F. E. Bland ; the L. F. Vernon-Harcourt 
Prize, Civil and Municipal Engineering, to Mr. F. L. 
Lambert; the Chadwick Medal and Prize, Municipal 

ngineering and Municipal Hygiene, to Mr. A. F. 


E 
Fadelle; the Archibald P. Head Medal and Prize, for 


only } brake horse-power, and two speeds are|timber. A vertical scribing spindle can be supplied | the most distinguished engineering student, to Mr. D. 


provided, 830 r.p.m. for wood and 430 r.p.m. for | if required. 
metal, The saw pulleys are 14 in. in diameter,| In selecting exhibits for description, we have been 
and are covered with a leather band permanently | obliged to confine ourselves mainly to those 





| 


Bastow. Diplomas, with distinction in civil and muni- 
cipal engineering, have been awarded to Messrs. A. F. 
Fadelle, W. K. Gharpurey, J. W. Hunter, and F. L. 
Lambert. 
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THE WILDISH PROTECTED-BOLT 
FIREBRICK. 


THE tendency in boiler construction towards higher 
rates of combustion, quite apart from the higher 
temperatures due to the use of oil or pulverised fuel 
which enable them to be attained, has resulted in an 
increase of furnace troubles, amongst which is that 
arising from the hitherto very common method of 
fastening firebricks. These, so essential a feature in 
any type of water-tube boiler, are generally secured 
by a bolt passed through from the furnace side, the 
head being sunk in a recess which is afterwards 
filled up with a stopping of refractory materiaJ. Under 
modern high furnace temperatures, the stoppings, 
generally speaking, have proved very unsatisfactory, 
disintegrating and falling out with a consequent 


aa 





exposure of the bolt head, which is then rapidly burned 
away. The accompanying illustrations show a simple 
method of effectively securing furnace-lining firebricks, 
in which the fastening bolt is completely protected 
from the hot gases. The sectional view, in Fig. 1, 
shows that the bolt head is of triangular shape, and 
that the direction of the long axis of it is indicated 
by a saw-cut in the bolt end. An ordinary pattern 
nut is fitted. The bolt head is introduced into a slot 
in the brick, which slot is enlarged in the centre of 
the brick to form the two quadrantal recesses shown in 
Fig. 2. By rotating the bolt through an angle of 90 deg., 
it is locked into the brick, and can be prevented from 
turning whilst the nut, which is, of course, outside the 
boiler casing, is being screwed up. These bricks have 
been put through extensive trials and have proved 
quite satisfactory in service. They are manufactured 
by several well-known makers of refractories, though 
the general control is with Wildish Patent Bricks, 
Alvara House, Alverstoke, Hants. 


LETTER TO THE EDITOR. 


THE FAILURE OF WROUGHT-IRON 
CHAINS. 
To tHe Eprror oF ENGINEERING. 

Sir,—Your leading article on “The Failure of 
Wrought Iron Chains,” in the issue of June 15 last, 
refers to lack of ** precision” in the manufacture of 
wrought iron. As the largest makers of genuine 
puddled iron in the world, we rather take exception 
to your statement. Providing that the user specifies 
* British genuine puddled iron,” and orders one of 
the recognised and well-known brands, there is no 
more heterogeneity in wrought-iron than in steel 
ingots. We contend there is more variation in large 
steel ingots than there is in a consignment of genuine 
wrought iron of a particular quality. We have made 
thousands of tons of wrought-iron to specified analysis 
and mechanical tests. 

Yours faithfully, 
N. Hinerry & Sons, Limrrep. 
Jas. S. Trina, 
Director. 
Netherton Iron Works, 
Dudiey, Worcester. 
July 11, 1928. 








PreRsONAL,—Mr. $8. R. Tamplin has severed his 
connection with the London Power Company, Limited, 
to take up duties with Messrs. Siemens-Schuckert (Great 
Britain), Limited, 109, Kingsway, London, W.C.2.— 
Mr. G. E. Draycott, head of the Engineering and Building 
Trades Department of the Borough Polytechnic Institute, 
London, 8.E.1, is retiring at the close of the current 
session. The Governors have appointed Mr. F. H. Reid, 
now head of the Engineering Department at Sunderland 
Technical College, to succeed Mr. Draycott.—Mr. G. J. 


Rackham has been appointed chief engineer of Messrs. | Impurities in Metals. 
The Associated Equipment Company, Limited, Windmill- 
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Their Influence on Structure and 
Properties. By Coutts J. SMITHELLS. London: Chap- 


Stockholm: The Federation of 


By James D. HorrmMan 
Ginn and Company. 
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Engineering Experimental 
Turns and Phases in 





Jane, Southall, Middlesex, from August 1, next. 


Mineral Industry of Alaska in 1926 and Administrative | 


LAUNCHES AND TRIAL TRIPS. 


“ Tacticran.”—Cargo steamer; single-screw, triple- 
expansion engines. Trial trip, July 3. Main dimensions. 
| 418 ft. 3 in. by 54 ft. 3} in. by 32 ft. 7 in. Built by 
| Messrs. Cammell Laird and Company, Limited, Birken- 
head, for the Charente Steamship Company, Limited, of 
Liverpool. 


* WIsLA.”’—Cargo steamer ; single-screw, triple-expan- 
sion engines. Launch, July 3. Main dimensions, 337 ft. 
by 48 ft. by 24 ft. 3in. Built by Messrs. Craig, Taylor 
and Company, Limited, Stockton-on-Tees, for the Polish 
| Ministry of Industry and Trade, Warsaw. 





* AtpHAccA.”’—Cargo steamer; single-screw, triple- 
| expansion engines. Trial trip, July 4. Main dimensions 
| 423 ft. Tin. by 56 ft. 2}in. by 29ft.6in. Built by Messrs. 
| Wm. Gray and Company, Limited, West Hartlepool, for 
| Messrs. Van Nievelt, Goudriaan and Company’s Stoom- 
| vaart Maatschappij, Rotterdam. 





“* Caspra.”’—Oil-tank steamer; single-screw,  triple- 
| expansion engines. Launch, July 4. Main dimensions, 
| 427 ft. by 53 ft. by 31 ft. 6 in. ; designed to carry 8,475 
tons on a mean draught of 25 ft. Built by Messrs. Sir 
W. G. Armstrong, Whitworth and Company, Limited, 
Walker-on-Tyne, for the Baltic Trading Company. 





‘** Coprtic.’’—Cargo motorship ; twin-screw, Wallsend- 
Sulzer Diesel engines. Trial trip, July 5. Length, 500 ft.; 
total deadweight, about 11,190 tons. Built by Messrs. 
Swan, Hunter and Wigham Richardson, Limite, 
Wallsend-on-Tyne, for the Shaw, Savill and Albion 
Company, Limited, of London. 


“King Wuiuram.”-—Cargo motorship: single -screw, 
Harland-B. & W. Diesel engine. Trial trip, July 5. Main 
dimensions, 400 ft. by 54 ft. 6 in. by 34 ft. 8in. Designed 
for a gross tonnage of 5,280. Built by Messrs. Harland 
and Wolff, Limited, for the King Line, Limited. 


steamer; __single- 
Trial trip, July 13. 


“ British ArpDouR.’’—Oil-tank 
screw, quadruple-expansion engines. 
Designed for a deadweight of about 10,000 tons. Built by 
Messrs. Palmers’ Shipbuilding and Iron Company, 
Limited, at Jarrow, for the British Tanker Company, 
Ltd. 


*“Scorr Misener.’’—Canadian Lakes and canals 
steamer; single-screw, triple-expansion engines. Trial 
trip, July 16. Length, 253 ft. Built by Messrs. Swan, 
Hunter and Wigham Richardson, Limited, Newcastle- 
on-Tyne, to the order of Captain Scott Misener, of Canada. 


‘** HELMSTRATH.”’—-Cargo steamer ; single-screw, triple- 
expansion engines. Launch, July 17. Main dimensions, 
385 ft. by 52 ft. 6 in. by 26 ft. 3 in. Built by Messrs. 
Joseph L. Thompson and Sons, Limited, Sunderland, to 
the order of the Strath Steamship Company, Limited. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Cleveland pig iron pro- 
ducers are still statistically well placed, their restricted 
output being well taken up, largely by their own con- 
suming plant, and their stocks being low, but new orders 
are not coming forward. Buyers contend that ruling 
quotations are too high, while makers protest that cost 
of output prohibits the granting of price concessions. 
Products of other areas are underselling Cleveland pig 
in certain markets, but Tees-Side firms adhere to the fixed 
prices that have ruled for some months past. Deliveries 
to home customers at a distance, and to Scotland, as 
well as to destinations abroad, are on a very disappointing 
scale. No. 1 Cleveland is 68s. 6d. ; No. 3 g.m.b., 66s. ; 
No. 4 foundry, 65s. ; and No. 4 forge, 64s. 6d. 


Hematite.—Supply of East Coast hematite is still 
very ample, though output has been curtailed by two 
furnaces going out of action—one at the works of Messrs. 
Pease and Partners, and the other at the Newport 
Ironworks of Messrs. Dorman, Long and Company, 
Limited. Makers have a free hand as to prices, and it is 
difficult to ascertain on what terms contracts can be 
arranged. Though more is asked, customers state that they 
can place orders at equal to 68s 6d. for mixed numbers. 


Foreign Ore.—Consumers of imported ore are still off 
the market, but threatened shortage upholds values. 
Best rubio keeps at 22s. 6d. c.i.f. Tees. 


Blast-Furnace Coke.—Sales of Durham blast-furnace coke 
to local users are far from heavy, but a fairly large export 
business is passing. Good average qualities are 17s. 6d. to 
17s. 9d., delivered to works in this area. 


Manufactured Iron and Steel.—-Transactions in manu- 
factured iron and steel are few. Output of semi-finished 
steel is fairly large, and odd orders are coming forward, 
but keener continental competition is threatened. 
Finished-steel manufacturers experience difficulty i 
inducing customers to negotiate for supplies, notwith- 
standing inability of producers abroad to accept orders, 
except for delivery well ahead. Common iron bars are 
101. 5s. ; best bars, 10. 10s. ; double best bars, 10/. 15s. ; 
treble best bars, 11/.; iron rivets, lll. 5s.; packing 
(parallel), 7/. 10s.; packing (tapered), 10/.; steel billets 
(soft), 61. 15s. ; steel billets (medium), 7/. 2s. 6d. ; steel 
billets (hard), 7/. 12s. 6d.; steel rivets, 111. ; steel ship 
lates, 81. 7s. 6d. ; steel angles, 7/. 17s. 6d. ; steel joists, 
71. 17s. 6d. ; heavy sections of steel rails, 82. 10s. ; black 
sheets (No. 24 gauge), 10/.; and galvanised corrugated 





man and Hall, Limited. [Price 18s. net.] 





sheets (No. 24 gauge), 13/. 10s. 
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CarpirF, Wednesday. 


The Coal Trade.—With the operation of a schedule of 
minimum selling prices, speculative business has become 
negligible, as there is no inducement for middlemen to 
sell forward in the hope of being able to secure a profit 
when the time for shipment arrives. The only specula- 
tion left is in the matter of freight, and the chances in this 
respect are so risky at the moment that middlemen 
prefer to follow a hand-to-mouth policy in the conduct of 
business. Consumers, too, are not encouraged to buy 
ahead in view of the impossibility of securing discounts 
on current prices for forward business. The demand for 
prompt loading is also confined within extremely narrow 
limits, and the general condition of the market is un- 
satisfactory. Though many collieries are stopped, those 
working are compelled to effect numerous temporary 
stoppages, but even so the reduced output is more than 
sufficient to cover exporters’ requirements. Prices, 
however, are unchanged on the basis of the minima, but 
smalls have become more difficult, as colliery salesmen 
in many cases are requesting purchasers to also take a 
percentage of large coal. The difficulties of collieries 
are further aggravated by the fact that shippers find it 
difficult to secure suitable tonnage, with the result that 
orders are held in suspense. Cie Gle. Transatlantique, 
the great French shipping line, are inviting prices for 
30,000 to 60,000 tons of large coal and 12,000 tons of 
small coal for delivery over next year, while the Sudan 
railways want prices for 50,000 tons of large for the seven 
months commencing September and the Andalusian 
railways of Spain are in the market for 11,000 tons of 
large delivery over the three months commencing 
August. Shipments of coal in the past week amounted to 
only 371,080 tons compared with 433,550 tons in the 
preceding six days. At Newport clearances were raised 
from 63,830 tons to 64,640 tons, and at Llanelly from 
3,540 tons to 5,810 tons, but at Cardiff lowered from 
275,440 tons to 237,220 tons, at Swansea from 54,410 tons 
to 45,150 tons, and at Port Talbot from 36,330 tons to 
18,260 tons. Exports to the Argentina were increased 
from 27,850 tons to 52,700 tons, for Italy from 23,090 
tons to 49,300 tons, and for Egypt from 12,650 tons to 
21,100 tons, but for France reduced from 108,870 tons 
to 98,350 tons. 


Tron and Steel.—Shipments of iron and steel goods in 
the past week amounted to 12,485 tons compared with 
19,493 tons in the preceding week. Exports of black- 
plates and sheets were increased from 561 tons to 1,782 
tons, but those of tinplates and terneplates were reduced 
from 7,821 tons to 7,222 tons; galvanised sheets were 
3,063 tons compared with 3,129 tons, and other iron and 
steel goods 8,048 tons against 352 tons, 








JUBILEE OF Messrs. W. H. Witicox anp Company. 
-The well-known firm of Messrs. W. H. Willcox and 
Company, Limited, of 38, Southwark-street, S.E.1 
attained their jubilee on June 11 last, the firm having 
been started by Mr. W. H. Willcox in Upper Thames- 
street in 1878. Mr. Willcox was later joined by 
Mr. W. Cordery at 36, Southwark-street. The firm’s 
connection with engineering stores, lubricants, belting, 
&c., is well known in the engineering world. Starting 
with one small warehouse, they now have eight large 
buildings, including their leather belting factory, oil 
and grease refineries, and the premises in which the 
—— wirebound non-rubber hose is manu- 
actured, 


THe InstrrutTion oF ELECTRICAL ENGINEERS.—The 
council of the Institution of Electrical Engineers have 
made the following awards of students’ premiums for 
papers read before the students’ sections during the 
session 1927-28 :—Premiums of the value of 101. each to 
Mr. J. T, Allan, for his paper on ‘‘ The Education of the 
Engineer,” to Dr. R. C. Fox, for his paper on “ The 
Three Electrode Carbon Are,” to Mr. C. J. O. Garrard, 
for his paper on “‘ Phase-Advancing,” to Mr. J. W. Gibson, 
for his paper on “ Control Equipment for Direct Current 
Trains,” and to Mr. E. A. Logan, for his paper on “ The 
Economical Transmission of Electrical Power.” Pre- 
miums of the value of 51. each to Mr. L. Burdes, for his 
paper on “ Electric Lifts,” and to Mr. J. A. H. Lloyd, for 
his paper on “ Carrier Telephone Systems.” 





Contracts.—Amongst recent orders secured by 
Messrs. The General Electric Company, Limited, Magnet 
House, Kingsway, London, W.C.2, are the following :— 
Two vertical spindle 7,500-kv.a. alternators, providing 
a three-phase supply at 6,300/6,900 volts, 50 cycles, 
which are to be installed at the Jordan Power House by 
the Palestine Electric Corporation. Twenty-two tramcar 
motors, rated at 50-h.p. on the one-hour rating at 500 
volts, tor the Tramways Department of the Blackpool 
Corporation. Two Diesel-electric locomotives for the 
North Western Railway, India.—Messrs. Swan, Hunter 
and Wigham Richardson, Limited, have received an order 
‘rom the Swedish Lloyd Steamship Company, of Gothen- 
berg, for two fast passenger steamers for their line between 
Gothenburg and London, The vessels, which are to 
have single-screw Parsons’ turbine machinery, will be 
3/7 ft. long with a deadweight of 2,340 tons.—Recent 
orders received by Messrs. Sulzer Brothers., 31, Bedford- 
Square, London, W.C.1, include an eight-cylinder, two- 
cycle Diesel engine of 5,000 b.h.p. for the Bucharest 
Electricity Works, and a 620 b.h.p. Diesel engine for 
the Electric Power Station in Jaipur, India.—The British 
Air Ministry have placed a contract with Messrs. Negretti 
and Zambra for 1.100 of their patent mercury-in-steel 
distance reading thermometers for engine oil temperature 


indication on aircraft. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Tron and Steel.—The quieter conditions which came into 
evidence about a month ago still operate. Improvements 
are few and far between. More anxiety would be felt if 
this were not usually the slackest period of the year in 
the steel and engineering trades. Not only have orders 
diminished in number and tonnage, but inquiries generally 
have fallen off, and employers in many cases are sadly in 
need of work to find occupation for diminished staffs. 
Idleness among steel trade and engineering operatives is 
greater than was the case twelve months ago, despite the 
fact that during the past six years work has been found 
in the local staple industries for 40,000 men and boys 
who were either wholly or partly unemployed. Sluggish 
conditions operate in heavy steel manufacture. Offers 
of prices that are considered to be tempting in com- 
parison with the enhanced quotations circulated by 
Continental competitors fail to stimulate forward buying 
in any considerable degree. Nearly all the big users are 
content with hand-to-mouth purchases, in many cases 
relying upon immediate deliveries to cover running 
contracts for finished products. A reduced demand for 
acid steel, largely in consequence of the shortage of work 
in the railway sections, is to some extent off-set by a 
slightly better tone in basic steel. This improved tone 
is noticeable both in South Yorkshire and in Lincoln- 
shire. Work is being received that probably would have 
been placed on the Continent but for the rise in foreign 
prices as a result of shorter working hours and increased 
wages. The iron trade is in much the same condition. 
A diminution of work at the heavy-pipe foundries has 
seriously affected blast-furnace output, while in foundry 
iron, prices are reported to be suffering from internal 
competition. Current quotations are as_ follows :— 
Siemens acid steel billets, 101. per ton; hard basic steel 
billets, 7]. 2s. 6d. to 71. 12s. 6d.; soft basic billets, 
6l. 5s. ; soft wire rods, 7/. 5s. ; Derbyshire foundry pig- 
iron, 60s. 6d. to 61s. 6d. ; Derbyshire forge iron, 58s. 6d. 
to 59s.; Lincolnshire foundry pig-iron, 59s. to 60s. ; 
Lincolnshire basic iron, 59s.; iron hoops, 12/. 10s. ; 
steel hoops 9/.; crown iron bars, 10/. 10s. Supplies of 
scrap are in excess of requirements, though, judging from 
the small reserves at users’ works, there should be a 
heavy run on deliveries immediately a forward movement 
is felt. Special steels are making progress on export 
account. The application of chromium plating is in 
increased evidence, both in this district and elsewhere. 
More overseas business is being done in farm and 
engineers’ tools, and there is a fairly substantial inquiry 
on export account for edge tools, saws, and files. 


South Yorkshire Coal Trade.-—Export trade shows slow 
expansion, despite the determined efforts that are being 
made to revive it by the offer of special rates. On 
home account, sales of industrial fuel are suffering from 
the weakness of the manufacturing trades. Washed fuel 
is a fairly active medium. Slacks for coking purposes are 
on the short side. The house-coal demand has slumped 
with the advent of hot weather. A fair business is being 
done in furnace and foundry coke, mostly at unchanged 
rates. Latest quotations are as follow :—Best hand- 
picked branch, 26s. to 27s. 6d. ; Derbyshire best brights, 
19s. 6d. to 20s. 6d.; best house, 18s. 6d. to 20s. 6d. ; 
screened house, 16s. to 17s.; screened nuts, 14s. to 
15s. 6d. ; Yorkshire hards, 14s. to 16s. ; Derbyshire hards, 
14s. to 16s.; nutty slacks, 5s. to 6s.; smalls, 3s. to 
4s. 6d. 








MINERALS AND Om IN UGANDA.—According to an 
extract from a report prepared by the secretary and 
executive officer of the Uganda local advisory committee 
for the month of April, 1928, which has been received by 
His Majesty’s Eastern African Dependencies’ Trade and 
Information Office, a representative of the Anglo- 
Continental Mining Company is at present in Uganda, 
with a view to taking up mining concessions. The 
grant of further exclusive prospective licences, over 
areas of 1,180 sq. miles in the Toro district, and 1,000 
sq. miles in the Kigizi and Ankole districts, have been 
gazetted. With regard to the proposed investigations 
of the petroliferous area of Lake Albert by the Anglo- 
Persian Oil Company, His Excellency the Governor has 
announced, in Legislative Council, that an agreement 
has now been reached, and it is believed that a geologist 
of the company will reach Uganda shortly to undertake 
the investigations. 





TenDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British possessions and in foreign countries. Further 
details and information relating to these may be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case :—T'he Antwerp Municipality invites tenders, to be 
presented by September 24, for the construction of two 
new bridges over the entrance between the Bassin 
Kattendyk and the Bassin aux Bois. (Ref. No. A.X. 
6552).—The Egyptian Ministry of the Interior is calling 
for tenders for the supply and erection of pumping plant, 
filters, etc., required for the water supply works at the 
town of Fashn. Tenders to be received by August 8. 
Local representation is essential. (Ref. No. A.X. 6564.) 
—The South African Railways and Harbours Adminis- 
tration is calling for tenders, to be presented by July 26, 
for the supply of 50,000 imperial gallons of creosote. 
(Ref. No. B.X. 4583.)—It is reported from The Hague 
that the Municipal Council of Leyden has granted the 
sum of FI. 1,900,000 for extensions to the electricity 
supply station. A turbo-generator and two boilers are 
to be installed, and a new switch house erected. (Ref. 
No. B. 4581.) 
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NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Scottish Steel and Iron Trades.—There is practically 
nothing doing in the West of Scotland steel and iron trades 
this week, All establishments are closed down for the 
annual holidays, and although some of them are to re- 
open next week the majority will not commence opera- 
tions before Monday, the 30th inst. Repairs and 
alterations to plant are now being carried out, and stock- 
taking is also general. One or two of the steel works have 
had a fairly good run recently, but orders have fallen off 
latterly, and all are depending on orders accumulating 
during the holiday period. For some time back local 
consumers of steel have been buying sparingly, while the 
foreign demand has not been of heavy dimensions. 
The rebate scheme of 10s. per ton has worked well up to 
a point, and producers are hopeful that there will be a 
further expansion of the scheme during the autumn. 
Prices continue unchanged as follow :—Boiler plates, 
101. 10s. per ton; ship plates, 8/. 7s. 6d. per ton; and 
sections, 7/. 17s. 6d. per ton, all delivered Glasgow 
stations. In the malleable-iron works the stoppage Just 
now is also to be of longer duration owing to dullness of 
trade. For some time back the demand has been very 
poor, and employment has been of a hand-to-mouth 
character. Prices have continued steady with “ Crown 
bars quoted at 10/. 5s. per ton for home delivery, and 
re-rolled steel bars at from 7/. 7s. 6d. to 71. 10s. per ton, 
also for home delivery. The demand for black sheets 
has been rather better lately for the higher grades and 
galvanised sorts, and although order books are not very 
well filled up at the moment producers are hopeful of an 
improved demand, particularly of the latter for autumn 
shipment. Prices are as follow :—Black sheets, } in., 
8l. 12s. 6d. per ton, and galvanised corrugated sheets, 
24 b.g., from 131. 7s. 6d. to 131. 12s, 6d. per ton, both 
delivered Glasgow stations, 


Scottish Pig-Iron Trade.—In the Scottish pig-iron 
trade the past six months has not been a very satisfactory 
period, and all the blast furnaces are now closed down for 
the holidays. Stocks have been accumulating, despite 
the small number of furnaces in blast, and owing to the 
heavier on-cost charges the prices obtainable have been 
unremunerative. Operations are not likely to commence 
before August. The current price of hematite is 74s. per 
ton delivered at the steel works, and foundry iron No. 1 
is 75s. to 76s. per ton, and No. 3 is 70s. to 71s. per ton, 
both on trucks at makers’ yards. 





THe BIRMINGHAM ExcHANGE.—We have received a 
copy of the 1928 edition of the Directory of Members, 
Subscribers, and Representatives of the Birmingham 
Exchange. This little volume contains, as usual, 
alphabetical lists of members, subscribers, and ticket 
holders of the Exchange, and of members of the 
Birmingham Stock Exchange. Other sections are 
devoted to the bye-laws of the Society, an alphabetica! 
classification of professions and trades, and lists of the 
contents of the reference library of the Institution. The 
volume, which may be obtained from the Secretary, The 


Birmingham Exchange, Birmingham, is priced at 2s. 6d. 
net. 
THe Moror Yacur “ Morera.”’—Messrs. John |. 


Thornycroft and Company, Limited, have completed 
recently, at their Woolston yard, a handsome 9)-ton 
twin-screw motor yacht, named Moreta, for Major J. B. 
Walker, who intends to use her primarily for cruising on 
the European canals. She has a straight stem and cruiser 
stern, a low dummy funnel and a single mast, which may 
be hinged down to allow passing canal bridges, &c. 
The hull is constructed of double-skin mahogany on elm 
timbers, the decks being of yellow pine supported on 
closely-spaced oak beams, while the main dimensions 
are: Length, overall, 88 ft. 8 in. ; breadth, 15 ft. 6 in. ; 
and depth, 10 ft. The owner’s and guests’ staterooms 
are situated aft, the engine room amidships, and the 
saloon, crews’ quarters and galley, &c., are forward. 
The propelling machinery consists of two standard C.6. 
type Thornycroft marine engines, driving twin screws 
through combined reduction and reverse gearing, with a 
ratio of 2:1. As full descriptions have appeared from 
time to time in these columns of similar types of engines 
manufactured by Messrs. John I. Thornycroft and 
Company, Limited, the following particulars will suffice. 
The engines each have six cylinders arranged in three 
blocks, the bore and stroke being 6 in. and 8 in, respec- 
tively. The power developed is 75 b.h.p. on paraffin and 
100 b.h.p. on petrol at 750 r.p.m. The camshaft, which 
is housed in the upper part of the crankcase, is driven off 
the mainshaft by means of spur gearing at the forward 
end of the engine. Nickel steel is used for the valves, 
the inlet valves being of the overhead pattern and driven 
by vertical push rods and rockers, while the exhaust 
valves are of the side-by-side type. Forced lubrica- 
tion is provided, a gear pump being arranged in the 
forward end of the crankcase, driven by the same 
spurwheel on the crankshaft as the camshaft. The oil 
is drawn from the sump through a gauze strainer, and is 
delivered to a distributor, from which it is fed to the 
main bearings, timing wheels, and an oilflow indicator, 
the pistons and gudgeon pins, &c., being lubricated by 
splash. A governor is fitted, control of the engine being 
obtained by means of a lever regulating the compression 
of the governor spring. Two fuel tanks, with a total 
capacity of 1,000 gallons, are arranged in the engine room, 
together with a 400-gallon fresh-water tank. During 
the trial trip on the measured mile, a speed of 11} knots 
was attained, and the average consumption of each 
engine, under normal working conditions, was 7 gallons 
per hour. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 
We desire to call the attention of our 





readers to j 
the fact that the above is our SOLE ADDRESS, 


and that no connection ts between this 
Journal and any other publications bearing 
somewhat similar titles. 
TELEGRAPHIO } “ ENGINEERING,” WESTRAND, 
ADDRESS LONDON. 
TELEPHONE NuMBERS—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ENGINEERING” may be ordered from any 
newsagent in town and — and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— : 














For the United Kingdom. ..................s00 £3 5 0 
For Canada— 
Thin paper COPiCS .............cseceseees £218 6 
Thick paper copies £3 3 0 
For all other places abroad— 
Thin paper Copies ...........ssccesseee £3 3 0 
Thick paper copies £3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
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SURFACE CONDENSER TESTS. 


Now that every station engineer is anxious to 
secure the last ;'; of an inch of vacuum commercially 
possible, it is important that tests of surface con- 
densers should be comparable inter se, the more 
especially, in that these highly-important accessories 
to the steam turbine are often supplied by other 
contractors than those responsible for the prime 
mover. It should be possible to appraise the rela- 
tive merits of condensers operating under different 
conditions, as easily as it is to determine the relative 
efficiencies of two steam turbines. In the latter 
case, it has long been recognised that the efficiency 
ratio taken per se may be most misleading. A high 
ratio may, in fact, often be attributable rather to 
the boiler and superheating plant than to the skill 
and knowledge of the turbine designer. . Under 
ordinary power-house conditions, an increase of the 
superheat from 100 deg. to 300 deg. F. will improve 
the efficiency ratio of the turbine by from 3 per 
cent. to 34 per cent. There are, of course, methods 
by which results obtained with different superheats 
can be reduced to a common basis, and the 
** hydraulic efficiency ”’ of the turbine computed. 

No similar method has yet been devised for 
reducing to a common denominator the results of 
surface condenser tests. The relative merit is quite 
commonly assumed to be given by “ K,” which is 
defined as the heat transmitted per square foot of 
cooling surface per hour and per degree of mean 
difference of temperature between the steam and 
the water. Such a criterion ignores the fact that 
the resistance to heat transfer between the tube 
and the circulating water is not independent of 
either the temperature of the water or of its velocity. 

The defects of “‘ K”’ as a standard of comparison 
are, moreover, aggravated by the methods by which 
it is computed. 

In some cases, for instance, a conventional value 
has been assumed for the total heat of the steam 
entering the condenser. Whilst turbine efficiences 
ranged low, it was permissible, at least for purposes 
of design, if not for those of comparison, to assume 
that some, say, 1,050 B.Th.U. were carried into the 
condenser by each pound of exhaust steam. Under 
modern conditions, however, this figure may be a 
serious overestimate, and any conventional figure 
is quite out of place in condenser tests, the more 





especially since it is only recently that provision has 
been made for direct measurement of the supply of 
circulating water. Lacking this, it is necessary to 
deduce the quantity of circulating water passing 
through the condenser from its temperature rise 
and from the weight of condensate collected. Under 
modern conditions, the total heat of the steam 
entering the condenser may be as little as 950 
B.Th.U. per lb., whilst in certain condenser tests 
made, some 15 or 16 years ago, the corresponding 
figure ranged from 1,044 B.Th.U. at full load to 
1,059 at half load. It is obvious, therefore, that 
conventional figures for the total heat of exhaust 
steam are entirely unjustifiable, and this is duly 
recognised in the code for the conduct of surface 
condenser tests, which was published in 1927 by the 
Heat Engine Trials Committee appointed by the 
Institution of Civil Engineers. This codeis, however, 
somewhat seriously defective as regards one or two 
items, and an early opportunity should be sought 
for revising and amending the faulty paragraphs. 
Even when the heat content of the exhaust 
steam is accurately determined, the value of ‘ K ” 
is still very far from satisfactory, as a sole basis 
for the comparison of condensers tested under 
different conditions. With a mean water tempera- 


3| ture of 60 deg. F., the resistance to a transfer of 


heat from the inner surface of the tubes to the 
circulating water is (in normal conditions) some 
20 per cent. higher than when the mean water 
temperature is 85 deg. F. With modern methods 
of eliminating air, and with modern methods of 
tube cleaning, this resistance is nearly 80 per cent. 
of the total opposing the flow of heat from the 
steam to the cooling water. The resistance also 
varies rapidly with the water speed, but this 
important factor is entirely ignored in the computa- 
tion of “ K.” 

With the dirty tubes, and extravagant air leak- 
age, characteristic of condensers in pre-turbine 
days, it may have been legitimate to take as 
constant the total resistance between steam and 
water. This assumption is the basis of the logarith- 
mic formula for mean temperature difference, which 
is that recommended for use by the Heat Engine 
Trials Committee. In modern conditions, this 
procedure very seriously underestimates the true 
mean temperature difference, and is responsible for 
values of ““K”’ approaching 1,000 B.Th.U. per 
square foot per hour per degree of mean temperature 
difference. It may safely be said that whilst this 
figure is not impossible, it is at least highly improb- 
able that it has ever been achieved in commercial 
condenser practice. Thus, in certain careful tests 
made some fifteen or sixteen years ago at a north 
country power station, the heat flow was 7,090 
B.Th.U. per square foot per hour. The circulating 
water had a temperature of 81 deg. F. at inlet and 
of 94 deg. F. at discharge, whilst the steam tem- 
perature was 96-6 deg. F. The logarithmic mean 
temperature difference was thus about 7-26 deg., 
giving for K a value of 977 B.Th.U. per square 
foot per hour per degree of mean temperature 
difference. The true value of the mean tempera- 
ture difference was, however, probably of the order 
of 9 deg. F., giving 788 as the corresponding 
value of K. This is, of course, still an excellent 
result, being the best we have yet met with, but 
as already mentioned, the coefficient K, even when 
accurately determined, is far from satisfactory per se 
as a basis for the comparison of tests. 

It will be noted, that in this test temperatures 
were measured only to the nearest degree. This 
is inadequate under modern conditions, and the 
Heat Engine Trials Committee’s code quite properly 
provides for readings to ;'; deg. F. 

Striking confirmation of the fact that the logar- 
ithmic formula may lead to very erroneous estimates 
of the mean temperature difference are provided 
by Mr. Selvey’s tests* of the surface condensers 
at the Valley-road power station, Bradford. In 
these tests the temperature of the circulating water 
was measured not only at inlet and outlet, but also 
between the two passes. It is thus possible to 
determine the mean water temperature by Cotes’s 
well-known formula, which may be written as 
t= 1.(t) + t,) + %%, where f and ¢, denote the 
temperatures at inlet and discharge respectively, 


—~* See ENGINEERING, vol. cxxiii, page 161 (1927). 
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and t, the temperature at the mid-point of the 
water path. 

In almost every test the mean temperature 
difference determined in this way was very materially 
larger than that deduced from the logarithmic 
formula. Thus, for example, in test No. 10 the 
value of K is 637, as estimated by the logarithmic 
formula, and 591 as calculated from the mean 
water temperature. 

Provision is made by the Heat Engine Trials 
Committee for taking the temperature of the 
circulating water after each pass, but there is no 
proposal to make any use of the observations. A 
note is, in fact, added to the effect that such 
measurements may be unreliable owing to the 
existence of stratified flow, and it may well be that 
the mid-point temperatures recorded in the Valley- 
road tests are a little too high and that the logar- 
ithmic formula is even more seriously in error 
than is indicated by the figures cited above. 

The obvious remedy for the possibility of error, 
to which the Committee call attention, is to use a 
sufficiency of thermometers suitably distributed, so 
as to ensure that the average temperature of the 
water, between the passes, is truly determined. If 
this be done, then the mean water temperature 
can be found with all the precision necessary by 
means of Cotes’s rule, or by an appropriate modifica- 
tion thereof should the tubing not be equally divided 
between the two passes. Under modern conditions 
the mean temperature difference is so small that 
quite small errors in this figure may make very 
material errors in the value of K. 

There is another point in the code, which also 
seems open to criticism, viz., no definite recom- 
mendation is made as to how the steam tempera- 
ture required in computing K is to be determined. 
Provision is made for observing both tempera- 
tures and pressures at the exhaust flange. The 
temperature thus observed is commonly less than 
that corresponding to the pressure, and with the 
small mean temperature differences now usual, 
the value of K will differ widely according as one 
or the other steam temperature is employed. In 
view of the fact that the condenser tubes are 
covered with a film of moisture having an average 
thickness of the order of ;}5 in., and thus many 
molecules thick, it is obvious that the temperature 
used in computing K should be that corresponding 
to the observed pressure. It is possible, however, 
that there is room for improvement in the methods 
of determining the latter in order to eliminate more 
adequately the effects of eddies and the like. 

In conclusion, attention may be drawn to the 
remarkable fact that under modern conditions the 
vacuum attained in the London area is in some 
cases higher in cooling tower stations than it is 
in others more favourably situated, and having the 
advantage of practically unlimited supplies of 
cooling water. This is in part due to the greater 
readiness of power station engineers nowadays to 
spend money on their condensing plant. Much 
more cooling surface is now provided than was 
formerly the case. Thus in the old plant, to which 
reference has already been made, the heat flow 
even at half-load was 7,090 deg. B.Th.U. per square 
foot per hour, whilst at the full load test at Valley- 
road the corresponding figure was only 6,114 
B.Th.U. The vacuum in the former case was 27 in. 
and in the latter 28-89 in. was reached, but it should 
of course be added that in the latter case the cooling 
water was supplied 65-7 deg. F. as against 81 deg. F. 





ALLOWANCES "OR DEPRECIATION. 


At a recent meeting of the American Society of 
Mechanical Engineers, a paper was read by Mr. 
Ernest I. Du Brul, the General Manager of the 
National Tool Builders Association, on the old 
question of depreciation allowances. The advant- 
age of considering problems of this sort in the 
light of difficulties found in other countries is 
twofold. It is apt to present them in a new aspect, 
and sometimes it offers the consolation of showing 
that other countries share in grievances of which 
we may tend to think we have a monopoly. Mr. 
Du Brul’s grievance is that the allowances com- 
monly made for depreciation are based on original 
cost and not on replacement value, and at epochs 


when the purchasing value of money is fluctuating 
may fall very wide of the true amount of depre- 
ciation or appreciation which has occurred. A 
ton of pig iron would have cost an American 
purchaser about 6 dols. in 1896, in 1920 48 dols., 
and if both tons had been kept till January of this 
year, each of them would have been worth 19 dols. 
A building, again, erected in 1913 for 100,000 dols. 
might have cost 250,000 dols. to duplicate in 1920, 
and again 200,000 dols in 1925. Each ton of pig 
iron and each building would nevertheless be worth 
precisely the same, neglecting differences in the 
periods over which depreciation was calculated ; 
but assuming that the method of charging depre- 
ciation was by a percentage on the original cost, 
the annual charges debited to the several build- 
ings would have been totally different from each 
other, and the book value of the old pig iron would 
have been many or several times that of the new. 

This state of things does not represent the posi- 
tion in this country so far as it concerns items 
with a quoted market price. There is a natural 
and proper objection to tampering with original 
costs unless the alteration can be shown to be the 
accurate expression of something that has actually 
happened, but that reservation would prevent a 
commodity with a current market quotation from 
being taken into stock at a price other than the 
current price of the day. The buildings, on the 
other hand, would be likely to be treated over here 
in much the same way as in America, unless the 
concern had been sold, in which case doubtless it 
would have had the benefit of a valuation. In 
ordinary trading it is probably seldom that an 
alteration would have been made in whatever 
might have been the ordinary course of deprecia- 
tion. There is, indeed, a fundamental objection 
to tinkering with charges of any kind. At best 
they involve some element of guess work, in par- 
ticular when they are not of a nature to be cor- 
rected by a charge account, of which a rectifying 
balance can be carried to the trading or profit and 
loss account. To such extent as the guess happens 
to be bad they distort the profit and loss account, 
and the risk of this distortion would be much 
greater if it were not for the practice of levying 
charges on a uniform system. It must be remem- 
bered that in the ordinary way of accountancy 
any modification of a capital value affects the 
balance sheet, and the profit and loss account is in 
effect the difference between two balance sheets, 
though dealing with much smaller net magnitudes. 
If it were usual to vary the settled scale of depre- 
ciation or other capital charges, large sums might 
be introduced into the profit and loss account 
from causes other than the results of the year’s 
trading. When the importance of watching the 
course of that account is remembered, it would take 
very exceptional circumstances to justify any 
procedure that would tend to mask its true signific- 
ance. Such circumstances may, of course, arise, 
but if they do, it becomes necessary to exhibit 
them separately in the accounts, so as to show the 
precise extent to which the revised charge has 
affected the final result. Only in this way is it 
possible to avoid the risk of results being attributed 
to the ordinary course of trading, when they are 
really the result of circumstances outside it. If 
confusion of this kind is allowed to enter, the 
concern is liable to lose or overlook the information 
which it is the first business of the profit and loss 
account to disclose. 

If, indeed, it were not for this consideration, there 
would be little or nothing to be said against arriving 
at depreciation by the help of a fresh valuation 
every year. Values of plant are tricky figures, 
dependent partly on the way plant has been kept. 
but partly on the course of the market, and in most 
cases, of the second-hand market at that. So far as 
accurate values can be thought possible, they seem 
far more likely to be obtained by a valuation made 
for the purpose by a competent and impartial valuer 
than by applying a formula in general terms. An 
estimate so formed would have the benefit of having 
been formed on an intimate and up-to-date know- 
ledge of the prices that were being fetched under 
every condition of sale, and if it were not usually 
nearer the mark than the result of formule, it 





would show that the valuer did not know his 





business. The expense of such stocktaking valua. 
tions may have had something to do with their 
not being general, but the fundamental objection 
seems to go deeper. If depreciation is made accord. 
ing to a formula, the result may not correspond to 
any actual value, but the variation from the previous 
year’s showing will be at least systematic, and will 
not be liable to introduce any arbitrary figure to 
make a serious difference in the profit and loss 
account. Figures, on the other hand, such as a valuer 
would handle might very well make a profound 
difference, and the whole significance of the year’s 
account might be altered owing to circumstances 
which in no way depended on the year’s trading, but 
on what after all is a matter of opinion and, to a large 
extent, of prophesy. The books of the works and 
of the house are essentially matters of historical 
fact, and it seems extremely unlikely that any 
general disposition will be found to jeopardise the 
value of what in business, as conducted in this 
country, is regarded as the sheet anchor of an 
enterprise by introducing matters of opinion when 
in any way they can be avoided. 

What appears to be the persistent practice in 
the United States of basing depreciation strictly 
on the cost of acquisition is attributed to the income- 
tax regulations of that country. They are doubtless 
not the same as the British regulations, but the 
industries of each country seem to have reason for 
deploring that neither Government has yet managed 
to see what to manufacturers appears to be the 
strongest common interest between their industries 
and the State. Politicians and economists are never 
tired of telling us at first, or any other, hand that the 
country’s only chance of regaining its prosperity is 
to increase its production. They are aware, too, 
that in modern manufacture increased production 
can be obtained economically only by increase of 
plant, and can hardly doubt that times are hard 
for manufacturers, offering them little inducement 
to extend their commitments. Nevertheless, it is 
of the utmost consequence to the country in its 
present position that its manufacturers shall find 
means for increasing their exports, towards which 
end an indispensable first step is that they shall 
enlarge their plants. From another point of view 
it has a similar interest in seeing that they take 
whatever steps are possible to maintain the soundness 
of their position by reducing what they distribute in 
dividends and other ways not directly productive. 
The direction in which manufacturers could do most 
in the common interest of the State and themselves 
is to increase the amounts they write off in deprecia- 
tion, so as at once to strengthen their balance 
sheets and provide themselves with the means for 
increasing their plant as their trade or prospects of 
trade may suggest. The regulations under which 
such preservative measures are allowed to be 
business expenses do, indeed, recognise in principle 
that such allowances are expedient, but in practice 
both their terms and their administration often leave 
much to be desired. The sums written off in 
depreciation of plant are premiums for insurance 
against inadequate means of production and 
unsound balance sheets. The larger they are. 
the better able are manufacturers to do what is 
demanded by the State’s interest no less than their 
own. The State loses, indeed, in tax what it allows 
them to set aside for depreciation, but the manu- 
facturer can touch it only by converting it into 
the means of procuring additional production, to 
multiply itself in the benevolent circle in which 
production runs. 

For both manufacturers and the State such a 
course is a counsel of present self-denial, leading to 
ultimate prosperity, and up to now the State has not 
given manufacturers the encouragement to pursue 
it, which the public interest demands. The State 
doubtless wishes the end to which such a policy 
would be addressed. It would be well advised at 
last to consent to the means. 








Motor VEHICLE REGISTRATIONS IN CeyLon.—Accord- 
ing to statistics received recently from His Majesty's 
Senior Trade Commissioner in India, the numbers of 
motor vehicles in use in Ceylon on March 31, 1928, were 
as follows :—Motor cars 9,665, motor cabs 1,377; 
omnibuses 2,157, lorries and vans 1,995, tractors 20, 
and trailers 73. 
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NOTES. 
THE WoRLD’s SHIPBUILDING AND MARINE 
ENGINEERING. 
From a general study of Lloyd’s Register ship- 
building returns for the quarter ended June 30, 
1928, it would appear that, at any rate for the 
moment, the crest of the recent improvement in the 
shipbuilding industry of theseislands has been passed. 
As compared with the situation at the close of the 
first quarter of the year, there is a reduction of about 
238,000 tons in the work in hand, while the present 
total of 1,202,610 tons is about 188,000 tons lower 
than the tonnage building at the end of June, 1927, 
the present number of vessels under construction 
being 272, of which 179 are steamers. 75 motorships, 
and 18 sailing ships, as against a total of 315 at 
the end of March, and 316 at the end of June, 1927. 
On the other hand, the tonnage under construction 
abroad at the close of the last quarter, the figure for 
which was 1,457,852 tons, constitutes a slight rise 
over that for the end of March, and it exceeds by 
255,000 tons the tonnage now building in Great 
Britain and Ireland, whereas, at the end of Decem- 
ber, 1927, the tonnage building abroad was about 
40,000 tons less than the total for this country. 
Germany, with 407,534 tons, Holland with 173,190 
tons, and Italy with 154,111 tons, are those countries 
abroad, which, at the moment, have more than 
150,000 tons under construction. During the last 
12 months’ period before the war, the average 
percentages of the tonnage under construction were 
57-2 for Great Britain, and 42-8 for abroad, where- 
as, out of a total of 2,660,462 tons under construc- 
tion at the end of June this year, the share of Great 
Britain and Ireland has dropped to 45-2 per cent. 
The figures under the heading of vessels commenced 
and vessels Jaunched during the quarter show 
that, while in Great Britain and Ireland some 
124,000 tons more were launched than commenced, 
abroad the tonnage launched was slightly less than 
the tonnage commenced. The number of vessels 
under construction, of 1,000 tons each or more, 
which are intended to carry oil in bulk, has shown a 
further decline, the present figures being 80 vessels, 
totalling 539,772 tons, of which 202,896 tons are 
building in the British Isles, 79,420 tons in France, 
63,868 tons in Denmark, and 58,500 tons in Sweden. 
The most striking feature of the report is the con- 
tinued rapid progress of the internal-combustion 
engine, as although in Great Britain and Ireland the 
tonnage of motorships under construction is only 
546,826 tons, still considerably less than the tonnage 
of steamers building, the motorship tonnage building 
abroad reaches 953,718 tons, as compared with 
488,981 tons of steamers. Out of a world total of 
86 vessels under construction of 8,000 tons each and 
upwards, 65 are motorships. Further, by the 
table giving the number and horse-power of -all 
marine engines under construction in the various 
countries, it is shown that out of a grand total 
of 1,959,310 h.p., oil engines account for 1,252,960 
h.p., or very nearly double the sum of that of turbine 
and steam reciprocating machinery, the figures forthe 
latter being 214,600 and 491,750 h.p., respectively. 
It should, however, be remembered that, when 
drawing comparisons between world totals of steam 
and oil-engine machinery at present under construc- 
tion, as on previous occasions, it has not been possible 
to obtain the figure for turbine machinery building 
in Germany, nevertheless, the figures are sufficiently 
accurate to indicate the remarkable change which is 
taking place. 
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negotiations the London County Council found them- 
selves quite unable to do this, and passed on to the 
Electricity Commissioners this onerous task. We 
learn that in fixing the standard prices the Com- 
missioners accepted certain figures that had already 
been agreed upon between the London County 
Council and certain of the companies as to the 
costs and changes allowable in computing the 
standard prices, and have determined the standard 
prices in the case of six of the companies as follows : 
Brompton and Kensington Electricity Supply 
Company, 2-0d. and 4-64d.; Kensington and 
Knightsbridge Electric Lighting Company, 1-295d. 
and 3-004d.; Notting Hill Electric Lighting 
Company, 2-0d. and 4- 168d. ; Westminster Electric 
Supply Corporation, 1-064d. and 2-766d. The 
first figure in each case is for street lighting supplies, 
and the second for supplies to private consumers. 
The price for supplies to private consumers has also 
been fixed at 4-423d. and 2-917d. in the case of 
the Chelsea Electricity Supply Company and the 
St. James and Pall Mall Electric Light Company 
respectively. In the case of the eight remaining 
companies, the settlement of outstanding points is 
being proceeded with. In every case the date from 
which the sliding scale will come into force is Jan- 
uary 1, 1926. The prices fixed will remain in force 
until 1931 (1932 in the case of one company) unless 
specially revised, and new standard prices will then 
be fixed. 








THE WAVES OF AN ELECTRON. 


IN introducing the last Royal Institution discourse 
of the season, on June 8, Mr. George P. Thomson, 
M.A., son of Sir J. J. Thomson and Professor of 
Natural Philosophy at Aberdeen University, stated 
that the history of the newer physics was very largely 
the history of successful attempts to,explain the 
facts of the physical universe in terms of electricity. 
The unit of electricity, the electron, first isolated as 
carrier of the negative charge in cathode rays, and the 
more massive proton of equal positive charge, were 
the bricks out of which physicists had tried to build 
up the model atom. Until recently, however, the 
only properties that could be attributed to the 
electrons with certainty were the mass, 9 x 10-%8 
gram, and the charge, — 4:77 x 10° electrostatic 
unit. A size could be calculated on the assumption 
that the electron followed the ordinary laws of a 
charged metal sphere, but the value found, 3-7 x 
10-15, was neither confirmed nor contradicted by 
experimental evidence. Desiring to show why much 
more complicated properties must be ascribed to the 
electron, Professor Thomson said he would have to 
digress into optics. Many optical phenomena were 
instances of wave motion in what used to be called 
the ether, though it now seemed more fashionable to 
call it space. At the beginning of the century, the 
wave-theory of light, comprising various radiations 
differing only in wave-length, was one of the most 
firmly established parts of physics. For many pur- 
poses, light was treated as consisting of rays or 
effects travelling in straight lines; but that was 
merely a convenience and was not regarded as of 
any great physical significance. The evidence for 
waves (interference and diffraction) was, and re- 
mained, overwhelming. Evidence gradually accu- 
mulated, however, that this was not the whole story, 
and that, in particular, light could communicate an 
amount of energy to an electron which only de- 
pended upon the kind of light, and not at all on its 
intensity. This seemed almost impossible in the 
case of light consisting of continuous waves, but was 





he London Electricity Acts of 1925, which were 
passed _to assist towards the re-organisation of 
i-ctricity supply in the metropolitan area, provided 
‘ier alia that the dividends payable by each of 
the 14 companies supplying electricity in that area 
should be regulated by the price of electricity sold. 
ae ointed out on page 20 of our issue of January 6, 
1828, an immediate difficulty arose of determining 
the “central zero” from which this sliding scale 
was to start, that determination being complicated 
bs the fact that a certain proportion of the reserve 
funds had in equity to be included in the capital 
pon which the dividends were to be paid. It is 


what would be expected if light were, as Newton 
held, due to a stream of particles, each one of which 
would give energy to the electron independent of the 
number of other corpuscles present, 7.e., of the in- 
tensity of light. 

Prince Louis de Broglie had hit upon a brilliant 
synthesis of the two views. Put very briefly, it 
might be said that light was actually corpuscular, 
but was accompanied and guided by waves. This 
theory was quite general, and also applied to elec- 
trons, though it was apparently contradictory to 
what was known about the motion of electrons. 
Waves, for instance, spread after passing through 
small apertures, whilst electrons could be concen- 





hot surprising to find therefore that after protracted 





trated into fine beams by a tube or a series of slits. 
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This, however, was all a question of wave-length. 
Visible light spread very slightly round obstacles, 
because its wave-length was small compared to 
the size of ordinary objects; wireless waves, of 
large wave-length, were bent considerably. Pro- 
fessor Thomson exemplified this with the aid of a 
mercury pool in which straight parallel waves 
were produced by transverse rods oscillating up 
and down. When a barrier with a narrow opening, 
4 in. wide, was placed across the pool, parallel with 
the waves, the opening became the apparent origin 
of spreading concentric semi-circular ripples. When 
the opening was wider, the straight waves passed 
through, but were bent back towards the barrier at 
their edges. 

More than a century ago, Professor Thomson 
proceeded, Hamilton showed that the laws of 
dynamics were, in their most general expression, 
the principle of action mathematically identical 
with Fermat’s principle, which was the most general 
statement of optics on the ray theory. In optics, 
rays were an approximation to the wave theory, 
and were more and more nearly true, the smaller the 
wave length. Perhaps the accepted mechanics of 
Newton and Hamilton were also onlyapproximations, 
although true in practice, because the wave-lengths 
concerned were very small. With regard to the wave- 
mechanics of the electrons inside the atom, the 
Royal Institution had had the privilege of hearing 
Professor Schrédinger himself in March. Professor 
Thomson was going to speak on the mechanics of 
the free electron. According to Broglie, the wave 
length of any moving particle was \ = h/momentum, 
(where h was Planck’s constant = 6-58 « 10-?? and 
was thus negligibly small for any ordinary body). 
For an electron moving with the moderate energy 
of 150 volts 4 was 10-8 em. (about that of a soft 
X-ray), while for cathode rays of 15,000 volts it 
was 10-9cm. The speed of the waves was V = c?/v, 
where c was the velocity of light and v the speed of 
the particle. The waves were thus faster than light. 
This would be contrary to relativity if the waves 
were carrying energy and able to transmit a signal, 
but they were merely phase-waves, the energy 
being supposed to be associated only with the 
particle. In the classical optical theory there was 
the similar case of metals like sodium which had 
a refractive index less than unity, implying a 
wave velocity greater than c. Combined with 
the above value, the relativity expression, for the 
momentum was V2 = c? + A®m?2ct/h?, so that V 
depended upon X, and there was optical dispersion 
of the electron waves even in free space. The late 
Lord Rayleigh had shown that in such a case there 
was, in addition to the velocity of the independent 
waves, a group velocity, this being the speed with 
which the pattern formed by the superposition of 
several waves of slightly different wave lengths 
moved along. The application of the formula proved 
that, in this case, the group velocity was precisely v 
(the speed of the electron), so that the electron 
carried its group with it or vice versa, though the 
individual waves composing the group were per- 
petually shooting through from behind. Professor 
Thomson elucidated this relation by superposing 
two waves of almost equal wave lengths ; the crests 
would coincide after certain intervals. The bow 
wave of a ship was a group wave. 

On the new view, the electron, when deflected by 
an electric or a magnetic field, did not simply follow 
the laws of electricity, but went where its wave 
took it, sometimes only in paths along which the 
wave was propagated. The change in the motion 
of an electron thus appeared to be analogous to 
the change in the direction of a ray of light entering 
a refracting medium. Electrons could be focussed 
by a field corresponding to a convergent lens, and 
a field might conveniently be regarded as a refracting 
medium. Prof. Thomson demonstrated this by 
sending the cathode rays of a discharge tube through 
a screen of fine wire gauze down a tube in which a 
squirrel-cage, hexagonal in section, of copper wire, 
was mounted longitudinally; beyond the cage 
was a plate of willemite. A kind of star pattern was 
seen in the greenish glow of the willemite. When 
the cage was connected with a Wimshurst machine, 
the star area contracted as the electric field intensity 
increased, coming finally to a focal point. With a still 





stronger field, the star would have expanded again, 
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because the focus would then be between the cage 
and the willemite. Prof. Thomson also showed, 
with the aid of his mercury pool, into which bars 
were lowered vertically in imitation of a grating, 
that the waves and rays were diffracted by two- 
dimensional scattering. 

Tests of this view, the lecturer continued, by 
three-dimensional scattering through the particles 
of matter, the structure of which corresponded in 
size to the supposed wave-length of electrons, had 
been made, on the lines of X-ray crystal analysis and 
wave-length determinations, by Davisson and Germer 
in America, and by A. Reid and himself in Aberdeen. 
Their own apparatus (Fig. 1) consisted of a tube in 
which homogeneous cathode rays, generated in A by 
an induction coil, travelled through a fine tube B, 
6 cm. long, 0-23 mm. bore, and a thin film C (also 
shown in front view in Fig. 1) on to a willemite 
screen or a plate. As the electrons had far less 
penetrating power than X-rays, and as the scattering 
should be single, the film should be very thin (of 
the order of 10-§ cm.)so that a lamp filament could 
be seen through it ; the gold film used was further 
reduced in thickness by treatment with aqua regia 
and the aluminium by caustic potash. The exposed 
film area was only a fraction of a square millimetre. 
X-rays passing through a single crystal, under 
these conditions, would give a Laue pattern of dots, 
and a system of concentric continuous rings, if 
passing through many crystallates in random orien- 
tation; any preferential orientation would be 
indicated by interrupted rings surrounded by dots in 
place of continuous rings. Prof. Thomson’s slides, a 
few of which we reproduce, showed that cathode rays 
gave analogous results. Some of his films consisted of 
single crystals, others of somewhat orientated rolled 
specimens. The central spot (directly hit by the rays) 
always remained central when the whole system of 
rings and dots was magnetically deflected, which 
gave sharper definition than electric deflection. A 
celluloid film yielded a single ring asin Fig. 2. Gold 
gave a few rings with a spark gap of 7 mm., and 
more closely-spaced rings with the faster rays 
obtained with 20-7 mm. spark gaps, as shown in 
Fig. 3. Aluminium showed similar differences with 
spark gaps of 6-5 mm. and 15 mm., as shown in 
Fig. 4; the dots corresponding to the cubic faces 
can be seen in the 6:5 mm. diagram on the left-hand 
side. 

The theory of Broglie could be checked in three 
ways. Firstly, the relative sizes of the rings should 
conform to the known crystal structure, and for the 
metals used (chiefly gold, aluminium, and platinum) 
the diameters of the successive rings should be in the 
ratio of the square roots of 3, 4, 8, 11, 12, 16, 19, 20, 
&e.; the measurements were in fair agreement 
with this rule. Secondly, the wave-length should 
vary inversely as the momentum, i.e., the product 
of the diameter of any ring and the square root of the 
measured energy of the rays, subject to a relativity 
correction, should be constant ; those products were 
for gold 377 (376 to 379), aluminium 387 (385 to 
395), platinum 407 (395 to 420), the volts applied 
ranging from 18,000 to 64,000. The agreement 
also held for celluloid. Thirdly, the actual size of 
the rings should be calculable from the assumed 
wave-length of the electrons and the known spacing 
of the atoms in the crystal; the agreement found 
was obtained by working backward, by calculating 
the spacing from experiment and theory and 
comparing it with that found by X-rays. Calcu- 
lations were also made on individual spots. 

Thus the essential truth of the theory seemed 
established, but there remained great difficulties of 
interpretation. What were the waves? Another 
name for the electron itself ? What was the relation 
between electron waves and waves of light and of 
X-rays ? How many waves in series did an electron 
have? Only as regards this last question was 
there some little direct evidence. The sharpness of 
the rings depended, among other things, upon the 
length of the train of waves; a short train gave 
blurred rings. As it was just possible to separate 
the ./1l] and ./12 rings, there must be at least 48 
ordered waves in the series, and probably many more. 
This might merely apply however, to the particular 
experimental arrangement. Theoretically, an exact 


knowledge of the speed of an electron probably 
implied that the electron had an infinite wave-train 





associated with it, just as ideally monochromatic 
light implied an infinite train of light waves. Since 
there could not actually be an infinite wave-train, 
it meant that an electron’s speed could never be 
known exactly. This was not surprising, since all 
measurements were approximate and accurate 
measurements required long trains. When the train 
was short, however, the velocity was uncertain, 
which might be because the many electrons con- 
cerned really had different velocities. This was 
so in some cases, but not necessarily in all. A very 
minute speck of radioactive material might emit elec- 
trons as fast 8-rays at intervals of minutes, days, or 
even years. It was impossible to imagine that those 
electrons, coming from different atoms at different 
times, had any connection with one another. Each 
would have its own wave-train, finite and probably 
rather short, leading to the surprising conclusion 
that the electron had no definite velocity, not even 





not only by the wave in its immediate neighbour- 
hood, but also by the history of the whole wave front. 
Any circumstance influencing one part of a wave 
influenced the whole ; this was the essence of wave 
motion. In the experiments described, the electron 
was influenced, not merely by the nearest atoms of 
the crystal, but by the whole of the crystal exposed 
to the beam. The width of the wave front was the 
cross section of the tube through which the electrons 
passed. When the beam and tube were reduced in 
size, there would be a diminution in intensity and 
a diminution in resolving power, due to the smaller 
number of grating elements. When the resolving 
power was large, halving the number of atoms would 
have little effect on the distribution of the scattered 
rays and the diffraction pattern, the main features 
of the pattern being determined by the first few 
elements. The easiest way of looking at the whole 
theory seemed to be to regard the waves as an 


in force-free space. This consideration raised very | expression of the laws of motion. The uniform 
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difficult questions, but the work of Ellis and Worster 
(Cambridge) on RaE suggested an uncertainty of 
this kind of about the right amount. 

As regards electron waves and light waves, they 
were certainly not the same, even when of the same 
wave-length. Only the former waves were deflected 
by electric and magnetic fields, and the two kinds 
had different speeds and penetrating powers. If 
both were the actual motion of an ether, the ether 
must differ in some way in the two cases. According 
to Sir J. J. Thomson, the relation between wave- 
length and velocity of an electron was precisely that 
which held for light waves in a medium containing 
free electric charges. Such a medium was supposed 
to exist in the ionised layer of the upper atmosphere, 
which made long-distance radio transmission possible, 
and one might consider the waves of the electron as 
waves in an ether modified by the presence of the 
tubes of force, to which many physicists ascribed a 
real existence; the electron would thus provide, 
not its own ether, but the necessary modification 
of that ether. 

Professor Thomson himself suggested another 
possible way out of the difficulty, though the sugges- 
tion, he said, might be thought to be rather 
cowardly. There was no necessity for any vibra- 
tion of a material or quasi-material object. The 


essence of a wave was the transference of a| 
state according to certain laws, e.g., of a heat | 


wave across the Atlantic. 
might not, be one of motion. 
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function of a wave was to produce conditions at the | 
electron which obliged the electron to move along | 
the instantaneous position of the wave-normal | are automatically made and registered from this exchange, 
(in the absence of a magnetic field) and along another, | #24 the turbines adapt themselves automatically to the 
but determinate, direction in a magnetic field. | 


The motion of the electron would be determined, | introducing automatic working in its other plants. 
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motion of Newton’s first law was replaced by a 
simple plane wave, and so on. In this view the 
electron remained the reality. This seemed right; 
for after all it was the electron as a particle 
which was actually detected in any conceivable 
experiment, and the waves came to bear the same 
relation to the electron as Newton’s or Einstein’s 
law of gravitation bore to the planet which 
obeyed it. 

How remarkably near this view came to Newton’s 
views on light Professor Thomson proved by a 
quotation from Newton. ...as stones by 
falling upon water put the water into an undulatory 
motion, and all bodies by percussion excite vibrations 
in the air, so the rays of light excite vibrations in 
the refracting medium or substance.... The 
vibrations thus excited are propagated in the 
refracting or reflecting medium or substance, 
much after the manner that vibrations are propa- 
gated in the air for causing sound, and move faster 
than the rays so as to overtake them. Every ray is 


| successively disposed to be easily reflected or easily 


transmitted, by every vibration which overtakes it. 
But whether this hypothesis be true or false I do 
not here consider.” 





SwepisH Automatic Power Station.—We are 
advised by the Swedish International Press Bureau that 
an automatic electric power plant has just been completed 


The state might, or| and put into use by the Surahammar factory in Sweden. 
On this view, the | This plant, said to be the first of its kind in Europe, 1s 


automatically started and controlled from the telephone 
exchange of the factory, situated some distance away. 
All observations concerning the functioning of the plant 


quantity of water running. So far, the installation has 
operated perfectly, and the company is contemplating 
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ASSOCIATION OF PUBLIC LIGHTING 
ENGINEERS. 
(Concluded from page 51.) 


WueEn the members re-assembled on the morning of 
Wednesday, July 11, the discussion on the papers by 
Mr. Horstmann and Mr. Sharp, abstracts of which 
were given on page 50 of our last issue, was resumed. 

Mr. T. Wilkie expressed himself as being unfavour- 
able to the automatic control of gas lamps. At 
Leicester, only 12 lamps out of 7,000 were so controlled. 
He agreed that the present difficulties would disappear 
when a successful spontaneous-ignition device was 
discovered. On the other hand, the use of time- 
switches on electric lamps reduced the chances of 
failure, and led to better control. He was glad that 
Mr. Sharp had insisted on the value of sealing-off 
the incoming leads. He had suffered greatly from 
damp and condensation troubles owing to lack of this 
precaution. 

Mr. P. Lennox said the value of controlling devices 
had been proved by the authors. He could not see 
the necessity or the advantages of relay systems. 
It was not very expensive to put time-switches on 
each lamp, but when overhead supplies were used the 
best method was to employ a switch-wire, and to switch 
on the lamps in groups. The temperature range 
through which Mr. Horstmann said the equipment 
must be designed to operate seemed very wide. 

Mr. M. H. Wardle remarked that, in Liverpool, one 
man looked after 200 lamps, which was twice the 
number possible with the manual system. The cost 
was 3-24d. per week per lamp, as against 5-89d. in 
the latter case. He estimated the total saving to be 
of the order of 6,000/. per annum. On the other hand, 
it was true that efficiency should be the first aim, 
and it was not possible to get such detailed reports 
with automatic control as with hand switching. He 
thought that, ultimately, a great deal would be gained 
by using time-switches, though, at present, the savings 
were being absorbed by the maintenance cost on the 
older patterns. 

The President said that they had only had three 
years’ experience of time-switches in Sheffield, so that 
he could not speak dogmatically as to their value. 
About 200 lamps was about the number one man 
could control. Too much was often expected from 
controllers and time-switches. They both required 
systematic attention. They had 3,000 gas controllers 
and 2,000 electric time-switches in use. 

Mr. Horstmann, in reply, said that the difference 
in the price of the gas controller and the electric time- 
switch was due to the fact that the latter was more 
complicated. The temperature figures given applied 
to Spain, and were for a three-months’ period. 

Mr. Sharp, who also replied, reiterated that selenium 
cells and the Aga system were not suitable for street 
lighting. His remarks on the Olipel system were, he 
regretted, not founded on fact. Relays might be useful 
under certain conditions, but they did not take the 
place of time-switches. Gas controllers could often be 
made by mass-production methods, while time-switches 
were a specialised article. This was another reason for 
the difference in price. 

A paper on “‘ What the Public Want from a Street- 
Lighting Department as Pedestrians, as Motorists, as 
Ratepayers” was then read by Councillor F. Thraves, 
Chairman of the Sheffield Watch Committee, who said 
that, as a pedestrian, he was of opinion that main 
thoroughfares should be so well lighted that motor- 
vehicle head lights could be prohibited. Poor lighting 
was, however, better than none at all, and lamps 
placed alternately on both sides of the street formed 
the best arrangement. This was also the best arrange- 
ment from the point of view of the motorist, who 
would prefer the standards to be higher, so that street 
lighting and shop lighting did not clash. An extended 
use of illuminated caution signs was desirable, and 
some motorists favoured the employment of centrally- 
suspended lamps. From the police point of view, the 
adequate lighting of narrow streets, so that no dark 
spots were left, was important. The ratepayer felt that 
while it was fair that he should be asked to pay for the 
Tequirements of the pedestrian and the police, he 
should not be asked to pay the whole cost of meeting 
the requirements of the motorist. 

_Only a short discussion followed. This was mainly 
directed to bringing out the difficulties of financing 
increased-lighting schemes, and to indicating, never- 
= ss, that they were necessary from all points of 
view. 

Apaper on “The Visibility of Objects in Artificially- 
Lighted Streets” was then read by Mr. J. M. Waldram, 
who said that the problem under investigation was 
the determination of the conditions which produced 
the most satisfactory street lighting from the point 
of view of the road users. The requirements of the 
Police and pedestrian were reasonably met by the 
Provision of a certain minimum of illumination, 
Measured not on the line joining the fittings, but at 
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the point on the footpath most remote from the light 


sources, where the illumination would normally be 
expected to be a minimum. The problem of the 
motorist was much more complicated, since he must be 
able to pick out any object on the road a considerable 
distance ahead without the use of headlights. The 
visibility of the object depended, however, on its 
contrast with its background, and on the lighting condi- 
tions, which affected, in a greater or less degree, the 
ability to see anything at all. The first factor might be 
termed the “conspicuity” of the object. It had 
nothing to do with the observer; neither was it the 
final measure of the “ noticeability ” of the object in 
practice. The second factor had been termed the 
** perceptibility,”’ and was defined as the reciprocal 
of the least perceptible brightness contrast. It was 
not concerned with the object, but referred only to the 
observer, and was dependent on the two factors of 
adaption and glare. The “ noticeability ” of the object 
was some function of the two, 7.e., the ability of the 
object to be seen and the ability of the eye to see it. 

The conclusions reached were that an increase in 
illumination level produced higher perceptibility and, 
if sufficiently increased, allowed discrimination by 
internal contrasts. It was less important on wet 
than on dry roads. On dry roads, diversity of illumina- 
tion increased the diversity of brightness and con- 
trasts. On wet roads it was unimportant. The height 
of the source increased the brightness diversity and 
gave smaller background contrasts, but less glare and 
greater internal contrasts. An increase in the spacing- 
height ratio produced greater glare, but higher bright- 
ness diversity and more marked contrasts. It should 
not be carried too far, and long spacing was bad on wet 
roads. Single-side arrangements of the lamps was not 
recommended, as it was bad on polished or wet roads. 
The staggered arrangement was good, but should be 
used with caution on wide roads, the double-side 
arrangement being better. Shading of the sources 
reduced the glare and increased the comfort, but the 
light should not be cut off the buildings and curbs. 

In opening the discussion, Mr. C.C. Paterson said that 
visibility was of prime importance for all classes of 
road user, and the B.E.S.A., in launching their tenta- 
tive specification, had been right in keeping this 
factor to the front. Visibility, as the President had 
shown, broadly depended on the minimum illumination, 
but other conditions, such as the placing of the posts, 
influenced matters. There was nothing in the paper 
which supported ‘‘ beacon lighting,” and he hoped 
that no one would go away with the idea that this was 
tolerable. The B.E.S.A. Committee had felt that a 
beginning must be made to get everyone to think along 
the same lines. 

Dr. J. W. T. Walsh remarked that, until recently, 
uniformity in illumination had been considered essen- 
tial. It was now realised that uniform illumination 
did not mean uniform brightness, and that diversity 
of brightness was necessary to bring about “‘ notice- 
ability.” There might, however, be a danger of 
swinging away from uniformity towards too great a 
contrast. This was as dangerous as having too little, 
especially for a driver moving at high speed. It 
made it difficult to pick up objects at a distance. 

Mr. S. B. Langlands thought it desirable that, in 
future, there should be closer co-operation between 
city engineers and lighting superintendents with regard 
to the reflective power of road surfaces. 

Mr. Haydn T. Harrison pointed out that, in a street, 
the reflecting value of vehicles and buildings was the 
same, so that there were places where the former were 
invisible. The contrast necessary to prevent this 
could be obtained by painting vehicles a light colour, 
so that they stood out from their surroundings. 

Mr. W. J. Jones said that climate was another factor 
which must be considered in dealing with street light- 
ing installations. Visibility was the main criterion 
in assessing street lighting in 90 per cent. of the cases, 
but it must be remembered that variations in the 
amount of illumination of the order of 10 per cent. 
were not discernible to the eye, though considerable 
engineering feats might be necessary to obtain them. 
He was glad that the importance of placing lamps on 
the outside of curves had been mentioned. This was 
specially necessary when rain increased the specular 
reflection. 

Mr. A. C. Stewart pointed out that the conditions 
must be such that the motorist could make up his 
mind accurately and quickly. Mr. Waldram had 
neglected footpath lighting in his paper. If the street 
was lighted from curb to curb only, the pedestrian 
might suddenly appear. 

Mr. R. Stroud thought that visibility only became a 
difficulty when the minimum illumination was low. 
Uniformity of illumination was not the same thing as 
uniform brightness. The idea of uniformity was to 
ensure a reasonable minimum, knowing that other 
things would then be satisfactory. 

Mr. Waldram, in reply, said that his paper showed 





that light-coloured motor cars would have a decreased, 
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and not an increased visibility. It did not follow that 
if the minimum illumination was good the rest was 
satisfactory. 

In the afternoon the party visited Buxton by motor- 
coach at the invitation of the Lord Mayor of Sheffield, 
while in the evening the annual dinner was held. 
Thursday was devoted to visits to cutlery and silver- 
ware works and other places of interest. 








NOTES ON NEW BOOKS. 


Tue Industrial Museum of the Home Office, Horse- 
ferry-road, London, S.W.1, is a permanent exhibition 
of methods, arrangements, and appliances for promot- 
ing the safety, health, and welfare of the industrial 
workers in the manufacturing and other industries 
which come within the sphere of the Home Office 
administration. The purpose of the museum, which 
was opened in December last, is to show the best and 
most modern methods of protecting the industrial 
worker against accidents, and of promoting conditions 
most favourable to his or her health and efficiency. 
We may add that an article discussing the museum 
and the aims of its organisers will be found on page 
752 of our issue of December 9 last. A catalogue of 
the museum, bearing the title Descriptive Account 
and Catalogue of the Home Office Industrial Museum 
and Exhibits, was published recently. This volume 
explains, it is stated, the need for, and the principles 
underlying, the methods and arrangements illustra- 
ted in the museum. We are in agreement with 
Sir W. Joynson-Hicks, Home Secretary, when he 
remarks in his foreword that the book will be found 
to be much more than a mere catalogue or descrip- 
tive account of exhibits. It contains a considerable 
amount of information on questions of safety, health 
and welfare in industry, and it may be concluded that 
it gives, in a concentrated form, much of the experi- 
ence which has been gathered by the Home Office 
during many years past. The volume contains 178 
pages, and a large number of full-page plates are 
included. It is printed and published by His Majesty’s 
Stationery Office, Adastral House, Kingsway, London, 
W.C.2, and the price is 3s. 6d. net. 





The Cours de Mécanique—Complement sur la Mécani- 
que Speciale des Fluids of Monsieur L. Guillot (Librairie 
Polytechnique Ch. Beranger, Paris, 1927) forms a 
supplement to the second volume of the author’s 
work Cours de Mécanique, and deals mainly with 
comparatively recent developments in the design of 
hydraulic turbines of high-specific speed, and with 
high-pressure pumps and rotary pumps. A small 
section is devoted to the results of recent work on the 
properties of steam. The section dealing with hydraulic 
turbines is the most important, and embodies an excel- 
lent discussion of the Kaplan, Lawaczeck and screw- 
propeller types of machine. No attempt is made to 
deal with details of design, but the general principles 
are well outlined and the treatment is clear and concise. 
In the section dealing with rotary pumps, machines of 
the Lambert, Root’s, and Behrens types are considered 
in some detail. The subject is adequately and con- 
cisely treated. As a whole the supplement well main- 





tains the high standard of the original work. It is 
published at 77 francs. 
The authorities of the Science Museum, South 


Kensington, London, 8.W.7, from time to time have 
published sectional catalogues of the collections in the 
Museum. Their most recent publication is that which 
bears the title, ‘‘ Land Transport: IV, Railway Con- 
struction and Working.” The exhibits described in 
the catalogue refer to bridge, tunnel and permanent- 
way construction, stationary-engine traction, signalling 
appliances, and operating methods. The publication 
is much more than a mere list of exhibits, and contains 
a mass of interesting information of a historical and 
encyclopedic character. The compiler of the work, 
Mr. E. A. Forward, is to be heartily congratulated upon 
the attractive manner in which he has dealt with the 
matter at his disposal. A series of ten excellent 
plates depicting a number of selected exhibits are in- 
cluded at the end of the pamphlet. The catalogue should 
be in the hands of all persons intending to visit the 
museum, be they veteran engineers or schoolboys in 
their ’teens. It is published by His Majesty’s Stationery 
Office, Adastral House, Kingsway, London, W.C.2, 
and is also on sale at the Science Museum. The price is 
ls. 3d. net. 





The War Office has added to its very useful series 
of handbooks on aerial surveying another volume 
which is devoted to a discussion of The Stereoscopic 
Examination of Air Photographs. The author is 
Lieutenant M. Hohne, R.E., Research Officer to the 
Air Survey Committee, and the work is published by 
H.M. Stationery Office, at the price of 3s. 6d. net. 
In an introductory note, Colonel Winterbotham ob- 





serves that, during the war, the stereoscope was in 
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constant use among surveyors and staff officers, but 
adds that most of the stereoscopes on the market are 
unsuitable for the long base and relatively small depth 
of detail which are characteristic of air photographs. 
The author of the treatise starts with a general descrip- 
tion of binocular vision, and shows, by simple dot 
diagrams, that it is possible to get a stereoscopic effect 
with the unaided eyes. In a succeeding chapter 
stereoscopic reconstruction is dealt with, the principles 
involved being illustrated by a detailed discussion of 
special cases. The points which require attention in 
the use of the so-called “ floating marks” are clearly 
brought out in a later chapter, and stress is laid upon 
the necessity of making the character of these marks 
as nearly as possible the same as that of the photo- 
graphs. A number of different patterns are illustrated 
and descrited. Various patterns of stereoscope are 
described, and stress is laid on the importance of 
securing equality of lighting. Detailed instructions 
are given in the use of these instruments, and the 
concluding chapter is devoted to the training of 
observers and operators. Some mathematical problems 
are discussed in an appendix. 

The twelfth volume of the Reports of the Progress of 
Applied Chemistry, issued by the Society of Chemical 
Industry, deals with the year 1927, and differs in its 
compass (726 pages) little from that of last year. There 
are, however, again changes in the compilers of several 
sections, notably in the first three, which are of par- 
ticular interest to engineers. The General Plant and 
Machinery Section is now written by Mr. A. J. V. 
Underwood, who dwells upon the steady development 
in the policy of amalgamation in the chemical and allied 
industries. In France, this amalgamation and organ- 
isation has not yet developed to the extent reached by 
the British and German industries, and the Belgian 
chemical firms, connected with the Katanga interests, 
likewise still stand apart from the Union Chimique 
Belge. The beetroot-sugar industry continues to 
advance in this country, though both the yield of 
beet crops and the sugar content decreased last year 
owing to adverse weather ; the problem of the effluent 
from sugar factories has again become somewhat 
acute. As regards nitrogen fixation, Mr. Underwood 
fears over production, unless India and China increase 
their demands for fertilisers. We are sorry to have to 
point out once more that a good many patents in 
this section are only quoted by their numbers, without 
names. There is also, as before, overlapping of this 
first section with the next two, on Fuel, by Mr. T. 
Campbell Finlayson, and on Gas, Carbonisation, Tar 
and Tar Products, by Mr. J. E. Davis, but this over- 
lapping is partly unavoidable. Mr. Finlayson draws 
attention to the long-distance trunk mains installed 
in Germany for gas supply from combined high- and 
low-temperature coal and brown-coal carbonisation 
plants ; the economy of this supply can hardly be 
judged yet. The section on Non-Ferrous Metallurgy 
has been contributed this year by Professor G. A. Guess, 
of Toronto, and Mr. Ellingham, of The Imperial College 
of Technology, London, reports on Electrochemical and 
Electrometallurgical Industries. There is no section on 
Explosives this year, not for the first time, and there is 
no mention of any editor. The volume, which is 
provided with good indexes of names and _ subject 
matter,is published by the Society of Chemical Industry, 
at the price of 7s. 6d. net. 

The publication of Bauingenieurwesen, the third 
volume of the Hiitte, des Ingenieurs Taschenbuch (Berlin : 
Wilhelm Ernst und Sohn; price 15-60 marks), in the 
revised twenty-fifth anniversary edition, has been 
preceded by the other three volumes, which we have 
already noticed. The chief subjects dealt with in 
Volume III are structural engineering and the technics 
of railways. Stress is laid on the new standardisation 
rules. Among the new sections are tunnel construc- 
tion and garages, the latter forming part of the chapter 
on factory design, which deals with both the internal 
arrangements of workshops and the general lay-out 
of the works. In spite of the 1,200 pages, some sections 
appear to be short. But one cannot complain that 
the ten pages on locks, a section of the 36 pages on 
canal construction, are an inadequate allowance, and 
the matter is certainly good and suitably illustrated. 
Sewage purification is discussed in the chapter on 
town drainage ; septic tanks, in Germany, are known 
as Faulbrunnen, and activated-sludge processes as 
Schlammbelebungsverfahren. Both the author of the 
chapter on bridge construction, Professor Schachen- 
meier, of Miinchen, and his collaborator, Dr. Ing. 
Hiorth, passed away while the volume was in the press. 
The twenty-fifth edition of the Hiitte, which has been 
edited by Dr. Eng. G. Sinner, is now complete. 


The increasing complexity of the mechanical equip- 
ment of sea-going vessels demands a corresponding 
increase in the technical knowledge of marine engineers, 
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written with the object of preparing a candidate for 
the Board of Trade examinations. One of the best 
known books of this type is Marine Engineering 
Knowledge, by Mr. W. C. Macgibbon, and it is noticeable 
that, in the recently-published fourth edition, the 
author has greatly extended the scope of the contents 
to meet the new requirements. The method of pre- 
senting the subject in the form of question and answer 
has been retained, and, while distasteful to some readers, 
there is no doubt that this system is helpful to an 
examination candidate, for whom the book is more 
especially intended. New sections have been added 
on condensers and auxiliaries, and on refrigeration, 
while the portion dealing with Diesel engines has been 
extended to include recent developments, drawings 
of the Scott-Still and Richardsons-Westgarth engines 
being included for the first time. The same remark 
applies to other of the more important sections, 
typical examples being the inclusion of the boilers 
of the King George V in the boiler section, and the 
turbines of the same vessel in the turbine section. A 
new feature which will no doubt be appreciated by 
students is the provision of an adequate index. In spite 
of the fact that the fourth edition contains 829 
pages, as against 552 in the previous edition, and the 
fact that many more plates are included, the price has 
been reduced from 36s. to 30s. net. 

New books, like Les Lois Fondamentales de V Electri- 
cité, by Messrs. Léon Bouthillon and M. Goudonnet 
(Paris: Gauthier-Villars et Cie, 55 Quai des Grand 
Augustins; price 14 francs), are not often published 
now and they have probably had their day. The book 
is offered as a practical guide for use at industrial 
schools, and forms the first volume of the Cours Pra- 
tique d’Electricité Industrielle. A second volume 
of that series, Machines et Appareils Electriques, pub- 
lished by the same firm at the price of 20 francs, and 
compiled by the same authors, has already appeared. 
The first-mentioned of the authors is a telegraph 
engineer and lecturer at the Ecole Polytechnique, 
the second is director of the Ecole Pratique de Radio- 
Electricité. At first glance, the contents look a little 
like abbreviations of some theoretical treatises. To what 
extent they will meet the needs of the student elec- 
trician who wishes to have a practical training without 
being able to devote himself to further scientific study, 
will depend upon the class and workshop instruction 
he receives. The books may have been adapted to the 
lectures to be given, to which further explanation of 
analogies and of the meaning of and application of the 
laws might be left. The fundamental laws are presented 
on the standpoint of Ampére, Ohm, Coulomb, Faraday 
and Maxwell; electrons are mentioned in the des- 
cription of mercury-vapour lamps and _ thermionic 
rectifiers. Valves are described as lamps with three 
electrodes in this short section. 

Vier Abhandlungen zur Hydrodynamik und Aero- 
dynamik, by L. Prandtl and A. Betz, published by 
Julius Springer, Berlin, at the price of 4 marks, is a 
reprint in pamphlet form of four papers on the applica- 
tion of modern hydrodynamics to aeronautics, the 
subjects dealt with being as follows :--(1) Motion of 
a fluid, with very small friction; (2) and (3) Theory 
of the aerofoil ; and (4) Theory of the air screw. The 
first of these papers was read at the Third International 
Mathematical Congress in 1904, and the remaining 
three are taken from the Proceedings of the Royal 
Scientific Society of Géttingen for 1919. The work 
of Professor Prandtl in the region of aeronautics is 
well known, and is regarded as fundamental by most 
writers on the subject. The treatment is naturally 
of a highly mathematical order, and the sphere of use- 
fulness of the book is perhaps somewhat limited. 
Nevertheless, the publication of these important 
papers in compact form will be much appreciated by 
those interested in aeronautical design. No English 
translation has yet appeared, but Dr. Prandtl contri- 
buted an article bearing upon the same subjects, 
which appeared in Report 116 of the Washington 
National Advisory Committee for Aeronautics, 1921. 





A new text-book on Spherical Harmonics, written by 
Professor T. M. MacRobert, of Glasgow University, has 
been published by Messrs. Methuen and Company, 
Limited, the price of issue being 15s. net. The work is 
intended for students who have a fair working know- 
ledge of the calculus, and the text is illustrated through- 
out with examples of the application to physical 
problems of the methods explained. The opening 
chapter is devoted to Fourier’s series, and is wholly 
mathematical, so that there is a probability that the 
student who approaches the subject for the first time 
may have a difficulty in understanding the necessity 
for, or the utility of, these remarkable expansions. In 
the second chapter, their application to problems on 
heat conductivity is made evident. The next section 
of the book is mainly concerned with the Legendre 





and this is reflected in those text books which are 





functions and Laplacians, and with their application to 
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potential problems, and the collection of worked-out 
examples ought to be very useful to students of physics. 
Conformal representation is apparently not dealt with, 
an omission which is to be regretted in view of the use 
now made of the method in aerodynamics and modern 
hydrodynamics. The general problem of curvilinear 
co-ordinates is mainly illustrated in connection with 
elliptic co-ordinates. The term toroidal co-ordinates 
does not appear to be favoured by the author, although 
he shows how to express Laplace’s equation in terms of 
them. The concluding chapter of the book is devoted 
to Bessel functions. No tables are given of any of the 
functions discussed, and for numerical applications it 
will be necessary for the student to consult other works. 








THE CROZIER CARBONISATION 
RETORT. 


In our issue of October 17, 1924, a description and 
illustration were given of the Crozier carbonisation 
retort, which was said to have been applied with 
considerable success to Burmese shale. The plant was 
designed and constructed very hurriedly in order to 
be shown at the British Empire Exhibition, and the 
results obtained from it were evidently less satisfactory 
than they would have been if time had allowed it to 
be designed and made with due deliberation. Even 
as they stood, however, they appear to have been 
sufficient to satisfy the Director of Fuel Research of 
the Department of Scientific and Industrial Research 
that the plant was reasonably efficient, and a report* 
has just been published of a test made on it by the 
Director under the arrangement by which the De- 
partment makes tests on plant for low-temperature 
carbonisation in approved cases. 

The characteristic features of this design are that 
the retort is so built up of elementary units as to allow 
the throughput of a single apparatus to be increased 
within limits as desired, and that it includes provision 
for some automatic fractionation of the oil during 
the process of condensation. Its construction and 
operation will be followed readily by reference to the 
diagram in Fig. 1, and the plan of a part of the plant 
in Fig. 2. The retort, which is of cast iron, has parallel 
walls 15 ft. high and 1 ft. 3 in. apart, with semi-circular 
ends, bringing the maximum width to 5 ft. At each 
of four levels, three off-takes for gas extend from the 
centre of the retort through the furnace walls, heavily 
lagged where they pass through heated spaces, and 
lead to a common lagged main. In the same 
vertical planes as the off-takes, three cross-flues of elon- 
gated section, 6 in. wide by 7 in. internally and 7 in. 
by 12 in. externally, are provided at each of five levels 
between the flat walls. A brickwork setting leaves 
a parallel space round the retort for the heating gases, 
divided into 11 horizontal compartments, connected 
successively to each other by the cross-flues and in- 
tended to be controlled by dampers, though the 
dampers were found subsequently to be unnecessary. 
The charge is fed into the top of the retort through two 
hoppers, and is extracted from a lip at the base by 
means of a rotating helix, which delivers into the coke 
chamber, the coke being thence discharged through 
three sliding doors. Normally this discharge passes 
through a water seal for the purpose of quenching the 
coke and excluding air, but in the present test this 
seal was not fitted, and more or less imperfect means 
for the purpose were adopted in its place. The tem- 
perature was controlled only at the base of the retort, 
where it varied from 720 deg. C. to 840 deg. C. or 
rather more, falling to about 250 deg. C. at a height 
of 4 ft. from the top with intermediate temperatures 
midway. The temperatures of the off-takes varied 
from between about 200 deg. C. and 300 deg. C. at 
the hottest level to well below 100 deg. C. at the 
coldest level and not very much higher at the next 
coldest. 

It will be seen, therefore, that the products of car- 
bonisation from the off-takes at the several levels are 
delivered into the condensing system at very different 
temperatures. The heavier fractions are deposited, in 
the first instance, at the inlet ends of the air-cooled 
condensers, the lighter fractions being carried forward 
and condensed in subsequent condensers. The primary 
condensate is, however, maintained at a constant level 
by overflow pipes, through which the excess liquid is 
passed from condenser boxes at each level to the next 
lower and hotter level, while the light fractions, 
which collect in the cold-end condenser boxes, pass 
back to the boiling boxes of the next higher and colder 
level. In this way, the whole of the oils are redistilled 
four times, the heavier fraction at increasing tempera- 
tures and the lighter fractions at decreasing tempera- 
tures, till ultimately the heaviest pitch fraction |s 
said to be concentrated automatically in the boiling 
box of the lowest and hottest condenser and the 





* Department of Scientific and Industrial Researcli. 
Report of Test by the Director of Fuel Research on th: 
Crozier Retort Installed by Mineral Oils Extraction, 





Limited, at Wembley. H. M. Stationery Office. [9d. net. | 
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lightest fractions in the boxes of the highest and coldest | cannot be taken as representing what would be like y 
condenser, intermediate fractions being recovered| to be obtained from this interesting process under 


from the other parts of the system. In the present 
tests, however, this fractionating system was not put 
into operation, and the condensate from the entire 
system was led into a common tank. The gas from 
the condenser boxes was passed successively through a 
Lessingring scrubber, a water-cooled condenser, a steam- 
driven exhauster, and a gas meter. In the present 
tests, a Scotch splint coal was used, apparently of 
uneven composition, and the setting was heated 
mainly by the generated gas, assisted, to some extent, 
by the combustion of coke. Steam was not used in 
the tests for the purpose of reaction in the retort, 
but was introduced into the coke chambers for cooling 
purposes. 


| more favourable conditions. 





The results obtained in the tests lead to the con- 
clusion that the retort should work satisfactorily, 
provided the coal is of such a type that separate pieces 
do not coalesce unduly on carbonisation, and that, with 
revised heating arrangements, which should present 
no great difficulty, it should produce satisfactory 
yields of coke, tar, and gas. The figures actually 
obtained in the circumstances of the present plant 


That they should have 
led to the expectation expressed in the report seems 
to be a good illustration of the advantage to be obtained 
by accurate tests, even when the desired results cannot 
be obtained on the available plant, and considerable 
interest will attach to trials of any further installation 
in which the present disadvantages are removed and 
the performance can be measured without the various 
handicaps. 








British STANDARD SPECIFICATION FOR TARS FOR 
Roap Purposes.—For a considerable time no British 
standards for road tars have been in existence, and 
recently the Ministry of Transport brought to the notice 
of the British Engineering Standards Association the 
desirability of remedying this position. As a result, 
a new specification, No. 76 Part I—1928, for Tars 


| (Nos. 1 and 2) for Road Purposes, has been issued. 


This contains the specifications Nos. 3 (a) and 3 (6) of 
the Roads Department of the Ministry of Transport 
issued as British standards. Copies of this specification 
may be obtained from the Publications Department of 
the B.E.S.A., 28, Victoria-street, Westminster, S.W.1, 
price 2s, 2d, post free. 
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THE British ASSOCIATION. PROGRAMME OF SECTION 
G (ENGINEERING).—The British Association will meet 
this year at Glasgow, for the fifth time in its history, 
during the week September 5 to 12, under the presi- 
dency of Sir William Bragg, F.R.S., who will deliver his 
address on Modern Development of the Physical Sciences 
and their Relation to National Problems, on Wednesday, 
September 5, at 8.30 p.m. This address will be delivered 
in St. Andrew’s Hall. The evening ‘discourses, by 
Professor A. E. Westermarck, on the Study of Popular 
Sayings, and by Professor F. G. Donnan, on the Mystery 
of Life, will be given in the Royal Technical College. 
Otherwise, the whole work and the sectional proceedings 
will be concentrated in the University buildings, the 
Bute Hall of which will be the reception room. The 
officers of Section G will be: Sir William Ellis, President ; 
Professor F. C. Lea, of Sheffield University, Recorder; 
and Professor G. Cook, Mr. J. S. Wilson and Dr. R. M. 
Brown, secretaries. The following is the provisional 
programme of Section G. On Thursday morning 
Mr. J. W. Thierry will read a paper on Engineering in the 
Zuyderzee, and a joint discussion, with Section L 
(Education), will be held on School, University and 
Practical Training in the Education of the Engineer, in 
which Sir W. Ellis, Sir James Henderson, Colonel Curtis 
and Professors Mellanby and W. Kerr will take part. 
On Friday, Sir William Ellis will deliver his address, and 
papers will be read by Mr. H. Yarrow on Recent Develop- 
ment in High-Pressure Boilers, and by Mr. J. G. Docherty 
on the Effect of the Velocity of the Test on the Notch- 
Brittleness of Mild Steel. On Monday, September 10, 
papers will be read by Mr. A. E. L. Chorlton on Oil 
Engines for Aircraft and Railways; by Professor 
W. J. Goudie and also by Professor E. G. Witchell on 
Cycles for Internal-Combustion Engines, and by Mr. 
W. J. Kearton on Throat Conditions during the Adiabatic 
Flow of Mercury Vapour through Nozzles within a 
Unique Range of Initial Superheats. On Tuesday, 
September 11, there will be oon by Professor W. Cramp 
on the Possible hy om of High-Frequency to Power 
Supply, by Mr. H. B. Hague on Experimental Methods 
for Determining the Distribution of Electric and Mag- 
netic Fields, and by Dr. J. Hartmann on the Jet Wave 
and its Applications ; the Report of the Committee on 
Earth Pressure will also be presented. The only sub- 
ject for Wednesday, September 12, is the Report of 
the Committee on Electric Terms and Definitions, to which 
Professors G. W. O. Howe, C. L. Fortescue and W. Cramp 
will contribute papers. Advance proofs, reprints 
from our columns, of papers and reports ‘will bé 
available in the room of Section G at Glasgow. Kn- 
quiries should ,be addressed to the Secretary of the 
British Association, Burlington House, London, W.1. 
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LABOUR NOTES. 

At a meeting in London, last week, of the Council 
of the National Confederation of Employers’ Organisa- 
tions, the following resolution was adopted :—‘‘ The 
Council of the Confederation, having had before it 
the interim report of the Mond-Turner conference as 
published on July 5, decides, in view of the far-reaching 
nature of the questions raised in that report, to refer 
the report to the individual federations within its 
membership for the ascertaining of the views of the 
various industries, and authorises its General Purposes 
Committee to prepare, in the light of those views, a 
report for submission to the Council, it being under- 
stood that the General Purposes Committee will 
arrange such joint meetings with the Federation of 
British Industries as may be necessary in the matter.” 





Meeting on the same day, also in London, the Grand 
Council of the Federation of British Industries unani- 
mously adopted the following resolution :—‘‘ That 
this meeting, having heard Lord Melchett’s report of 
the conference which he and his friends have held 
with the Council of the Trades Union Congress, assure 
him and his colleagues of their most sympathetic 
consideration of the recommendations. The Grand 
Council of the Federation of British Industries is whole- 
heartedly at one with the conference in its prime 
objects and will examine the recommendations from 
that point of view. It therefore appoints a com- 
mittee, representative of all the industrial groups 
of the Federation, to investigate the proposals and the 
various questions involved and report back to the 
Grand Council. The committee is authorised :— 
(a) To confer thereon with the National Confederation 
of Employers’ Organisations ; (b) to take steps to test 
the views of the members of the Federation of British 
Industries ; and (c) to consult with Lord Melchett 
and his friends on their proposals.” 





Judging from these decisions, the Mond Movement 
is clearly making satisfactory headway. Until the 
General Council’s action in the matter is discussed 
by the Trades Unions Congress, the ultimate progress 
will be, of course, difficult to foretell, as there are 
interests to be considered, which, though not opposed 
to industrial peace, do not regard the Mond way as the 
right way in which to achieve it. Still, even the Amal- 
gamated Engineering Union may eventually see its 
way to accept the proposed National Industrial Council, 
as the equivalent of the Industrial Parliament for 
which its president, Mr. Brownlie, expressed a pre- 
ference at Southport recently. The conference of 
employers and trade unionists has proposed, it will 
be recalled, the formation by the Confederation, the 
F.B.I1., and the General Council of a National Industrial 
Council, the main functions of which would be (a) to 
hold regular meetings for general consultation on 
the widest questions concerning industry and industrial 
progress ; (b) to establish a Joint Standing Committee 
for the appointment of Joint Conciliation Boards ; and 
(c) to establish machinery for continuous investigation 
into industrial problems. 





In June, the home branch membership of the Amal- 
gamated Engineering Union decreased from 191,924 
to 191,357, and the colonial branch membership from 
28,459 to 28,258. The number of members in receipt 
of sick benefit decreased from 5,515 to 5,177, the 
number in receipt of superannuation benefit increased 
from 10,105 to 10,171, and the number in receipt of 
donation benefit decreased from 10,316 to 10,041. The 
total number of unemployed members decreased from 
13,928 to 13,463. 


In the latest issue of the 4.L.U. Monthly Journal, 
Mr. Brownlie states that at a conference in London, 
reports were received of the decisions arrived at by the 
Executives of the various unions interested in the 
application for a national advance of 8s. per week for 
time-workers and a corresponding increase of piece- 
work prices. The Engineering and Allied Employers’ 
National Federation, it will be recalled, declined to 
concede any advance, claiming that the state of the 
industry did not warrant a change. District, instead 
of national, applications were advocated by the repre- 
sentatives of some of the unions who argued that, 
although the prospects of the industry as a whole 
might not be satisfactory, those of certain sections were 
good and had been so for some time. The following 
resolution was eventually unanimously agreed to :— 
“That this conference appoint a small committee for 
the purpose of making investigations with regard to 
the position of the various sections of the engineering 
industry ; also with reference to trade union organisa- 
tion and other matters in relation thereto, and report 
to a further conference of Executive representatives 
at the earliest possible date.”” Messrs. A. H. Smethurst, 
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T. Chadwick, W. Sherwood, W. T. Kelly, M.P., W. Lori- 
mer, J. Rowan, and J. Hill were elected to the com- 
mittee of which the chairman, Mr. J. T. Brownlie, 
and the secretary, Mr. Frank Smith, are also members. 





According to the latest Monthly Trade Report 
of the United Pattern Makers’ Association, the number 
of unemployed members of the organisation is 597. 
This is the third time since February, 1921, Mr. 
Findlay, the General Secretary, points out, that the 
figure has been below 600. 

In June, 1924, the total was two under 600, and in 
July, 1924, 485 all told were unemployed. Of the 
latest total of 597, 164 are in seven branches on the 
North East Coast, and 106 in nine branches in Scot- 
land, while Cardiff, Chapeltown, Oldham, Wigan and 
Belfast are “also amongst the worst placed in this 
connection.” There are “‘ still too many,” Mr. Findlay 
says, “for our peace of mind or for the members who 
are included ”’ in the total. He regards the figures as 
“evidence, however, of more work about,’’ and says 
‘it behoves every member of the society who is in a 
job to do all he can to get his more unfortunate 
brother shopped.” ‘‘ The barest possible minimum of 
overtime,” he adds, “ ought to be worked, and none 
at all where men can and ought to be started.” 





The Times correspondent at Adelaide states that the 
President of the State Arbitration Court, Dr. Hewisson, 
has refused an application of the Amalgamated Engin- 
eering Union for a 44-hour week, for men engaged in 
the engineering section of the Port Pirie smelting 
industry. He said that public necessity at present 
lay in the expansion of production, which would be 
best effected by the full and constant employment 
of all agencies. The first duty of the community was 
to apply all its intellectual and material resources 
to that end, in which organised labour must take its 
share. The community had failed, and would still 
fail in its duty, while one section persisted in a shorter 
week policy at the risk, as in this instance, of augment- 
ing the crowded and dismal ranks of the workless. 





At the forthcoming Trades Union Congress in Swan- 
sea, the Railway Clerks’ Association are to propose a 
resolution affirming the belief that the best interests of 
the workers can only be served by solidarity and unity 
of purpose, policy and action, and instructing the 
General Council to institute an inquiry into the pro- 
ceedings and methods of “‘ disruptive elements within 
the Trade Union movement ”—whether such elements 
manifest themselves amongst the unions or within the 
General Council itself—with the object of submitting a 
report, with recommendations, to the affiliated organi- 
sations. The Furnishing Trades Association, on the 
other hand, intends to invite the Congress to declare 
complete opposition to any attempt to disrupt the 
movement by “any regulation, with or without the 
sanction of the general rules of any affiliated union, 
having for its object any discrimination between one 
member and another . . . on account of their 
political views.” 





Among the resolutions dealing with hours, wages 
and conditions of employment is one from the United 
Pattern Makers’ Association, asking the National Joint 
Committee to place the ratification of the Washington 
Hours Convention, and the repeal of the Mines Eight- 
Hours’ Act, in the forefront of the Labour Party’s 
programme at the- next General Election, and to pledge 
the Labour Party to deal with both questions if 
returned to power. The Dyers’ organisation desires 
the Congress to instruct the General Council to investi- 
gate the question of payment by results. The General 
Workers’ Union proposes that the Congress should 
repudiate the method of automatic adjustment of 
wages on a sliding scale based on “ cost of living,’ and 
declare that the workers’ claim to a share in managerial 
responsibility is the best method of deciding adequate 
wage movements in relation to profits. There are 
several resolutions dealing with ‘ industrial peace ” 
and the Mond-Turner conferences. This question will, 
of course, come up on the General Council’s report, 
which will deal fully with the results of the Mond- 
Turner conferences on the lines of the interim report. 





In the July issue of the Monthly Report, of the 
Boilermakers and Iron and Steel Shipbuilders’ Society, 
the branches are instructed by the Executive Council 
to vote at their August meetings for or against the 
calling of a General Council to consider the financial 
position of the organisation. As a result of proposals 
already adopted, very considerable economies in 
administration have been, it is stated, effected. But 
with regard to benefits, the modifications accepted by 
the members have not been sufficient to put them on an 
actuarial footing. It is pointed out that the sickness 
expenditure has grown out of all proportion to the 
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income. The funeral benefit also is out of proportion 
to the membership, the sums paid to dependants last 
year amounting to 15,000/. There has, moreover, been 
a very high percentage of unemployment since 1921, 
and to-day the union still has more than 11,000 members 
out of work. In the five years, 1920 to 1924, the 
Society paid out in sickness benefit 238,165/., in super- 
annuation benefit 305,885/., in funeral benefit and 
grants 110,052/., and in unemployment benefit 612,535/. 
—a total of 1,266,637]. These figures are equal to a 
payment of 14/. 5s. per member. While there has 
been abnormal expenditure, the income from contri- 
butions has dropped from 259,872/. in 1920 to 118,438/. 
in 1926. The Executive Council consider that some 
amendment of the rules is necessary in order to bring 
the reserves up to the minimum required by rule. 





Addressing the annual conference of the Miners’ 
Federation of Great Britain, which opened at Llan- 
dudno, on Tuesday, Mr. Herbert Smith, the president, 
said that the membership of the organisation had 
decreased during the year from 784,986 to 625,576. 





Recently, the Nottinghamshire Miners’ Association 
applied for a revision of the existing schedules, and the 
matter was referred for decision to Mr. T. Hollis Walker, 
K.C., the Recorder of Derby. It is now announced 
that the award issued by him concedes a legal minimum 
rate higher than was previously obtained, and higher 
than any other in the country. 





The Ministry of Labour states that on July 9, 1928, 
the number of unemployed persons on the registers of 
Employment Exchanges in Great Britain was 1,242,400. 
Of these, 793,800 were wholly unemployed, 371,000 
were temporarily stopped, and 77,600 were persons 
normally in casual employment; 988,400 were men, 
31,100 boys, 195,500 women, and 27,400 girls. On 
July 2, 1928, the total number of unemployed persons 
was 1,217,478, of whom 783,496 were wholly unem- 
ployed, 356,639 were temporarily stopped, and 77,343 
were persons normally in casual employment ; 970,385 
were men, 29,767 boys, 190,812 women, and 26,514 
girls. On July 11, 1927, the number of unemployed 
persons was 1,036,516, of whom 834,004 were men, 
27,180 boys, 148,885 women, and 26,447 girls. 





On Wednesday a conference took place, in London, 
between the general managers of the railway com- 
panies and representatives of the three unions of 
railwaymen for the purpose of considering the serious 
economic position of the industry. At its close, Mr. W. 
Clowers, the General Officer for Labour and Establish- 
ment on the London Midland and Scottish Railway, 
issued the following official statement :—‘‘ The general 
managers of the railway companies have met the full 
executive committees of the three railwaymen’s trade 
unions, and the financial position of the railways was 
fully explained by Sir Felix Pole. The meeting has 
been adjourned until Tuesday next, and in the mean- 
time, the railwaymen’s trade unions will consider the 
whole situation as it was laid before them.” 








Motor VEHICLE REGISTRATIONS IN TuNISs.—His 
Majesty’s Consul-General at Tunis reports that the 
total numbers of motor vehicles in use in Tunis at the 
end of December, 1927, and at the end of April, 1928, 
were as follows :—Motor-cars, 7,433 and 8,084; lorries, 
437 and 449; motor-cycles, 1,254 and 1,358; cater- 
pillars, 4 and 4; and trailers, 287 and 298. 





THE Port or Lisspon.—The importance of Lisbon as 
a port is shown by the fact that 4,373 vessels, having a 
gross tonnage of 9,611,400 entered, and 4,392 ships 
totalling 9,647,900 gross tons left, the harbour during 
1925. Lisbon is a busy trading centre, as well as an 
important passenger port, and large quantities of 
Brazilian and Colonial produce, notably cocoa, sugar, 
and coffee, are unshipped on to its wharves. Other 
imports include coal, cereals, fish, and petroleum. Some 
insight into the geographical importance of the port and 
the facilities it offers to commercial shipping may be 
gained from the perusal of an illustrated handbook, pub- 
lished recently by the Administrative Commission of the 
Port, and entitled, Le Port de Lisbonne; the text of 
the work is in French. The chapter on port works and 
installations will be of interest to engineers. It gives 
brief descriptions and drawings of the two dry docks 
available at the port. The first of these has a useful 
length of 560 ft., a maximum width of 82 ft., and 
minimum depth over the sill at low water of 20 ft. The 
corresponding figures for the second dock are 338 ft, 
as regards length; width, 49 ft., with depth of water on 
sill of 13 ft. ‘Two smaller dry docks are at present under 
construction. The wharf equipment includes 10 hydraulic 
portal cranes, having a lifting capacity varying from 1-5 
to 2-5 metric tons, and 26 electric portal cranes, the 
largest of which are capable of handling 15 tons. There 
are also 10 steam cranes, the lifting capacity of which 
ranges from 1-5 to 12 tons. The port authorities 
also possess a 50-ton floating crane, and are studying 
the advisability of purchasing sheerlegs of 80-tons 





capacity. A number of coal transporters are actually 
under construction. The port possesses ample railway 
facilities. 
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THE NATIONAL PHYSICAL 
LABORATORY. 
(Continued from page 36.) 

Lubrication of Cylindrical Bearings. Seizing 
Temperatures—The investigation conducted for the 
Lubrication Research Committee by Sir T. E. 
Stanton is being continued with special regard to 
the seizing temperatures of some mineral and fixed 
oils. In the paper on Lubrication which Sir Thomas 


tooth near its root, and the root radius seems to 
govern the strength to a considerable degree. 
Experiments on gears having errors in base-circle 
diameter and concentricity are now in progress. 

Fatigue in Single Crystals—Last year’s work on 
fatigue phenomena in single crystals of aluminium, 
under strain by alternating direct or torsional 
stress or impact, had shown that deformation 
proceeds by slip on planes of greatest atomic 
density in a direction parallel to that of the most 
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presented to the British Association at Leeds, 
(see ENGINEERING, September 2, 1927, page 313) 
attention was drawn to the high seizing and critical 
temperatures of a mineral oil No. 2; the chemical 
compositions of this and other oils are being studied. 

Efficiency of Power Transmission by Gears.—In 
the gear tests, continued by Messrs. Hyde and 
Tomlinson, the period of running before measure- 
ment for wear has been increased from 15 million 
to 30 million revolutions. Errors have been pur- 
posely introduced in the radial alignment of certain 
teeth and also in the pitch. Failure of the gears 
has taken place, in almost every case, not by 








abrasion of a tooth surface, but by fracture of a 
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highly-stressed line of atoms. The fatigue limit 
was about + 1-5 tons per square inch, and no 
change in the density of the aluminium was observed 
under fatigue. The experiments of Dr. H. J. Gough 
continued on aluminium in the ordinary finely 
crystalline state indicated a higher limiting stress 
of 2-2 tons per square inch, and a loss of density 


ranging from 0-037 to 0-1 per cent. The higher 


stress, which is ascribed to the greater average effect 
of varying orientation and to the strengthening effect 
of the boundaries, is due to inhibition of slip. It 
would appear that changes in density are produced 
by cold work only when intercrystalline boundaries 


been further studied on single crystals of « iron, 
The iron crystal was prepared by Messrs. Edwards 
and Pfeil, of Swansea, by completely decarburising a 
strip of mild steel at 850 deg. C., in a rapid current 
of hydrogen, for 48 hours, straining it to an elonga- 
tion of 20 per cent., and afterwards annealing it 
at 875 deg. The crystal, 3 in. long, is subjected to 
reversed torsional stress on a modified Stromeyer 
machine, polished, examined under the micro- 
scope, and photographed with a Leitz microphoto- 
graphic attachment while clamped horizontally 
to a headstock on a bench, and turned through 
measured angles about its longitudinal axis so as to 
bring different parts of the circumference into focus. 
The arrangement is shown in Fig. 1 on this page. 
The slip bands thus revealed are correlated to 
X-radiograms of the crystal. 

The slip bands observed were not simple straight 
lines, as in the case of aluminium, and varied from 
point to point on the circumference. Some bands 
were straight, while others appeared wavy, being 
formed by two or more sets of crossing lines. The 
principal line of slip is the cube diagonal, which is 
also the normal to the octahedral plane, and is 
hence called the octahedral (111) direction. There 
are four such directions, each of which may be 
contained in an infinite number of planes. At any 
particular point of the surface, however, one of 
these planes will be subjected to a greater value of 
shear stress (resolved in the direction of slip) than 
any other plane containing the (111) direction. 
This plane Dr. Gough calls the 8, plane. When a 
couple is applied to a single crystal, the position of 
S, changes continuously with the angle A, the di- 
hedral angle between two planes, both containing the 
axis of the crystal, the one containing the reference 
line in stereographic projection, and the other 
passing through the point in question. From the 
laborious study of the intricate system of slip lines, 
Dr. Gough has reached the conclusion that the 
direction of slip coincides with that of the most 
highly-stressed principal line of atoms of greatest 
atomic density. 

At any point on the circumference of the crystal 
there exists a plane on which the value of the shear 
stress resolved in the direction of slip is a maximum. 
This plane is generally not a crystallographic plane 
of low indices, and deformation then proceeds by 
slip on two crystallographic planes, each of which 
conforms to one of the three types (110) (112) (123). 
The actual slip planes are not both of the same type ; 
they are situated on opposite sides of the plane of 
actual maximum resolved shear stress. We repro- 
duce two of Dr. Gough’s many photographs, in Fig. 2 
for A= 75 deg. and Fig. 3 for A= 326 deg. under a 
magnification of 80 diameters. The second figure 
shows a crack. Cracks are generally parallel to the 








axis, along lines of actual, and not resolved, maxi- 
mum shear stress, and bifurcate, apparently owing to 
local defects. The slip bands are not distributed 
all round the circumference ; four gaps, each of a 
dihedral angle of about 10 deg., were noticed in this 
crystal. 

Chain Failures.—Dr. Gough and Mr. G. J. 
Murphy recently presented a paper on this research 
to the Institution of Mechanical Engineers with 
which we have already dealt (see ENGINEERING, 
May 18, page 618, and June 15, page 741). The work 
is now continued at low temperatures, down to 
—78 deg. C., at which wrought iron chains are dead 
brittle, although not brittle at —30 deg. C. 

Rust Prevention.—The research on the use of lano- 
line, crude or in solutions, for rust prevention, has 
been completed. The lanoline can be hardened by 
addition of wax, and coloured by aniline dyes dis- 
solved in oil. The best lanoline solvents, not giving 
poisonous or explosive vapours with ordinary pre- 
cautions, are white spirit (British Standard Specifi- 
cation No. 245), of which 1 gallon is used for 7-6 lb. 

of crude lanoline, and solvent naphtha free from 
benzol (Specification F.17), 1 gallon to 8-3 lb. The 

mixtures may be applied by dipping, or by the 

brush, after cleaning the surface with a rag, dry or 
soaked in petroleum. This work was dealt with in 

our issue of July 31, 1925, on page 123. 

Brake Linings.—The machine for testing brake- 

lining materials, which we illustrated on page 39 of 

our issue of July 8, 1927, has been much in demand 





The mechanism of deformation has 


are present. 


for tests of asbestos-cotton linings, asbestos clutch 
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discs, cast-iron brake blocks, &c. Some bonded- 
asbestos brake linings for large brake drums have a 
constant low coefficient of friction of 0-3, and are 
smooth in service, but the wear per unit of work 
absorbed is not less than for material of higher fric- 
tion value ; cast-iron strips show friction values of 
the same order, viz. 0-25 to 0:30. The wear does 
not increase much with higher pressures, as long as 
the temperature does not rise above 170 deg. F. or 
200 deg. F. The cast-iron brake wheel of the 
machine failed during high-temperature tests, and 
has been replaced by a cast-iron boss to which a 
steel disc is fitted with rubbing surfaces of cast iron 
bolted on. 

Bright Nuts.—Mr. Jakeman’s investigation of the 
possibility of reducing the sizes of bright nuts was 
noticed on page 24 of our issue of July 1, 1927. Nut 
and bolt are put in tension, and the nut is then 
screwed up. Failure of the bolts always occurred by 
fracture at the root of the thread, while fracture of 
the nut took place by shear of the corners. Asa rule, 
bolts up to ? in. in diameter, B.S.W. or B.S.F., 
could be fractured by using a nut the size of a 1-in. 
standard B.S.F. nut, but further reduction in the size 
of the nut caused its corners to fail before the bolt 
fractured. An increase in the thickness of small- 
sized nuts seems advisable, since the thickness of 
the nuts is reduced in proportion to the width across 
the flats, and the number of threads in nuts of } in. 
and js in. sizes becomes too small for practical use. 
Since the minimum size of nuts is based upon the core 
diameter of the bolt, B.S.F. nuts should not besmaller 
than B.S.W. nuts ; this is verified by the tests. The 
tests support the proposed new American standard 
for small nuts ; as American and British hexagon 
bars differ in size, however, it is not possible to 
make a common series of nuts without altering the 
one or the other of the series of standard hexagons 
now in use. 

Gas Explosions and Gas Cylinders.—In collabora- 
tion with Mr. H. T. Tizard, Mr. F. W. Fenning has 
been determining the dissociation of carbon dioxide 
at high temperatures in closed vessels. When a 
mixture of the composition 2 (1 + a) CO +- O, + bN, 
is exploded at constant initial temperature and 
pressure, the value of a giving the greatest explosion 
pressure for any value of b can be determined. Mr. 
Tizard has correlated these maximum pressures with 
the dissociation of CO, at the corresponding minimum 
temperatures by showing that, if the mixture at the 
maximum temperature be 2 (1 — 2) CO, + 2 (a+ 2) 
CO + 2 O, + bN,, then x = a/b. No assumption 
was made as to the mean specific heat of the gases 
or the amount of the heat lost during the explosion, 
except that the specific heats of the diatomic gases 
concerned are the same at high temperatures, and 
that there is no variation in the heat loss in mixtures 
on each side of the maximum point. The value of 
the dissociating constant deduced by these means is 
considerably lower than that of Bjerrum and others. 
For the further investigation of the specific heat of 
gases at high temperature, the explosion vessel 
is being modified. Another problem is being studied 
in this connection. The ignition of gases, and 
also of vapours, by compression, gives anomalous 
temperature values, which may be partly due to 
the friction of dry pistons. Accordingly, the gas 
under test (acetylene, &c.) is enclosed in a rubber 
bulb attached to the piston. The ignition then does 
not burst the bulb, possibly because there is a 
cushion of highly-compressed gas around the rubber, 
which it may char ; the temperatures have to be 
deduced from the pressures. 

Mr. A. Bailey’s investigation of the properties 
of commercial liquefiable gases has been continued 
with larger vessels, out the values for carbon 
dioxide and nitrous acid still remain discordant, and 
are probably due to impurities in the gases. With 
respect to gas-cylinder materials, a strong alloy of 
relatively light weight with a working stress of about 
25 tons per square inch has been found in a molyb- 
denum-nickel steel. 

Standard-Reference Carburettor Jets.—During the 
year over 350 carburettor jets have been calibrated 
on the jet-calibrating machine of the British 
Engineering Standards Association, which is in- 
stalled in a hut covered with sheets of corrugated 
asbestos-cement in order to keep the temperature, 
as far as possible, at 15-6 deg. C. Considerable 





temperature corrections are, however, required, and 
tests made on both sides of the mean temperature 
take alongtime. There is also the difficulty of pre- 
venting dust from reaching the benzol. The benzol 
is allowed to flow through the jet for 5 minutes 
measured on a stop watch to within + 0:2 second. 
A 10-minutes’ period has not been adopted, because 
there would be more risk of wasted experiments 
through clogging of the jet. 


(To be continued.) 








ARCH DAM INVESTIGATION.* 
(Continued from page 25.) 
TESTS ON MODELS AT BOULDER, COLORADO. 
By J. L. SavaGe and Ivan E. Hovx. 


CoMPREHENSIVE experiments on the Test Dam have 
shown certain facts about a comparatively thin arch 
dam built in a narrow, symmetrical, V-shaped canyon 
like Stevenson Creek. There are many problems on 
which further experimental data are desired: What 
modifications must be applied in order to adapt the 
Stevenson Creek data to the design of arch dams for 
other shapes of canyon, such as a narrow gorge with 
vertical walls ; or a comparatively wide gorge with 
vertical sides ; or a comparatively wide gorge with 
sloping sides; or a decidedly non-symmetrical gorge ; 
or a gorge containing pronounced irregularities in 
profile? What would be the effect of varying the 
cross-section of the dam ? What would be the action 
of a constant-angle arch dam built in the same gorge ? 
What would be the effect of using non-concentric arcs 
on the up-stream and down-stream sides ? 

The ideal, an elaborate system of measurements, 
such as was made at Stevenson Creek, on several full- 
sized dams of different design, built in canyons having 
different shapes of cross-section, is not practicable, 
because of excessive cost. It is believed that a fairly 
satisfactory solution can be obtained through careful 
study of small-scale models in conjunction with suitable 
mathematical treatment, the comprehensive Stevenson 
Creek data, and such experimental observations as it 
is practicable to secure on other full-sized dams. 

One of the first questions to be decided by the Sub- 
Committee on Models was whether the tests should be 
carried out at a field site, where natural rock abutments 
were available, or in a concrete pit to be built in an 
existing testing laboratory. A site of either type 
could be obtained at Boulder, Colorado, about 35 miles 
from Denver. In view of desirable co-operation, as 
well as the other advantages of a laboratory, it was 
decided to adopt the latter. Plans for a concrete 
pit, with massive, heavily reinforced side-walls and 
floor, to be built below the floor of the basement of the 
Engineering Testing Laboratory at the University of 
Colorado, were prepared, and arrangements for its 
construction by University forces, at actual cost, were 
made. 

The pit is ready for use. It has a maximum depth 
of 5 ft., a maximum inside length of 18 ft., and a 
maximum inside width of 12 ft. Figs. 5 to 7 show the 
plan, with a longitudinal and a transverse section. The 
octagonal, stepped design will permit the testing of 
models of practically any shape, symmetrical or non- 
symmetrical, and of practically any size not exceeding 
the maximum inside dimensions of the pit. 

Careful study has been given to the possibility of using 
different materials in the models, such as hard rubber, 
celluloid, plasticine, gypsum, cast-iron blocks, and 
others, and also to different methods of loading the 
models, viz. by springs, by mercury, and by water pres- 
sure transmitted through enclosed horizontal lengths of 
rubber hose laid along the up-stream face of the model. 
The conclusions reached were that the first models 
should be built of concrete, that they should be tested 
under triangular loads obtained by holding a thick 
film of mercury against the up-stream face of the 
model, and that experiments with other materials 
and other methods of loading should be deferred until 
the results of the first tests were available. 

The first experiment will be an investigation of a 
one-twelfth scale model of the Stevenson Creek Test 
Dam. It will be attempted to reproduce the actual 
conditions, as nearly as possible, in moisture, tempera- 
ture, anchorage, and materials. In order that the 
concrete in the model and test specimens may be as 
closely as possible identical with that in the actual dam, 
some fine aggregate from Stevenson Creek has been 
sent to Boulder. The decision to build a model of 
the Stevenson Creek Dam for the first experiments 





* Report published in Proc. American Society of Civil 
Engineers, May, 1928, Vol. i, Part 3, page 7. Abridged. 
Reference may be made to articles which have already 
appeared in ENGINEERING, covering some of the matter 
now omitted, viz., vol. exx, page 343; vol. cxxii, page 
562; and vol. exxiv, page 191. 





was based on the fact that complete data on deflections, 
strains, bending, movement of abutments, tempera- 
ture effects, &c., are available. It is expected that 
comparison of the experimental data obtained on the 
model with that obtained on the actual dam will 
determine the relations between a small-scale concrete 
model loaded with mercury and a full-sized dam loaded 
with water. These relations can then be used in 
interpreting the results of subsequent model tests. They 
will also be of value in deciding whether or not it is 
advisable to conduct experiments on models built of 
other materials. 

Loads on the model will be obtained by forcing 
mercury into a rubber bag held against the up-stream 
face of the model. The rubber bag will be held in 
place by a }-in. sheet-steel form curved to the same 
radius as the up-stream face. Heavy timber bracing 
will hold the form in position, and air pressure, or 
water pressure, will be used to force the mercury from 
the supply tank into the rubber bag. Since mercury 
is 13-6 times as dense as water, a dam 5 ft. high, loaded 
with mercury, will be subjected to the same pressure 
at the bottom as a 68-ft. dam loaded with water. 

Very careful measurements will be made of the move- 
ments of the model when the load is applied. Deflec- 
tions of the down-stream face will be observed at 
approximately 40 points, by means of dials reading 
directly to 0-001 in. Invar-steel rods, the lengths of 
which do not change appreciably with the usual 
variations in temperature, will transmit the movements 
of the down-stream face to the measuring dials. The 
movement of the model at the up-stream edge of the 
base will be measured at the crown section when the 
formation of a crack is anticipated. Movements of the 
abutments will be observed at three elevations corre- 
sponding to the elevations at which similar measure- 
ments were made at the Stevenson Creek Dam. Strains 
at the down-stream face of the model will be measured 
with the Tuckerman optical strain-gauge. Investi- 
gations are being made to determine the feasibility 
of using this instrument in measuring other deforma- 
tions of the model, such as changes in length of mid- 
ordinates in a 10-in. chord length, angular rotation 
of different elements of the model, deflections near the 
base and abutments, where the movements are almost 
infinitesimal, &c. 

Test specimens of the mortar of which the model is 
built will be preserved for determining its ultimate 
compressive strength and modulus of elasticity. These 
will be 3-in. by 6-in. cylinders for determining the 
compressive strength, 3-in. by 10-in. cylinders for 
determining the modulus of elasticity, and a test beam 
for use in checking the modulus of elasticity shown 
by the cylinders. Measurements of Poisson’s ratio are 
not considered necessary, in view of the similarity 
between the mortar in the model and the concrete in 
the Stevenson Creek Dam. Elaborate investigations 
of Poisson’s ratio for the concrete used in the Stevenson 
Creek Dam were made by Raymond E. Davis, 
M.Am.Soc.C.E., at the University of California. 

When the experiments on the Stevenson Creek model 
are completed, it is proposed to investigate the action 
of a model of the Gibson Dam, now being built by the 
U.S. Bureau of Reclamation on the Sun River Irrigation 
Project of Montana. Since the valley at the Gibson 
site has a relatively wide cross-section, definitely dif- 
ferent from the narrow V-shaped section at the 
Stevenson Creek site, it is expected that a different 
load distribution between cantilever and arch elements 
will be found. Computations made in designing the 
Gibson Dam indicate that approximately three-fourths 
of the load will be carried by gravity (cantilever) 
action, whereas, in the Stevenson Creek Dam, the greater 
part of the load was carried by arch action. Tentative 
plans for a concrete model of the Gibson Dam are shown 
in Figs. 8 to 10, although, in the end, some other material 
may be selected. The arrangement of testing equipment 
shown is similar to that planned for the model of the 
Stevenson Creek Dam. 

It is anticipated that the experience gained in testing 
models of the Stevenson Creek and Gibson Dams, will 
point out what further experimental work is needed. 
Doubtless, it will be found desirable to build and test 
models of other dams, including the 675-ft. Boulder 
Canyon Dam proposed for the control of the Colorado 
River. It will probably be desirable to build models 
of other materials than concrete, especially for com- 
paratively high dams. 


(To be continued.) 








WIRELESS APPARATUS SUPPLIED FROM ELECTRIC MAINS. 
—Additional regulations in respect of radio apparatus 
connected to electricity-supply mains have recently been 
issued by the Institution of Electrical Engineers, as @ 
supplement to the ninth edition of their Regulations for 
the Electrical Equipment of Buildings. These have beer 
prepared by a Sub-Committee, on which the Radio Manu- 
facturers Association and other bodies were represented, 
and that Association has approved them and will 
endeavour to secure compliance with them. 
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ARCH DAM INVESTIGATION. 


(For Description, see opposite Page.) 































































































































Fig.5. PLAN AND SECTIONS OF CONCRETE TESTING PIT, ENGINEERING TESTING LABORATORY, UNIVERSITY OF COLORADO. 
p a -13!0" BI i [oC ein ” Basement |:~* Fig 
ty | Ly | 25lbReinforcingRais [1 Plaory 
| ES | E11 /Projeouing 6 +B = 
Mites eee --4--J\'s StepstOWide = i_1__) |} ; 
; 3.3 Stop Plank Groovest—-\3 (e 10 High i ag 3 
Upstream Face,Model of $26: i | ” | Subsoil Y 
Stevenson Greek TestDam | n 
Upstream Face, Model ° = 1 Dia, Bars 0106" 
of Gibson Dam " ” Tap _" p dee $C 
oit'dhe ; . Je Sq Bars @ 2.0°C°S 
perry Le ee 
rae a ey 4 i | Fia.7 TRANSVERSE SECTION 
SE ' nee itil 3.3’ Stop Plank Groove 
ween” et | (pte: unno{” oasement 
T+ $+ | a et oe 
Dowels for J ys ! | é et ie 
Supplemental, as oe ° = fe co ’ C3 tn g yi -- Z 
i . wes ai “HR Ground Water Level 
l | 16-36 Dia. 0'Long +44: y Be 
ee _ Sea = 00" —3¢-—-- ee Dip cas FO Long os fh Pode ee 2 Dia Bars @10°C™ 
| —. \PresentBasement | | 1 3. | | 9-34 Dia. Barst5.0 Long Scepter tons arte riety Equivalent, 
io} (Columns, Central Coluamic~{|'] | ApproccimateLocation | 1 @1acrs %Dia.Bars @10C"~ Trench for tame 
mr esa | tobe Removed [| _t’ ofFooung | 14 or Equivalent MercuryPipe "eSq decid 
8. PLAN Fig.W0 SECTION ON C.L. OF MODEL 





of 













































Fae Width of Gack 
Upstream Bdge of Base: «3.200 iy ig gs te 
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2:0" ---ele----2:0" — 1:0° >< 7:0" months should show still larger 
——+——— imports into Honduras, as, when the 
: recent rise in cotton took place, 
British cotton goods were cheaper 
than the American, and many 
orders usually placed in the United 
States went to Great Britain. 
British exporters, however, are 
naturally handicapped by the close 
: oe. proximity of Honduras to the 
ang 8 yO eR! Sielev ee United States, and also by the fact 
\ 2 on : that the large fruit and mining 

‘~ Face of Model "2°." companies are American. 
z AE areas oe Statistical tables are included in 
f the report, from which the total 
values, in American dollars, of the 
exports and imports during the 
years 1925-26 and 1926-27 may 
be quoted, as follows :—13,456,001 
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ND lof troops. At present, there are 1,610 km. of railway | dols. and 9,899,949 dols., and 17,546,289 -84 dols. and 
ECONOMIC CONDITIONS IN | in Ge’ Beaia There is the National Railway, | 10,630,415 -72dols. The excess of exports over imports 
HONDURAS. | which runs 97 km. inland from the Atlantic coast and | for these two years appears highly satisfactory, but, as 


Tux revolutions which took place in the Republic| joins up with the Interoceanic Highway, operated | the profits accruing from the sale of most of the products 
of Honduras during 1924 and 1925 were so disastrous | by the Cuyamel Fruit Company under the terms of a| exported do not return to Honduras, the country only 
that all classes of society suffered, and the country | loan contract, while, in addition, the Atlantic coast benefits to the extent of the labour involved, and, in 
seems at last to have awakened to the fact that, if|is covered by a network of narrow-gauge railways | some cases, a small export duty. _ Nevertheless, the 
prosperity is to be enjoyed, revolutions can no longer | intended chiefly for the transport of bananas, and work | above figures show a substantial increase over pre- 
be indulged in with impunity. The purchasing power | is actively proceeding on the line between La Ceiba_| ceding years. Imports from the United States repre- 
of the people has diminished, with its consequent effect | and Trujillo. ' sented 78-88 per cent. of the total, Great Britain 
on trade, and there has been little capital available for| According to a report for the year ending July 31, | occupied second place with 7 -08 per cent., and Germa ny 
internal development. The Government, however, is| 1927, which has been received by the Department of | was third. The United States, Great Britain, «nd 
extending the roads, and, with increased transport Overseas Trade from the Acting British Consul at| Canada are the three principal consumers of the 
facilities, not only will trade increase, but there will be Tegucigalpa, British trade has not only held its own, | products of Honduras, and the exports were increased 
less danger of revolutions with the increased mobility | but shows a substantial increase, and the next twelve | in each case owing to the larger banana crop. 


STRUCTURAL TOWERS FOR FIXED 
AND TRAVELLING CRANES. 


By E. G. Frecrexen, M.I.Mech.E. 


Tue design of fixed and travelling towers and 
gantries for cranes involves many interesting problems 
for the crane designer, and a multitude of types has 
been evolved. Modern developments may be said to be 
based upon a better appreciation of structural require- 
ments, and the need for economy in labour and material 
to mect present-day competition. The fixed type of 
tower may be necessary to raise the revolving portion 
of the crane to a suitable height for its duty, for 
providing a better outlook for the driver, or, perhaps, 
to enable the revolving tail of the crane to clear a 
building or other obstruction. The travelling tower 
may embody any or all these requirements, in addition 





to its own feature of mobility. 
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gantry referred to above, it will accommodate 
itself, without much additional stress, to the usual 
rail conditions, but a compact structure, such as a 
travelling tower, is not so adaptable in this respect. 
It is, in fact, a common experience to find that it rests 
more often than not.on three rail wheels only, viz., those 
lying nearest to the vertical centre-of-gravity line of 
the revolving portion, the remaining wheel either being 
raised from the rail or, at any rate, supporting an 


insignificant load. One would be inclined to think | p 


that, to meet this condition, a definite three-point 
supporting system would be the better—in gantry 
cranes this is sometimes seen—but in tower cranes 
the triangular base is unsuitable for providing the 
all-round stability essential. 

In heavy harbour cranes, supported upon a great 





number of wheels, it is usual to provide spring-loading 





tions of the latter. The bending modulus of the usual 
roller-path section is not very high, and the casting is 
consequently not strong enough to bridge the diagonal 
distance between the ends of the cross girders G5 and 
G6. Consequently, additional diagonal bearer joists, 
G7 to G10, have to be introduced. and, by these and 
the corner plating, the path is continuously supported. 
These girders also act as valuable torsion-bracing 
members for the top of the structure, in the horizontal 
lane. 

The section of the cross girders G5 and G6 is 
generally calculated upon the arbitrary assumption 
that they shall withstand sufficient upward pull 
upon the centre pin to tip the tower, if necessary, 
around one of the track rails; this ensures that the 
full weight of the truck is made available, as a margin 
of stability, to resist the action of impulsive loads, 


for each wheel, so that it may accommodate itself to | wind and accidental causes. The calculation of the 
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Both fixed and moving towers often have portal 
openings for the passage of railway or road traffic. 
In the travelling-gantry type, this opening is of 
appreciable width, and, although it may be associated 
with a fixed or locomotive jib crane mounted upon its 
top, it is more in evidence as a main structure of the 
travelling-crab type of crane. 

We will confine our remarks herein to tower struc- 
tures for supporting jib-cranes—a type which has a 
wide application, especially for dock service. All such 
structures consist, ay of four supporting 
legs and an upper system of girder-work. 

The primary loadings on such a structure are the 
vertical upward reactions upon the legs, the bending 
moments upon the upper girder-work, and the torsion 
imposed upon the whole structure when the crane is 
being slewed by power. In the case of a symmetrically 
fixed tower structure bolted to a sound concrete base, 
the reactions upon the legs may be calculated with fair 
accuracy from known conditions, but when the struc- 
ture is of the travelling type running upon a rail-track, 
there is no guarantee that the rails are properly 
parallel, level or of uniform rigidity, or that, if correct 
in these respects initially, they will remain so. This 
complicates the matter and justifies the usual assump- 
tion of “‘three-wheel support ” in calculating maximum 
stresses. 

If the structure is of moderate rigidity only in the 
vertical planes, such, for instance, as a travelling 


the irregularities of the track without serious loss of 
loading; equalising arrangements are also used in 
some cases. In smaller and simpler jib-crane towers 
such refinements are not common; the adverse con- 
ditions are accepted and the structure is made strong 
enough to meet them. 

Having indicated the nature of the conditions at 
ground level, it is necessary to examine in detail 
the nature of the top loading. 

Fig. 1 indicates, in the simplest manner, the essentials 
of a crane tower. Ll to L4 are the legs, G1 to G4 the 
main girders, and G5 and G6 the cross girders, and 
P is the location of the centre pin or centre post around 
which the upper portion (superstructure) of the crane 
revolves. Upon the girder work, the roller path and 
slewing rack, generally combined in one casting, are 
secured. 

In cranes of the class under review, the diameter 
of the roller path is not restricted by considerations 
that apply, for instance, to the size of roller paths 
on the ordinary locomotive crane, running upon a 
railway-gauge track. Consequently, a liberal diameter 
can generally be arranged, so that the centre of gravity 
of the revolving superstructure, both when loaded 
and when light, falls well within the roller circle. 
For this reason, no uplift is imposed upon the centre 
pin under normal conditions. The weight of the super- 
structure and load is transferred by the rollers to the 





roller-path, inducing bending in the unsupported por- 


primary bending and shear on G1 to G4 and G7 to 
G10 is a straightforward matter. For calculating the 
load borne by the individual legs, the weight of the 
superstructure and load is assumed to be concentrated 
at their common centre of gravity and to revolve, of 
course, when slewing. 

In the case of a symmetrical, square, fixed tower, 
shown in plan in Fig. 2, the maximum leg load occurs 
when the centre of gravity of the revolving load falls 
upon a diagonal. The projections of this position on 
both rectangular axes are consequently equidistant 
from the centre, and are represented by X. The maxi- 
mum pressure on the adjacent leg L is expressed by 
the equation* :— 

Load at L — Revolving ieed x (}side of square + 2X) 
2 x side of square é 

In a travelling tower, the three-point hypothesis 
appears to be the safest and simplest, and this leads 
to the following distribution, for a tower upon a square 
wheelbase (Fig. 3). The revolving weight, acting at its 
centre of gravity and on one of the diagonals of the 
square, is resolved into reactions on the lines AA and 
BB. On the line AA, two wheels share the reaction 
equally. Ifthe centre of gravity falls upon the centre 
of gravity of the triangle 1, 2, 3, then, obviously, these 
three wheels support one-third of the load each; 
but it is perhaps more usual for the centre of gravity 











* H. F. Harris. Practical Engineer, September 3, 1909. 
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to fall nearer to wheel 2 than this, in which event 
it supports a maximum leg load which can be easily 
calculated. 

It is possible, of course, that wheels 2 and 4 might 
be supported upon humps in the track, at a 
higher level than that supporting wheels 1 and 3, 
although such a contingency is unlikely. In such a 
case, at the instant when the centre of gravity of the 
revolving load passes the diagonal, the entire weight of 


the revolving load would have to be borne by wheels | 


2 and 4, in inverse proportion to their distance from 
the centre of gravity, and this might lead to a greater 
maximum leg load if the structure were rigid enough to 
develop it. 


In the case of an oblong wheelbase, which is quite | 


usual for travelling towers, the maximum load, upon 
an adjacent leg will be found when the centre of 
gravity of the revolving load falls upon a line drawn 
at right angles to the appropriate diagonal, and the 
same method of solution, by moments, can be applied. 


If the wheels are spring loaded, the problem cannot | 


be solved quite so simply, but the maximum leg loading 
is likely to be less, since all four wheels are compelled 
to share the weight. 

The force employed in operating the slewing motion 
of a crane, induces a torsional reaction in the tower. 
If the latter is of the fixed type, this reaction is pro- 
vided by the resistance of the foundation bolts to shear. 
If of the travelling type, the flanges of the travelling 
wheels press against the rails, which thus provide the 
necessary horizontal reaction. In both cases, we may 
simplify the problem of calculating the stress in the 
structure, without error, by considering these ground- 
level reactions as forces acting upon a structure fixed 
rigidly at the top. 

Let us consider the application of the slewing force 
to the top of the structure more closely, with the aid of 
Fig. 4. It is found, let us assume, that a force of 1 ton 
has to be exerted by the pinion upon the slewing 
rack fixed to the top of the tower, in order to overcome 
the combined resistances of friction (sliding and rolling) 
wind and inertia. Evidently, a reaction of 1 ton will 
be developed by the rack at that point, resulting in a 
twisting moment of 1 x R foot-tons, R being the 
radius of the pitch circle of the rack in feet. Further, 
it-is clear that the horizontal force at the pinion will 
have to be balanced by an equal, parallel and opposite 
force at the centre-pin, the only other contact in this 
plane capable of exerting it. 

In addition, the pin will be required to provide a 
horizontal restraining force, sufficient to compel the 
revolving superstructure and load to follow a circular 
path, and the cross girders G5 and G6 must be designed 
to support the centre-pin in these duties. 

In the case of a fixed tower structure, adequately 
braced, it is convenient to assume that each of the 
four anchorages provides a torsional reaction equal to 
one-quarter of the slewing torque, although it is 
perhaps needless to say that, in practice, such an ideal 
might not be realised and a reasonable margin ‘for 
irregularity should be allowed. It is also convenient to 
regard each face of the tower, taken in sequence, as a 
cantilever, fixed at the top and loaded by the appro- 
priate horizontal reactions at the footings in that plane, 
as in Fig. 5. 

On this assumption, it is evident that each of the 
forces P may be represented by the equation 


slewing torque 
8x R 


If we now consider one face of the tower, Fig. 6, 
using the above assumptions, it is easy to calculate the 
loadings in the bracing members. It is evident that, in 
this aspect of the tower, the left leg or boom of the 
cantilever will be in tension, and the right in compression. 

When, however, we consider the adjacent face of the 
tower, say in a clockwise direction, we find that the 
right-hand leg in Fig. 6, previously in compression, is 
now subjected to tension of an equal amount, conse- 
quently the leg stresses, in resisting torsion, neutralise 
one another, as was no doubt anticipated, and only 
po eee upon the bracing bars need to be investi- 
gated. 

Travelling towers resist the slewing torsion in quite 
a different manner. Consider the front and side eleva- 
tions, Figs. 7 and 8. In the former, it is evident that 
only vertical reactions can be imposed upon the wheels, 
whilst, in Fig. 8, it is equally clear that the rail-head 
reactions to torsion can only be horizontal. If the 
structure has sufficient torsional flexibility, the effect 
of applying a slewing force is to deflect the face of 
the tower, shown in Fig. 7, from the vertical, and 
consequently, increase the vertical reaction at one 
wheel and correspondingly diminish it at the other ; 
this imposes equivalent loadings upon the bracing bars. 

In Fig. 8, the horizontal reactions on the four wheels 
are only equal if their flanges come into solid contact 
with the rails simultaneously. Under some conditions, 
of course, the frictional resistance between wheels and 
rail may alone be sufficient to provide the necessary 
Teaction, in which event, equal distribution is more likely. 


P = 





| When, however, one considers the eccentricity of the 
; top loading, the unevenness of the track, and many 
| other disturbing factors, it would seem reasonable to 
| base the design of the structure upon the assumption 
| that any single plane of bracing should be capable of 
withstanding the whole of the slewing torque, and 
this requirement will not usually be found to entail 
heavier bars than would be filled, in any case, to meet 
manufacturing requirements. 

It may be observed, in passing, that although the 
| gauge of track will often be fixed by local conditions or 
|requirements, the wheel-base is a dimension that 

the designer may fix for himself, as a rule, and it 
‘is, therefore, usual to find the wheel base arranged to 
be greater than the gauge, since, by so doing, greater 
torsional stability is secured. 

| We now come to the practical considerations that 
| are of great importance in the design of these structures. 
| Among these, we may enumerate facility in shipment 
and erection, satisfactory jointing and _ riveting 
arrangements, and economy in labour and materials. 
It is evident that, owing to its bulk, a crane tower 
cannot be shipped entire, and much ingenuity has 
been exercised in order that it may be broken up for 
shipment into portions of acceptable weight, dimensions 
and intrinsic strength, such as can, on arrival, be 
conveniently and cheaply erected with the usual tackle, 
forming a completed structure in which the necessary 
joints do not constitute points of weakness or ugliness. 

Bolted joints are costly and are not viewed with 
favour by some purchasers, therefore bolted joints 
must be reduced to the irreducible minimum and must 
be arranged in positions where they are accessible for 
jointing and inspection. After erection, it may be 
decided to replace some of the bolts by rivets and they 
must be conveniently located with a view to this. 

Examining a tower design in detail, commencing at 
the top, it is found that the problem of supporting 
the roller path is not so simple as it appears. The 
diagonal girders, G7 to G10, Fig. 1, certainly give 
good support, but their oblique connections to the 
side girders are costly and may be very inaccessible 
for riveting, unless carefully arranged. A circular 
supporting girder under the roller-path is only 
justified in heavy cranes, whilst the alternative 
of arranging supporting joists at right angles to the 
side girders, involves a greater number of joists and 
joints albeit of simpler torm. These girders, however, 
do not afford the torsional rigidity of the more usual 
diagonal arrangement. In early designs of electric 
cranes, wherein standard steam-crane parts were incor- 
porated as far as possible, it was usual to provide a 
substantial bed casting to support the roller path 
and centre pin (or post), this casting being bolted 
between the top girders of the structure, or, perhaps, 
resting on top of them. 

In modern electric cranes, for the reasons indicated 
| above, much larger roller paths are favoured, and it is 
| desirable to replace the cast-iron bed with the equivalent 
| structural work, only a small casting receiving the 





better practice to select leg sections of adequate 
riveting width in the principal plane, for the conse- 
quent saving in labour and general simplification 
will be found more than to compensate for the small 
excess of leg material involved. 

The torsional deflection of a short tower, properly 
designed, is inappreciable, but when heights of 30 ft. 
or so are reached, the probable twist requires con- 
sideration. Here again the fixed tower differs funda- 
mentally from the travelling type. 

In a fixed tower 30 ft. high, 8 ft. square at the top, and 
14 ft. square at the base, where four portal openings 
were arranged, supporting a jib crane handling 14 tons 
at 50-ft. radius with a high slewing speed, the rotation of 
one corner of the top did not exceed 3 in., in spite of 
the best efforts of the driver to twist it. 

The tendency of torsion is to distort each vertical 
face of the tower in the direction of the force, and this 
is resisted by the bracing. It is common practice to 
provide secondary bracing on one or more horizontal 
planes, to preserve the squareness of the tower in plan, 
as in Fig. 9. For fixed towers, it is difficult to justify 
this on theoretical grounds, but it is comparatively 
inexpensive and undoubtedly reduces vibration. The 
loading upon the tower being generally eccentric, it is 
possible that such diaphragm bracing compels the 
vertical bracing, on the sides of the tower remote 
from the load, to take up their fair share of resistance. 
In the case of a travelling tower, the diaphragm 
bracing is more obviously useful, for it is seen, in Fig. 10, 
that the rail reactions on the wheel flanges tend 
definitely, by their tangential action, to force the 
structure out of square in plan, and serious loosening 
of joints would result if the structure were left free to 
follow this tendency with constant reversal. 

A modern development of the high tower crane 
may be noticed in conclusion. In this design, Fig. 16, 
the superstructure has a pyramidal extension down- 
wards that transfers the weight of the revolving portion 
to a pivot bearing supported by cross-girders imme- 
diately above the portal opening. To resist the tipping 
tendency of the superstructure, rollers are mounted 
upon it fore and aft, turning upon vertical pins and 
bearing horizontally upon a cylindrical roller path, 
housed in the top of the tower and receiving, at the 
point of contact, the necessary horizontal reaction for 
equilibrium. The slewing force may be applied by a 
pinion engaging a rack fixed to the top of the structure, 
as in recent English practice, or the slewing motor, 
located in the tower just above the portal, may drive a 
pinion engaging a slewing wheel secured to the revolving 
mast. The latter method involves more current-col- 
lecting rings than the former, owing to the location of 
the motor on the fixed part of the crane. 

It will be observed that, in this mast type of super- 
structure, it becomes possible to locate the current- 
collector rings at the foot of the mast, and a clear 
horizontal bedplate can therefore be provided for the 
arrangement of the superstructure motors and gearing, 
unrestricted by the presence of a current collector, 
often occupying valuable space from the designer’s 





| centre-pin and even this is sometimes supported by 
| plating alone. By adjusting the diameter of the roller 
| path to the dimensions of the top of the tower, quite 
| satisfactory supporting conditions may be secured 
| without waste of material or sacrifice of rigidity. 
| The side girders, Gl to G4 must be of adequate 
| strength, rigidity and depth for connections; plate 
| webs are the most convenient in these respects. In 
the matter of attaching the legs to the upper 
| girders, much diversity of design may be noticed, as 
| indicated in the accompanying Figs. 12, 13, 14 and 15. 
| The connection may be either in the horizontal plane 
| or in the vertical plane. In a horizontal connection, 
the bolts are subjected to shear when slewing 
itakes place, but are generally unloaded by the 
deadweight. In vertical joints, as in Fig. 15, the 
bolts resist the dead-weight loading in shear, whilst 
torsion produces tension in all in turn. On the 
whole, the horizontal joint is preferred by erectors, 
since it affords a good “landing” and it is easier to 
get the bolt-holes into correspondence under the usual 
conditions. 

‘The side thrust, applied to the legs on each side of 
the portal openings of a travelling tower, makes these 
portions function as cantilevers in that plane, and they 
have to be designed accordingly. The contra-bending 
moment necessary to secure fixity at the upper ends of 
these cantilevers may be afforded either by appropriate 
top bracing, as in Fig. 8, or, alternatively, by extending 
| the cantilever upwards to the next bay, as exemplified 
by Fig. 11. The bending moment is then resisted by the 
two lower horizontal members in tension and compres- 
sion, and if the moments upon the portal cantilevers 
are unequal, then the bracings in this bay take up the 
| difference. 

The proper attachment of bracing bars to tower legs 
frequently demands greater riveting space than a leg 
section designed merely for the thrust loading would 
afford, and gusset plates may be considered necessary, 
but the design then becomes expensive. It is much 











point of view. A possible objection to the type may be 
found in the fact that any wear in the slewing rollers, 
pins, or path is prejudicial to the correct meshing of the 
slewing pinion with the rack. 

It has only been possible, in this brief article, to 
notice a few of the more common forms of crane towers, 
but the reader who is interested in the subject will 
doubtless be able to refer to a much greater variety of 
types in published literature. Some of the older 
examples are more impressive on account of their 
massive appearance than for intelligent design. On 
the other hand, some of the lofty tower cranes used in 
shipyards are graceful examples of bold and correct 
structural design and economic construction. 








MoTor-VEHICLE REGISTRATIONS IN BULGARIA.—The 
British Legation at Sofia reports that 2,189 private cars 
were in use in Bulgaria on May 31, 1928. Noinformation, 
regarding the number of commercial vehicles in use is 
available, but the number may be taken roughly as 
between 400 and 500. 


OveRHEAD-SHart Ortine Device.—The operation of 
filling the lubricating bottles on the hangers of revolving 
overhead shafting lines by climbing up to them with 
the aid of a ladder is at all times tedious, and often 
dangerous, unless the shafting be stopped or slowed down 
considerably. A device recently introduced by Messrs. 
The ‘“‘ With Safety ’’ Appliance Company, 4, Thornton- 
road, Bradford, does away with both inconvenience and 
danger. It consists of a bamboo rod furnished with a 
steel swan-neck at the top. The end of this swan-neck is 
fitted with three or four claws, which are made to grip the 
bottle by a lever at the bottom of the rod operating a 
Bowden wire inside it. A mirror and torch lamp are 
fitted near the claws, the battery for the lamp being 
close to the operating lever. The uer does not 
need to leave the factory floor, but can inspect the oil 
bottles, even in the darkest and most awkward corners, 
by means of the mirror and lamp. When necessary, & 
bottle can be removed and replaced after refilling, by 
means of the appliance. 
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BRIGHT STEEL NUTS OF REDUCED 
SIZE. 


THE multiplication of standard sizes of parts for 
manufacturing purposes is admittedly undesirable when 
it can be avoided without serious disadvantage, but 
in some instances it is worth while. In general terms 
it may be said that for articles of common use alter- 
native standards should be set where the convenience 
of deviating from an existing standard is so great that 
in the absence of the alternative standard manufac- 
turers will be compelled to use non-standard designs. 
Such a case is seen in the dimensions of bright nuts 
and bolt heads. The reduction in their width and 
thickness means not only a saving in the material and 
weight of the bolts and nuts themselves, but often also 
a reduction in the size of flanges, etc. and the weight 
of the resulting structures, an improved accessibility, 
or a greater compactness. In some industries, such, 
for example, as the manufacture of motor cars and 
the construction of marine engines, these advantages 
are so marked that nuts and bolt heads of reduced size 
are already being used in large quantities, and it has 
appeared to the British Engineering Standards Associa- 
tion that, to avoid the general introduction of a large 
number of random sizes, standards might be intro- 
duced with advantage for bolts and nuts of reduced 
width and thickness. They accordingly requested the 
Engineering Co-Ordinating Research Board of the 
Department of Scientific and Industrial Research to 
make some investigations into the strength of nuts of 
reduced dimensions, and the Department has now 
published a report by Mr. C. Jakeman on tests for 
that purpose carried out at the National Physical 
a boratory.* It is pointed out that the results of the 
tests are applicable only to truly machined bolts and 
nuts and meeting surfaces used with well-fitting 
spanners. 

In the standard sizes of nuts, the projected area of 
the threads and the bearing surface of the nut are very 
much greater than the core area of the bolt, on which 
its strength depends, and it is therefore suggested that 
the minimum size of nut should be obtained by making 
the nut-bearing surface equal to the core area of the 
bolt. For convenience of manufacture, the reductions 
proposed are obtained by using smaller sizes of the 
present standard hexagons. A scale of nut-widths 
worked out on this basis is represented very closely 
by the equations f = 4/3 d — 0-02 in. for B.S.W. 
threads and f = 1-36 d — 0-03 in. for B.S.F. threads, 
where f is the width across the flats of the hexagon 
and d the diameter of the bolt. The thickness ¢ of 
hexagon nuts in use is represented closely by ¢ = 2/3 f 
— (11 in., and this expression has been used in cal- 
culating the suggested minima. This minimum scale, 
however, is not suggested as necessarily a practicable 
one for actual use. The corresponding sizes for bolt 
heads are assumed to be the same as for nuts. 

The tests adopted were to place a bolt of the size 
in question under constant tension in a testing machine 
(10-ton single-lever Buckton or 50/100-ton Buckton) 
and screw the nut up as far as the machine would allow 
it to go, the bolt being kept at constant tension. The 
load was then released, and the test repeated at succes- 
sively higher loads until the bolt, spanner or nut 
failed. The tests were made on a range of } in. to 
3 in. B.S.W. bolts and } in to 2 in. B.S.F. bolts, sizes 
up to 1 in. being tested with standard nuts and 1 and 2 
smaller sizes below, and larger sizes with standard 
nuts and 1, 2 and 3 smaller sizes. Except for tests 
made on a set of }-in. bolts of 3 per cent. nickel steel 
all the bolts were of mild steel to the ordinary speci- 
fication, and the nuts of what is described as carbon 
steel. In some cases great lack of uniformity was 
found in the tensile strength even of test-pieces cut 
from the same nut. The errors in dimensions of bolts 
and nuts are recorded, and in many instances appear 
to be considerably in excess of those allowed by the 
B.E.S.A. specification. Particular care was given to 
assuring a good fit between the spanner and the nut. 

While, as a rule, the tests showed that the proposed 
minimum dimensions would be safe, subject possibly 
in the case of small sizes to an increase in the thickness 
of the nut and spanner jaw, the conclusion of the 
report is that nuts for B.S.W. bolts may safely be 
reduced to the dimensions standard for the B.S.F., 
which indeed are already in use to a considerable 
extent. The Committee of the B.E.S.A. has suggested 
as a preliminary recommendation that up to § in. 
diameter the sizes of nuts now provided for B.S.F. 
thread bolts should be applied also to B.S.W. nuts, 
and further reductions be introduced up to 1-in. 
diameter in accordance with an appended scale both 
for width and for thickness. Particulars are also 
given of the scales proposed for reduced nuts on the 
U.S.A. new standards, and of two scales, which have 





* Department of Scientific and Industrial Research. 
Engineering Research: Special Report No. 7. The 
Strength of Hexagon Nuts of Less than Standard Size for 
Bright Steel Bolts. H.M. Stationery Office. [ls. 3d. net.] 
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been already introduced to marine practice for the 
larger size nuts. Though each of these scales differs 
somewhat from the other, and from those now recom- 
mended by the B.E.S.A., the reductions are of much 
the same order of magnitude. 

A series of tests to ascertain whether the size of nuts 
has any effect on their liability to slack back under 
vibration gave inconclusive results, leading it to be 
inferred that probably the fit of thread or accuracy 
of machining has greater effect on resistance to vibra- 
tion than the size of nut. 








ABSORPTION OF SOUND BY BUILDING 
MATERIALS. 


WHEN sound waves fall upon a material they are, 
like light waves, reflected, absorbed and transmitted. 
The result of reflection is a mirror effect. The listener 
to a speech hears sounds apparently coming from 
different sources. A wall less than 25 ft. away generally 
strengthens the sound; when further away the wall 
becomes a source of disturbance, and may set up an 
echo, particularly if curved. Repeated reflections lead 
to overlapping and reverberation; the sound may be 
reflected several hundreds of times in a room before 
dying away. A hard wall of stone, plaster, glass or 
wood may reflect 95 per cent. of the incident sound and 
absorb little ; a layer of hair felt, 1 in. thick, would absorb 
55 per cent. of the sound. That the presence of 
people in a concert hall makes so great a difference in 
the audibility is largely due to their clothing; heavy 
winter overcoats absorb and deaden the sound more 
than light garments do. For good hearing, the sound 
should die out in two seconds or less; _ halls likely to 
remain nearly empty should be well padded or carpeted 
to give good acoustical effects. Rectangular rooms 
are better for speaking than rooms with curved walls, 
and Gothic churches, the ceilings of which consist of 
two plane halves meeting under an angle, break up 
the sound without causing echoes by reflections from 
both sides of the roof. But a hall may be too much 
deadened for music, while good for speech. 

From the standpoint of the public the reflected 
audible sound is the main thing, and it has hence, 
rather unfortunately, become the practice among 
American physicists to consider, in dealing with 
materials installed on the walls of a room, all the sound 
that is not reflected by a partition or a wall, as absorbed 
sound though it will partly be transmitted through the 
material. In this sense an open window which does not 
reflect sound is regarded as a perfect absorber, whilst it 
really is a perfect transmitter. The absorption coefficient 
of the open window is assigned the value 1; a material 
of absorption coefficient 0-5 would absorb half as much 
sound as the open window of equal area. In deter- 
mining the absorption coefficient and reverberation, 


various formule are used. Professor Wallace C. 
avt 
ops : a Ap D 
Sabine proposed the equation E = av’ , where 
av 


E is the energy of sound per unit volume in a 
room of volume V at time ¢ (reckoned in seconds after 
stopping the source of sound), A the rate of emission of 
sound energy, p the mean free path of sound between 
reflections, v the velocity of sound, and a the average 
absorption coefficient to be determined. Professor 
Floyd R. Watson, in a paper on the Absorption of 
Sound by Materials (Engineering Experiment Station 
of the University of Illinois, Bulletin No. 172) makes 


use of the formula of C. Jager, of Vienna, E = Ege * 
avs 
“a. a 
= —e , where the symbols have the same mean- 
avs 


ing as before except that the term s is introduced 
for the total surface exposed to the sound, so that 
4V 


p= . From this is deduced the expression for 
s 
the time of reverberation, which is proportional to the 
- 4V . 23 | 
quotient : volume x loudness/absorption, ¢ a 
av 
log, Here E is assumed to have the arbitrary 


value | or threshold intensity of barely perceptible 
intensity. The principle of the measurement is the 
following. Create a sound in the empty room 
(e.g., by blowing an organ pipe) until as much energy 
is absorbed per second as is generated ; stop the sound 
and determine the time ¢, at the end of which the resi- 
dual sound is inaudible ; repeat the experiment with the 


respective sound absorbing material in the room. As | 


audibility determinations by the ear are not reliable, 
it is preferable to determine the average intensity Epo 
of the sound of energy A in the room and to deduce 
3 The 
vEo 
measurements of Eg are made with the aid of Rayleigh 
disc resonator of the standing wave in a tube. The 
latest modification of this latter method, due to Tuma, 


the absorption coefficient a from a = 


was described by Mr. E. T. Paris before the Physical 
Society in London last year. 

The reverberation test room of Professor Watson has 
a volume of 12,800 cub. ft., concrete floor and ceiling, 
walls of hard plaster on brick or tile and seven heavy 
double windows. Sounds persist in the room for a 
period ranging from 3 to 8 seconds. The moment of the 
cessation of the sound is difficult to fix, although the 
sound finally dies out in irregular waves, not quite 
gradually. The source of sound used is mostly a 
telephone receiver operated from an audion oscillator, 
giving 60 to 80,000 alternations per second and allowing 
of an intensity range of 2,000 without change in 
frequency. The position of the source, usually 9 ft. 
above the floor, is varied during the test to elimi- 
nate the influences of loud and silent spots, rarely 
absent in rooms. The first thing done is determina- 
tion of the absorption in the bare room. The exact 
determination of the open-window value, which is 
mes adopted unit of perfect absorption, is by no 








means easy; noises from distant trains, &c., cannot 
quite be suppressed, and the values found in a series 
of tests ranged, e.g., from 0-945 to 1-08. Observa- 
tions taken with the windows closed on different days 
also did not always give the same results; differ- 
ences of 2-6 per cent. were observed on two days of 
May and June. The pitch of the sound is also of 
|influence; as the pitch increased from 256 to 2,048 
| vibrations per second, the time of reverberation went 
|down from 5-38 seconds to 4-55 seconds. Professor 
Watson observed this increase of the absorption with 
rising pitch in nearly all the recent tests, mostly made 
with areas of 72 sq. ft. or more of the respective 
material spread on the floor in the centre of the room. 

The figures of the following summary are averages of 
200 or 300 measurements, and are always referred to a 
theoretical open-window value 1; the pitches were 
256, 512, 1,024 and 2,048. In hair felt (1 in. thick, 
weighing 0 -75 lb. per sq. ft.) the absorption coefficients 
were 0 -34, 0-58, 0-80, 0-84 ; in Acousti-Celotex type B 
(felted bagasse fibres, 13/16 in. thick, 1 -1 lb. per square 
foot, with perforations on front, painted or unpainted) 
0-24, 0-47, 0-49, 0-60; the same material C (com- 
pletely perforated, 3 in. thick, 0-48 lb., painted or 
unpainted), 0-12, 0-30, 0-48, 0:56; in Armstrong 
cork board (1 in. thick, 0-875 lb.) 0-08, 0-30, 0-31, 
0-28; the same board (2 in. thick) 0-17, 0-35, 0-27, 
0-34; Flaxlinum (felted flax fibre, bare, 1 in. thick, 
|1-17 1b.), 0:49 to 0-66; the same with unpainted 
| decorative membrane (10 mesh to the inch, mounted 
| $ in. in front of the Flaxlinum), 0 -30, 0-61, 0 -60, 0 -55 ; 
| Gimco rock wool (silica fibre felted between metal lath, 
1} in. thick, 1-44 lb.), 0-46 to 0-72. Other average 
coefficients, determined per square foot of material for 
pitch, 512 were: Akoustolith (artificial stone), 0-36; 
Ambler sound-absorbing plaster, 0:14; Balsam wool 
(loosely felted wood fibres, 1 in. thick, 0 -26 lb. per square 
foot), 0:44; brick wall, 0-032, same painted, 0-017, 
set in cement, 0-025; carpet, unlined 0-15, lined 
0-20; rugs, 0-20; curtains in heavy folds, 0-40 to 
0-75; Fibroblock, unpainted, 0-42; linoleum, 0-03 ; 
marble, 0-01; plaster on wood or metal lath, 0-034 or 
0-033, on tile, 0-025; ventilators, 0-75; wood, plain, 
0-06, varnished, 0-03; plain wood seats, 0-15; church 
pews, 0-47; seats upholstered, 0-75 to 2-00; seat 
cushions, 1-0 to 2-0; adult person, 4-7. Professor 
Watson does not explain how these last coefficients 
greater than 1 are to be understood. 

Porous materials absorb sound by dissipating the 
waves into heat. If the materials are not finished in 
the factory, their acoustic properties will much depend 
upon the skill of the workmen. Painting and decora- 
| tion are important. When the paint closes the pores 
| or provides a stiff membrane, the absorbing efficiency 
is reduced; sprayed paint has less effect than paint 
applied by the brush. Cork boards with rather large 
openings may be sprayed without effect, as may also 
some acoustic plasters, notably Celotex, which will 
jeven bear brush-painting, owing to their fine perfora- 
tions. Porous membranes allowing sound waves to 
pass through the open mesh have no marked effect, 
and may be painted with care. Flexible membranes 
transmit energy to the material underneath. Calcu- 
lations are made in the following way. Let a room of 
44,000 cub. ft. have the absorptions: open windows, 
30 sq. ft. at 1-00 = 30 units; 6,000 sq. ft. of plaster 
on tile at 0-025 = 150 units, 3,000 sq. ft. of plaster 
on lath at 0-033 = 99 units; varnished wood floor, 
3,000 sq. ft. at 0-03 = 90 units; seats, 300 sq. ft. at 
0-15 = 45 units; total 414 units. Further, audience, 
‘100 persons at (4-7 — 0-15) = 455; grand total, 869 
| units. That room would be too reverberant, as about 
| 1,700 units are needed for good effect. Thus 830 units 
of absorption should be added, for instance, by fixing 
hair felt to the ceiling. 


| 














CALENDAR.—We have received a monthly tear-off 
calendar, for the twelve months July, 1928, to June, 
1929, from Messrs. Cochran and Company (Annan), 
Limited, Annan, Scotland. 
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THE APULIAN AQUEDUCT. 


THE remarkable renaissance of industrial Italy 
under the Fascist regime is epitomised in the large 
number of important public works in that country 


either recently completed, or in course of construc- | 


of the Duce, all other issues are considered by the 
great mass of the people subsidiary to that of 
public welfare, with the result that the difficulties 
referred to have been overcome, and the future of 
the aqueduct assured. 

The area served, which constitutes the “ heel ”’ of 
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THE APULIAN AQUEDUCT. 
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tion, Among them, the Apulian aqueduct can 
certainly be placed in the forefront. Actually, this 
work, destined to benefit over two million people, 
was commenced many years before the historic 
march on Rome, but its cost, and the enormous 
difficulties encountered in its construction, at one 
time threatened to lead to its entire abandonment. 
In Italy to-day, thanks to the inspiring leadership 
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Italy, as shown in the annexed ‘map, Fig. 1, covers 
some 8,000 to 10,000 sq. km., and has, since the 
time of the Romans, been unfortunately notorious 
for its arid and sun-scorched appearance, rendered 
inevitable by the shortage of water. From very 
early times it has been known as sitibonda Puglia, 
the inhabitants being obliged to rely on rain-water 


purposes. It is easy to understand, therefore, 
that the supreme aspiration of the inhabitants of 
Apulia has always been for an adequate supply of 
water, not only for hygienic purposes, but to enable 
them to take advantage of the natural richness of 
the soil to grow the many valuable crops for which 
the climate is eminently suitable. Until very 
recently, almost the sole product of the country was 
the olive, and the large areas devoted to the culti- 
vation of this tree are still one of the most striking 
characteristics of the region. 

The terraine is mainly constituted by fractured 
limestone, rising in successive terraces from the 
level of the sea to a height of about 300 m. to 
350 m. at the foot of the Lucano Appenines. The 
tablelands so formed are furrowed transversely by 
precipices and deep depressions. As a result of this 
conformation, the winter rains run off freely to the 
sea, and what little water remains penetrates rapidly 
into the fractured sub-soil. The rainfall is confined 
to the period between October and April, and varies 
between the very moderate limits of 400 mm. to 
600 mm. With the exception of some limited areas 
in the province of Lecce, subterranean water only 
collects in sufficient quantity to serve as a reliable 
source of supply at great depths. If the problem of 
supplying Apulia with water had to be dealt with 
ab initio at the present time, it is possible that 
modern high-speed rotary pumps might offer a 
practicable means of obtaining the supply from these 
sources, but at the time that the aqueduct was 
commenced, the pumping plant available was not 
such as to render the utilisation of this water an 
economic proposition. Such water as is available 
in the province of Lecce is of rather poor quality. 

The solution of the problem of providing an 
adequate water supply from sources other than 
those mentioned presented extreme difficulties. 
The region is effectually isolated from the rich 
provinces of the west by the massive chain of the 
Appenines, and there is an entire absence of suitable 
sources along the Adriatic slopes of these moun- 
tains. It is true that during certain periods in the 
winter there is an ample flow of water in the river 
beds, but the nature of the ground is unsuitable for 
the formation of artificial lakes in the valleys. In 
addition to this factor, the high summer tempera- 
ture, besides causing excessive evaporation, would 
render the collected water unsuitable for domestic 
use. 

As early as 1868, a junior official of the Genio 
Civile, Rosalba, suggested the bold project of 
utilising one or other of the abundant sources of 
supply on the western slopes of the Appenines by 
tunnelling, and expressed the view that the source 
of the Sele at Caposele, in the province of Avellino, 
was particulary suitable for the purpose. The 
realisation of such a conception at that time, how- 
ever, apart from the enormous cost, appeared to 
present insuperable difficulties. Numerous tunnels 
would have been necessary before the water could 
be conveyed to the required point ; some of these 
would have exceeded 15 km. in length. At that 
time, the Simplon tunnel had not been constructed, 
and the neighbouring, but less ambitious, tunnels of 
Stanza and Christina, upon the Foggia-Benevenuto 
line, had only been completed with great difficulty. 
Rosalba’s proposal remained dormant for nearly 20 
years, and it was only after the successful completion 
of the Simplon project that the question of the 
Apulian aqueduct was reopened with the necessary 
breadth of view. It is unnecessary to discuss the 
various projects put forward between 1887 and 
1896, which varied in their scope, but, with one 
exception, included the original proposal of Rosalba 
to pierce the Appenine massif. The exception 
referred to was the proposal of the engineers Castelli 
and Filonardi to utilise the waters rising in the Melfi 
district, and this suggestion has a somewhat his- 
torical interest, since the authors, without foreknow- 
ledge, proposed to reproduce an ancient Roman 
aqueduct, brought to light during the work of 
excavation for the scheme finally adopted. 

In 1896, a Government commission was appointed 
for the purpose of studying questions relating to 
water supplies for both drinking and irrigation, 
with particular reference to the Apulian aqueduct, 
and by the law dated March 10, 1901, an expenditure 





collected in cisterns,’ for domestic and all’ other 


of a million lire was authorised to cover the expenses 
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of the investigation, including the work necessary 
to ascertain the effective capacity of the sources at 
Caposele. The work was placed under the direction 
of the President of the Genio Civile, Ing. G. B. Bruno. 
The first result of these provisions was the evolu- 
tion of a preliminary scheme for the entire work, 
according to which it was provided that 5 cub. m. 
of water per second should be derived from the 
sources at Caposele, and carried by a canal passing 
through the mountains to supply the inhabitants 
of Foggia, Bari and Lecce. The length of the 
proposed canal would have been 236 km. to Fasano, 
and the estimated cost of the project was 136 million 
lire. In July, 1902, the Government approved the 
constitution of a controlling body for the necessary 
works, in which the State was represented on the 
one hand, and the three provinces referred to on 
the other. This body was to be responsible for the 
construction, maintenance and perpetual exercise 
of the aqueduct, and was given sole power to concede 
contracts to private firms. In 1905, a society was 
constituted, under the title of the Societa Anomina 
Concessionaria dell’ Acquedotio Pugliese, for the 
actual control of the works of construction, and 
towards the end of 1906, this society initiated the 
work by commencing operations on the tunnel 
through the Appenines. The surveillance of the works 
under construction was vested in a special depart- 
ment of the Genio Civile, created for the purpose, 
and this department appointed Ing. M. Maglietta 
as their chief inspector, the technical direction of 
the work being entrusted to Ing. Bruno, already 
referred to. During the course of the work, at the 
instance of Ing. Maglietta, the trace of the principal 
canal was varied so as to reduce the length to 214 km. 
as far as the Fasano branch, with a further exten- 
sion of 30 km. to Villa Castelli, and other important 
variations were also introduced to which reference 
will be made later. The trace of the aqueduct, as 
actually constructed, was shown on a map accom- 
panying a short description of the aqueduct given 
on page 285 of our issue for September 2 last, and 
we reproduce this as Fig. 1, already referred to, for 
convenience of our readers. It should be mentioned, 
however, that the line from Villa Castelli to S. 
Pancrazio, together with the branch of the great 
syphon to Lecce, are now in use, and some of the 
smaller works, shown on the map as projected or 
under construction, have also been completed. 

With this brief historical survey, we may turn 
to the actual works comprising the aqueduct, 
dealing first with the collecting works at Caposele. 
This village, situated about 80 km. due east of 
Naples, stands some 400 m. above sea level on the 
flanks of Mount Plafagone, a bastion of Mount 
Cervialto, which itself forms part of the Lucano 
Appenines. A visitor to this somewhat remote spot 
cannot but be struck by the imagination displayed 
by Rosalba, as, facing the magnificent views to- 
wards the Tyrrhenian Sea, the mountains rise preci- 
pitously behind the observer to a height of over 
3,000 ft., making Apulia appear remote indeed. 
The sources of the River Sele are constituted by a 
number of springs, which, taken together, have an 
output of about 4-5 cub. m. per second in winter. 
The output, however, reaches 5-5 cub. m. per second 
in summer, indicating that the waters require 
approximately six months to travel from the 
catchment area to the sources. There are various 
other springs in the neighbourhood by which, if 
required, the supply to the aqueduct can be increased 
to 6:3 cub. m, per second at some future date. The 
dimensions of all the works on the aqueduct are 
based on the latter figure. 

The sources della Sanita, utilised to supply the 
canal, occur at @ height of 420 m. above sea level, | 
the actual site being shown in Fig. 2, page 91. Before 
going to the great expense of constructing the 
aqueduct. it was clearly necessary to acquire all 
possible information regarding the variation in 
output, and the probable permanence of the sources 
della Sanita. It has already been mentioned that, 
some time before the aqueduct was actually com- 
menced, a commission was appointed to investigate 
this and other points. Several earlier estimations 
had been made of the output, rough methods of 
measurement being employed, and these all tended 
to confirm that the average output had for many 

















years exceeded 4 cub. m. per second. Between 
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1901 and 1907, the waters were directed over a 
measuring weir, as shown in Fig. 3, page 106, and 
the results of the measurements showed a mean 
value of 4-648 cub. m. per second for the whole 
period. The lowest figure recorded was 3-665 cub. m. 
per second in November, 1903, and the highest 
was 5-781 in the month of May, 1902. The figures 
recorded were, however, very appreciably kelow the 
true output, due to leakage in the subsoil under 
the weir and in its neighbourhood. Concurrently 
with these measurements, a careful investigation 
was undertaken of the rainfall over the area com- 
prising the basin of the sources, indicated by a rough 
triangle in Fig. 1. Space does not permit of our 
entering into the results in any detail, but it may 
be said that the annual variation was found to be 
relatively slight. Five stations were established, 
and, taking the results of one of these, Bagnoli 
Irpino, as typical, the lowest value recorded between 
1904 and 1909 was 1,577 mm., and the highest value 
1,736 mm. These figures are exclusive of the 
light summer rains, and are for the zone covered by 
the station. Restrictions of space equally preclude 
consideration of the geology of the district, which 
has also been carefully investigated. A view of 
the sources at Caposele is given in Fig. 4, page 
106, while Fig. 5 gives a general view of the river. 
The photograph reproduced in Fig. 4 was taken 
before the collecting works for the aqueduct were 
put in hand. It will be seen that the water leaves 
the ground much as though it were flowing over a 
curved weir, and this effect is largely natural, as the 
water actually rises over the edge of a basin, formed 


| by an impermeable layer of dolomite, at the base of 
| Mount Plafagone. The water is remarkably pure, 
| both chemically and bacteriologically, with a hard- 
/ness of 14 deg. (French). The temperature is 9 
|deg. C., and does not vary appreciably throughout 
'the year. 
| The problem of collecting the water from the 
/sources della Sanita and directing them into the 
|mouth of the aqueduct, was greatly facilitated by 
ithe fact that the subsoil immediately below the 
outlet consisted of a belt of impermeable clay, 
| which, on completion of the works, formed a natural 
‘and perfect barrier to the escape of water through 
| the subsoil into the valley below. The general lay- 
|out of the collecting works is shown in the plan, 
| Fig. 7, above, and it will be seen that the more 
important comprise a dam, collecting and approach 
+canals, the sill of the aqueduct, and various by-pass 
|channels. The dam is of masonry, and has a 
|uniform thickness of 2 m.; the top is 422-45 m. 
|above sea-level, or 2-15 m. above the level of the 
sources. It is built roughly parallel with, and at 
/a distance of about 50 m. from, the latter, and 
rests on the impermeable clay referred to. A view 
|of the head works, at an early stage in their con- 
| struction, is given in Fig. 6, page 106, part of the 
dam being visible in the foreground to the left 
of the illustration. The impermeable ground 
| between the sources and the dam is in the form of a 
| shallow saucer, and a collecting canal is located near 
‘the centre, as shown in Fig. 7. A number of 
|covered channels were constructed, branching off 
| the collecting canal, as shown in the same figure, 














($37 


the ma je 
Water e 
The side 
form cro 
@ nature 
concrete 
each, th: 
the chan 
Concrete 

















JULY 27, 1928.] 


ENGINEERING. 


93 








THE 














426,60 
Fig. 9. \e--2 10-- 
42427 

z — vate 
1,30 ionnl 

YY 

LV 

pete ee eee --300- ‘Leo Risse 
= 418,16 fue Yi; 
Yj gs YYy 

05s* Saas 6.60 —-----= YY 


(537) 


SECTION ON S-T. 





riot 


« A ee de 






PLAN 


N 
WS 


\ 
ATA 


ZT se), 
Gi 


SS 


Y 
Gir Y 


SV 





\N 






“ 
\ 










SS 


NN 


























Yi ALLIELTTIETT Uy 
% p Uppy 






the majority terminating at the points where the 
water escapes most freely from the mountain-side. 
The side channels have various lengths, but a uni- 
form cross-section of 0-8 m. by 1-2 m. They have 
& natural bottom, and the walls are built up of 
concrete blocks, with an opening of 0-15 m. between 
each, through which the water is free to pass into 
the channels. Each channel is covered by unbonded 
concrete slabs. 
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The collecting canal is 55 m. long, and has a 
breadth of 3 m. at the end remote from the sill of 
the aqueduct, and 5 m. where it joins the approach 
canal. The bottom isformed of concrete 0-5 m. 
thick, and has a slope of 1 in 20 towards the approach 
canal. A view of the collecting canal, before cover- 
ing in, is given in Fig. 8, opposite, from which it will 
be seen that the walls are of masonry, with a series 
of arched openings. The openings are filled with 
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loosely-spaced blocks, a clear passage being left 
through those communicating with the side channels. 
The whole space between the dam, the walls of the 
collecting canal, and the rock face, was filled up 
level with loose stone, as shown in Fig. 8, the water 
passing through the interstaces with perfect freedom. 
The whole area was covered with a layer of concrete, 
0-3 m. thick, in which inspection traps were left to 
give access to the collecting canal. A layer of earth 
has been laid on the concrete, paths and flower beds 
being afterwards introduced to form a parterre. 

As shown in Fig. 7, the collecting canal curves 
| at its outlet end to join the approach channel to 
| the sill. This channel has a length of 9-55 m., and 
tapers from 5 to 4 m. wide. As in the case of the 
collecting canal, the slope is 1 in 20. From the 
channel, the water enters a collecting chamber, 
shown in Figs. 9 and 10 on this page. It will 
be noticed that this chamber is divided into two 
parts by a sill, above which is mounted a metal 
bulkhead or gate, not shown in these drawings, 
but shown in Figs. 14 and 16, annexed. By closing 
this gate, the water can be cut off entirely from the 
aqueduct, and diverted down the subsidiary dis- 
charge channel, shown in Figs. 11, 14 and 17, to the 
bed of the river. As will be clear from Fig. 17, 
the subsidiary discharge channel is provided with a 
syphon, of a type which will be fully described later. 
Again referring to Figs. 9 and 10, it will be seen that 
the second part of the collecting chamber forms the 
| approach to the main sill of the aqueduct, which 
takes off to one side, but is also provided with two 
outlet channels at the end, communicating with the 
main discharge channel to the river bed. Each of 
the outlet channels is provided with a sliding sluice 
gate, by means of which the height of water above 
the main sill can be regulated, and therefore the 
quantity of water passing into the aqueduct. A 
section showing the sill is given in Fig. 10, above, 
and it will be seen that the water flows into the 
aqueduct when the level in the collecting chamber 
exceeds 418-76 m., as there is a false sill at this level 
preceding the true sill. The false sill was intro- 
duced in connection with the grading of the aque- 
duct, but the difference in height of 0-98 m. between 
the two sills has no longer any significance, as the 
grading was subsequently modified in connection 
with the measurement of the flow. Sections just 
beyond the sill are given in Figs. 12 and 13, annexed. 
A general view of the buildings covering the approach 
canal, collecting chamber, and sills, is given in Fig. 18, 
page 94, the view being taken during the laying of 
the covering for the collecting canal. One of these 
buildings constitutes the control house, and con- 
tains the apparatus for operating the sluices, and 
also the measuring instruments. The control appara- 
tus hardly calls for comment, as it is of the ordinary 
hand-operated type, the size of the sluices not being 
sufficient to call for special manceuvring apparatus. 
The hydrometer is provided with a double index, 
showing, on parallel scales, the height of the water 
above the sill and the corresponding volume flowing 
per second. 

Referring again to Fig. 7, it will be noticed that 
a supply of water for the village of Caposele is drawn 
from the end of the collecting canal remote from 
the approach channel. The conditions of supply 
to the village stipulate that 500 litres per second 
must be available when the output from the sources 








exceeds 4 cub. m. per second, and 200 litres per 
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Fig. 18. CoLLEcTING AND APPROACH CANALS. 


second when the output falls below this figure. The 
works include a supply channel, shown in Fig. 6, 
and a still-water basin, shown in the same figure. 
The latter terminates in a measuring weir, having 
a sill 2 m. wide, over which the water falls into a 
collecting basin, from which the supply for the 
village is drawn. A small building serves to protect 
the valves and measuring apparatus. It may be 
mentioned at this point that the normal excess of 
water by-passed from the aqueduct, joined to that 
flowing from various sources which have not been 
impounded, ensures an abundant supply of water in | 
the old river bed. This water is utilised to provide | 
power for a number of small mills, some of which are | 
of considerable antiquity, below the sources della | 
Sanita. Some of these mills are visible in Fig. 5, | 
which shows a general view of the village. | 
Returning to the main works, it was intended in | 
the first instance to carry out the measurement of | 
the water passing to the aqueduct by means of a | 
Woltmann mill in the principal canal, and provision | 
was made for this mill by the introduction of a| 
short regulated section in the Caposele tunnel, 
which follows immediately on the distribution | 
works. Due, however, to the sudden changes in 
section in traversing the chambers already described, 
an error resulted in the measurements of from 
7 per cent. to 10 per cent. It was therefore decided 
to install a measuring weir of the Bazin type. A 
still-water basin, 18 m. long by 5 m. wide, was 
constructed between the termination of the Capo- 
sele tunnel and the bridge over the Tredogge River, 
as shown in Figs. 14 and 15, page 93. The inner 
end of this basin is about 350 m. beyond the sill. 
All effects due to the gradient or to projections 
adjacent to the sill are thus eliminated. The weir, 
which is shown at the outer end of the basin in | 
Figs. 14 and 15, is fitted with a bronze sill, at a 
height of 419-10 m. above sea level. After passing 
over the sill, the water falls into a collecting chamber, 
from which it passes on to the aqueduct. The 
collecting chamber is surmounted by a building 
which serves to heuse the recording apparatus, 
consisting of direct-reading indicators for the height 
of the water above and below the weir, and the 
control gear for the main sluices, by means of 
which the water can be cut off from the next section 
of the aqueduct, the great Appenine tunnel, and 
diverted into the river-bed of the Tredogge. As 
shown in Fig. 14, the collecting chamber is provided 
with an automatically levelling syphon for controlling 
the maximum head of water in the aqueduct. The 
other two pipes shown are for the purposes of 
connecting other sources of supply to the aqueduct 
if and when required. 
Before leaving the collecting works, it may be said 
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that the construction generally pre- 
sented no great difficulty, but an 
exception occurred when a fairly 
severe fall of ground took place 
during the excavations for one of 
the transverse walls of the control 
chamber. The fall involved an area 
of about 1,000 sq. m., and before 
work could be continued it was 
necessary to drain the zone thor- 
oughly. This was effected by a 
system of drainage normal to the slope. The drains 
terminated in a channel at the abutment of the wall 
where the trouble occurred, as shown in Fig. 10. 
It was also considered desirable to increase the 
thickness of the walls of the chamber from 2-1 m. 
to 2-6 m., and at the same time the thickness of 
the walls of the approach channel was increased. 
A small church stood on the site of the works, and 
this was taken down stone by stone and rebuilt in 
the position shown in Fig. 2. It was not necessary 
to disturb the bell tower, and this still stands in 
its original position above the parterre, as shown 
in Fig. 19. 

The work was completed by the erection of a com- 
modious building in concrete, serving as offices for 
the technical directorate and as a guest-house for 
visitors, and, finally, a bronze tablet, commemora- 
ting the work, has been let into the rock at the 
head of the parterre. We noticed that the name 
of Rosalba was not mentioned on this panel, and 
feel that its inclusion would form a fitting tribute 
to his remarkable prescience. 


(To be continued.) 
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Two Essays in Early Locomotive History. I. The First 
Hundred Railway Engines. II. British Locomotives 
in North America. By C. F. DENDY MaRsHALL, M.A., 
M.I.Loco.E. London: The Locomotive Publishing 
Company, Limited. [Price 12s. 6d. net.] 

Or all types of engines none has made so wide an 

appeal as that of the locomotive. From the joys 

of possession of boyhood, thousands have been 
led to find in the locomotive, sometimes as a hobby, 
sometimes as a profession, a life-long study. Of 
no other engine have so many models been made, 
on no other models has there been such a lavish 
expenditure of time and money. And to-day the 
locomotive, by its design, construction and effective- 
ness, still arouses the interest of young and old alike. 

With this wide-spread interest in the engines 

themselves, there has been a demand for information 

regarding the great pioneers, engineers and inventors 
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who have successively added their improvements, 
and many popular histories of locomotives and 
railways have been written. But, unfortunately, 
as Mr. Dendy Marshall says in the introduction 
to his Two Essays in Early Locomotive History, 
“in spite of the mass of literature relating to the 
locomotive, there is no history of its beginnings 
worthy of the name.” Writers have again and 
again copied from one another, and the result is an 
accumulation of errors, repetitions and contradic- 
tions. Even official publications have not been 
found entirely trustworthy. Here then, in the 
space of a little more than a hundred pages, Mr. 
Dendy Marshall has collected, classified and illus- 
trated for us the principal facts regarding “ The 
First Hundred Railway Engines,” and “ British 
Locomotives in North America.” The engines 
of 1804-1805, and 1808, of Trevithick, are followed 
by those of Blenkinsop, Chapman, Hedley, Brunton, 
George and Robert Stephenson, Hackworth and 
others, the matter all being liberally indexed. 
The great part played by British engineers in 
the introduction of the locomotive is well illustrated 
by the remark that by the middle of 1831 at least 
90 railway engines had been built in Great Britain, 
while ‘in the whole of the rest of the world, as far 
as can be discovered, there had only been about 
ten, five of which were no practical use, while none 
of them had any influence on the development of 
design.” Of the position of the Stephensons we 
are told that between 1814 and 1826 no one else 
was building locomotives. These Essays are 
critically and impartially written, and should be 
studied by everyone interested in locomotive 
history or the rise of the railways of the world. 





Mechanics of Machinery. By C. W. Ham and E. J. 
Crane. London: McGraw-Hill Publishing Company, 
Limited. [Price 20s. net.] 

THE authors submit that in the conventional treat- 

ment of mechanism, little or no attention 3 

given to the equally important subject of dynamics 

of machinery. This is not in keeping with the 
modern practice of. running machinery at the 
highest possible speed, which has. introduced & 
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variety of problems incapable of solution by a mere 
knowledge of the geometrical principles on which a 
mechanism is constructed. It is evident that a 
consideration of the inertia forces in rapidly-moving 
machine parts and the methods by means of which 
the effects of these forces may be modified or 
eliminated, are of great importance to the designer. 
The authors state that they have therefore en- 
deavoured to bring together in a condensed text- 
book just sufficient material to give the student a 
working knowledge of both subjects, viz. :— 
(1) Mechanism, or the kinematics of machinery, 
which deals with the geometric properties of the 
various types of mechanism ; and (II) Dynamics of 
machinery, which treats of machine parts acted 
upon by both balanced and unbalanced forces. It 
might be mentioned that this is precisely what was 
done 40 years ago by Professor (now Sir Alexander) 
Kennedy in his classic text-book on ‘‘ Mechanics of 
Machinery,” to which the authors make frequent 
reference. 

In Part I use has been made of Reuleaux’s system 
of analysing mechanisms, but many of the examples 
submitted for study are new, and are generally of a 
very practical character. Separate chapters are 
devoted to linkwork, cams, toothed gearing, belts, 
ropes and chains, intermittent mechanisms, and 
gear trains. In this portion of the work, the subject 
matter is of a descriptive or non-mathematical 
character, and the problems given at the end of each 
chapter admit of simple graphic treatment. Part I 
presupposes a knowledge of analytical mechanics, 
and the opening chapter is devoted to “‘ fundamental 
concepts”? on vector quantities, angular motion, 
relative motion, force analysis, couples, moments, 
&c. This is followed by chapters on velocity, 
acceleration, static forces in machines, inertia forces, 
the balancing of machinery, and governors. As an 
appendix, the complete force analysis of a six- 
cylinder petrol engine is given as an example of the 
application of the principles of dynamics to the 
solution of the problems occurring in high-speed 
machinery. 

The book is written in simple language, and is 
well illustrated, and although intended mainly for 
students in engineering colleges, it will prove useful 
to draughtsmen and designers in actual practice. 





Proceedings of the Second International Congress for 
Applied Mechanics. Zurich, September 12-17, 1926. 
a by Proressor E. MEISSNER. Ziirich: Orell 

ussil, 

Tue Committee formed to arrange the Second Inter- 

national Congress for Applied Mechanics, consisted 

of 27 members, of whom five, including Professor 

E. G. Coker, Professor L. Bairstow and Professor 

G. I. Taylor represented this country. The Congress 

was attended by 272 members, of whom 16 were 

British. 

The proceedings covered three sections :— 
I, General; II, Mechanics of Solids; and III, 
Hydro- and Aero-Mechanics. The papers in 
French, German or English cover a very wide range 
of subjects, and are mostly well illustrated. They 
have been contributed by well-known authorities, 
and are throughout of a very high order, consisting 
of original mathematical investigations, supported 
in many cases by experiment. In the general 
section there are 10 papers, two by English authors, 
one of which by B. Melville Jones, of Cambridge, 
on “ The Control of Stalled Aeroplanes ” might be 
noted. Professor Stodola has a remarkable article 
on *‘ Critical Disturbance due to yielding of the Oil 
Film in the Bearings of an Elastic Shaft,” but most 
of the other subjects are not of special interest to 
engineers. In Section II, Mechanics of Solids, there 
are several papers on the theory of arched bridges 
of reinforced concrete, and also an interesting 
account of some experiments on the effects 
of repeated stress in compression and bending on 
Teinforced concrete. A discussion of the results 
of tests which have been carried out on the distri- 
bution of pressure on foundations should prove 
useful. The theory of the strength of struts of mild 
steel with both ends hinged is given in very complete 
form with many diagrams corroborated by results of 
tests by M. Ros, of Ziirich. Professor G. E. Biggs, 
of Princeton, N.J. (U.S.A.) has developed in a 
highly interesting manner a mechanical method of 





employing elastic models to avoid the difficulties 
inherent in the mathematical processes for solving in- 
determinate structures. S. Timoshenko, of East 
Pittsburgh, U.S.A., has two striking papers, in one 
of which he explains a method of analysis of the 
statical and dynamical stresses in rails, and in the 
other, he investigates both analytically and experi- 
mentally, the stress concentration produced by 
fillets and holes, employing for this purpose the 
photo elastic method, the production of Liiders’ 
lines, and the fatigue test method. In Section III, 
Hydro- and Aero-Mechanics, the contributions by 
French authors are very numerous, reaching no 
less than 12 out of a total of 22 papers. Perhaps 
the most important article is by Professor Prasil 
on the study of flow under varying conditions in 
canals, pipes, rotating turbine wheels, &c., accom- 
panied by a large number of photographs obtained 
by Hele-Shaw’s method, and by means of the 
cinematograph, &c., as described in detail in 
Professor Prasil’s new book on Technische Hydro- 
dynamik. 

The whole work constitutes a large and imposing 
volume, produced in excellent style and calculated 
to form a valuable addition to the reference library 
of any scientific institution. From the great 
diversity of its contents it will prove useful rather 
to the investigator than to the engineer in practice. 





Architectural Construction. Vol. II. An Analysis of the 
Structural Design of American Buildings. Book Il. 
Steel Construction. By Water C. Voss, and Epwarp 
A. VARNEY. New York: John Wiley and Sons, Incor- 
porated ; London: Chapman and Hall, Limited. 1927. 
564 pp. [Price 50s. net.] 

Tuts book is one of a series of works dealing with 
many types of construction. The present volume 
relates to buildings having steel framework. The 
treatment is unusually complete, as will be gathered 
from an indication of the matters treated, which, 
beginning with some account of standard steel 
shapes, passes to simple beams, beam connections, 
plate girders, floor construction, roof construction— 
including domes—columns, lintels, staircases, wind 
bracing, mill buildings, &c. This catalogue of 
headings gives, however, but a poor idea of the 
thoroughness with which the authors have developed 
their scheme of treatment. Many examples of 
detailed design are given, though the tenuity of 
some of the sections shown, or as reached by calcu- 
lation, seems to indicate a greater appreciation of 
the niceties of design than acquaintance with the 
possible condition of steelwork after many years’ 
service. Frequent reference is made to practice 
under different municipalities, with copious extracts 
from specifications, and numerous footnote references 
are made to various authorities. 

The book is indeed largely a compilation, but a 
compilation well done, and displays what the 
authors set themselves to achieve, a presentation of 
American practice in building steelwork. Nearly 
one-fourth part of the book is devoted to floor 
construction and to details of flooring of many 
kinds, whether of joists, of reinforced concrete, or 
combinations of these with tile-joist void fillers, 
arch construction between joists, or concrete slab 
work. The particulars given should be of much use 
to the designer. Column design and detail are also 
dealt with fully as a matter of practice, upon 
orthodox lines, this section including the treatment 
of columns in cast-iron. Wind bracings of various 
types are considered, together with the bending 
effects which may be induced in floor members. 
As to general matters of detail, it is noted that in 
the case of beam sections with bolt or rivet-holes 
in the flanges to be allowed for in estimating resis- 
tance to bending moments, the authors give a 
table (Fleming’s) displaying the percentage discounts 
recommended for various beam and channel sections. 
This is apparently based upon moments of inertia 
of the holed sections, as usually but not always 
done. There is something to be said for the simpler 
and probably more correct method of discounting 
the flange value by reference to the net as against 
the unholed width. This concept of the matter 
implies that whatever total stress there may be on 
either side of the holes must perforce pass the holes 
at a stress which is inversely proportional to the 
areas involved, but increment of stress at the holes 
would seem to indicate an increment of stress in 


the web, which then does a larger share of the work 
than where there are no holes, the total moment of 
resistance on this hypothesis being in excess. . The 
method does not, indeed, satisfy rigid calculation 
on the usual assumption of Hooke’s law—the 
proportionality of stress to strain ; but this assump- 
tion is itself open to question at abrupt changes of 
section, as will be seen in the particular case of a 
joist holed in one flange only, for which the neutral 
axis .of the solid section, being normally at mid 
height, must on this basis “kink” sharply and 
considerably away from the holed flange at each 
hole, a result directly contrary to the indications of 
Professor Coker’s experimental work with polarised 
light on notched beams. The question, though at 
first sight. simple, is, in fact, very involved. 

In plate-girder design American practice would 
seem to favour somewhat greater shear stresses in 
the web than is customary with many designers. 
The use of single L stiffeners common in American 
practice, has the effect of accentuating this when 
compared with practice here, where T or double 
L stiffeners are more commonly used, generally 
with ends cranked to the flange plates. There 
is no doubt that the T or double L stiffener 
gives a greater measure of stiffness to the web- 
plate than does the simpler detail. The covering of 
joints in web-plates is, however, more complete 
than is usual in this country, the idea being to 
justify the inclusion of some part of the web section, 
as assisting the flanges. The practice is of doubtful 
economic value. Failure to ensure complete cover- 
ing of the web joints is never a source of over- 
stress, as the stress across the joint is always limited 
by the amount of stress in the flange. Rivets to 
the web joint may on occasion slip an infinitesimal 
amount without hurt. If normal web shear is 
attended to, all has been done that is essential. 

A noticeable feature of the book is the exhaustive 
consideration given to many points of design and 
matters of detail, constructive methods which by 
long and successful use have become acceptable 
may yet, it is made clear, be studied with advan- 
tage, and it is little likely that even the experienced 
designer will consider his time ill-spent in devoting 
some of it to this work. The mathematical treat- 
ment is of the simplest. Graphic methods are, 
where convenient, freely used, and figures illus- 
trating the text are numerous. 





Die Trockentechnik. Grundlagen, Berechnung, Ausfihrung 
und Betrieb der Trockenzinrichtungen. By Dipl. Ing. 
M. Hrescw. Berlin: Julius Springer. [Price 31.80 
marks. ] 

Tue variety of papers and pamphlets on special 

drying processes and appliances still leaves room 

for an efficient textbook dealing with the manifold 
problems of industrial drying from both the general 
scientific and the practical standpoints in a way 
which will enable the engineer to calculate the 
amount of power and of heat he may require in any 
particular case and will inform him about suitable 
machinery. This necessity has been catered for by 
Dr. Hirsch, of Frankfurt-on-the-Main, who has 
divided his volume of 366 pages, which is illus- 
trated by 234 text-figures and two coloured plates, 
into two parts ; headed the first, principles and calcu- 
lation, and the second, application and working 
of drying processes and installations for varicus 
purposes. The reader must not assume, however, 
that this division roughly separates theory from 
practice. One finds plenty of mathematical deduc- 
tions,: formule and curves in the second part of 
the volume. The author seems a little too fond 
of subdivision. He distinguishes very properly 
between evaporation by boiling and evaporation 
by loss of vapour to the surrounding atmosphere, 
but he should have begun with the latter, more 
general phenomenon, and goes a little too far in 
classifying films of moisture separately as films of 
adhesion, capillarity, intumescence and condensa- 

tion for water, salt solutions and colloids, &c. 

Moisture contents are mostly of a mixed character. 

The volume opens with six pages explaining the 

symbols used. Some of these definitions are 

repeated for convenience in subsequent chapters. 

But i-« diagrams, illustrating the relations between 

heat content 7 of a gas and its humidity x at different 





temperatures, are reproduced and discussed without 








96 


ENGINEERING. 


[JULY 27, 1928. 








any introductory definition of the term, although 
they form one of the main features of his deduc- 
tions. The Mollier diagrams of 1923, which he 
adopts, cover generally the evaporation of a liquid 
into any atmosphere. 

Although the chapters on drying processes contain 
much of practical interest, the space allotted to 
the descriptions of actual appliances and installa- 
tions is hardly adequate. The chief materials 
dealt with are organic products, animal and vege- 
table foodstuffs, malt, sugar, glue, hair, wool, 
paper, rubber, textiles, leather, cables and dyes. 
There is a little said on inorganic salts and ceramic 
products. The prepared fish industry is concerned 
with drying, but its importance is hardly indicated. 
Similarly, fruit drying avoids many of the difficul- 
ties of fruit storage, and preparatory troubles 
are common to the two processes. Fuel should 
have been granted more than ten pages. Most of 
the firms noticed either belong to the nations of 
Teutonic language or to America; England is 
only represented by one firm, but references are 
made to recent English papers on the subject. 
The volume is certainly a valuable addition to the 
literature on drying. The theoretical considera- 
tions might usefully have been presented in a 
more condensed form to the benefit of the directly 
practical sections. 








PULVERISED-FUEL LOCOMOTIVE FOR 
THE GERMAN STATE RAILWAYS. 


Two interesting movements in locomotive practice are 
now taking place on the German State Railway system. 
The first of these aims at reducing the number of types 
of locomotives in use, with a view to securing the 
advantages of standards, and is being assisted by 
the centralised control, which came into being after 
the war. The second relates to experiments with 
locomotives operated by pulverised fuel, high-pressure 
steam, internal-combustion engines and electricity, 
these experiments being directed towards the discovery 
of better means of utilising the native fuel resources. 
The immediate result has been that a number of novel 
practical problems have arisen, and are now the 
subject of careful investigation, both on the test-bed 
and on the road. Although these are by no means 
completely solved, it will give some idea of their scope 
if we describe the experiments that have been made 
by the Allgemeine Elektricitaéts-Gesellschaft of Berlin 
on the use of powdered brown coal (lignite) for loco- 
motive firing, together with details of the engines which 
have been built by that firm for the German State 
Railways for this purpose. 

The principles governing firing with pulverised fuel 
are now well known, but are not easily applied in 
the case of locomotives. In order to ensure complete 
combustion before the flame comes into intimate con- 
tact with the colder parts of the boiler, a large com- 
bustion space must be provided, and the time allowed 
for combustion must be from 1 to 3 secs. The mini- 
mum permissible volume of the combustion space is 
determined by the quantity of fuel used, the fineness 
of its pulverisation, and the length of the combustion 
period. The amount of fuel used obviously depends 
on the amount of steam that has to be raised, while 
the fineness of the fuel is limited by practical con- 
siderations. In order to shorten the combustion period, 
ignition must be intense, and for that reason the 
place where ignition occurs is usually surrounded with 
brickwork, and care is taken that the fuel is thoroughly 
mixed with air, which, if possible, is pre-heated. If 
combustion is to be satisfactory, the combustion 
chamber can only produce a definite quantity of heat 
per unit of heating surface and time, =. ° 

In the ordinary locomotive boiler, from the point 
of view of pulverised-fuel firing, the firebox is all 
important. Though the size of locomotives vary, we 
may, for the sake of argument, take it that this space 
must be supplied with ‘rom 135,000 to 200,000 B.Th.U. 
per cub. ft. per hour, if the same amount of steam is to 
be raised with pulverisec fuel as when a good locomotive 
coal is burnt on a grate. In the case of modern 
stationary boilers from 17,000 to 20,000 B.Th.U. per 
cub. ft. are normally produced per hour. The 
rate of heating for the locomotive is, therefore, about 
ten times that usual in stationary boilers employing 
pulverised fuel. Further, in the ordinary way the 
copper firebox absorbs a large quantity of heat by 
direct radiation. If, however, the firebox has to be 
lined with brick, not only is the size of the combustion 
space decreased, but the effectiveness of this very 
valuable portion of the heating surface is greatly 
reduced. This brief summary indicates the difficulties 
of using pulverised fuel on locomotives, even when 
some reduction in efficiency is admissible ; and because 





due regard has not been paid to these points, many | hour, and though this was gradually raised to 5 lb., 
of the experiments made with it have proved fruitless. | the efficiency was only 67 per cent., and 17 per cent. 
The Allgemeine Elektricitats-Gesellschaft began their | of the fuel passed over unburnt. Mr. W. Kleinow, 


investigations into this problem in 1924. The boiler 
first used was of the type employed on the G8? loco- 
motives of the German State Railways, and was erected 
in a shed over an inspection pit. It had a total heating 
surface of about 1,800 sq. ft., 140 sq. ft. of which was 


Fig.1. _° » 













































































































































in the firebox, 1,080 sq. ft. in the fire-tubes, and 580 sq. 
ft. in the smoke-tubes. The superheater surface was 
570 sq. ft. 
trically-driven apparatus through an A.E.G. standard 
B type burner, about 30 per cent. of the air being 
introduced with the fuel. This boiler proved quite 
unsuitable for pulverised-fuel firing, since the diameter 
of the tubes was large in proportion to their length, 
with the result that the flue-gas losses were high and 
the efficiency low. Under ordinary conditions, such 
a boiler evaporates 9-2 lb. of water per square foot of 
heating surface per hour, though this can be increased 
to 12 Ib. for short periods. With pulverised fuel the 
evaporation did not exceed 3-5 lb. per square foot per 








Fig.2. SECTION A. B. 





Fig.6. SECTION A.B. 


Pulverised fuel was supplied by an elec- | 


of the locomotive department of the Allgemeine 
Elektricitats-Gesellschaft, who is in charge of the ex- 
periments, states that this was no doubt due to the 


small length of the firebox and the consequent short 
combustion period militating against the proper mix- 


Fig.3. SECTION C. D. 























Fig.7.SECTION GC. 0. 
































ture of the air and fuel. The durability of the brick 
arch was also much affected, and further experiments 
were made without brickwork. 

To improve matters, the fuel was introduced through 
a number of burners instead of one, they consisted of 
two longitudinal pipes, in which a series of vertical slits 
were cut, arranged opposite one another fitted under 
the sides of the firebox. In this way the evaporation 
was raised to 6-4 lb., though 12 per cent. of the fuel 
still passed over unburnt. The blower, which had 
been used to remove the gases, was also replaced by 4 
blast pipe, through which low-pressure steam was 
passed. This resulted in an evaporation of 8-2 Ib. 
with a boiler efficiency of 69 per cent. The fuel that 
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passed over unburnt amounted to 14 per cent. The 
coal used in this case had a calorific value of 12,735 
B.Th.U., with an ash content of 9-3 per cent. A large 
number of further experiments showed that these 
results could not be bettered with this class of fuel, 
and the idea of doing without a brick arch and employ- 
ing a minimum of brick lining was therefore abandoned, 
despite the doubts regarding their durability. Experi- 





ments were next made to draw in the secondary air 


cause the slag to form where deposits did not interfere The method of fitting these burners to the boiler is 


with the operation of the boiler. 


first made to deposit the slag on the firebox walls. 
The brick arch was therefore extended some 16 in., 
as shown in Figs. 1 to 4, with a view to increasing 
the velocity of the gases between the open end of the 
It was 


brick-arch and the back plate of the fire-box. 


An attempt was | shown in Figs. 5 to 8, on page 96. They were brought 


| closer together than before, and embedded in fire- 
brick. Tests showed that the loss of heat from the 
burners themselves was thus reduced from 992,500 
poate to 397,000 B.Th.U. per hour, ignition and 





combustion being excellent. The disadvantage of 


hoped that in this way by the time the flame reached | placing the burners so close together was more than 
this spot the slag would have formed into drops which, | counterbalanced by the advantages of breaking up 











Fig. 20. ENGINE ror Furt Conveyors. 









Fig. 22. 
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through the space between the front of the ash box 
and a vertical wall of firebrick, which formed the front 
of the lining of this space, by creating a vacuum in the 
ashpit. This air entered at high velocity, and in| 
cooling the firebrick arch became intensely heated. | 
Feed-water heating was also tried. The results of | 
these two alterations led to the evaporation being 
increased to 10-5 lb. though the calorific value of the 
coal was only 12,474 B.Th.U. with 11 per cent. ash. 
The efficiency was 68 per cent. 
Experience showed that the blowers that were being | 
used could not supply the amount of primary air 
required owing to the resistance due to the burner slits. 
The speed of the blowers was therefore increased, and 
the evaporation thereby raised to 11-5 lb. The result 
of this change was, however, that the tube-plate became 
completely covered with slag. The problem, therefore, | 
was how to accelerate the combustion, so that it should 
be completed before the tube-plate was reached, and to 
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owing to the change of flow from the horizontal to the 
vertical direction, would be projected against and 
adhere to the comparatively cool firebox crown or 
pass onwards in a solid form. The results of the trials 
with this arrangement were most satisfactory. The 
evaporation was 8-7 lb. with coal] whose thermal value 
was only 10,870 B.Th.U. and ash content 16 per cent. 

An increase in the speed of combustion was next 
obtained by the use of special burners which are 


| shown in detail in Figs. 16 to 19, on Plate X. These 


absorbed less heat and allowed the fuel mixture to 
be sub-divided to a greater extent. As will be seen, 
each burner consisted of a burner box having a gradually 
decreasing cross-section, the opening on one side of 
which was covered with deflecting strips. Slots formed 


between the strips divided the mixture into jets and | 


deflected it through slots in a water-cooled protector. 
The deflector slips were of copper. Only half the cross- 
section of the burner was exposed to radiation. 


| the flame. 

In connection with this question the State Railway 
| authorities attached great importance to the use of 
powdered lignite. The particular fuel suggested 
| for trial was lignite from Central Germany which after 
| pulverisation, gave the following analysis: Moisture, 
|8 per cent., ash content 9 per cent., volatile matter 
| 50 percent. The calorific value was only 10,300 B.Th.U. 
| and 79 per cent. of the fuel passed through a normal 
'180 B.S. sieve. The boiler was tested for four hours 
, on this fuel, evaporation being at the rate of 11-3 lb. 
| per square foot per hour, and the efficiency being 74-5 
| per cent. A higher rate of evaporation could, it is 
| stated, have been obtained had the capacity of the screw 
| conveyors been greater. By enlarging these an evapo- 
| ration of 14-5 lb. was in fact reached, and only slight 
| deposits were found at the ends of some of the smoke 
| and fire-tubes. The results of further trials are given 
in Fig. 22. 
| | Asaresult of these trials the Allgemeine Elektricitats- 
| Gesellschaft were ordered by the State Railway 
| Department to build two G8? superheater 2-8-0 goods 
| locomotives fitted with pulverised fuel burners. A 
; View of one of these locomotives is given in Fig. 9, 
'on Plate X, and a view of the front end of its tender 
lin Fig. 10. Elevation and plan are reproduced in 
| Figs. 11 and 12 respectively, and cross-sections in 
| Figs. 13, 14 and 15. The engines are of standard 
design except for the firing arrangements. It was 
specified that the tender should carry such an amount 
of pulverised lignite with a thermal value of 10,300 
B.Th.U. that the total calorific value borne was the 
same as that in 6 tons of the coal carried in the tender 
usually fitted to this class of locomotive. A moire 4 
of 6-6 tons was arranged for, a cylindrica] bunker wit 
an internal diameter of 6 ft. 7 in. and 13 ft. 4 in. long 
being used to comply with the loading gauge. This 
bunker contains two screw conveyors 11 ft. 8 in. long 
and running at 140 r.p.m., the maximum capacity of 
being 4,650 Ib. per hour. 

The conveyors are driven by a small double-acting 
engine illustrated in Fig. 20. This engine is supplied 
with steam at 70 lb. per square inch, and has an output 
of about 0-6 h.p. at 150 r.p.m. The steam consump- 
tion is from 66 lb. to 110 lb. per hour. The speed is 
regulated between 120 r.p.m. and 350 r.p.m. by a 
centrifugal governor. 

A blower (Fig. 21) is provided for supplying the 
primary air, its capacity being such that it can supply 
40 per cent. of the air required for combustion at full 
load, i.e., 247,000 cub. ft. per hour. It is driven by a 
turbine with a single impulse wheel and two nozzles. 
When delivering 245,000 cub. ft. per hour the steam 
consumption is 430 lb. per hour, with a steam pressure 
of 130 Ib. per square inch. The output under these 
conditions is 7 h.p. 

The general arrangement of the tender, firebox, 
and ashpan is shown in Figs. 11 to 15, on Plate X. It 
will be noted that two damper doors are provided, one 
for each direction of travel. A tube-plate scraper is 
provided in a pocket above the arch. It is fitted 
with arms extending downwards and is capable 
of being worked up and down in front of the 
tube-plate. A small auxiliary burner at the rear of 
the ash pit is provided for use when the engine is 
stationary or running light. This is supplied from 
a secondary screw-conveyor with a capacity of from 
65 lb. to 165 lb. per hour, or just sufficient to make 
up for radiation losses and provide steam for the 
auxiliary pumps. This conveyor is placed near the 
centre of the front of the tender and is driven by the 
engine mentioned above through an auxiliary shaft. 
An auxiliary blower is also fitted on the front of the 
pulverised fuel bunker, the arrangement being shown 
in Fig. 11. The conveyor engine is placed in the 
centre line of the tender, and drives the two main 
screw-conveyors through an intermediate shaft and 
pinion, which engages with wheels on the conveyor 
shafts. These shafts are fitted with friction clutches. 
The auxiliary screw-conveyor and the circulating pumps 
| for water cooling the burners are also driven from the 
| intermediate shaft. 

The fuel and air mixture is pumped from the tender 
to the main burners through two 6},-in. pipes, the 
connection between the engine and the tender being 
made by ball-and-socket and expansion-joints. The 
auxiliary burner is supplied through a 3+,-in. pipe. 
Water for cooling the burners is circulated by a plunger 
pump driven by the auxiliary engine. The position of 
this pump is such that the water flows to it by gravity. 
The connections are shown in Fig. 23. The water passes 
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through a valve in the bottom of the tender to the | is stated to be much simpler than would be expected. 

In a general way the fireman sets the gear for the} 
Jt then circulates round the burner | average running conditions, and regulates the pressure | 
coolers and to a sump, from which both the feed pump | by means of the feed water, thereby, however, naturally | 
and the injector are supplied. As the cooling water thus | sacrificing some of the heat in the boiler water. The | 
supplied is only about 40 per cent. of that required as | supply of fuel and air need only be regulated when the | 


pump, and thence through a flexible hose-pipe to the 
locomotive. 


feed water, all the water heated in the cooling system | water level is very much above or below normal. When 
is used for feed purposes. The remainder is drawn by | no further steam is required, the fire can be entirely 
the pump from the tender tank. 

Although the complete results of the tests that have being drawn into the boiler. nditic 
been made, and are still in progress, are not yet | the brickwork retains sufficient heat to cause ignition 
available, it is possible to give some general conclusions | t0 take place after 10 or 15 minutes. If the stop exceeds 
that have been reached by the A.E.G. engineers. 


The | this time, the auxiliary burner must be started up. 
engine just described has worked a regular goods train | As a result of these experiments the Allgemeine 


service on the Pankow-Heinersdorf-Léwenberg-Fiir- | Elektricitats-Gesellschaft consider that the use of) 


ster berg—Mecklenburg :Strelitz sections, where the line | pulverised fuel firing allows poor quality low-price 
is mostly level, the steepest gradient being about 1 in | fuel with a high ash content to be employed on the 
150 for a short distance. The maximum load hauled, | large boilered locomotives of the German State Rail- 
including the locomotive, was 1,415 tons, or 30 per cent. | Ways. When ordinary methods of firing are used, on 
in excess of what is usual for this class of engine. Both | the other hand, it is essential that the fuel should 
hard coa) and lignite were used. the latter giving the have a high calorific value and low ash content. A 
better results, but even in the former case the engine | high ash content naturally reduces the steaming capa- 
could be run without a smoke when the cut-off was | city, even when the fuel is pulverised, but such fuel 
from 40 per cent. to 50 per cent. 2 U wt 
was 400 deg. ©. It was only when the evaporation | extensive clinkering which takes place. Pulverisation 


was very high that any smoke came from the chimney | @lso makes it possible to use lignite, or even peat, | 
and no slag deposits were found on the tube plate, | without preliminary briquetting, and these fuels are, | 


probably because these are readily shaken down when in fact, quite satisfactory owing to their high volatile 
the engine is running. Practically no ash was to be | content. In the form of briquettes, however, they are 
found in the smoke-box at the end of the trip. No | not satisfactory on ordinary grates. 
trouble has been experienced with arching of the fuel | 
over the screw conveyors, either with lignite or with| | 
hard coal. This is probably due to the length of these | § 
conveyors, which, incidentally, rendered their manu-| 
facture somewhat difficult. Apparently if arches do| § 
form, they are shaken down by the vibration of the | > 
engine, and it has never been necessary to use the |S 
air jets, which were provided to remove them. Ashes | 
were only found in the ash-pan when the load was 
very light. Under other conditions they were carried | 
through the tubes into the smoke-box and chimney in 
the form of fine powder, only 10 per cent. being dis- 
covered in the smoke-box and ash-pan at the end of a 
long run. It was found possible to change over from 
hard coal to lignite, and vice versa, during running, 0 - ; 
without trouble. Steaming was satisfactory under all (619.6) — Heating -up n 
the operating conditions experienced. that in many cases local fuel, not at present suitable, 
Some interesting results as to the best methods of might be used, and that changes might be made from 
firing and operation have been obtained, and these one class of fuel to another according to market 
may be briefly summarised as follows: When warming | conditions. 
up from cold, auxiliary steam at a pressure of from! Since the percentage of extra air used with pulverised 
70 to 85 lb. per square inch is employed, this being fuel firing is only from 20 to 25 per cent., as against 
drawn either from another locomotive or from a} 
stationary boiler in the running shed. This steam | economised to the extent of some 20 per cent. on the 
is used for operating the blower, and for driving the | G8? boiler. A much higher output is also obtainable 
auxiliary and turbo-blower. When the auxiliary! over long periods than is possible with ordinary 
engine has been started and the water-cooling system is | methods, and further economy arises from the shorter 
working, some cotton waste is placed in the ash-box | time taken in raising steam. The ease of control 
and ignited, and the auxiliary burner started. As soon | reduces blowing off, and clinkering, when standing for 
as the waste is burning well, the blower is run up to | long periods, and the steam pressure can be raised in 
speed, and one of the main screw conveyors is started. | a brief period, or reduced equally quickly at the top 
The amount of fuel supplied to the fire-box under | of a steep gradient. On the other hand, there is no 
these conditions is dependent on the draught produced | need to force the boiler when ascending a gradient, for 
by the blower, and this must be sufficient to carry | when the top is reached full pressure, and the normal 
away the gases of combustion. It is found that the | water level can be re-established very quickly. Since 
boiler pressure begins to rise after about 12 minutes, | the amount of ash retained in the smoke-box and ash- 
and after 24 minutes the auxiliary steam can be cut off. | pan is small, the time required for cleaning is reduced, 
A pressure of about 80 Ib. per square inch is reached | and there is no increase in fuel consumption due to 
within half an hour, and the engine can then be run clinkering. The result is that the length of time the 
out of the shed. After another 10 minutes the pressure | engine is in service is mainly limited by the capacity 
reaches 140 lb. per square inch, and in about another of the tender. As a final advantage, it is claimed that 
3 minutes, or 43 minutes after starting, it has risen to | the labour of the fireman is much reduced, and conse- 
200 lb. per square inch, The conditions are depicted | quently the size of the boiler need no longer be limited 
in Fig. 24. If the engine is not immediately required, | by the capacity of the crew. 
the fan and main screw conveyor can then be cut off | As regards the financial aspect, this in many districts 
and steam maintained by the auxiliary burner only. | would appear to be highly favourable. Lignite, of 
A few minutes before the engine is required on the | 10,926 B.Th.U. quality, for instance, in the Halle 
road the blower and one, or both, of the main screw | district costs something like 12s. 3d. per ton delivered 
conveyors are started up, the amount of fuel and air and bituminous coal, of 12,600 B.Th.U., about 26s. 6d., 
supplied being adjusted by the speed of the auxiliary | and the cost in B.Th.U. produced is thus heavily in 
engine and by altering the steam pressure at the nozzles | favour of the lignitic fuel. 
of the turbo-blower. The actual proportion of fuel | 
and air used is a matter of experience, as though the | Moror VEHICLE REGISTRATIONS IN British East 
fireman is supplied with a chart, which gives the correct | Arrica.—According to a report from the officer in charge 
mixture for each class of fuel, it is found that this! of His Majesty's Trade Commissioner’s office in East 
can not be rigidly followed. The criterion of correct | Africa, the number of motor cars and motor lorries and 
operation at all but the very heaviest loads is, of | tractors in use, at the end of 1927, in Kenya Colony 


; ie ith the emission of | W88 4,488 and 636, in Nyasaland 457 and 306, in 
course, emokeless combustion wi y sangha | Tanganyika 915 and 945, in Northern Rhodesia 472 


only incombustible ash. As with ordinary firing, the | and 71k, cad in Cqemia O06 ama O51 seapuclivily 3 
fuel consumption to a great extent depends ieee the | while 523 motor cars were in use in Zanzibar. 
position of the blast-pipe top. If the latter is placed | 


24. 











| shut off, the dampers being closed to prevent cold air | 
Under such conditions | 


The superheat | cannot be burnt at all in ordinary grates, owing to the | 


Thus it appears | 





50 to 60 per cent. under ordinary conditions, heat is | 


ALKALI WORKS IN 1927. 


| 


including trade and local government associations ; 
| no objections being raised, the new Alkali, &c., Works 
| Order was published on January 25, 1928. The public 

may wonder that processes should only now be brought 
| under the Act which they had believed to have long 
been under that control, such as works in which, in 
|the manufacture of any product, any acid-forming 
| oxide of nitrogen was involved. 
| inspectors have had power only over nitric acid works. 


na similar sense, works in which any volatile compound 
| of arsenic is evolved, in which sulphurous acid or any 


sulphite or liquid sulphur dioxide are manufactured, 
in which bromine and hydrofluoric acid are manufac- 


tured or used in manufacture, further refineries of 


crude petroleum, benzol distilleries, and pyridine 
recovery works now pass under the extended schedule. 
The public would like to have other operations included 
in the schedule of registration works, if it be necessary 
further to entrust the inspection of works and factories, 
to separate authorities. 

The annual report of the Chief Inspector,* Dr. T. 
Lewis Bailey, deals with the seven districts of England 
and Wales, that of Mr. J. W. Young with Scotland. 
During the year 1927 the number of works and of 
separate processes registered in England under the Alkali 
Act further decreased to 1,131 and 1,844, by 21 and 23 


25 and 61. In Scotland the numbers of works and 
processes, 147 and 296 in 1927, have hardly changed. 
Ten of the total number of complaints investigated 
in England related to works which did not come within 
the purview of the alkali inspectors. Some vague 
complaints could not be traced to their actual sources, 
partly because there were many sources of minor 
nuisances. The development of the artificial silk 
industry has, for instance, required attention. The 
sulphuretted hydrogen escaping from the chimneys 
of viscose works does not amount to more than a very 
small fraction of 2 per cent. But the gas is poison of a 
very unsavoury character, and chimneys 300 ft. high 
have, in these factories, as well as in cement works, 
been found not altogether able to prevent atmospheric 
pollution with gas or dust. In one case access of the 
| works drainage to an old alkali waste heap temporarily 
created serious nuisance. This was an instance of want 
of general supervision rather than of lack of adequate 
chemical control, which Dr. Bailey still regrets to meet 
in some works. 

The manufacture of sulphuric acid by the lead 
chamber process has suffered from unsatisfactory 
condition of the superphosphate trade and from the 
fact that a large amount of acid is recovered by contact 
plants in connection with the calcination of zine blende 
concentrates. The acid plants are being modified 
for intensive working in large units. Acid spraying 
| in the chamber by turbo-dispersers is not finding rapid 
| adaptation over here, but is not suited to all plants. 
| Some peculiar cases of mishaps are reported. A curious 
|leakage through the bottom of a lead chamber was 
| traced to a pinhole made by a newly-hatched wood 
| wasp (syrex cyaneus) escaping from its pupa in the 
| wood flooring; similar trouble is more commonly 
| produced in the woodwork of manure works, where 
| hides and bones are stored, by the larva of the bacon 
beetle. The lead of a Glover Tower was almost destroyed 
by heat because the flint packing had disintegrated and 
had temporarily stopped the acid flow. In another 
works, acid vapours escaped because work had been 
started too soon after repair when the new brickwork 
and flues had not had time to dry, so that the ventila- 
tion was stopped. Strong acid is almost entirely made 
by the contact process, and very little only by the 
concentration of weak acid. The number of contact 
plants is increasing, and the introduction of soda-wash 
| towers has proved satisfactory. Messrs. Miller and 
| Company, of Aberdeen, who had successfully been feed- 
|ing their second Guy Lussac tower with a restricted 
| supply of water instead of with acid, have gone back 
| to the old practice, not because the improvement had 
not lasted, but because the old thin lead of the towers 
|in question was being corroded by the weak acid 
|earried by the descending water films; the firm is 
| therefore erecting small brick and earthenware towers. 











UnpeErR the powers of the Public Health (Smoke 
Abatement) Act of 1926, an Order was passed in 1927 
for extending the lists of noxious gases and of scheduled 
operations to which the Alkali, &c., Works Regulations 
Act should apply. That is to say, the &c., in the title 
| of the Act was further to be defined. A draft of the 
Order was submitted to the various interests concerned, 


But the alkali 


respectively ; the decreases of 1926 had amounted to 


too high, smoke and sparks are blown out through! Drmanp ror Puospuoric Actp Paste IN CaNADA.— Mr. Young, regretting the general delay of necessary 
the fire-box — The relation the load — ig“ — bono A esa ge oa - seeote | repairs in acid works, also mentions that mechanical 
iti i 1 ose as in ordinar ™ A ae 
corny gy uate" to fill up the boiler and |of being placed in touch with United Kingdom manu- | — we shown Gulecte owing to dud sugges 
k “hh hing an incline |facturers of phosphoric acid paste, 48 per cent. to | SRG Overneaung. , : 
stoke-up when approaching od ff h | 50 per cent., in 5-ton lots. Further particulars of this The number of ammonium sulphate and gas liquor 
On light loads-one conveyor can be shut off, so that | enquiry may be obtained on application to the Depart- 
one of the burners only supplies the fuel mixture, the | ment of Overseas Trade, 35, Old Queen-street, London, * Sixty-fourth Annual Report on Alkali, &c., Works. 
other delivering air alone. This is found to have no |§.W.1, when reference number B.X. 4593 should be | By the Chief Inspectors. Proceedings relating to year 
effect on the burning of the fire, the control of which | quoted. 1927. H.M. Stationery Office. [Price 1s. 3d. net.] 
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works is now 501, against 535 in 1925. Owing to the 
high cost of manufacture of a pure, dry sulphate, some 
gas works managers run their liquor to waste where no 
nuisance is likely to arise, in the absence of a process 
of making a readily saleable ammonia product without 
the necessity of buying sulphuric acid. The vertical 
retort, which is displacing the horizontal retort, more- 
over yields a weaker ammoniacal liquor, partly owing to 
the presence of undecomposed steam, with steamed 
retorts. As the occasional discharge of gas works 
effluent into sewers has undesirable effects on the 
bacteria, Dr. Bailey suggests the installation of storage 
tanks. At the same time, storage of the liquor itself is 
objectionable, and the extraction of tar from the crude 
gas should take place as early and completely as pos- 
sible, in order to avoid contamination of the liquor by 
the higher tar acids. The crude gas should be cooled and 
treated with liquor sprays. The production of ammonia 
products (expressed as sulphate) amounted in 1927 to 
147,162 tons from gas works (slightly less than in 1925, 
but more than in 1926, 132,477 tons) and to 252,425 
tons from other works (against 132,215 in 1926); the 
totals of 3,399,587 tons exceeded both the whole of 
1925 and of 1926. The weights of tar and pitch dis- 
tilled in 1927, 1,567,072 tons and 432,653 tons, came 
almost wholly from gas and coke-oven works, other 
works supplying only 18,000 tons of the tar products, 
and these figures were higher than in 1926. Scotland 
produced 73,858 tons of ammonia products (half of 
which came from shale works) in 1927, against 58,500 
tons in 1926. The production of tar amounted to 
200,051 tons, of pitch to 68,952 tons in 1927, both 
these figures showing considerable increases on 1926. 
Mr. Young also gives statistics on the raw materials of 
sulphuric acid manufacture, pyrites, blende and spent 
oxide, amounting to 97,495 tons, and of phosphates and 
bones for the production of fertilisers, 43,161 tons ; 
the former figure shows an important advance on 1926. 
One would like to have more statistical information 
in these reports. 

An interesting example of enterprise was shown by the 
Glasgow Iron and Steel Company, though it does not 
concern alkali works. This company introduced, a few 
years ago, recovery of cement dust by electrostatic 
precipitators. Recently the firm has been cleaning 
and drying continuously the air for the hot blast 
of five furnaces, which require 35,000 1b.-ft. of air 
(weighing more than one ton) per minute, by means 
of silica gel, part of which is regenerated, while 
another portion of the gel is desiccating. The drying 
leaves the little moisture in the air which is con- 
sidered desirable for ore reduction. The utility 
of this drying is not generally admitted, but 
the success of the silica gel-drying plant is not 
questioned. 

Tar works are regarded with justified suspicion in 
residential districts, and the numbers of failures of 
stills has unfortunately been increasing in Scotland. 
Smelting and zinc works have given cause for serious 
complaints; the excuse that the atmospheres of zinc 
works elsewhere are still worse is not satisfactory. 
Chemical manure works are hardly doing well; in 
Scotland, the smaller firms are being forced into the 
position of dealers and blenders. Cement works have 
been fully occupied throughout 1927, and both the 
numbers and sizes of rotary kilns, some of which 
are now nearly 300 ft. long, are increasing. The 
use of liquid chlorine is extending, and progress 
has been made in the stabilisation of bleaching powder. 
Nearly half of the report is taken up by notes, 
mainly on ammonia and tar products. 








THE ACCURACY OF COMMERCIAL 
SCREW-THREADS. 


Some ten years ago the British Engineering Standards 
Association laid down tolerances for screw threads. 
For some purposes these figures have been criticised 
in this country as being too fine for commercial 
purposes, while, on the other hand, the tolerances 
laid down recently by the American Engineering 
Standards Committee are considerably finer. The 
Screw Threads Sub-Committee of the B.E.S.A. 
contemplates reconsidering its tolerances on screw 
threads, but before doing so has thought it desirable 
to ascertain as far as possible how closely the existing 
figures are adhered to in practice, and how far 
Screw threads obtainable in commerce are thought 
suitable to various manufacturing purposes. An 
enquiry was accordingly instituted by the Engineering 
Co-ordinating Research Board of the Department of 
Scientific and Industrial Research with the assistance 
of the National Physical Laboratory, in the course 
of which the views of 36 British representative firms 
‘n various branches of mechanical and electrical 
engineering were obtained, and specimens were 
collected of typical screws and nuts from } in. to 2 in. 
diameter, taken at random out of current stock. The 
results of this enquiry, and of some allied investigations, 
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have now been published in a report by Mr. F. H. 
Rolt and Mr. W. G. Ridge.* 

The threads in regard to which enquiry was specially 
made were the British Standard Whitworth (B.E.S.A. 
Report No. 92), the British Standard Fine (Report 
No. 84), and the British Association (Report No. 93). 
In the first instance the various types of engineering 
products were divided into three classes according 
to their respective assumed standards of accuracy. 
The highest accuracy was thought and found to be 
required by aircraft parts. Petrol cars, the lighter 
types of gas and oil engines, high-speed steam engines, 
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ordnance, and machine tools were thought to require 
a somewhat less accuracy, but higher than that of the 
third class, which included locomotives, pumps, 
hydraulic machinery, cranes, refrigerating plant, 
heavy electrical machinery, and marine engines. 
It appears, however, that there was in fact very 
little difference in accuracy between the threads 
used by the second and third classes. 

In aircraft work, on which B.S.F. and B.A. screws 
are principally used, the ordinary B.E.S.A. tolerances 
are, with few exceptions, regarded as satisfactory. 
The Aircraft Inspection Department attaches particular 
importance to accuracy in the form of threads, especially 
in the flank angles and correctness of pitch, regarding 
good flank contact as preferable to apparently close- 
fitting screws and nuts in which the accuracy of 
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contact is doubtful. The accuracy of the better class 
of screwing tools is found generally satisfactory. 
The Air Ministry adopt as far as possible a uniform 
pitch of 16 threads per inch for all fine-threaded 
screws of large diameter, but engine makers use 
generally pitches of 14, 16 and 20 t.p.i. It is thought 
that in some respects the present tolerances might 
be revised, and attention is called to the need of 
practical systems of gauging, which would enable 
the accuracy of the screwed parts to be controlled 
adequately. 

In the other two classes of work the ordinary 
B.E.S.A. tolerances were thought satisfactory, except 
by a few firms, who preferred the close-fit limits. 
In a few instances the Herbert medium limits are 
used, which are some 30 per cent. more liberal than 
the B.E.S.A. figures for ordinary fits. Most firms 
regarded the bright screws and nuts of the B.S.W. 
and B.S.F. series supplied commercially as sufficiently 
accurate. Three firms, however, found either that 
the nuts were tapped too large and had unduly large 
core diameters, or that the fit between the screws 
and nuts was too slack. All firms found the accuracy 
of chasers for die-heads satisfactory, the thread form 
of English makers being exceptionally good. Some 
firms found hand dies of average quality not good 
enough for general use, and the cost of better dies 
higher than reasonable. A similar opinion was 
expressed by some firms in regard to taps, though 
others seemed satisfied with the average commercial 
type. Several firms, however, regarded ground taps 
as quite satisfactory, and obtainable at reasonable 
prices in most standard sizes from } in. upwards. 
As a rule no guarantee of accuracy is given in regard 
to screwing tools other than ground taps, but some 
firms specify taps to be within the Herbert fine series 
of limit. In putting fine threads on larger diameters 
than specified in the B.E.S.A. report a few firms 
try to work to the B.E.S.A. tolerances for the pitch 
in question, but others use the Herbert M series. 
A great variety of pitches is found in finer-pitch 
screws, and in the Coventry district the Cycle 
Engineers’ Institute thread seems to be extensively 
used, though there are no authoritative tables for it. 

Few firms examine the thread form of samples on an 
optical projection apparatus, the commonest practice 
being to use only “go” screw gauges and rings, and 
to estimate the quality of the thread by the degree of 
shake present. A few firms test male screws with the 
ordinary Wickman calliper gauge, one gap of which 
corresponds to a “‘ go” screw ring gauge, and another 
with only one or two threads on each side acts as a 
** not-go ”’ on the effective diameter, the threads of the 
second gap bearing only on the flank of the thread. 
Only one firm used a “ not-go” test on nuts. One 
large firm in the Midlands truncates the crests of the 
Whitworth thread, both male and female, by an 


_|amount equivalent to the rounding, in order to obtain 


bearing only between the flanks of screws, a practice 
which has already been standardised in Germany. 

In the opinion of two large manufacturers of bolts 
and nuts the present tables of limits can be adopted 
commercially, but only at prices that would be too high 
for most users. The usual requirements would be 
met by a somewhat coarser grade of tolerances, parti- 
cularly if in setting them up the B.E.S.A. report 
indicated the classes of work for which each series is 
recommended. At present, Government departments 
are practically the only purchasers who buy to the 
B.E.S.A. limits. One firm has, nevertheless, found it 
necessary to adopt closer limits than those of the 
report in regard to crest diameter, finding no serious 
difficulty in working to about half the tolerance specified 
in the report for this dimension. This necessity, 
however, is said to be due to the fallacious practice of 
judging the accuracy of the thread almost solely from 
a measurement of its full diameter. On the other hand, 
the root diameter is made as much as 0-002 above 
nominal size, whereby the life of the screwing dies is 
increased considerably without producing any notice- 
able effect on the assembly of bolts and nuts. The 
other firm makes its bright bolts and nuts to the 
Herbert M class of limit, but uses the Wickman gauge 
to avoid thin threads. 

In context with the views thus expressed as to the 
accuracy preferred for various kinds of work, measure- 
ments were made of some 690 B.S.W., 250 B.S.F., and 
134 special fine threaded samples taken at random from 
current stock, as mentioned above. The male screws 
were measured mechanically by usual methods on the 
full, core, and effective diameters and the pitch; the 
thread form was recorded and the angle measured by 
optical projection at a magnification of 50. With nuts, 
the core diameter and pitch were measured mechani- 
cally, and with the help of the former figure the full and 
effective diameters were obtained by comparing 
the projected image of a plaster cast of part of the 
thread with a similarly magnified projection of the 
true Whitworth profile for the corresponding pitch, 
the measurement of the effective diameter being made 
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half way down the thread, so as to avoid any effect 
of angle error. By the same arrangement a record 
was made of the thread form, and the angle of the 
flanks were measured. The results given were those 
of the mean values, ignoring the last few threads at 
either end, and any burrs on the end threads were 
removed. The results of the measurements were 
checked, where possible, with “go” and “not go” 
full-form gauges, and the results of the two methods 
were found to be concordant. 

The B.S.W. screws and nuts were all of the second 
and third classes of work, and the comparison of the 
errors they respectively presented led to the conclusion, 
quoted above, that commercially there is no consistent 
difference in accuracy between them. Figs. 1 and 2 
on page 99 show typical thread forms of }-in. B.S.W. 
screws and nuts in good, medium, and bad varieties. 

The B.S.W. bolts and nuts included sizes from }-in. 
to 2 in., and the B.S.F. from } in. to 1 in., but the full 
range of measurements was only carried out in sizes 
uptolin. The bolts as a whole were found reasonably 
concordant with the B.E.S.A. ordinary limits, so far 
as concerned the individual elements of the thread, while 
the nuts were somewhat less satisfactory. For the 
close fit required for class I, of which complete measure- 
ments were not made over $ in., the accuracy was 
notably lower. In all sizes the average error in the 
full, effective, and core diameters of bolts was under- 
size. Owing, however, to the cumulative effect of 
errors in individual dimensions, only about half of the 
B.S.W. bolts and three-fifths of the B.S.F. bolts would 
screw into the “go” ring gauges, and only about two-fifths 
of either class were within the B.E.S.A. limits in all re- 
spects, including only 16 per cent. of the B.S.F. bolts. 
It is pointed out that the lack of interchangeability 
seen in the failure of over half the bolts to enter the 
“go” gauges, would be serious if it were not that the 
nuts are usually over-size. In bolts that enter the 
“go” gauge, the amount of shake was small, but 
attention is drawn to the fact that play can be masked 
readily by circumstances other than correct fit, and 
the test is accordingly no criterion of accuracy. The 
examination of bolts included set screws and the nut 
ends of studs. 

With nuts the average error in all classes, sizes and 
specimens was that they were too large. With few 
exceptions the full diameters were well within the 
B.E.S.A. limits, especially in the close-fit series, and the 
pitches and angles are regarded as on the whole reason- 
ably in accordance with the present figures. The 
effective and core diameters, on the other hand, are 
often considerably out, and although over 90 per cent. 
of both Whitworth and fine-thread nuts would screw into 
the “go” gauge, only 16 per cent. were completely 
satisfactory to the B.E.S.A. limits on allelements. The 
thread forms of nuts were generally inferior to those of 
bolts. 

As between the two classes of work both bolts and 
nuts to close-fit limits show somewhat higher per- 
centages within those limits than is found in those 
made to the ordinary limits, especially with the bolts. 
This obsérvation applies to the B.S.F. samples, which 
were made in the two classes. The percentages of 
B.S.F. samples of which the elements are within the 
specified limits are rather higher than those of the 
B.S.W. samples. No marked difference is found in the 
nuts, except that on the effective diameter the B.S.F. 
nuts are rather less satisfactory. 

As the result of these investigations it is suggested 
that for any improvement in the threading of nuts the 
average quality of taps and tapping machines must be 
raised. It is suggested, moreover, that the B.E.S.A. 
should lay down general principles to be followed in 
gauging screw threads to specified limits, such, for 
example, as the importance of controlling the effective 
diameter by gauges for that purpose. 

Among additional investigations some measurements 
were made of rolled threads up to }-in. The several 
elements of the screws fell within the ordinary B.E.S.A. 
limits, and the thread forms, typical examples of which 
are shown in Fig. 3. compare favourably with those of 
commercial bolts with cut threads. 

Some measurements were also made of studs. Errors 
in pitch and angle were found to be of the same order 
as in other screws. All measurement of the nut-ends 
were included with those of the bolts. In most instances 
the measurements of the metal ends of the standard 
Whitworth studs were larger than those of the nut- 
ends, but the deviations from the B.E.S.A. figures were 
very variable, especially on the effective and core 
diameters, the mean errors in which were above nominal 
size, while those of the effective and core diameters 
were below it. None of the B.S.F. standards were 
undersized, and on the whole the errors were more 
uniform. 

Some examples of fine-threaded screws and nuts were 
also examined, and were found with few exceptions to 
fall within the B.S.F. limits of the B.E.S.A. specifi- 
cations. 

Some measurements were made of Whitworth threads, 
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both male and female, from which the rounded crests | 


had been removed, an alteration which was made in 
manufacture merely by turning the bolts undersize 
before screwing, and drilling the core diameter of the 
nuts oversize. 

The plug screws generally, and a fair proportion of 
the ring screws, fell within the B.E.S.A. close limits, 
though in one or two cases excessive truncation of the 
thread on the ring reduced the depth of flank unduly. 
An important result was that when the usually quite 
small allowances had been made for errors of angle and 
fit, measurements of diametral play between pairs of 
screws were found to agree with the differences between 
their effective diameters. It appears, therefore, that with 
this form of thread closeness of fit is determined by the 
flank clearance, and is not simulated by errors in 
individual dimensions. 








THE ENGINEEERING IMPORTS OF 
INDIA. 


At the present time a great effort is manifest to 
arouse the British people to the need for purchasing the 
products of the various component territories of the 
Empire. This is not being made in the vain hope of 
closing the markets entirely to the traders of all other 
nations. It is rather an endeavour to ensure that a 
preference will in future be given to British goods, 
when quality, price, and delivery conditions place 
them on a competitive basis with the products of other 
lands. Nor is the aim simply to increase the pur- 
chases at home of Dominion and Colonial goods, without 
a corresponding change in the amount of home- 
manufactured articles that are absorbed in the over- 
seas markets. The effort is one calculated to improve 
the trade conditions of the Empire and 1s worthy of 
whole-hearted support as a means of increasing the 
demands for the export of such products of our factories 
as manufactured iron and steel, machine tools, loco- 
motives, motor vehicles, ships, power plant and the 
thousand-and-one articles with the production of which 
engineers are concerned. We can study to what 
extent the home country supplies such things to India 
from the information provided by Mr. T. M. Ainscough 
in his ‘‘ Survey of the Import Trade of India” for the 
fiscal year April 1, 1927, to March 31, 1928, prepared 
for the Department of Overseas Trade. 

The total imports of all types into India for the year 
for which the report was prepared was Rs. 250 crores, 
an increase of 8 per cent. over the previous year. In 
the same periods the exports rose from Rs. 310 to 329 
crores. Approximately one-half of the import trade 
was of British origin, actually Rs. 119 crores in 
1927-1928. The general rate of increase was experi- 
enced by the British trader and was due to the 
increased shipment of iron and steel, machinery, 
railway plant, hardware, and other manufactured goods. 
The United Kingdom supplied over 80 per cent. of 
India’s needs in machinery, and it is anticipated that 
even this figure will be improved upon when the Indian 
cotton-mill industry recovers. Practically the entire 
requirement of boilers, appearing in the return of 
imports, came from the home country. Some 83 per 
cent. of the electrical machinery was of British origin, 
despite the competition of the United States of America 
and Germany, for which countries the figures were but 
7} per cent. and 4} per cent. respectively. In mining 
machinery the position was not so good, but the magni- 
tude and the rate of increase in the trade were greater 
than was the case with other nations. Actually the 
British trade in this type of plant increased in the year 
from Rs. 37 to 68 lakhs, a very creditable result. 
American supplies rose from Rs. 30 lakhs to 45 lakhs 
in the same period. Oil-crushing and refining mac- 
hinery was in greater demand, and during the year 
the British imports rose from Rs. 22 lakhs to 56 lakhs. 
One type of machinery in which the market was not 
as markedly British as might be the case, was plant 
for rice and flour milling. Here only 29 per cent. of 
the requirement was British, while 55 per cent. was 
of German origin There was practically a British 
monopoly of the trade in saw-mill and wood-working 
machinery, as well as in textile mill equipment, while 
four-fifths of the imported sugar plant came from 
home. This information shows quite clearly that little 
need be said about the position of the British manu- 
facturer of machinery in the Indian market. The 
evidence is also available that there was no weakening 
of the position. 

The metal market showed the changes that might. be 


anticipated after the long stoppage of the coal-mining | 
There was a striking recovery of trade, | 


industry. 
but there was also a continuance of substantial 
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figure being but little better than that of Luxemburg. 


Belgium had the main trade amounting to 110,000 tons, 
Structural steel was much better from the standpoint 


of the British producer, for in this market the premier 
| position was taken. 
| than doubled in the last year, amounting to 144,368 tons 


The total trade rather more 


as compared with 72,000 tons for the previous year 
Britain’s share was 63,000 tons as compared with 
59,000 tons for Belgium. Galvanised sheets and plates 
was another example of a well-held British market. 
Out of a total importation of 331,504 tons the share of 
the United Kingdom was 297,686 tons. Three-quarters 
of the tinned plates, 40 per cent. of the plain sheets 
and plates and 60 per cent. of wrought tubes, pipes 
and fittings were obtained from Great Britain. 

An increased purchase of railway plant and rolling- 
stock took place, both with the company-operated 
lines and those under the State. It seems obvious 
that the private concerns favoured British goods to 
a greater extent than the Government-operated rail- 
ways. Outof purchases to the extent of Rs. 477 lakhs, 
the value of 371 lakhs was obtained by the com- 
panies from Great Britain. State-owned lines bought 
Rs. 458 lakhs of stores, embracing all types of 
railway plant and equipment, but only purchased 
253 lakhs worth from Britain. A proud position 
was held by the United Kingdom in the markets 
for instruments of all types, but that in electric lamps 
seemed to warrant more attention from the producers. 

A steady advance was shown in the imports of 
British motor-cars due to the home manufacturers 
paying greater attention to the market, which will 
probably continue to prove advantageous. In the year 
1927-1928 this country supplied 3,600 cars, compared 
with the American figure of 6,031. The motor vehicles 
of British origin which seemed to be most in favour 
were of the heavy type such as buses or lorries. 








LETTER TO THE EDITOR. 


ARMAMENTS AND THE NON- 
COMBATANT. 


To tHe Eprror oF ENGINEERING. 


Str,—I am delighted to accept your challenge to 
play the war game you suggest. But allow me to 
take the opposite side. You be responsible for the 
transport of 400,000 men from, say, Plymouth to 
Gibraltar. You will not mind having that responsi- 
bility, I am sure, seeing that you have faith in the might 
of the British Navy as it exists at present. I will take 
the other side. 

You would find that you were not to be menaced 
by ‘‘a composite surface fleet based at Brest, and by 
another based at Ferrol.” With 200 or so light 
fast-flying aeroplanes at my disposal, your troop 
carriers would never reach the north coast of Spain— 
let alone Gibraltar. In fact, I should probably have 
holed every one of them before they had cleared the 
Channel. That, be it marked, no matter how many 
battleships and cruisers you had defending them. 

I have no use for submarines or torpedoes. My 
weapons would be small planes armed with 10-lb. 
bombs. 

To my way of thinking—and this is a way of thinking 
which is remarkably widely held on the Continent— 
the day when huge armies could be transported in 
**match-box” thick hulls from the shores of this 
country to distant theatres of war is long past. 

The stern fact must be faced that we are spending 
roughly 105,000,000/. every year out of 120,000,000/. 
on weapons which we shall not be permitted opportunity 
to use unless we have command of the air. 

Yours, &c., 

9, Billiter-square, E.C.3. E. F. SPANNER. 

July 7, 1928. 


[We are afraid we cannot longer continue this cor- 
respondence with Mr. Spanner. It is evident that 
he estimates the relative values of the air and naval 
arms in very different proportions from what we do. 
Our opinion will have been very evident from what 
we said in our review, and in our notes to Mr. Spanner’s 
previous letters, and we need not pursue the matter 
further.—Ep. E.] 











ARTERIAL Roaps IN GREATER Lonpon.—A: further 
link in the remodelling of the London-Dover road was 
completed and put into service early this month, when 
the Bexley Heath by-pass was opened to the public. 
This new road, which is one of those contained in the 


| 1923-24 programme of arterial road construction in 


business by the other nations, which benefited earlier by | Greater London, initiated by the Ministry of Transport, 


our troubles, and have conditions of labour in their 


industries which result in the possibility of cheap | 


production. 
steel bars was increased from 
1926-1927 to 181,000 tons in 1927-1928. The British 
share rose from 8,000 tons to 23,000 tons, the latter 


Altogether the importation of iron and 


151,000 tons in| , 


| is a little over 5} miles long, and has been constructed 


to a normal width of 80 ft. with a central carriageway 
30 ft. wide. The latter has been constructed of concrete 
in 32 sections, each embodying a slightly different 
cification, so that experience may be gained on 
the relative durability of the various methods. The 
total cost is approximately 309,0001. 
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LABOUR NOTES. 


On Tuesday and Wednesday, representatives of 
the railway companies and representatives of the 
three unions of railwaymen discussed, at conferences in 
London, the proposals submitted by the companies with 
the object of reducing working costs. Speaking at 
Southampton on Sunday, Mr. J. H. Thomas, M.P., 
indicated what the companies’ proposals were. The 
first thing that the companies asked for was, he said, 
the immediate withdrawal of the whole of the remaining 
war bonus. The next was the cancellation of payment 
for night duty, Sunday duty, and for overtime. In 
addition, they asked for the temporary suspension of 
the guaranteed day and the guaranteed week, in 
return for a guaranteed week which should embrace all 
time, whether it was overtime, Sunday duty, or night 
work. He had no hesitation in saying that those 
proposals bore unfairly upon certain sections of the men, 
and no system of sacrifice could be fair if one section 
was dealt with harshly. The cancellation of the war 
bonus, for instance, would fall exclusively on the lowest- 
paid grades in the service, and he was convinced that 
there was no equity or justice in the proposals as laid 
before them. 





If the strike of cotton spinners at the Ramsey Mill, 
Hollinwood, near Oldham, is allowed to lead to a 
lock-out of all workers of this class in the federated area, 
the operatives’ organisation will be guilty of a serious 
tactical blunder. The issue involved is one on which 
trade unions rarely succeed, and one, moreover, which 
experienced trade unionists are, as a rule, careful to 
avoid. A spinner employed at the Ramsey Mill 
allowed his membership of the Oldham Operative Cotton 
Spinners’ Association to lapse, and his fellow-workers, 
about 40 in all, not only declined to work with him, 
but also balloted for or against a strike with the object 
of bringing matters to a head. The result of the ballot 
was in favour of a strike, and notices, which took due 
effect, were accordingly tendered. The Federation 
of Master Cotton Spinners’ Associations naturally 
took a serious view of the matter, as no employer, or 
body of employers, can afford to have operations 
brought to a standstill in the course of a quarrel with 
which they have nothing to do. A meeting of all the 
members of the Federation, both in the American and 
the Egyptian sections, has been called for to-day, in 
Manchester, and it is regarded as certain that, if the 
strike is not in the meantime called off, a resolution 
will be proposed calling for a general lock-out. 





At Cologne, on Tuesday, the Executive Committee 
of the International Federation of Trade Unions 
rejected the proposal of the Norwegian and Finnish 
delegates to hold an unconditional conference with the 
Russian Soviet Trade Unions. Mr. W. M. Citrine, 
Secretary of the General Council of the British Trades 
Union Congress, is, in September next, to be appointed 
a member of the Committee in succession to Mr. George 
Hicks, and nominated for election to the presidency of 
the Federation. 





According to the Ministry of Labour Gazette, there 
was a further decline, on the whole, in the state of 
unemployment during June. Among the workpeople 
(aged 16-64 inclusive, and numbering approximately 
11,800,000) insured against unemployment under the 
Unemployment Insurance Acts in Great Britain and 
Northern Ireland, the percentage unemployed (includ- 
ing those temporarily stopped as well as those wholly 
unemployed) in all industries, taken together, was 
10-8 at June 25, 1928, as compared with 9 -9 at May 21, 
1928, and 8-8 at June 20, 1927. The percentage 
wholly unemployed was 7-8 at June 25, 1928, as 
compared with 7-6 at May 21 1928, while the percen- 
tage temporarily stopped was 3, as compared with 2-3. 


Nearly half the total increase in the number of 
workpeople unemployed occurred in the coal-mining 
industry, where, however, the increase consisted mostly 
ot persons who were temporarily stopped from the 
service of their employers. There were increases also 
in a number of other important industries, including 
pottery, pig-iron manufacture, shipbuilding, the textile 
industries other than silk and artificial silk, and the 
motor vehicle, glass, clothing, boot and shoe, and 
building industries. On the other hand, there was a 
substantial improvement in the tinplate industry, 
toge'her with some improvement in the printing and 
paper trades and in canal, dock, harbour, and certain 
transport services. 

In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation 
during June resulted in a reduction of over 5,000I. in 
the weekly full-time wages of 60,000 workpeople, and 
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in an increase of 3,900/. in those of over 37,000 work- 
people. The principal bodies of workpeople affected 
by reductions included higher-paid men employed 
at iron puddling furnaces and in iron and steel rolling 
mills and forges in the Midlands, whose wages were 
reduced by the equivalent of nearly 2 per cent. on 
current rates, those of the lower-paid men remaining 
unchanged; and men employed by electrical contractors 
in England and Wales, in whose case the reductions 
varied from }d. to 4d. per hour. Adult time-workers 
employed in the textile, bleaching, dyeing, finishing, &c., 
industries, received temporary increases amounting to 
2s. to 3s. per week in the case of male workers and Is. 
per week in that of female workers ; juvenile workers 
in the same industries had their wages reduced. Adult 
female workers employed in the silk industry at Leek 
received increases in wages, varying in the case of time- 
workers from ls. to 3s. 6d. per week. There were also 
increases in the wages of building trade operatives at 
various towns in the south and east of England. 


During the first six months of 1928, the changes 
reported to the Ministry of Labour, in the industries 
for which statistics have been compiled, have resulted 
in net increases of 14,450/. in the weekly full-time wages 
of 155,500 workpeople, and in net reductions of 119,8501. 
in those of about 1,115,000 workpeople. Of the total 
net reduction, coal mining accounted for over 58,0001. 
and the building and allied industries for nearly 
42,0007. In the corresponding period of 1927, there 
were net increases of 22,200]. in the weekly wages of 
325,000 workpeople, and net reductions of nearly 
245,000/. in those of 1,286,000 workpeople. 





The number of trade disputes involving stoppages of 
work, reported to the Ministry of Labour as beginning 
in June, was 20. In addition, 13 disputes which began 
before June were still in progress at the beginning of 
the month. The number of workpeople involved in 
all disputes in June (including workpeople thrown out 
of work at the establishments where the disputes 
occurred, but not themselves parties to the disputes) 
was about 23,700, and the aggregate duration of all 
disputes during June was about 452,000 working days. 
These figures compare with totals of 21,500 workpeople 
involved and 114,000 working days lost in the previous 
month, and with 22,000 workpeople involved and 79,000 
days lost in June, 1927. The aggregate duration of all 
disputes in progress in the first six months of 1928 was 
about 930,000 working days, and the total number of 
workpeople involved in these disputes was about 
94,000. The figures for the corresponding period of 
1927 were 686,000 days and 61,000 workpeople, 
respectively. ake 

A resolution pledging the conference to “‘ endeavour 
by all legitimate means to secure the abolition of the 
piecework system in the coal mines of Great Britain ”’ 
was passed by the annual conference of the Miners’ 
Federation at Llandudno last week. Mr. Cook, 
speaking in support of it, said that during the last 
few years there had been an enormous increase of 
the butty system in the mines, and it was as much 
responsible for the smash-up of the miners’ organisa- 
tion as anything that had taken place. Mr. George 
Davies (South Wales) declared that Mr. Cook was 
wrong. It was not the butty system that was the 
cause of bad organisation among the miners; it was 
the bad organisation that was responsible for the butty 
system. Mr. F. Swift (Somerset) said that it would 
do no good to pass the resolution. They could not 
get rid of piecework when they were a 100 per cent. 
organisation, and they certainly could not do so now 
with a depleted membership. 





On Wednesday, the following resolution was unani- 
mously adopted :—‘ That this conference records its 
protest against the many objectionable proposals 
contained in the Unemployment Insurance Act based 
on the Blanesburgh Report, and urges upon the Joint 
Committee of the Labour Party, Trades Union Congress, 
and Labour Members of Parliament to use every 
endeavour to have this Act amended. This confer- 
ence also urges that it be made compulsory upon 
employers to notify vacancies to the employment 
exchanges in their district, and thereby enable those 
exchanges more effectively to carry out the function 
of informing the workless of any work available, for 
which purpose they were in the main established. 
This conference also views with alarm the number 
of men who are permanently unemployed and to whom 
no assistance is at present being rendered under the 
Unemployment Acts, and presses for an amendment 
of the Act that shall guarantee maintenance where 
work cannot be obtained.” 





A resolution relating to working hours was also 
passed by the conference. It was in the following 
terms :—‘‘ That this conference reiterates its strong 


condemnation of the Government for the great wrong 
it imposed upon the British mine workers by passing 
the Eight Hours Act, and instructs the Executive 
Committee to seek an interview with the representa- 
tives of the Government to demand that the Act be 
repealed, as the lengthening of the working day has 
undoubtedly aggravated unemployment in the mining 
industry.” 





On the following day the conference decided to 
press for an improved Workmen’s Compensation Act 
based upon the Holman Gregory report, and to include 
an additional provision that where a person had been 
on compensation and was certified fit for light work, 
it be an obligation upon the employer to find suitable 
work at not less than his previous rate of wages, or 
continue to pay full compensation. Another resolu- 
tion adopted instructed the Executive Committee to 
urge the Government to amend the Coalminers’ 
Minimum Wage Act, 1912, so as to provide that surface 
workers employed at the mines be brought within the 
scope of its provisions, that adequate minimum wage 
rates be fixed for the respective classes of mineworkers, 
and that a weekly minimum wage for mineworkers 
be secured in lieu of the present daily minimum. 





At a private session in the afternoon, the oonference 
decided by an overwhelming majority against Com- 
munist activities within the federation. The matter 
arose out of a consideration of the position in the Scot- 
tish coalfields. According to an official report issued 
at the close of the meeting, the President submitted 
for endorsement a resolution passed by the executive 
in May that the committee, ‘‘ after reviewing the general 
position in the Scottish coalfield, places on record its 
strong condemnation of the Communists and Minority 
Movement and the tactics which have been adopted in 
the various coalfields, and particularly in Scotland. It 
pledges itself to render all possible help to the bona fide 
Scottish Miners’ Federation and all other districts which 
are carrying out the principles of the Miners’ Federation, 
the Trades Union Congress, and the British Labour 
Party.” Mr. T. Richards, vice-president, who seconded, 
joined with Mr. Herbert Smith in an explanation that 
the resolution was directed against the action of the 
Communists and Minority Movement, and made clear 
that it was the policy of the federation not to allow its 
work to be interfered with by any outside organisation. 
An amendment was moved to refer the executive 
resolution back for further consideration, but on a 
card vote it received only 8,000 votes. The executive’s 
resolution was then reaffirmed by 620,000 votes, 
against 8,000. ae. 

Friday’s sitting was largely devoted to a spirited 
discussion on the peace in industry movement. A 
Forest of Dean resolution submitted was in these terms : 
“That this conference draws the attention of the 
Trades Union Congress to the discussions which have 
taken place between the General Council and a group 
of employers upon the subject of peace in industry, and 
calls upon the Congress to condemn such discussion as 
unauthorised and undesirable; that these discussions 
constitute a complete disregard of the rights of affiliated 
unions to be consulted on matters of high policy and 
principle, and that peace in industry is incompatible 
with trade unionism ; and that we call upon the Con- 
gress to instruct the General Council to desist from 
further discussion on the subject.” The previous 
question was moved, but on a card vote it was defeated 
by 380,000 to 240,000. Eventually the Forest of Dean 
resolution was defeated by 309,000 votes to 191,000. 


A claim was recently submitted to the Industrial 
Court that the allowance of 751. a year paid to dockyard 
workmen employed on overseeing duties at contractor’s 
works should be increased to 1001. The Court has 
decided that, while no material change in the allowance 
should be made, it should be assessed on a weekly basis 
instead of an annual basis, and paid at the rate of 30s. 
a week instead of at the present scale of 75/. per annum. 


Addressing the fifth national delegate conference of 
the Amalgamated Union of Building Trade Workers— 
which took place in London last week—Mr. George 
Waddell, the President, said that in his judgment there 
was too much talk about industrial peace and too little 
talk about industrial realities. He was not against 
consultations and negotiations with employers, either 
in individual industries or nationally. He believed 
that we had reached such a stage in the industrial 
development of this country that negotiations with 
the employers as a class nationally were imperatively 
demanded. But there should be no illusions about 
the matter. The trade union representatives should 
engage in those negotiations with a mandate from 
their organisations and Congress, and on the lines of a 





definite series of proposals, 
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THE PRESTWOOD PUMPING STATION 
OF THE SOUTH STAFFORDSHIRE 
WATERWORKS COMPANY. 

WHEN describing the reconstruction of the Lichfield 
pumping station last year (ENGINEERING, Vol. cxxii, 
page 473, et seq.), we referred to the rapidly-increasing 
demand for water in the area served by the South 
Staffordshire Waterworks Company. It will be recalled 
that, apart from the extension to and reconstruction of 
this station, the company had laid down two new sta- 
tions, at Somerford and Slade Heath, in the last few 
years. Although each of these stations is capable of a 
relatively large output, the potential requirements of the 
area served by the company are such that several further 
stations will ultimately be necessary, and even in the 
short period that has elapsed since the stations referred 
to were completed, the demand has involved the 
construction of a new station at Prestwood, about three 
miles west of Stourbridge, and seven miles north of 
Kidderminster. The scheme, of which this station forms 
part, also includes the construction of a service reser- 
voir, with a capacity of 7,000,000 gallons, at Dudley, 
and the installation of some 74 miles of 24-in. steel 
pumping main connecting the reservoir with the station. 
We are indebted for the following particulars of the 
new station to the Company’s Engineer-in-Chief, Mr. 
Fred. J. Dixon, M.Inst.C.E., M.I.Mech.E., who was 
responsible for the specification and general design of 
the whole of the plant. 

The working of the Prestwood pumping station is 
subject to certain conditions imposed by Parliament 
for the protection of wells and other sources of supply 
within a prescribed radius of the station. The com- 
pany, by their 1915 Act, obtained a reduction in the 
protected radius from two and a half to two miles 
and were successful in their appeal that the onus of 
proof be imposed on the claimant instead of on the 
company. In the company’s 1922 Act, a further 
condition was imposed to the effect that the well or 
boreholes at the station must be lined for a depth of at 
least 100 ft. to keep out all surface waters. With a 
view to obtain definite information regarding the ulti- 
mate effect of pumping operations at Prestwood on the 
water table in the vicinity, a series of borings about 
7 in. in diameter were sunk, four of them on a radius 
of half-a-mile from the station and approximately 
north, south, east and wes‘ thereof, the other four on a 
radius of one mile and in approximately the same 
directions with respect to the station. These also 
furnished useful information regarding the geological 
formations in the locality. 

The station lies on the west bank of the Smestow 
Brook, about half a mile above its confluence with 
the River Stour. The rich water-bearing qualities of 
the rocks in the Smestow valley are indicated by the 
numerous pumping stations sited above Prestwood. 
The geological formation at the site was first proved 
by a trial boring, which, throughout its full depth of 626 
ft., penetrated only the lower red and mottled sand- 
stones of the Bunter formation in the trias. The water 
table was found in this trial boring at only 5 ft. below 
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the surface of the ground. The same strata were | 
penetrated by the main boreholes, two in number, | 
which were sunk some 56 yards upstream from the 
trial boring. The series of small borings encircling 
the site gave evidence of the presence, more particu- | 
larly to the North, of the pebble bed overlying the lower 
Bunter sandstones. The geological sections passed 
through by one of the main boreholes are shown 
in Fig. 2annexed. As will be seen, the bulk of the beds 
penetrated were soft sandstones, with a surface layer | 
of gravel which is probably alluvial. The sandstones 
vary in colour from red to yellow and grey and show a 
tendency to become coarser as their depth increases. 

When sinking the first main borehole, shown in Fig. 2, 
the strata were found to correspond very closely with 
those proved by the trial boring until a depth of 528 ft. 
was attained, when the close relation ceased. Bands 
of grey sandstone were found of very soft nature. 
Boring was stopped at 568 ft. 9 in., as it was feared that | 
running sand might be struck. The second borehole was | 
almost identical with the first, being only 38 ft. away. | 
Boring at the second borehole ceased at 531 ft. Sandy | 
marl was encountered in nearly all the small borings 
around the main boreholes, but no trace of marl was 
found in the latter. 

The Prestwood water is of great purity, and its | 
hardness is very low for an underground water. 
An interesting characteristic of these waters in the | 
Smestow watershed is that there is a general tendency | 
for the hardness to decrease as one proceeds down the 
valley. This is illustrated by the following table, which | 
gives the analyses of waters obtained from various 
borings in their order, geographically, from the head | 
of the valley. 


TABLE l. 





Hardness.* | 





Source. Authority. — 
Temporary. Permanent. | Total. 





| 
Tettenhall Wolverham pton 5-50 | 8-78 14-28 
Dimmingsdale *s 11°26 | 5-7 | 16-96 
The Bratch Bilston ont SOC | 10-1 } 25-2 
Smestow (coal | | 
proving) . — 8-8 6-1 |} 15-9 
Hinksford S.S.W.W. Co... 10°8 | 10-6 | 21+4 
Ashwoodt in 8-6 | 7-2 | 15°8 
Prestwood ’ 4-0 | 4-3 8-3 
Kiuver Seisdon 1-0 2-0 4-0 


| 





* In parts per 100,000. 
t Average of six boreholes. 





When studied in conjunction with each individual 
borehole, its depth, and the nature of the strata through 
which it is sunk, the above table leads to the conclusion 
that the greater the proportion of the Lower Bunter 
sandstone strata penetrated, the softer is the water. 

A commencement was made on the first borehole in 
November, 1923. The first work to be done was the 
sinking of a shaft to receive the cast-iron ribbed 
cylinders, on which the weight of the head box, the 
borehole pump, and the rising main were ultimately to 
be carried. Considerable difficulty was experienced in 
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sinking this shaft, which had to be close-timbered on 
account of the soft nature of the strata. The chief 
trouble, however, was caused by water, which was 
encountered very near the surface, and soon necessitated 
pumping at the rate of 14 million gallons per 24 hours 
to keep the water level down in the shaft. The shaft 
was made 8 ft. square down to 12 ft., 7 ft. square for a 
further 7 ft., and was then bored with a 7-ft. built-up 
chisel to a final depth of 42 ft. before a reasonably 
solid base was attained. The shaft was then filled 
in with concrete up to 29 ft. from the ground level. 
Pumping was stopped during concreting, and the 
concrete was placed in the water, partly loose, and partly 
in bags of approximately } cub. ft. each. After the 
concrete had been allowed to set for 14 days, the ribbed 
cylinders were lowered into the shaft, set perfectly 
central and plumb, and the base grouted in position 
with neat cement grout. This was allowed to set for 
12 days, after which the cylinders were concreted in 


up to 1 ft. below the top flange of the castings. “The | 


concrete used throughout was of the proportions of one 
part of Portland cement, two parts local red sand, and 
four parts Rowley Regis granite. When this concrete 
had set, boring by the rotary method with chilled shot 
was commenced. On account of the soft nature of the 
Sanastone very few cores were obtained, and it was 
necessary to chisel up the core periodically and sand- 
Pump it out. A 36-in. shot tool was used down to 


48 ft., and as the hole was cleared, lengths of the 
33-in. internal diameter lining tubes were lowered to 
assist in keeping the hole vertical. From 48 ft. 
to 118 ft., a 324-in. shot tool was used. This section of 
the hole was tested by a 324-in. diameter cylindrical 
gauge, and was found to deviate from the vertical at 
105 ft. A 38}-in. spring chisel was then introduced 
and the hole trimmed down to 118 ft., when it was 
found necessary to sink a 16-in. diameter pilot hole by 
percussion boring, on account of the tendency of the 
|hole to deviate again from the vertical. The pilot 
hole was sunk to 320 ft. and then enlarged, by under- 
reaming chisels, down to 300 ft., until the lining tubes 
could stand in the hole within the specified limits of 
| verticality. The Engineer-in-Chief informs us that he 
| usually specifies a permissible deviation of 1 in. laterally 
| per 100 ft. vertical, and that his experience has been 
; that, with due care and constant supervision, this 
| degree of accuracy can be attained. 

When the hole had been cleaned out to 300 ft., the 
| 33-in. diameter lining tubes were finally lowered into 
| the hole to that depth. The lower 200 ft. of these 
tubes are perforated, as shown in Fig. 1, the remainder 
being solid. The hole was filled solid with sand up to 
| 85 ft. from ground level, that is to say, 15 ft. above the 
| base of the solid lining tubes, for the purpose of grouting 
| the latter in position. The annular cavity between the 
| solid tubes and the sides of the borehole was filled 
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with neat cement grout. The grout was allowed to set 
and the sand then pumped out of the borehole. Boring 
was then proceeded with on the 24-in. section by the 
rotary method ; several good cores were obtained, and 
when a depth of 568 ft. 9 in. had been attained, boring 
was stopped. 

The pumping test was carried out over a period of 
14 days’ continuous pumping. The pump discharged 
into a large settling tank, fitted with baffles and an 
18-in. rectangular weir notch, the flow being gauged and 
recorded by an integrating Lea Recorder. During the 
test, the average daily quantity of water raised was 
1,830,000 gallons. The depth of the water level in the 
borehole below the ground surface was measured prior 
to the commencement of the test, and at regular inter- 
vals during the test, by an electrical apparatus. Prior 
to the test this depth was 10 ft. 2 in. The lowest depth 
measured throughout the test was only 21 ft. 9 in. 
When pumping ceased, the water rose immediately in 
the borehole to nearly its normal rest level, and reached 
that level within thirteen minutes. The pump discharge 
was sampled and analysed regularly, and depth 
samples were also taken to ascertain the consistency or 
otherwise of the water bleeding into the borehole at 
varying depths below the ground surface. The analyses 
showed the water to be of a high and consistent purity, 
and in every respect the result of the pumping test 
more than justified the selection of this site for a 
pumping station. 

It may be of interest to mention here that the effect 
of the continuous pumping on the water table in the 
vicinity was extremely small, no depletion being dis- 
cernible at any of the small borings put down for 
observation purposes, or at the company’s neighbouring 
Ashwood Pumping Station, situated 1} miles away. 
Ample justification is thus afforded for the reduction 
in the radius of the protected area prescribed by 
Parliament. 

The second borehole was immediately commenced 
38 ft. downstream from the first. Boring proceeded in 
a similar manner to that already described, except 
that even greater difficulty was experienced in keeping 
the hole within the specified limits of verticality. 
Finally, a specially strong spring chisel was devised 
for paring down the side of the hole. This proved quite 
satisfactory, but not before the work had been con- 
siderably delayed. The second borehole was stopped 
at 531 ft., as it was considered inadvisable to penetrate 
the soft measures revealed in the first borehole below 
that depth. No pumping test was carried out on the 
second hole. 

We may now pass on to a description of the actual 
plant. Prestwood pumping station is situated in a 
delightful spot amidst sylvan surroundings of river, 
canal, and well-wooded steep slopes. The layout of 
the site was determined naturally, the pumping station 
being placed at the lower portion of a large hollow, and 
the four cottages for company’s employees on higher 
ground, with a tarmac road sweeping down from the 
entrance gates to the pumping station. As shown in 
Fig. 1, the buildings are designed externally in a free 
Classic style, with wide-jointed multi-coloured facing 
bricks, 2} in. thick, similar bricks of rustic finish being 
employed below the plinth course. 

Internally, the dadoes are of salt-glazed brick, with 
pressed buff facing bricks above. Two views of the 
interior are given in Figs. 3 and 4, annexed. The roofs 
are covered with blue Welsh slates, while the floors are 
finished in terrazzo, with Mosaic border and with coves 
at the walls. 

The accommodation provided includes an engine 
house, 60 ft. by 32 ft., which is lofty and is well lighted 
by large windows at the sides and ends, and by a sky- 
light. The height of the engine house from floor level 
to the top of the crane gantry is 14 ft. 8 in. ; the height 
to the underside of the tie bar is 22 ft., and the total 
height of the building from basement floor level to the 
underside of the tie bar 34 ft. 6 in. The remaining 
accommodation on engine-house floor level comprises 
office, stores, switch room, low-tension cubicle room, 
and high-tension cubicle room, whilst in the basement 
are pump rooms, transformer house, workshop, heating 
chamber and lavatories, with a large motor garage as 
a separate building. A special feature has been made 
of the switchboard in the centre of the engine house, 
this being finished with an architectural surround in 
stone. Everything in or near the switchboard is of 
fireproof material. A septic tank with distributing 
apparatus has been provided on the site for dealing with 
the whole of the sewage from the workmen’s cottages 
and the pumping station. 

The pumping conditions at the station could have been 
readily and economically fulfilled by the employment 
of triple-expansion engines driving reciprocating bore- 
hole pumps and force pumps, by Diesel engines driving 
centrifugal borehole and force pumps, or by electrically- 
driven centrifugal borehole and force pumps. The 
first alternative would have necessitated sinking four 
boreholes, and the heavy capital outlay on plant and 





buildings, together with other circumstances due to the 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel—Though complaints of slackness at 
steel forges and rolling mills are common, the latest 
official returns undoubtedly indicate that gross output re- 
cently reached a substantial level. Sheffield’s total 
production of 101,500 tons of steel (more than half of 
it basic) in May, was 11,000 tons greater than in the 
preceding month, though it was 5,000 tons less than in 
the corresponding month last year. Whether equal 
progress will be shown for June and for the current 
month is doubtful. Not only has there been a fairly 
general contraction of buying, but works in several 
important instances are severely burdened by excess 
capacity. This is rendered the more noticeable on 
account of the increased output per unit of plant. Work 
that at one period would have engaged virtually the 
whole of industrial Sheffield is now nothing like sufficient 
to go round. The iron foundries are benefiting from 
contracts in connection with the Mersey Tunnel enter- 
prise, and both the Admiralty and the Crown Agents 
tor the Colonies have placed orders for pipes. Special 
steelwork for constructional purposes is a progressive 
feature. The contract received in Sheffield from the 
New South Wales Government for one thousand tons 
of manganese rails to replace rails of ordinary rolled 
steel now in service in Sydney, is believed to be the 
largest of its kind ever placed. The Victorian Govern- 
ment Railways have also ordered supplies of the same 
class of material. Inquiries are again circulating from 
India. The India Store Department needs sleepers, 
rails, locomotive axles and boiler tubes, the South Indian 
Railway is asking for steel work for bridges, and the 
Bombay, Baroda, and Central India Railway is in the 
market for steam Lreakdown gear, steel trestles and 
girders. The War Office has placed further orders in 
Sheffield for bullet-proof steel plates, shell steel, and 
tools. 

Stainless Chain for St. Paul’s.—Delivery is now being 
made of the 30-ton chain of stainless steel for strengthen- 
ing the dome of St. Paul’s. Relays of steam lorries are 
taking sections from Sheffield to London. When the 
chain is assembled just below the Whispering Gallery, 
the gross weight will be equivalent to that of two modern 
tramway-cars. In 30 sections, each 14 ft. 8 in. long—15 of 
four bars and 15 of three bars—the chain has been 
designed like a huge bicycle chain, with standardised 
links and pins. 

South Yorkshire Coal Trade.—Collieries complain of 
the weakness of the inland demand on industrial account, 
This is accentuating the difficulty of reviving export 
trade, though substantial orders have been booked that 
would have been lost but for the operations of the Five 
Counties’ Scheme. Values generally are firm. A 
welcome sign is the improved consumption of blast- 
furnace coke. Preparations are being made for increased 
output in Derbyshire. House coal is a quiet section, 
though good business is reported in best qualities. The 
chief weakness is in inferior grades. Quotations :—Best 
hand picked branch, 26s. to 27s. 6d.; Derbyshire best 
brights, 19s. 6d. to 20s. 6d. ; best house coal, 18s. 6d. to 
20s. ; sereened house coal, 16s. to 17s. ; screened house 
nuts, 14s. to 15s. 6d.; Yorkshire hards, 14s. to 16s. ; 
Derbyshire hards, 14s. to 16s.; rough slacks, 8s. 6d. to 
9s. 6d. ; nutty slacks, 5s. to 6s. ; smalls, 3s. to 4s. 6d. 








Contracts.—Messrs. Crompton, Parkinson, Limited, 
Guiseley, Leeds, have received an order from the 
Bermondsey Borough Council for a direct-current switch- 
board, for the control of 10,000 kw. of a 500-volt rotary 
converter plant for lighting and traction, and containing 
provision for 2,000 kw. of extensions.—Messrs. Cammell 
Laird and Company, Limited, of Birkenhead, have 
received an order from Messrs. Elders and Fyffes, 
Limited, of London, for two large passenger and fruit- 
carrying steamers for service between the West Indies, 
Central America and this country. The vessels will 
be similar to the Tilapa and Samala, recently completed 
at Birkenhead for the same owners.—Messrs. Alexander 
Stephen and Sons, Limited, Linthouse, Glasgow, have 
received an order from Messrs. Elders and Fyffes, 
Limited, of London, for a passenger and fruit-carrying 
steamer for service to the West Indies. The vessel 
will be about 400 ft. long, completely insulated, and 
fitted with refrigeration for the carriage of bananas. 








PERSONAL.—Messrs. A. G. Mumford, Limited, Col- 
chester, engineers, inform us that they have appointed 
Mr. J, A. Kinnaird, of Glasgow and Greenock, as their 
managing director, in place of Engineer Lieutenant- 
Commander A. Burner.—At a meeting of the council 
of the Society of Motor Manufacturers and Traders, 
Limited, 83, Pall Mall, London, S.W.1, on Thursday, 
July 19, Sir George Beharrell was re-elected president. 
Mr. F. S$. Bennett, who is vice-chairman of the Importers’ 
Section of the Society, and Mr. 8. 8. Guy, who is 
chairman of the committee of the commercial vehicle 
(petrol) section of the Society, were elected vice- 


presidents." Mr. L. Walton was_ re-elected hon. 
treasurer and chairman of the Society’s finance 
Committee.—Messsrs. Wilton, Bell and Ramsbotham, 


chartered civil engineers, 57 and 59, Victoria-street, 
Westminster, §.W.1, inform us that, as Mr. J. F. 
Ramsbotham has retired, the firm will resume its former 
designation of Wilton and Bell, and will continue to 
practise at the above address.—An arrangement has 
been entered into between Messrs. Vickers-Armstrongs, 
Limited, Broadway House, Westminster, S.W.1, and 
Messrs. Automatic and Electric Furnaces, Limited, 
Elecfurn Works, North-road, Holloway, N.7, whereby 
the latter company will demonstrate and sell the 
Vickers-Armstrongs hardness-testing machine. 


NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—The decision of the Government not 
to give immediate relief to the coal industry has caused 
great disappointment in South Wales. It had been 
hoped that the relief would have become operative on 
August 1, and not December 1, and though the relief has 
been brought forward by ten months to that originally 
proposed in the Budget it is felt that by December 1 
many more collieries will have been rendered idle and 
some thousands more men thrown out of work. Opinions 
as to the effect of the relief are divided. In some quarters 
it is thought that the benefit of the relief will be passed on 
to the foreign consumer, by way of reduced prices, in the 
hope that the volume of trade will be increased, and 
economies effected in working costs by more regular 
working at the pits. On the other hand the feeling is 
expressed that the relief will be utilised to diminish the 
heavy losses which collieries are known to be suffering. 
In the meantime the general demand for coal remains 
exceedingly quiet, especially for large. Many pits have 
been closed down and temporary stoppages at those 
working are numerous and of frequent occurrence. Even 
so, outputs much exceed requirements. Prices however 
show no change as they are being maintained on the 
basis of the minima schedule. In the past week shipments 
amounted to only 377,920 tons, compared with 414,600 
tons in the corresponding period of last year. Exports 
to Brazil were raised from 13,000 tons a week earlier to 
13,400 tons, to Canada from 7,200 tons to 22,550 tons 
and to Egypt from 21,100 tons to 22,800 tons. Clear- 
ances to France were however lowered from 98,350 tons 
to 89,290 tons, and to Italy from 49,300 tons to 37,200 
tons. 


Another Anthracite Deal.—A further step towards 
bringing the whole of the output of Welsh anthracite 
coal under single control is understood to have been 
completed by arrangements for the acquisition of the 
Welsh Anthracite Collieries Limited, by Amalgamated 
Anthracite Collieries, Limited, which concern has just 
taken over the Gwaun-cae-Gurwen Collieries Company, 
Limited, and the Vale of Neath Colliery Company, 
Limited. _The acquisition of the Welsh Anthracite 
Company will give Amalgamated Anthracite control 
over about 75 per cent. of the anthracite produced 
in South Wales. It is also understood that negotiations 
will shortly be opened with the Henderson group which, 
if successful, will only leave one important group, which is 
controlled by Messrs. Evans and Bevan, out of the 
scheme. 


Liners for Cardiff—The United States Shipping Board 
liner George Washington and the Cunarder Scythia are 
due at Cardiff on Sunday and Monday next with 1,100 
Welsh-Americans from New York, who are visitors to 
the Welsh National Eistedfodd and the Confederation 
of the Loyal Order of Moose. The George Washington 
will dock in the Queen Alexandra Docks on Sunday 
night and will be the largest vessel ever to come into the 
port of Cardiff. The Scythia will land her passengers 
into a tender in the Cardiff Roads and they will be brought 
to the Queen Alexandra Docks where they will disembark. 


Iron and Steel.—Shipments of iron and steel goods in 
the past week totalled 22,286 tons against 12,485 tons 
in the previous six days. Exports of tinplates and terne- 
plates were raised from 7,222 tons to 9,391 tons and 
blackplates and blacksheets from 1,782 tons to 4,549 
tons. 








EXHIBITION OF X-RAY APPARATUS IN SWITZERLAND.— 
The British Legation at Berne reports that the Public 
Health Department of the town of Lausanne proposes 
to organise an exhibition of X-ray apparatus, electric 
medical apparatus, &c., to be held in Lausanne from 
September 10 to 13, 1928. Further particulars may be 
obtained, by interested British firms, upon application 
to the Department of Overseas Trade, 35, Old Queen- 
street, London, 8.W.1, quoting reference number 
B.X. 4600. ae 


TEeNDERS.—We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, 8.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
details and information relating to these may be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case. The Argentine National Sanitation Works Depart- 
ment invites tenders for the supply and delivery of the 
following machinery, &c., required in connection with 
the supply of drinking water to the town of Colonia 
Alvear, Province of Mendoza: Two Diesel-driven and 
four petrol-driven centrifugal pumps, one 1,000-litre 
fuel tank, and all accessories and spares. Tenders to 
reach Buenos Aires by September 7. Local representation 
is essential. (Reference No. A.X. 6589.)—It is reported. 
from Bogota, Colombia, that the Commercial Depart- 
ment of the Ambalema-Ibague Railway is inviting 
tenders, to reach Bogota by August 25, for steel bridges 
of plate girder beam construction. (Reference No. 
A.X. 6596.)—The Department of Roads of the Chilean 
Ministerio de Fomento is inviting tenders, to be received 
at the ‘‘Departmento de Caminos, Ministerio de 
Fomento,” Santiago, by August 10, for the construction 
of a road from Santiago to Milipilla, a distance of about 
62 km. (Reference No. A. 6598.)—The Great Indian 
Peninsula Railway invites tenders for the supply of 
steelwork, &c., required for girder spans, varying from 
20 ft. to 60 ft., for bridges between Bhopal and Jhansi. 
Tenders to be received by the Agent at his. office at 
Victoria Terminus, Bombay, by August 7. Tenders 
must be marked ‘‘ Tenders for Girder Spans.” (Reference 





No. A. 6599.) 
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NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Scottish Steel and Iron Trades.—Most of the steel and 
iron works in the West of Scotland are still idle on 
account of the holidays. The stoppage this year is of 
longer duration than usual, owing to dullness of trade 
in general, and it will be next week before work is 
resumed in many establishments. By that time it was 
hoped that the number of specifications received would 
have been ample to ensure a good start, but there are 
few indications of that so far, as bookings this week have 
not been very heavy. Consumers continue to buy with 
caution, and are not inclined, even yet, to place business 
much ahead of requirements. The general inquiry does 
not represent a very large volume of work, either on home 
or export account, but it is rumoured that one or two 
fair lines are likely to come on the market in the near 
future. Prices are nominally unchanged, and are as 
under :—Boiler plates, 101. 10s. per ton; ship plates. 
8l. 7s. 6d per ton; sections, 7/. 17s. 6d. per ton; black 
sheets, } in., 8/. 12s. 6d. per ton; galvanised corrugated 
sheets, 24 b.g., 13. 7s. 6d. to 131. 12s. 6d. per ton; 
‘** Crown ”’ bars, 10/. 5s. per ton; and re-rolled steel bars 
71. 7s. 6d. to 71. 10s. per ton, all delivered Glasgow stations. 

Scottish Pig-Iron Trade.—In the West of Scotland, the 
pig-iron trade has suffered quite as badly as almost any 
other industry during the past six or seven months, and 
the present outlook is still none too favourable. Less than 
a third of the furnaces have been in blast recently. and 
another 10 were damped down at the beginning of the 
holidays, leaving only some 15 now in action. Of the 
10 referred to above, five are at Dalziel, three at Gart- 
sherrie, and two at Govan. It is hoped that most, if not 
all, of these will be put into action again in the near 
future. The demand for local pig-iron is not very 
encouraging at the moment, and stocks on hand seem 
quite ample to meet the current needs of home con- 
sumers, and export orders continue on a small scale. 
The following are the market quotations :—Hematite, 
74s. per ton, delivered at the steel works ; foundry iron 
No. 1, 75s. to 76s. per ton, and No. 3, 70s. to 71s. per 
ton, both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
Saturday last, July 21, amounted to 216 tons. Of the 
total, 184 tons went overseas and 32 tons coastwise. 
During the corresponding week of last year, the figures 
were 70 tons overseas and 35 tons coastwise, making a 
total shipment of 105 tons. 








NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Production of Cleveland 
pig-iron is being further reduced by the closing down of 
two furnaces at the Tees Ironworks of Messrs. Pease and 
Partners. This will leave only eight furnaces manufac- 
turing Cleveland pig supply, which is not at all plenti- 
ful. Stocks are low, and the very limited make is well 
taken up by requirements of producers’ own consuming 
plant, and by delivering demands of running contracts. 
The small surplus available for the open market is dis- 
posed of, though customers are markedly disinclined to 
pay ruling rates. Ironmasters declare that cost of 
production prohibits price concessions, and that unless 
orders come forward at current figures, more furnaces 
will have to be put out of action. Fixed quotations 
remain: No. 1 grade of iron, 68s. 6d.; No. 3 g.m.b., 
66s. ; No. 4 foundry, 65s. ; and No. 4 forge, 64s. 6d. 

Hematite.—Manufacturers of East Coast hematite 
iron are inclined to take a somewhat firmer stand, but 
supply continues very ample, and customers are not at 
all disposed to follow an upward movement. Quotations 
are unsteady, and the fine home and export sales made 
recently have been at varying prices. Orders are still 
unobtainable, except on terms well below cost. Mixed 
numbers range from 68s, to 70s. 

Furnaces in Blast.—Of the 35 blast furnaces in opera- 
tion on the North-East coast, the number in blast will 
shortly be reduced to 30, comprising 13 on the manufac- 
ture of basic iron, eight on the production of Cleveland 
pig, seven on the make of hematite, and two on the 
manufacture of special kinds of iron. 

Foreign Ore.—Local consumers of foreign ore are still 
off the market, but threatened shortage of supply upholds 
values. Best rubio is fully 22s. 6d., c.i.f., Tees. 

Blast-Furnace Coke.—Local users of Durham blast- 
furnace coke are not disposed to purchase at all exten- 
sively. Good average qualities are 17s. 6d, to 17s. 9d. 
delivered to works in this district. 

Manufactured Iron and Steel.—In several branches of 
the finished iron and steel trades fresh specifications would 
be very welcome, but in one or two departments a good 
deal of work has yet to be executed. Quotations are 
steady. Common iron bars are: 10l. 5s. ; best bars, 
101. 10s. ; double best bars, 101. 158.; treble best bars, 
11l.; iron rivets, 111. 5s.; packing (parallel), 7/. 10s. ; 
packing (tapered), 10/.; steel billets (soft), 61. 15s. ; 
steel billets (medium), 7/. 2s. 6d.; steel billets (hard), 
7l. 12s. 6d.; steel ship plates, 8/. 7s. 6d,; steel angles, 
7l. 178. 6d. ; steel rivets, 111. ; steel joists, 71. 17s. 6d. ; 
heavy steel rails, 10/.; black sheets (No. 24 gauge), 101. ; 
and galvanised corrugated sheets (No. 24 gauge), 13/. 10s. 








OveERHEAD Lines AssociaTion.—On October 10, 
1928, the Overhead. Lines Association will hold its 
first conversazione at the Wellington Rooms, 105, 
Victoria-street, London, S.W.1. Tickets may be 
obtained from the Hon. Secretary, Mr. T. Stevens, 
50, Lincoln’s Inn Fields, london, W.C.2. 
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PLATE X. 





PULVERISED FUEL LOCOMOTIVE FOR THE GERMAN 


CONSTRUCTED BY THE ALLGEMEINE ELEKTRICITATS-GESELLSCHAFT, ENGINEERS, 


(For Description, see Page 
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APPRENTICESHIP AND TRAINING. 

A CENTURY or more ago a number of circumstances 
conspired to make British engineers pre-eminent 
among those of all countries. In their natural 
resources and geographical position they enjoyed 
an unequalled combination of raw material with 
facilities for exporting its products. The work, 
moreover, with its inexorable demands to make a 
job of the product and not a makeshift, fitted in 
with the Englishman’s temperament. Beyond other 
men he was by nature a law-abiding person, able 
to recognise the duty of doing good work, and apt 
to discharge it. He had, further, a strong objection 
to being beaten, and at every turn his engineer- 
ing work presented him with abundant difficulties 
and the opportunity of successfully overcoming 
them. The disposition to face their difficulties was 
not confined to manual workers. It appeared no 
less eminently in the men of genius who taught 
their country and the world how to generate power 
and by what machinery to use it. British manu- 
facturers in general, and their engineering products 
in particular, attained and deserved a high reputa- 
tion for the quality of their work, which, happily, 
they still possess. In natural resources they are 
now worse off relatively to other countries than they 
were at the beginning of the mechanical era, but 
they retain the goodwill that arises from their per- 
sonal character and the quality of their work. 

With the change in their relative position in 
respect to natural resources, British engineer- 
have become more dependent than ever on the 
quality of their work, and for some time past 
anxiety has been felt as to whether they could 
feel assured of maintaining the supply of skilled 
workers necessary for maintaining its standard. 
Methods of manufacture have changed and are 
changing, the demands of customers become 
constantly more exacting, one generation of workers 
is succeeded by another, and it is not to be assumed 





without examination that the new generation will 
fulfil the demands of the new practice as adequately 
as their predecessors fulfilled those of their time. 
The question is not peculiar to the engineering 
industry, and in 1925 and 1926 the Ministry of 
Labour undertook inquiries into the extent to which 
the several groups of British industries could 
regard the existing arrangements for apprentice- 
ship and other training as adequate for providing 
the necessary supply of skilled labour. The 
seventh of the reports which contain the results of 
this investigation has now been published (H.M. 
Stationery Office, 5s. net). It gives a general account 
of the results obtained from the entire investiga- 
tion, of which. the six previous reports have set 
out in detail the facts relating to special groups of 
industry, and it concludes with a summary and a 
statement of the conclusions which the facts suggest. 
The information has been collected to a large extent 
through the co-operation of over 30,000 employers 
employing nearly 3,000,000 work people, a large 
number of representative associations, and practi- 
cally all the Trade Unions concerned with skilled 
occupations. As a result the Report submits a 
valuable collection of information, which appears 
to be sufficiently complete to warrant the conclu- 
sion at which it arrives. It seems unfortunate, 
indeed, that a book of nearly 200 pages, crammed 
full of statistical and other information should not 
be provided with an index, but be merely divided 
into 30 sections. An index may, indeed, be a soul- 
destroying document to prepare, but to a work of 
sufficient importance it is as necessary as a handle 
to a tool. Its preparation may, moreover, be a 
direct advantage to the writer. Often it may serve 
to draw attention to overlapping between the 
material of different parts of a work and enable 
its several parts to be grouped more pointedly. In 
the present instance, however, the material is there, 
and it is of sufficient interest to deserve attention 
even as it stands. 

The results of this extensive and careful inquiry 
appear on the whole to be reassuring. It is not 
to be expected that in the face of the many changes 
of practice which have been introduced in the 
last few years, and even still are in progress, com- 
plete and perfect systems of training should already 
have become general. It is common knowledge, on 
the contrary, that to a large extent the methods at 
present in use are tentative, and nothing is more 
striking in the report than the evidence it gives 
of the methods that everywhere are being tried 
in the search for improvement. Industries do 
not seem, and are not thought, to be faced with 
an early emergency through shortage of skilled 
labour. It is not equally clear that they may not 
be so in a few years’ time, if methods of training 
are not improved. It is satisfactory, therefore, to 
find that the industries have their eyes fully open 
as to the risk. The restless energy, with which 
alternative methods of training are being set up 
and tried, gives as good assurance as can be wanted 
that industries will not be ta: .a by surprise, and 
are likely to have attained adequate methods of 
training by the time they are wanted, if they do 
not possess them already. An examination, more- 
over, of the figures shows clearly that, whatever 
may have to be done to improve systems of training, 
or the way in which they are applied, there is no 
ground for the fear that sufficient material will not 
be available for recruiting the skilled trades. The 
steady falling off in the birth-rate of late years is 
common knowledge, but an examination of the 
figures shows that there will still be enough boys 
available in any foreseeable future to provide such 
skilled men as may be required. The birth-rate in 
1927, indeed, was barely more than half what it 
was in 1887, and though to some extent this 
decrease is offset by the steady reduction in death- 
rate, it means a substantial net decrease in the 
number of boys who will be available for industry. 
At the present time, however, the skilled trades are 
taking only a small proportion of the newcomers. 
They occupy no more than a seventh of the male 
workers under 21 years old, and the problem 
therefore will not lie in procuring material capable 
of being trained into skilled workers. The prob- 
lem, as the report points out, is more likely to be 
how to make apprenticeship to a skilled trade, or 
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some equivalent to apprenticeship, attractive enough 
to boys who are choosing their occupation. When a 
boy or his relatives are considering all trades, they 
must take account of the attractions they respectively 
offer, and it may well be that, to secure for skilled 
work the required share of the services of the right 
type of boy, the attractions offered will have to be 
increased. For a long time past, and notoriously 
during the war, the reward given to skilled men 
has been, as a rule, quite disproportionate to the 
value of their work and the sacrifices they have 
usually had to make in order to attain their skill. 
If measures to attract boys into apprenticeship are 
to be effective, they will have to include provision 
for insuring that such skill, which takes many 
years to acquire, will be paid for at a reasonably 
higher rate than unskilled work. It may be 
necessary, moreover, to improve rates of pay during 
apprenticeship. 

This reform, however, cannot become effective 
until means are provided for defining the intended 
skill more accurately than is the case at present. 
Work can be easily turned out by the help of exist- 
ing tools which could not be made on old tools or 
by hand without considerable skill. For many years 
it has been a vicious practice to reckon the produc- 
tion of such work as skilled, even when it is turned 
out on machines which require little skill for their 
operation. It is, moreover, common experience, 
obtained on a sufficient scale and over a sufficient 
period to be conclusive, that this work can be 
done quite as well by persons with limited skill 
as by fully-qualified tradesmen. The convention 
by which, nevertheless, such work is sometimes 
regarded as skilled is mischievous in three several 
ways. It is unfair to the skilled man, who by its 
operation is made one of a much larger class, and 
therefore cannot hope for a remuneration propor- 
tionate to the sacrifices he has made in order to 
obtain his skill. It may be disastrous to the 
industry, as well as to the regularity with which 
men can be provided with employment, in so far 
as it tends to tie men down strictly to individual 
classes of work which may not be wanted, when, 
if they were allowed to do it, they could be kept 
going on other work that is wanted. It tends, 
further, to confuse the training necessary for this 
small skill, with the training required by a fully- 
qualified tradesman. 

This confusion appears to be among the chief 
difficulties with which schemes of training have to 
contend. In order to become qualified to work a 
machine which requires only a moderate degree of 
skill, only a trifling fraction of the training necessary 
for a tradesman is required. This, indeed, is all that 
is needed by a majority of machine operators. 
They would be no better fitted for their work if they 
had received more, and it may be that a good many 
lads are burdened expensively and unprofitably 
with an extra and yet not complete training of 
which they can never make adequate use. For 
skilled work, on the other hand, and for super- 
visory work, much fuller training is necessary, and it 
would be far easier to arrange to provide this if it 
were restricted to those to whom it is likely to be 
of use, than if either it is given indiscriminately, 
or is slurred over, by being restricted more nearly to 
the needs of the part-skilled men, who form the large 
majority of the mechanics required at the present 
time. Among the examples given in this report 
of methods of training used in present practice is an 
outline of that which has been adopted by the English 
Electric Company, which has special courses of 
instruction for trace, engineering and student 
apprentices respectively. The trade apprentice 
serves for five years, and may choose between 
thirteen separate courses, in each of which he has 
to work for a sufficient time not only at his own 
ultimate class of work, but at the work to which it 
is related. A moulder, for instance, spends four and 
a quarter years in the foundry, but between the two 
periods into which that time is divided he puts in 
six months in the pattern shop and three months with 
the works’ chemist. The pattern-maker apprentice, 
similarly, passes six months in the foundry, the 
turner has to serve twelve months in the machine 
shop, six months at inspection, and six months 
at erection, in addition to the three years he passes 


fitters, tool-makers, millwrights, and the other 
classes of work. In this way the boy gets the training 
of a skilled artisan, and can work as such, and, when 
otherwise qualified, become a foreman or an inspector. 
With similar courses provisions are made for train- 
ing engineering apprentices of higher general educa- 
tion in a four-year course, which may be either 
electro-mechanical or mechanical, and student 
apprentices in a three-year course (two years for 
graduates), which may lead to still more advanced 
work. A further two-year course in outside work 
is provided for selected engineering apprentices 
and to some extent also trade apprentices, so that 
there may be no lack of qualified erecting engineers. 

The example of this company illustrates the fact 
that the training, which it is found worth while to 
give to apprentices nowadays, is fully up to old 
standards, even when allowance has been made 
for the improved level of present practice. Many 
similar examples can doubtless be found in other 
works, but there appears to be no doubt that in 
many instances existing training falls considerably 
short of suchastandard. The Electrical Contractors’ 
Association states, indeed, that while the supply of 
workers is apparently adequate, the Association is 
not altogether satisfied that they are thoroughly 
skilled. The net outcome of the report is to show 
that the question is receiving active attention 
throughout the industries, and it is to be hoped 
that the results of the many alternative forms 
of training under trial may be compared as 
often as is useful, so as to allow a judgment 
to be formed regarding their relative merits. 
Considerable interest is attached to the attempts 
which are being made by methods of vocational 
selection to choose a boy’s job in some more precise 
relation to his natural physical and mental qualities, 
than has been possible hitherto. The methods 
employed for the purpose are no doubt themselves 
under trial, and much time must elapse before the 
relative value of the tests that are being applied has 
been determined by experience. The results that 
they have given hitherto seem on the whole to be 
promising. It is to be hoped that for some time to 
come they will continue to receive the practical 
scrutiny by the outcome of which their merits must 
be decided. 


THE PHYSICS OF PHOTOGRAPHY. 

Tue delivery of the annual Institute of Physics 
lecture on Physics in Industry was arranged this 
year in co-operation with the Seventh Interna- 
tional Congress of Photography, which held its 
meetings from Monday, July 8, to July 15, in the 
Imperial College of Science and Technology, under 
the presidency of Sir William Pope, F.R.S.. of 
Cambridge. The lecture was given on Thursday, 
July 14, in the hall of the Institution of Electrica] 
Engineers, by Dr. C. E. Kenneth Mees, director 
of the Research Laboratory of the Eastman Kodak 
Company, at Rochester, New York. 

Dr. Mees took the subject of exposure as _ his 
starting-point in his review of photographic physics. 
Photographic exposure, he explained, was a branch 
of illumination, but the sensitive receiving substance 
was, in this case, not the retina of the eye. The 
ordinary photographic material did not give the 
brightnesses of different coloured objects as they 
appeared to the eye, and the curves of the sensitive- 
ness of the retina and the photographic material 
to various radiations, even of the same energy, 
differed very much. By means of dyes, it was, 
however, possible to sensitise materials to the visible, 
and even to the invisible, infra-red spectrum, 
and the most recent sensitisers, kryptocyanine 
and neocyanine, had extended the photography of 
the infra-red spectrum to 10,000 A.U. Abney 
measured the action of light on photographic 
material, in 1874, by relating the transparency of the 
developed image to the time of exposure. Hurter 
and Driffield, in 1890, defined photographic density 
D as the logarithm of the opacity, the inverse of the 
transparency, D = log I/I’, where I was the intensity 
of the incident and I’ that of the transmitted light. 
The density D of the silver deposit, assumed to be 
proportional to the mass of silver per unit area, 
was recently found to vary with exposure and 
development. The characteristic curve of an emul- 
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definite periods to a standard candle through a rotary 
sector wheel. This curve was somewhat S-shapei, 
first convex to the abscissa (exposure axis in tlic 
under-exposed region, then straight in the region of 
correct exposure (of constant density increase), and 
finally concave in the region of over-exposure. The 
abscissa intercept on the straight-line portion was 
called the inertia of the plate, and was expressed in 
candle-metre-seconds, 7.e., seconds of exposure at 
one metre distance from the British standard candle. 
Divided into a factor, which Hurter-Driffield as- 
sumed to be 34, the inertia gave the speed of the 
plate, but the standardisation of sensitometric 
matters had still remained a matter of controversy 
at this last Congress. 

The definition of the unit of effective intensity 
depended upon the visual intensity of the light and 
on its spectral quality ; the latter varied with the 
spectral distribution. Most negatives being taken 
by sunlight, the quality standard should be that of 
sunlight. Artificial standards operating at anything 
like the temperature of the sun’s surface, however, 
were not available. The light of low-temperature 
standards had therefore to be modified by the use 
of light filters. Suitable liquid filters, inorganic salt- 
solutions, had recently been produced by Gibson and 
Davis in the United States Bureau of Standards, but 
the density D was not simply given by the product 
It of intensity and length of exposure, or by I?’, as 
Schwarzschild had proposed on the strength cf 
astronomical observations. The relation was more 
complex, and the continuity of exposure had further 
to be considered ; the photographic plate could 
not integrate intermittent exposures as the eye 
could. The ideal exposure instrument or sensito- 
meter did not exist yet; the sensitometer used 
at Rochester, due to Mr. L. A. Jones, had an 
exposure range from 0-0001 to 0-1 second. 

The measurement of the optical density of the 
developed image was effected by absorption photo- 
meters. The polarisation photometer of Martens, 
almost universally used, was now being superseded 
by physical photometers, thermopiles and photo- 
electric cells. One important point to be considered 
in photometric measurement was whether the 
reading was taken in contact with a diffusing 
screen (opal glass) or a collimator. 

The photographic characteristics of printing 
papers were measured by a procedure similar to 
that used for negatives, but in the case of printing, 
the relative reflecting power of the reduced silver, 
and not its mass, was the decisive factor. This reflec- 
tive power was determined with illumination at an 
incidence of 45 deg. to the plane of the paper, and 
a number of constants were distinguished on the 
characteristic of the printing paper. One of these 
was Y, which was the value of the contrast element, 


the differential A (ce7) for the straight portion 


of the characteristic. On a photograph of natural 
objects, form could be represented only by differ- 
ences in brightness, and the accuracy of form 
depended upon the precision of the reproduction 
of the tones of the original. The differences in 
brightness, in nature, were due to differences in 
illumination and in reflecting power, and the range 
of contrasts was very large. On landscapes, the 
range might be flat (contrasts of 1:4) soft (1 : 10), 
very strong (1:40), or extreme (1:100). In the 
negative, the original tones were inverted, and re- 
versed again in the print, and their relations had to be 
followed through both steps. For correct reproduc- 
tion, the value of y should be unity for the straight- 
line portion of the print, as well as for the negative. 
That portion, however, was generally short, and, in 
printing, the under-exposed portion of the paper, 
curve had to be utilised. The tone values of pape? 
prints were therefore always distorted to some extent, 
and the computation of tone reproduction was of 
great importance, especially in colour photography 
and also in sound reproduction. These problems 
had been worked out graphically at Rochester by 
Messrs. E. F. Renwick and L. A. Jones. 

The developed image consisted of grains of reduced 
silver corresponding to the original grains of silver 
halide affected by the light. The image was granu- 
lar in structure, and its sharpness depended upon 
the structures of both the developed image and the 
sensitive emulsion. Sharpness might be defined 





as density-gradient at the edge. If a sharp knife- 
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edge were supposed to be placed upon the emulsion 
and a collimated beam of light were allowed to fall 
normally upon the emulsion, the density, after 
development, at various distances from the edge 
could be measured with a microphotometer and 
could be plotted as a sharpness curve. The curve 
depended upon two functions of the emulsion. 
One was the spreading of the light into the emulsion, 
due to the reflection, refraction, and absorption 
of light by the silver-halide crystals ; this effect was 
known as the turbidity of the emulsion, and it was 
measured by the increase in the width of the image 
of a slit. The other function was connected with 
the slope of the development characteristic. Sharp- 
ness of image was commonly associated with small 
grain size. That was an important factor, as it also 
was in resolving power, but it did not determine 
sharpness at an edge. Usually fine-grained plates 
had high y and low turbidity values; but it was not 
always so. 

Under magnification, any image appeared broken 
owing to the grain structure, and phases or gra- 
dations were distinguished in the inhomogeneity 
of a photographic deposit; graininess might be 
due to the existence of reduced particles of silver, 
due to the clumping of these particles and to the 
agglomeration of the clumps. Graininess was 
specified numerically as equivalent, for example, toa 
screen of 3,000 lines to the inch, meaning that the 
lines and the grains would just be visible at the 
same magnification. The resolving power changed 
with both development and exposure, and might 
be raised from 40 to 80 by modifying light pene- 
tration, development and graininess. The resolving 
power was determined by photographing groups of 
narrow lines close together and by observing the dis- 
tance between the closest lines resolvable. The values 
of those laboratory tests, however, required correc- 
tion as the tests were performed at high-intensity 
contrasts, whilst in astronomical work, for example, 
contrasts were low, and the resolving power of 
the optical system, including the atmosphere, was 
of the same order as that of the photographic 
material. This applied less to bright line spectra, 
of course, than to absorption bands. Dr. Mees 
further showed that there was no parallelity in 
the values of y, sharpness, resolving power and 
graininess for varius emulsions and spectral regions. 

Finally, the lecturer referred to the complicated 
causes of the distortion of photographic images, 
especially of small size, on the plates on which they 
were to be measured. There was, first, a light 
action causing the images to assume an oval form, 
the geometrical centres being displaced inwardly 
as if by attraction. This turbidity effect might 
cause a maximum attraction of spectral lines 
amounting to 5 and even 15 microns. Secondly, 
there was contraction of the gelatin, in which the 
image was embedded, and of close spectral lines or 
double stars by an amount depending upon the 
width of the lines and upon the developer ; for close 
double stars, at distances of 100 microns or less, the 
contraction might amount to one or to half a 
micron ; it was greater with strong developers like 
pyro-metol. Thirdly, a repulsion, first noticed by 
Khotinsky in 1906, took place between two images. 
This was ascribed to local exhaustion of the developer, 
and it tended to neutralise the two other effects. 
The total effect seemed generally to be a slight 
contraction of the separation between neighbouring 
lines, but it was not safe to assume this. The 
aggregate effect might be the opposite or possibly 
absent, and it would generally be small, of the order 
of a few microns, with short exposures and normal 
develop ‘’s. Single isolated images might also be 
displaced owing to local causes. 








THE DEVELOPMENT OF PERSIA. 


THERE are many handicaps to the development 
of Persia, but the country possesses the almost 
Me advantages, that it has a currency with a 
— exchange rate than before the European 

ar, and a national debt which would need but little 
effort to wi pe out altogether. It is true that a large 
part of the area of Persia—628,000 square miles— 


ah desert, but the country has many natural 
i 8 of which full utilisation has not yet been 


of the cars are British, and about 12 per cent. of the 
lorries. 


been informed that deposits of radium have been located 
in Haliburton County, Ontario, Canada, 
blende ore found in this locality, which is some 100 miles 
north of Toronto, is stated to compare favourably with 
that which occurs in the Belgian Congo, and a company 
known as the Ontario Radium Corporation has been 
organised for the purpose of conducting mining opera- 
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the country was simply to put national affairs in 
order so as to encourage the investment of foreign 
capital in schemes for the development of the 
country’s resources. This has apparently given 
way to proposals whereby the country itself may 
provide the means for its successful exploitation. 
Recently Mr. E. R. Lingeman prepared a ‘“‘ Report 
on the Finance and Commerce of Persia” for the 
Department of Overseas Trade, which is a valuable 
source of information on the changes made in every 
phase of the country’s activity during the last two 
years. This report has recently been published 
by His Majesty’s Stationery Office at a price of 
ls. 6d. net. 
The failure of the harvest in 1925 led to dangerous 
prospects of a famine in Tehran, and some pro- 
vincial centres of population. Grain was obtained 
from Russia and India, and every available means 
of transport was requisitioned. Motor lorries, 
being the most suitable means, were imported in 
quantity. The upsetting of the normal transport 
facilities, and the consequent difficulty of getting 
Russian goods delivered to the inland towns, then 
became one of the factors which led to the decision 
of the Soviet Government to put an embargo on 
Persian goods. Fortunately, the next year’s harvest 
was a good one, and the contributions of the Anglo- 
Persian Oil Company to the Exchequer were greatly 
increased. In the trade account for the country 
for 1926 to 1927, the imports amounted in value to 
about 16,200,000/., and the exports to 22,700,000/., 
of which two-thirds was due to the activities of 
the Anglo-Persian Oil Company. The way in 
which this great organisation has developed its 
production may well be shown by the increase in 
the royalties it has paid to the Persian Treasury. 
In the year ending March 31, 1921, these were 
468,718/., whereas in the similar annual period for 
the last year for which returns are available, 1927, 
they had risen to 1,389,612/. During the twelve- 
months last referred to the output was 5,107,081 
tons. The next industry of Persia in the scale of 
importance is carpet making, and the figures relating 
to exports show continuous increase. There is also 
some small amount of spinning and weaving, 
with cotton wool and silk, but other industries are 
of no significance. Apart from cotton goods, which 
are mainly supplied by Lancashire and India, 
there are markets in Persia for many types of 
British goods, of which mention might be made 
here of motor vehicles and accessories, industrial 
and agricultural machinery, electric power plant, 
small tools, galvanised iron, tin plate and non- 
ferrous metals. 
A railway connecting the northern part of the 
country with the south, an ambitious dream of the 
Persian people in authority, seems to be nearer 
realisation now that a railway fund has been set /s 
up with the money obtained from the surtaxes on 
sugar and tea. The Majlis has authorised the 
Government to make a start with construction, at 
both ends, of a proposed line between Khur Musa 
or Mohammerah and Bandar-i-Gaz via Hamadan 
and Tehran. It is thought that a railway from the 
Caspian Sea to the Persian Gulf will take from seven 
to ten years to construct, and will cost something 
of the order of 15,000,000/., but no dependable 
estimates have yet been made. One peculiarity |h 
about the proposed scheme of railway construction 
is the suggestion that the rails should be made in 
Persia. Indeed, this proposal, although it must |b 
prove a costly adventure, seems likely to be carried 
out, for a German expert has been engaged to design 
the works, and a sum of about 900,000/. has been 
set aside out of the railway fund to meet the cost. 
Motor transport is making great progress. In the 
year 1924-1925 there were 529 motor-cars and 103 
motor lorries. The corresponding figures in 1926— 
1927 were 1,330 and 967. A little over 2 per cent. 
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THE LATE MR. P. V. VERNON. 

WE think it will be with a sense of personal loss 
that very many engineers will read this short 
appreciation of one whose death, at a comparatively 
early age, removes an outstanding personality in 
the machine-tool industry. Mr. Percy Venables 
Vernon, Director of, and Chief Designer to, Messrs. 
Alfred Herbert, Limited, Coventry, we regret to 
record, died after only a short illness, on July 22, at 
his residence, Keresley Manor, near Coventry. 
Born in 1871, he had been associated with Messrs. 
Herbert for over 31 years. Mr. Vernon received a 
good general education at Manchester Grammar 
School, and his professional training in that manner, 
perhaps now less general, which has produced many 
sound engineers, namely, practical work in the day- 
time and theoretical work in evening classes. The 
first was done as an apprentice to Messrs. Kendall 
and Gent, of Gorton, the second at the Manchester 
Technical College. He commenced his apprentice- 


ship in 1887, at the age of 16, and in his earlier years 


had that thorough training in handicraft which was 


provided by a shop, making, as the firm did at that 
time, any machine which was not too heavy or too 
large, and in which fitting of the older sort involving 
the skilful use of the file and scraper was largely 
employed. His work at the Technical College may 
besummed up by stating that he gaineda Whitworth 
Exhibition in 1891, and that he attained a very 
considerable proficiency in mathematics, which was 
of considerable use later in enabling him to master 
the theoretical side of his profession, as he un- 
doubtedly did. 


Before Mr. Vernon left Messrs. Kendall and 


Gent’s service in 1896, he had become designer to 
the firm, and it was in the capacity of an expert 
that in that year he joined Messrs. Babcock and 
Wilcox, Limited, to design the special machine tools 
necessary for the manufacture of that firm’s well- 
known water-tube boilers. This occupied him 
somewhat over a year, and then, in March, 1897, 
he joined Messrs. Alfred Herbert, Limited, as 
designer. 
for the whole of the firm’s designs, and in 1911 was 
appointed a Director. 
work, there is no necessity to speak, it is evidenced 
by the world-wide reputation of the firm’s products. 
In the war period, Mr. Vernon was Assistant Con- 
troller of the Machine Tool Department for the 
Ministry of Munitions, his special duties lying in the 
control of supply of machine tools for the production 
of shells, guns, small arms, small-arm ammunition, 
and torpedoes. 
British Empire was conferred on him. 


Here, for many years, he was responsible 


Of the quality of his design 


For these services, the Order of the 


Mr. Vernon became a member of the Institution 


of Mechanical Engineers in 1902, and was a valued 
contributor to the discussions on gearing and other 


ubjects allied to machine tools. He was appointed 


a member of the Cutting Tools Research Committee 
of the Institution at its second meeting in 1919. 
He was also a member of the American Society of 
Mechanical Engineers, and took a great interest in 
the work of the Manchester Association of Engineers 
before which he read a paper on “‘ Speeds of Machine 
Tools’’ in 1903, and another on “‘Some Milling 
Experiments” in 1912. Nor was his interest 
merely confined to his profession. 


For many years 
e was a member of Council of the Coventry Chamber 


of Commerce, and was also a member of the Educa- 
tion Committee of that City, the subject of education 


eing one which made a special appeal to him. We 


cannot, we think, conclude this notice more fittingly 
than to quote the head of his firm, Sir Alfred 
Herbert, who says of Mr. Vernon, “‘ He was a man 
of broad and liberal views, and was distinguished 
by a scrupulous fairness, and an unusual ability to 
see and appreciate in all discussions the other man’s 
point of view. To the young engineer he was 
always a friend and helper, and nothing pleased him 
more than to see the progress of his staff.” 








AMERICAN CARBON-BLACK INDUsTRY.—A report issued 


recently by the United States Bureau of Mines states 
that a new record for the production of carbon-black 


as established in that country during 1927. Some 


198,430,000 pounds of the material were produced, which 
figure constitutes an increase of 9-9 
previous year’s total. 
were Louisiana and Texas. During 1927, some 144,087 
million cub. ft. of natural gas were consumed in the 
manufacture of carbon-black. 


r cent. over the 
The two chief producing States 








THE NATIONAL PHYSICAL 
LABORATORY. 
(Continued from page 86.) 
AERODYNAMICS DEPARTMENT. 


Wind Tunnels.—The whirling arm, as well as all 
the wind tunnels, have been in constant use, and 
it is noteworthy that the great improvements in 
seaplanes, as proved in the Schneider Cup competi- 
tion and on other recent occasions, have largely 
been rendered possible by researches on models 
conducted in the Duplex tunnels. A honeycomb 
wall has been erected in the 7-ft. tunnel room, 
similar to that in the duplex tunnel, and the wood- 
work of the working section of this tunnel has been 
slightly tapered, the formerly parallel walls being 
opened out downstream, in order to reduce the static 
pressure drop along the central tunnel line. 

The construction of a variable-density tunnel of 
open-jet type, for use with air compressed up to 
20 atmospheres, was decided upon after compara- 
tive trials made in the American tunnel at Langley 
Field and at Teddington. The American tunnel, it 
was found, provides full-scale data of considerable 
accuracy, which otherwise could only be obtained 
by costly tests on machines in free flight. The 
new tunnel will have a length of about 40 ft. 
and an outside shell diameter of 17 ft. In the 
American tunnel air is drawn through an inlet 
section and an open gap (the throat) into the 
outlet section and is returned through the jacket 
of the tunnel, so that a continuous air current 
is maintained. In the new tunnel the inlet will 
narrow in trumpet fashion and the outlet open out, 
while the throat, of 5 ft. diameter, can be closed by 
cylindrical segments. For the measurements, special 
devices for distant control have also been designed. 
The horizontal frame of the new pressure balance is 
a triangle, which is pivoted at two points on the 
sides near the extremities of the base. The weights 
are attached to the base, and the pull is balanced by 
electric attraction at the apex of the triangle, 
through which the vertical axis of a horizontal coil 
passes. As the frame tilts, this coil moves up and 
down, between two stationary horizontal coils, the 
whole forming a balance fed from the supply circuit 
and controlled by resistances. A reading is taken 
at the moment when a small magnetic induction 
balance, attached to the base of the triangle, 
and serving merely as indicator, indicates that 
equilibrium is reached. Currents of 30 amperes 
may be required to balance the heavy forces, but 
the arrangement has the great advantage that no 
masses, sliding weights, &c., are moved for the 
measurements. 

Automatic control of wind tunnel speed is ob- 
tained by means of the manometric balance and 
relay due to Mr. Relf, which are illustrated in Figs. 
4 and 5, annexed. The manometer, shown in the 
background of Fig. 4, with two rows of weights in 
front, consists of an inverted bell dipping into oil ; 
a tube, passing through the bottom of the con- 
tainer into the air space above the oil, connects 
the gauge with the tunnel. The bell, following the 
pressure variations in the tunnel, moves up and down 
between two contacts, which are indicated to the 
left of the bell at the bottom of Fig. 5, and thus 
operates one of two relays. Each relay controls 
three tubes filled with hydrogen. In each tube a 
drop of mercury runs from one end to the other as 
the tube tilts, so that each tube may be employed 
to break one circuit and close another immediately 
afterwards. When the manometer gauge touches 
a contact and causes one of the relays to operate, a 
small motor, the armature of which is fed from a 
potentiometer, moves the slider of a resistance in 
the field circuit of the wind tunnel motor. The 
various contacts in the three tubes of each relay 
are used to perform various incidental functions. 
The potentiometer is cut off when neither relay 
is excited; neither relay can operate unless both 

be initially in the off-position, and red and white 
lamps indicate the momentary conditions. The 
potentiometer tappings have been made variable 
in order to make the speed of operation of the motor 
adjustable within desirable limits. 

For measuring the thrust and torque of an air 
screw working under static conditions in free air, 
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underneath the tunnel floor, and the thrust balance, 
mounted on a platform, is connected with the 
motor by a long horizontal wire. The high initial 
tension in the wire, which has to be greater than the 
thrust, being produced by inclining the V-wires to the 
vertical. The torque is applied to the motor casing 
by means of a transverse beam and weights hanging 
down from the beam. The zero position for null- 
method measurements of thrust and torque is 
indicated by fixing a mirror to an extension of the 
torque beam. The similar arrangement for testing 
air-screws within the 7-ft. tunnel is shown in 
Fig. 6 on page 111. As the optical system would 
there obstruct the air-stream, the angular motion 





of the torque balance is magnified, the image of a 
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fitted with a commutator B, is adjusted to a con- 
venient voltage by the potentiometer C and applied 
to the primary windings of two gaps, D and E, the 
secondaries of which are connected in opposition and 
in series to the moving coil galvanometer G and 
the commutator B. One of the gaps is varied in 
width by the deflection of a force-recording spring ; 
the other is controlled by the micrometer which 
is shown in Fig. 8. The gaps are at first set 
unequal, so that there is an induced e.m.f. in 
the secondary circuit ; the brushes of commutator 
B are then adjusted for maximum galvano- 
meter deflection, i.e., for half-wave rectification. 
The instrument is calibrated by applying known 
forces to the spring and adjusting the micrometer 








Manometric Balance 


spot of light reflected from a mirror being thrown 
through a hole in the floor on a ground-glass screen 
and observed from outside; the torque wires are 
likewise taken through holes in the floor, and the 
motor and torque beam are completely enclosed 
within a guard. 

When forces or couples are balanced against a 
calibrated spring set at known initial tension, the 
whirling arm or tunnel has, in model experiments 
and in continuous rotation test, to be shut down 
after each experiment for readjustment of the 
spring. This disadvantage is eliminated in the 
distant-reading apparatus of Messrs. E. F. Relf 
and L. F. G. Simmons, shown in Figs. 7 and 8, 
on page 111, for measuring small displacements. 
The force deflects a stiff spring and varies the 
mutual inductance between two coils wound on 





Fig.5. ELECTRICAL CONNECTIONS FOR AUTOMATIC WIND 








an iron core, in which there is a variable air-gap. 





the screw motor is slung on two V-wires from 





The alternating output of a rotary convertor A, 
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gaps for no galvanometer deflection ; the micrometer 
gap may also be fixed and the force measured by 
the galvanometer deflection. The apparatus has 
been found useful in cases where ordinary balances 
are impracticable. 

The calibration of instruments for testing very 
low air speeds is effected in the 1-ft. tunnel and on 
a small whirling arm of 2-ft. radius. A ropeway 
for direct tests of anemometers of speed down to 
2 ft. per second and less has also been erected on 
the wall of the 7-ft. tunnel building. The ropeway 
consists of a steel cable carried over two 16-0. 
pulleys, one of which is driven by a motor; the 
anemometer is slung on the cable and is slowly 
carried along the room. It is found that by 
observing a number of runs in each direction & 
fairly satisfactory calibration down to 2 ft. per 
second is possible. 

Fluid Motion in Air and Water.—The two 
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dimensional flow behind an obstacle immersed 
in a moving fluid may be regarded as proceeding 
through three stages. First vortex sheets are shed 
at the after-end of the obstacle separating 
the freely-moving stream from the dead region 
at the back; secondly, these sheets break up 
into individual vortices; thirdly, a Karman 
vortex street is formed at some distance behind 
the body. Investigation have been made of the 
first and the third stages in a wind tunnel at air 
speeds of 50 ft. per second with such obstacles 
as a flat plate inclined at angles ranging from 0-15 
up to 90 deg., and also on a cylinder, an 
aerofoil and wedges. In the case of the plate, a 
pressure tube let in flush with the surface in a hole 
drilled into the surface was used and also the hot- 
wire meter of Messrs. Simmons and Bailey (illus- 
trated on page 86 of our issue of July 15, 1927). 
The vortices are found to pass downward at a 
frequency and speed which increase as the inclina- 
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tion decreases, while the spacing of the vortices 
decreases with decreasing inclination. The vortex 
street opens out laterally, and only part of the 
vorticity travels down in vortices of distinct 
individuality. Kérmén’s formula for the plate 
resistance was confirmed, and the velocity distribu- 
tion across the several vortex sheets was, with 
models of different forms, in accord with the 
Prandtl-Tollmien theory. 

For the experiments on the resistance to the 
motion of models in water, the model of the body is 
fixed at the end of a horizontal bar, the longitudinal 
model axis coinciding with the bar axis, and the bar 
is held by two vertical frames in the form of inverted 
triangles. The forces are determined by a weight 
balance, and, in order to shield the balance from 
the direct influence, of the flow and of waves, the 
balance is completely enclosed in stream-lined 
guards. No scale effect was observed with an eddy- 
forming model (a disc) in either water or air, but 
the drag coefficient was found to be 5 per cent. 
higher in air than in water, and this applied also 
to an airship model. The comparative determina- 
tions of scale effect on three aerofoils and on air- 
Screws, made in America and at Teddington, con- 
firmed the desirability of constructing the com- 
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pressed-air tunnel already referred to. The aerofoil 
experiments made in the two countries at atmospheric 
pressure were in accord, but the variable-density 
tunnel is more convenient for the determination of 
full-scale data. 

Experiments on aerofoils show that in biplanes 
the upper plane is shielded by the lower. High- 
lift aerofoils have been tested as fitted with both a 
front slot and a rear slot and flap. The maximum 
lift was obtained with the flap, set in tandem 
aerofoil arrangement, at 20 deg., and the increase 
in lift of 55 per cent. was then only combined with 
an increase of 2 per cent. in the minimum drag. 

Aeroplane Research.—The research on high-speed 
seaplanes, monoplanes, and biplanes has been con- 
tinued with remarkable success for two years on 
models (partly quarter-scale), in the duplex wind- 
tunnels and also in the tank, the stability derivatives 
being determined on the whirling arm. Additional 
experiments have also been made on spinning, partic- 





A DISTANT-READING INSTRUMENT FOR THE 
MEASUREMENT OF SMALL DISPLACEMENTS. 
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ularlyon flat spins,on which a report had been issued. 
(cf. Engineering, July 15, 1927,’ page 87.) As regards 
airscrew tests, the so-called static tests, made in 
the still air of the tunnel when the tunnel fan is 
at rest, require large corrections for tunnel inter- 
ference, also because the motion of the screw itself 
creates an air flow down the tunnel. Screws have 
accordingly been tested in the free air, 6 ft. below the 
floor of the tunnel and 11 ft. above the floor of the 
building, with the motor on the inflow side. The 
influence of the motor was eliminated by reversing 
the screw and by placing a dummy motor in the 
inflow. In America these tests are conducted in 
open-jet tunnels, and the interference was found to 
be negligible for a screw of 4 ft. diameter in a jet of 
54 ft. diameter. One of these tests of an American 
screw was subsequently repeated in the 7-ft. tunnel 
at Teddington, and good agreement was reached after 
the difficulties of attaining, in the tunnel, the high 
air speed of the open jet had been overcome. The 
new autogyro model of 6 ft. diameter has given a 
definitely better performance than the 10-ft. model ; 
this is ascribed to improved shape, but the theoretical 
investigations of Messrs. H. C. H. Townend and 
C. N. Lock show that the theory of the autogyro 
is rendered very complex by the inclination of the 
axis of rotation to the relative wind and by the 
freedom of the blades to flap. 


(To be continued.) 











THE DETERIORATION OF 
STRUCTURES IN SEA-WATER. 


Ir is now some twelve years since a Committee 
of the Institution of Civil Engineers undertook, 
with the assistance of grants from the Department 
of Scientific and Industrial Research, to investigate 
the deterioration of structures of timber, metal and 
concrete in sea-water. Since that date, dock and 
harbour authorities in this country and various other 
parts of the Empire have joined in supporting the 
work, and an annual interim report has been issued 
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research. The eighth report of the series has just 
been published,* and, together with the announce- 
ment that important progress has been made in 
the several investigations in hand, adds the remark 
that some of them are taking rather longer to com- 
plete than had been expected originally. When 
account is taken of the number of variables that 
may affect the Committee’s observations, the ex- 
tremely imperfect general knowledge available in 
regard to most of them, and the length of time for 
which many of the most important classes of attack 
must be observed before definite conclusions are 
possible, it must be admitted that the Committee 
seems to be unduly sensitive if it feels that its work 
is proceeding too slowly. In the nature of things, 
a large part of it must bear the character almost 
of a secular investigation, and public opinion will 
rather wish that those who are engaged in it may 
have the strength to see it through to an ultimately 
successful conclusion, than entertain any illusion 
that results of this sort which are worth having will 
be obtained quickly. The materials with which 
the Report deals are irons and steels, paints, timber 
and reinforced concrete. 

Irons and Steels—The metals of which specimens 
were observed were fourteen in number, two of 
the steels being exposed in a cleaned as well as an 
uncleaned condition, and the irons being all exposed 
cleaned. Three series were prepared of each for 
exposure respectively for about 5, 10 and 15 years. 
In each of these series separate sets were prepared 
for exposure in the air above sea-water, between 
high and low-water levels, and continuously sub- 
merged in sea-water. The five-year series included 
likewise four sub-series for exposure in the same 
several ways, selected and arranged with the 
object of ascertaining any variation in the effect 
of exposure through the presence of dissimilar 
metals. For this purpose four sets of specimens 
were exposed in each way, composed respectively 
of pairs of dissimilar bars in contact, single bars 
with four rivets in each, single bars with four bolts 
in each, and four bars bolted together to form a 
square frame. These collections were duplicated in 
the harbours of Colombo, Plymouth, Halifax and 
Auckland, and the annual observations made of them 
have hitherto been confined to so much as could be 
remarked without removing them from the posi- 
tions in which they were exposed, or in any way 
interfering with them. As the Report points out, 
no final conclusions can be drawn from the rela- 
tively incomplete observations, which alone are 
possible under such circumstances, particularly 
with the totally immersed bars, which often are more 
or less completely covered by marine growths. The 
present Report, however, was made after the ex- 
piration of the first five years’ exposure, when all 
the specimens of that series had been taken up and 
sent in for final detailed examination, and, in two 
reports by Dr. J. Newton Friend, the result of the 
examination of the five-year series exposed at 
Halifax and Auckland are set out in detail. 

The net effect of the study of the results is to 
emphasize the soundness of Dr. Friend’s caution 
against drawing conclusions prematurely from a 
limited number of returns, and to join with him in 
the hope that when the bars from other stations have 
been examined it will be possible to correlate all the 
data and arrive at more definite results. As the 
report points out, large quantities of steel cannot 
be prepared commercially of exactly the same 
chemical composition and in uniform physical 
condition, and even a single bar may through 
segregation or varying heat treatment not be per- 
fectly uniform. The extent, again, to which different 
specimens are exposed to corrosive action or shel- 
tered from it, may be affected within wide limits by 
the position in which they are exposed; in one 
instance two similar bars were exposed horizontally 
above each other between high and low water levels 
with a vertical distance of about 16 in. between 
them, and one lost nearly thirty times as much 
in weight as the other. In individual instances, too, 
the distribution of marine fauna over the specimens 
may make considerable difference in the extent of 
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protection. The primary test of the extent of corro- | have been ground free from scale before exposure | time with creosote and a much larger proportion 
sion was stated to be the amount of weight lost per | lost less in weight and also seemed less deeply of organic poison than was used for impregnation, 


1,000 square cm. after rust had been removed, 
and though the extent and nature of pitting was 
recognised as material, and deep pitting as possibly 
much more dangerous than uniform wear even to 


a greater loss of weight, the loss of weight appears | played by the cast irons, but in other respects the | concentrations by two methods. 


| pitted than those which had been exposed black. 
| In general it is remarked that the interim observa- 
| tions did not give reason for expecting the con- 


| siderable resistance now shown to have been dis- 


were found to be riddled with teredo. Another series, 
which included untreated controls was directed 
to ascertaining the effects of impregnating timber 
with four arsenical compounds in alcohol in four 
Six months’ 


to remain the prima facie criterion of the extent | resistances which they suggested for the several | exposure was sufficient to reject certain substances 


of attack. The balance employed was amply 
sensitive for the purpose, but it was not possible 
to be sure of removing all the rust without injuring 
the bar to within less than ten times the weight at 
which the balance would turn. 

Taking the results, however, at their face value, 
it is not always easy to see what interpretation should 
be put on them. It appears clear that, usually or 
always, complete submersion acts more drastically 
than the alternately wet and dry exposure, and that 
this, again, is more severe than aerial exposure. 
When it comes, however, to interpreting the figures 
of individual bars, the meaning of the results is often 
highly obscure. In the Halifax totally-submerged 
series, for example, the specimens of cold-blast 
cast iron and 13-5 per cent. chromium steel are 
graded with the numeral 1, which appears to mean 
that they were in perfect condition. -Jevertheless 
each of them had lost over 200 grammes per 
1,000 square c.m., or an average of something over 
i}o-in. overall, and though the cold-blast iron is 
described in a marginal note as practically perfect, 
the chromium steel bracketed with it for condition 
is remarked as being deeply pitted. The description 
of the condition of the specimens seems, moreover, 
to be intended to bear quite a different meaning 
according to the particular type of exposure in 
question. The loss, for instance, sustained by the 
specimen apparently referred to as in perfect con- 
dition after the five-year complete-submersion test, 
lost about the same as a specimen described as of 
the 5th grade, in fairly good condition, after the 
alternate wet and dry exposure, and half as much 
again as the very worst of the specimens which had 
been exposed to the aerial test, the grading of 
which appears to be “ very severely attacked.” It 
seems, in fact, as though the result for the several 
classes of exposure should be considered separately, 
and, for the time being, the severity of attack 
assessed according to the treatment the specimens 
have undergone. Presumably this will not be 
accepted as a final or a satisfactory conclusion, 
and although the results recorded in the report 
contain much that is of interest, well deserving 
their present publication, their import may be 
clearer when the results from all harbours have 
been collected and are ready for publication. 

In the meantime various observations have been 
made, some of them suggestive, and some difficult 
or impossible to interpret on present information. 
For some reason, on which the report does not 
appear to throw light, the aerial test at Auckland 
attacked the specimens much more severely than 
those at Halifax, the average corrosion being about 
twice as great. As between mild steel and wrought 
iron, the differences were not very great, and did 
not appear always in the same direction. There are 
indications of similar discrepancies in the tests made 
on pairs of bars of wrought iron and steel, in which 
sometimes the one metal, and sometimes the other, 
is attacked preferentially. The addition of copper 
up to about 2 per cent. seems to enhance the extent 
of resistance of metal to corrosion to an appreciable 
extent. Chromium and nickel steels though very 
resistant to sea air and to alternate wet and dry 
exposure, are much less so when immersed continu- 
ously. In a sense it is eminently satisfactory to 
find that when accouit is taken of the extent of 
pitting, as well as loss of weight, the cast irons, both 
hot blast and cold blast, were, on the whole, the most 
resistant of all. This conclusion, however, seems 
subject to the result of an investigation into the 
extent of some internal corrosion of which evidence 
has appeared. The effect of dissimilar metals placed 
in contact, whether by being butted up against 
each other or by being riveted or bolted together, 
in protecting one metal at the sacrifice of the other 
has been brought out very strikingly. Mild steel 
bolts, rivets, or bars, for instance, when in contact 
with chromium or nickel steel, disintegrate rapidly, 
while the alloy steels are relatively unaffected. 
Another general observation is that bars which 


metals have been borne out remarkably well by 
the present detailed examination. 

Paints.—Observations are being continued on a 
variety of paints applied to steel plates and exposed 
aerially at Southampton docks, and interim results 
are reported, but as yet corrosion has not gone far 
enough to justify interrupting the exposure in order 
to remove the specimens. The results after a year’s 
exposure of the specimens exposed at half-tide level 
and continuously immersed, were described in 
the committee’s report for last year. A further 
series of specimens with various paints is being 
prepared, and details of the process are given in the 
report. These include one of the pigments used in 
the first series, so that the results of the two series 
may be comparable. Further experiments are 
likewise being made with several types of tar, in 
view of the high protection afforded by tar in the 
earlier experiments. Some of these will be exposed 
at Southampton, where there is a certain amount 
of contamination by oil, and some at Weston-super- 
Mare, which is very free from oil. 

Timber.—The investigations into the protection 
of timber from attack by marine borers are described 
in a short summary by Professor George Barger, 
F.R.S., which might, perhaps, with advantage have 
been somewhat longer. It relates to a number of 
series of timbers exposed for periods of about two 
years after treatment with a considerable variety 
of preservatives applied by different methods. The 
results given are those found on removing the 
specimens for examination after that period. In some 
instances, however, no statement appears to be made 
as to the extent to which control specimens were 
exposed simultaneously and the results examined. 
Thus, on the face of the report, the results obtained 
from the processes under examination after exposure 
during one period are compared with those obtained 
on other processes after exposure during another 
period, in this way presenting no evidence that the 
water was infected equally during both periods. 
It is well known, however, as the history of the 
successive infections in San Francisco Bay has shown, 
that the extent to which the waters of a port may 
be infected can vary within the widest limit from 
a disastrous epidemic to practical immunity. The 
circumstances of San Francisco were doubtless 
unusual in the extreme variability of the ratio of 
fresh to salt water, but the possibility of such 
influences, even to a less extent, cannot be left 
out of account when judging of the results of 
observations such as those now in question. The 
present report would be more significant if informa- 
tion had been given in all instances as to the extent 
to which the observations were accompanied by con- 
trols and the results obtained on the control speci- 
mens. Itis to beremarked, however, that exposures 
were made in a variety of different waters, including 
Colombo, Plymouth, Lowestoft, Singapore Bris- 
bane, Auckland and Wellington, and many of the 
results appear to have been very similar in all, or 
almost all, waters. 

Four series of specimens were exposed at Colombo. 
Two of them, which overlapped to some extent and 
thus served as controls on each other, were directed 
to ascertaining the effect of adding small quantities 
of certain organic arsenical substances to creosote 
applied either by the Griffith process at 110 deg. C. 
or by the Bethell process, in which vacuum and 
pressure are both employed. The results showed 
that, without affording absolute protection, the 
addition of the arsenical substance added greatly 
to the resistance of the creosoted timber against the 
lolluse borer teredo, and examination of the Bethell- 
treated test-pieces after two years’ exposure showed 
them to be practically intact. Similar results were 
obtained in a further series of Bethell-treated test- 
pieces, impregnated either with creosote alone or 
with creosote and small organic additions, these 
being found after a year’s exposure to be almost 
or quite intact. Those merely painted at the same 





| and concentrations, the others remaining for further 
|observations. Similar exposures were carried out 
(on rafts inside Plymouth breakwater for two years, 
| including untreated controls. The Bethell-impreg- 
| nated creosoted specimens all appeared to be intact, 
|while the others gave similar results to those 
‘obtained at Colombo, showing that both painting 
|and treatment with poison in the strengths used 
were much inferior to Bethell-injected creosote. 
More favourable results were obtained in Lowestoft. 
At Singapore, Brisbane, Auckland, and Wellington, 
similar observations all showed no attack, except 
for the rapid deterioration of the merely painted 
specimens. Experiments are being made at Singa- 
pore with fuel oil as a solvent for the organic poisons 
in various concentrations. 

The biological work by Dr. C. M. Yonge was 
directed principally to ascertaining the mechanism 
by which crustacean boring organisms dispose of 
the wood stuff they swallow. No evidence was 
found that they digest the cellulose of the wood, 
and this incapacity is thought to be a possible 
explanation of their resistance to poisons with 
which the wood may be impregnated. For the 
moment the mollusc borers (teredo) seem amenable 
under some circumstances to protective measures, 
which are useless against the crustaceans, and 
the previous attacks of the latter appear to make 
timber, which would be otherwise immune, liable 
to attack by the mollusc. For the purpose of 
obtaining information rather than with the hope 
of any immediate practical results, Professor Barger 
is experimenting on the possibility of avoiding 
the attacks of the crustaceans by mechanical 
means, impregnating the wood with ethyl silicate 
in alcoholic solution, such as is used for protecting 
stone work on buildings, by leaving a few per cent. 
of silica in the outside layers of the wood. At 
present the research is said not to be very hopeful, 
and at best the impregnation would be expensive 
and troublesome. 

A number of specimens of various timbers were 
examined after four years’ exposure in the waters 
of Leith dock. Of these, Mexican pitch pine, 
Scotch oak, American elm from Canada, and 
Finland redwood, were all attacked by the 
crustaceans except in the resinous band, while 
Demarara greenheart was practically immune, and 
so was the Finland redwood which had _ been 
allowed to soak for two days in creosote. 

Reinforced Concrete.—Mr. E. A. Cullen, M.Inst.C.E., 
Engineer to the Harbours and Rivers Department 
at Brisbane, reports the results of the re-exami- 
nation of eight reinforced-concrete test blocks 
after nine years’ exposure under a wharf in the 
Brisbane River. The apparent deterioration de- 
scribed in the report for 1923 had only increased 
very slightly, and all the cracks which had occurred 
since 1924 were in the upper face of the blocks, 
where they are exposed to the sun when uncovered 
by the tide. In other wharves it appeared that 
although visible deterioration of the block, which at 
first had proceeded rapidly for periods up to two 
years, did not seem to increase materially in the next 
four years, the steel continued to rust, and its de- 
terioration seemed continuous. Better results were 
obtained on blocks served with two coats of coal tar 
applied a fortnight after casting. A wharf built 
by the Harbours and Rivers Department in 1917,and 
another in 1922, showed no signs of deterioration 
after nine and four years respectively. The older 
wharf was given two coats of tar, one month and 
thirteen months after completion respectively. The 
other wharf, which is 376 ft. by 73 ft., has 2 in. 
of cover over the steel everywhere except in the 
deck slab, where the cover is 1} in. The piles, 
walings, bracings and underside of the deck slab 
were tarred for 350 ft. of the length of the wharf, 
the remaining 26 ft. being treated with cement 
mortar applied by a cement gun as a protective 
coating. It is remarked that it is not possible 
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to judge how far the freedom of these two wharves 
is due to the exceptional care with which they 
were constructed, or how far it arises from the 
tar covering. In any event, however, local experi- 
ence with other wharves has shown that a tar 
coating is useless if it is applied either after the rust- 
ing of the steel has begun, or to parts attacked in 
the course of ordinary repair work. 








NOTE. 
MANGANESE STEEL. 

Ir is now a little over forty years ago since, 
in the issue of ENGINEERING for March 9, 1888, 
vol. xlv, page 246, we reported two papers read 
before the Institution of Civil Engineers upon the 
little known material manganese steel. That the 
author of those papers, now Sir Robert Hadfield, 
F.R.S., had, some six years earlier, made a 
discovery of capital importance, is now well known, 
and was clearly evident from a demonstration 
of the modern uses of this remarkable alloy at 
the East Hecla Works of Messrs. Hadfields, Limited, 
Sheffield, on July 18. The occasion was that of the 
visit of the President of the Institution of Civil 
Engineers, Mr. E. F. C. Trench, and the Prime 
Warden of the Worshipful Company of Blacksmiths, 
Mr. R. W. Morrison, and a number of engineers and 
metallurgists. In the large rolling mill work was 
proceeding on an order for about 1,000 tons of 
“Era” manganese steel rails for the New South 
Wales Government. These rails, of the Australian 
standard section, 100 lb. per yard F.B. were, after 
leaving the rolls from the last pass, and whilst 
still red hot, tipped into a tank of water. On 
withdrawal from this, they were passed through 
a straightening operation, and cut to length. 
The very tough and hard nature of the material 
was apparent from the unusually large amount of 
power required in rolling, and these qualities were 
emphasized by the operations of cutting and 
grinding carried out on the points and other parts 
of railway crossings seen in another shop. The 
cutting was done by the oxy-hydrogen jet, and 
grinding by carborundum wheels, ordinary machine 
tools being quite ineffective. The crossings under 
assembly were excellent examples of railway 
material, and their complexity, which involves 
severe working conditions, would seem to justify the 
use of manganese steel for such purposes even if its 
present cost does not permit its general employment 
for ordinary track work. An actual example of a 
tramway crossing, in another part of the works, was 
apparently, after 12 years’ service, good for several 
years more work. It had been removed due to 
track alterations, and trams had passed over it 
some 13} million times. Another striking example 
of the use of manganese steel was seen in a number 
of heavy dredger buckets made of this material. 
The casting of the metal was demonstrated on 
some large finely-worked medallions with the 
object of showing its fluidity in the mould. It 
was poured at a temperature of about 1,600 deg. C. 
Other branches of the firm’s activities, such as the 
manufacture of heat-resisting and corrosion-re- 
sisting steels, light armour plate, &c, could only be 
cursorily examined, for the works cover something 
like 220 acres, of which the steel foundries 
alone occupy 12 acres, and the time available 
did not permit anything like a detailed examination. 
An attractive display of the various types of 
Bean cars, both touring and commercial, in the 
manufacture of which the company has an interest, 
was arranged near the entrance to the works. At 
the luncheon which preceded the inspection, Sir 
Robert Hadfield’s speech from the chair contained 
amonest much interesting matter an appreciative 
reference to Mr. John Hodge, M.P., President of 
the Iron and Steel Trades Confederation, and 
alluded to the outlook on the relations between 
employers and labour. Mr. Hodge, in his reply, 
made an appeal for a greater degree of con- 
fidence towards their workmen on the part of 
employers. He was in favour of safeguarding, he 


said, but, if the interests of capital and labour were 
identical as was often asserted, he would ask why 
did not the leaders consult the men and obtain their 
Support before approaching the Prime Minister on 
the question. 


SHIP’S SCUTTLE WITHOUT LUGS. 


In the ordinary ship’s scuttle fitted with screwing 
down lugs, the pressure of the screws is indirect and 
liable to cause distortion of the frame, while the lugs 
are not sightly when the porthole is open. In the 
accompanying Figs. 1 to 3, a new type of scuttle is 
illustrated, brought out by Messrs. J. Stone and Com- 
pany, Limited, of Deptford, in which lugs have been 
abolished. The scuttle itself is shown in Fig. 1; 
Fig. 2 shows a section at one of the screws and Fig. 3a 
section at the hinge. The glass frame consists of a ring 
bedding on a rubber facing strip let into the frame. 
Each screw is fitted with a clip which interlocks with 
a collar on the handle nut as shown in Fig. 2. The clip 
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has a bevelled lip which fits over the correspondingly 
bevelled rim of the glass-holder, and the arrows shown 
indicate the direct manner in which the screw pressure 
is exerted on the ring and transferred to the rubber 
joint in the frame. The steepness of the bevel is 
chosen so as to prevent any outward tendency of the 
screw during tightening, and the form of the clip keeps 
the screws ,in the perpendicular position during this 
process. Among the indirect advantage are the fact 
that the absence of strong lugs reduces the weight of the 
glass holder considerably, and also makes it easier to 
keep clean. This form of light has been approved by 
the Board of Trade for use in all positions. 





EYE-STRAIN FROM FINE WORK. 


In doing very fine work it is necessary to bring the 
eyes closer than usual to the object, and thus to put 
more strain on the muscles of convergence and accom- 
modation, which serve respectively to rotate the eyes 
towards each other till the image of the object falls 
on corresponding points of the retina, and to change 
the curvature of the eye so that the object may be 
precisely focussed. When these actions go on con- 
tinuously, they produce, quite apart from any question 
of defective eyesight, a feeling of strain in the eyes 
which may require to be relieved by periodical rests, 
and even so they affect the quality and the quantity 
of the work. A report recently published by the 
Industrial Fatigue Research Board gives particulars of 
an investigation made by Mr. H. C. Weston and 
Mr. S. Adams, which tends to show that when such 
fine work is being carried out the strain may be relieved 
and the output improved by the use of suitable spec- 
tacles. [Industrial Fatigue Research Board: Report 
No. 49. H.M. Stationery Office. 1s. 3d. net.] The 
experiments consisted in observing five subjects engaged 
in sorting and mounting incandescent-lamp filaments 
of thicknesses varying between about 0-001 in. and 
0-003 in., and of six engaged on a fine weaving opera- 
tion. Each of these workers was observed for a 
number of weeks before and after being fitted with 
spectacles, the prescription of which made allowance 
for correcting not only for the abnormal muscle-strain 
involved in the work, but also for abnormality in the 
eyes, which were found in every instance except one. 
In all cases some improvement in output was found, 
though in one—that of an experienced filament 
mounter—it was less than 1 per cent. The increases 
of the other filament mounters varied between about 








3 per cent. and 40 per cent., and those of the textile 
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workers between 8 per cent. and 26 per cent. The 
run of the figures suggested the expectation that an 
average increase of output of the order of 12 per cent. 
might be attained. As is recognised in the report, 
the number of subjects is too small to allow general 
conclusions to be drawn. It: is, however, notable that, 
so far as the observations go, they are in close con- 
formity with what has been observed elsewhere. In 
every instance, moreover, the reports by the workers 
themselves were unanimous as to the relief the spectacles 
had given them. This, again, as the report points out, 
may be due to the mere correction to the subject’s 
natural abnormality of vision, and not to the special 
provision for near work. The circumstance that 
out of the 11 subjects only one had completely normal 
vision illustrates how rare perfect sight is. 








PENPOLL TIN SMELTER, BOOTLE. 


In more than one text-book of metallurgy it is stated 
that much less advance has been made in the technique 
of tin smelting than in most of the other non-ferrous 
metals. This may have been true up to comparatively 
recently, but that it is now too sweeping a statement is 
shown by a survey of the Penpoll Tin Smelting Works 
opened at Bootle on July 13 by the Earl of Derby. 
We give below a short account of these works, with some 
illustrations in Figs. 1 to 3 on page 114. The works, 
which belong to Messrs. The Penpoll Tin Smelting 
Company, Limited, 31 and 33, Bishopsgate, London, 
E.C.2, are, as the name implies, of Cornish origin, and 
had already been transferred to Bootle on a smaller 
scale than as now constructed in order to be in direct 
touch with the shipping lines by which the ore is 
imported. They now occupy a site of 44 acres in 
Hawthorne-road, Bootle, just opposite the old smelter, 
the offices and laboratories being housed in a building of 
Georgian type constructed in rustic brick and facing the 
road, thus masking the more markedly utilitarian group 
of buildings behind them and forming the works proper. 
The capacity of the plant, as at present laid out, is the 
treatment of 1,000 tons to 1,200 tons of ore per month, 
and it is intended that by far the greater portion of the 
ore handled shall come from sources within the British 
Empire, though a comparatively small amount of ore 
from Bolivia will also be dealt with. 

The ore reaches the works in sacks of from 70 Ib. to 
80 lb. each in weight, and is thus easily transported by 
lorry. The works are entered by a well-paved roadway 
which expands into a yard bounded on the left hand by 
the ore shed, and on the right by the refinery and metal 
store. A part of the furnace shed forms the fourth side 
of the quadrangle. The ore shed is large, lofty, and 
well lighted, and has a storage capacity of 3,000 tons 
of ore, roughly 500,000/. worth. It contains a Stag 
Ball Mill, and rock breaker, made by Messrs. Edgar 
Allen and Company, Limited, Sheffield. This is used 
to reduce coarse ores before sampling. The sampling 
room is situated at one end of the ore room, and its 
equipment entirely removes the possibility of those 
variations in the sampling process generally found 
when this is done by hand. There are two Knight 
automatic motor-driven sampling machines, a Sturte- 
vant disc grinder for reducing samples to a fineness of 
an 80-mesh sieve, and a Knight packet splitter for the 
final samples. 

Next to the ore shed is the roasting and leaching 
department which occupies a large shed parallel to it. 
It is scarcely necessary to state that these operations 
are carried out for the purpose of removing impurities 
from the ore, but it is of interest to point out that the 
ore from British Empire sources is so pure that both of 
them can be omitted, and the whole process of smelting 
is thus done in half the time required with ores from 
other sources. The Bolivian ores, as received, may 
contain any or all of the following :—sulphur, arsenic, 
lead, copper, antimony, bismuth, zinc and traces of 
silver. These must be removed before smelting and 
consequently such ores are passed through two roasting 
furnaces of the most modern type, and are there sub- 
jected to a temperature of 600 deg. C. to 700 deg. C. 
The roasted ore then goes into the leaching vats, of 
which there is a series. A total charge of about 25 tons 
of ore will be continuously undergoing this treatment. 
The roasting furnaces and leaching vats are all served 
by elevators and overhead runways. 

At right angles to the roasting and leaching shed is 
the charge floor and furnace shed. On the former is an 
electric hoist, the upper part of which is seen in the 
background of Fig. 3, and which serves the over- 
head runway over the furnaces. Charges are taken 
up in trolleys, which hold about 1 ton each. They are 
tipped automatically into the hoppers above the 
furnaces. The furnaces, a view of which is given in 
Fig. 3, are two in number, with a capacity of 36 tons each 
per day. They are of the regenerative type and are 
oil-fired, the normal temperature inside the furnace 
being in the neighbourhood of 1,235 deg. C. The 








smelting proper occupies several hours, and the molten 
tin is run out, through the spouts near which men are 
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seen in the figure, into tanks or kettles of refractory | 
material, from which it is ladled by hand into moulds, | 
the resulting ingots each weighing about a hundred- | ae i 
weight. Fig. 3, however, whilst giving an admirable | Se: 
view of the furnaces, does not show one very important | 
feature, namely, the elaborate system of flues provided | 
for carrying away the waste gases, which amount to | 
round about 5,000 cubic ft. per minute from each | 
furnace. To regulate the temperature of the gases | 
at the point of entry to the fume collection plant, | 
additional lengths of flue may be put into circuit when | 
required. 
The discharge end of these flues is well shown in 
Fig. 1, which illustrates the Lodge-Cottrell precipitator 
in which the volatilised tin oxide in the flue gases is 
collected. The gases are passed to the precipitator | 
by fans, the total quantity treated per hour with the 
present arrangement of furnaces being between 500,000 
cub. ft. and 600,000 cub. ft. Running at 750 r.p.m. : fe 
per min., both fans are capable of handling a total 
volume of gases of 1,200,000 cubic ft. per hour if * 
required. The precipitator makes use of an electro- 
static high-tension discharge. This is obtained from 
the transformer house at the left-hand side of Fig. 1, | 
the current being purchased from the local corporation | 
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station and being transformed up to between 50,000 | 
and 80,000 volts. The capacity of the smelting furnaces my - “ Zs sty 
is increased by about 2 per cent. by the use of the | { d gre F: et ie 
precipitator, the saving amounting to approximately 2 i i 
200 tons of metallic tin per annum. | = “as a: “- = 
Returning to the smelting process, the tin, as soon | : Pe OS te «4 re 
as it has solidified in the moulds, is removed by trucks | re Sele : : 
running on a light railway to the refinery. Here it is | ee SOS ‘laa 
re-melted at a low temperature in the furnaces seen | vatianlie cen hs eo 3 
in the background of Fig. 2, whence it is drawn into | = — 
the 10-ton and 5-ton tanks occupying the foreground. | 
Fie. 3. 


In the tanks the dross is induced to come to the surface | 
by constant agitation of the molten metal, and is then | 
skimmed off by hand. The tin, of a purity of 99 -95 per | 
cent., is ladled out anc run by hand, as shown in the} two more similar furnaces, so that the capacity can be 
figure, into moulds to give ingots of 28 Ib., 56 lb., or | trebled, whilst, by reduplicating the shed thus altered, 
100 Ib., long strips for soldering purposes being also | parallel to it, and on the ground available, a capacity 
made. With a capacity of 1,000 tons of tin ore per| of 6,000 tons could be reached. This would form no 
month the output of pure tin will vary from 650 tons to | inconsiderable part of the total world supply of tin, 
700 tons per month. The metal store adjoins the| and it is a matter for satisfaction that a plant with 
refinery, and its doorway, as already indicated, faces | such possibilities is now at work on British soil. Empire 
that of the ore shed across the entrance yard. The ore production, further, is showing most encouraging 
course of the product is thus of a somewhat circular| signs of development. The first sample of tin ore, 
fashion, and the amount of handling required is a| 28 Ib. in amount, was brought from Nigeria in 1889. 
minimum. | The output from that source was, in 1905, 10 tons only, 
Apart from this care in routeing, the buildings, | but in 1927 this had risen to 11,000 tons. In referring 
which at present occupy some 2} acres of the total site | to tin from Nigeria it may not be out of place to mention, 
area, show considerable foresight in their planning | that the party which went from London to witness the 
with a view to future extensions. Each furnace as | opening ceremony was entertained, while on*the train 
it stands can be enlarged to increase its capacity by | both ways, by a clever cinematograph display of scenes 
50 per cent. The furnace shed itself can accommodate | of actual tin ore mining in Nigeria, and of dredging for 





tin further east. The film was very instructive 


MANUFACTURE OF AGRICULTURAL MACHINERY IN 


Russ1a.—According to the July issue of the Bunk for 
Russian Trade Review, the production of agricultural 
machinery in the Soviet Union now exceeds the pre-war 
output by more than one-third. During the last year 
before the war, the expenditure in this direction amounted 
to 67 million roubles, the figure, during the period 0 
1921-22, falling to just under 7 million roubles, but 7 
1926-27 it increased again to 93 million roubles at pre- 
war prices. For the current financial year the output 
programme has been fixed at 130-5 million roubles, 
nearly double the figure for 1913; while the estimated 
figure, for the current year, of the output of separators, 
which has only recently been undertaken for the first 


time, is 60,000, the production last year being 27,000. 





bout Parton oie «, 








Pa 


mani 
and 
pittiz 
COrTO 
exclu 
expo: 
on t] 
other 
of te 
it is 
perio 
tests 
allott 
of thi 
natur 
tiona’ 
Th 
bars 
2-87 
a sto 
previc 
fixed 
Island 
ends 
holes ; 
to sea 
of fix 
non-fe 
which 
was n 
alloys, 
irons 
frame 
the 3¢ 
wroug! 
with y 
ferrous 
The 
small 
14 ft, 
to~—] 
lay for 
* Pa 








iCall is 








ENGINEERING. 





ELS 





JULY 27, 1928.] 


THE RELATIVE CORRODIBILITIES OF 
FERROUS AND NON - FERROUS 
METALS AND ALLOYS. 


Part I.—The Results of Four Years’ Exposure in the 


Bristol Channel.* 
By J. Newron Frienp, D.Sc., Ph.D., F.LC. 


Tue research described in this memoir is part of | by the rocks from surface currents. which are very 
an extensive scheme commenced nearly ten years|rapid in that area but the fact that the frame was 


ago. The work differs from most other published 
investigations on the subject, in one or more of the 
following ways: 
exceptionally protracted, ranging from four years 
upwards; (2) a direct comparison is being made of 
the relative resistances to various types of corrosion 
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manifested by both ferrous and non-ferrous metals 
and alloys; and (3) the losses in weight, depths of 
pitting, and reduction. of tensile strength, through 
corrosion, are being correlated. This memoir deals 
exclusively with sea-action tests, the conditions of 
exposure closely resembling those to which metals 
on the exposed parts of ships, buoys, caissons and 
other marine structures are subjected. Other series 
of tests are in progress, and details of these will, 
it is hoped, be made public in due course, when the 
periods of exposure are completed. For the aerial 
tests a minimum exposure of eight years has been 
allotted, six of which have already expired. Work 
of this character must of necessity be of a protracted 
nature, but the results, once obtained, are propor- 
tionately valuable. 

The metals employed were in the form of round 
bars approximately 60 cm. (2 ft.) in length, and 
2-87 cm. (1} in.) in diameter. They were fixed in 
a stout rectangular wooden frame, which had been 
previously creosoted and bolted to concrete blocks 
fixed to the rocky bottom of the sea beyond Birnbeck 
Island, Weston-super-Mare, as shown in Fig. 1.. The 
ends of the bars were firmly fixed with putty into 
holes in the frame, the total length of each bar exposed 
to sea action being 56 cm. (1 ft. 10 in.). This method 
of fixing proved eminently satisfactory for all the 
non-ferrous metals, save aluminium, the ends of 
which were severely attacked; but the use of putty 
was not so satisfactory for the ferrous metals and 
alloys, which corroded badly at the ends, the cast 
irons in particular being heavily graphitised. The 
frame held 50 bars, of which 14 were non-ferrous ; 
the 36 ferrous specimens included 11 typical British 
Wrought irons and 9 British mild steels, together 
with various cast irons and special alloy steels. The 
ferrous metals have been fully described elsewhere. 

he site chosen for the frame was the floor of a 


| At low water neap tides the frame was covered by 


(1) the duration of the tests is | the same time its seclusion, difficulty of access, and 


FRAME CONTAINING SPECIMEN Bars. 


| approximately 6 ft. of water. During the whole 
| period of exposure the bars were submerged for 
| slightly more than 93-5 per cent. of the time. It is 
| doubtful if the bars were ever really dry, even in 
the height of summer, owing to the briefness of the 
|time that they lay uncovered. The position had 
much to recommend it. Not only was it protected 


| uncovered for a brief period every fortnight enabled 
| observations to be made at regular intervals. At 


| the very fact of its being uncovered for such brief 
| periods served to secure it from public curiosity and 
| attention. 


On a few occasions rough seas hurled large and 
small stones on to the frame, grazing and even in 
some cases bending the bars, both of the lead. bars 
being injured in this manner. Although this is a 
natural occurrence and one to which the metals are 
necessarily subject in many forms of marine practice, 
yet from a purely scientific point of view it is perhaps 


l 

|and fall at ordinary spring tides is 38 ft., whilst at 
the equinoxes 45 ft. is frequently attained*. The 
tidal current is very rapid, and the water contains 
a fair amount of mud and sand in suspension. Other- 
wise the water is fairly normal, free from oil con- 
tamination, and from sewage, as evidenced by the 
absence of nitrates and nitrites. Its density 1-0203 
(15 deg. ©.) at mean sea level, is slightly lower than 
that of the Atlantic Ocean, namely, 1-0248, as is 
to be expected in view of its slight dilution with 
water from the Severn. The bars were fixed in the 
frame on May 2, 1923, and removed on April 1, 1927, 
after an exposure of approximately four years. They 
were wrapped in newspaper and despatched in stout 
wooden cases to the author’s laboratories at Birm- 
ingham, where they were examined. 

The Materials Used.—The chemical compositions of 
the bars used in this research are given in Table I. 
The cupriferous bars, Nos.;1 to 7, had been hot rolled, 
and finished by cold drawing to shape, the drawing 
being necessary to give the accuracy laid down by 
the British Engineering Standards Association. They 
were polished prior to fixing in the frame. The 
aluminium bars, No. 8, had been rolled down rapidly, 
or ‘“ broken” down from rods 2-5 in. square to 
2 in. square in rod mills at a commencing temperature 
of 460 deg. C., which fell to 390 deg. C. during the 
process. They were then cold drawn from 2 in. square 
to round bars, 14 in. in diameter, by j,-in. reductions. 
The -soft lead bars, No. 9, were prepared from the 
usual commercial quality used for the manufacture 
of sheet lead and lead pipes. Both the soft and 
antimonial lead bars, No. 10, had been extruded from 
a solid block of metal. The antimonial lead was 
prepared by meiting down antimony and lead in the 
requisite proportions and casting into a block for 
extrusion. The nickel bars, No. 11, were exposed 
with their scale still adherent. They had heen made 
by melting down Mond nickel pellets and rolled down 
hot. The tin bars, Nos. 12’ and 13, were specially 
cast for this research, and had undergone no further 
mechanical or heat treatment. They were not 
subjected to analysis. The zine bars, No. 14, were 
made of the ordinary commercial metal, such as is 
supplied to the Admiralty, shipbuilders and shipping 
companies for anti-corrosive purposes, and also to 
the trade for roofing purposes. The greatest impurity 
is lead, which alone was estimated directly. They 
also contained approximately 0-05 per cent. each of iron 
and cadmium, and a trace of arsenic and aluminium. 
The bars complied with the Admiralty specification 
for rolled zinc for anti-corrosive purposes, namely, 
that they had been rolled from castings three times 
the finished thickness. The ferrous bars, Nos. 15 to 18, 
are fully described elsewhere.t 

Method of Cleaning and Examination of the Bars.— 
The method of cleaning varied with the nature of the 
bar. The ferrous metals were scraped free from rust 
with a blunt tool, and brushed with a wire brush. 
The copper alloys were rubbed with fine emery paper 
(Hubert, grade 0), then wiped with a cloth damped 


























rather unfortunate. As such action cannot be, with ammonia, and finally with a cloth damped with 
TABLE I,.—CHEMICAL COMPOSITIONS OF THE METALS. 
= me rs an pas Anti- Alumi- 
No. Metal. Copper. Zine. Nickel. Lead. Arsenic. Tin. Tron. mony. nian. 
Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent.) Per cent. 
1 Copper, ordinary 99-80 Nil Trace Trace 0-10 Nil -- -- -- 
2 ts arsenical 99-30 - ss 0-45 “s — _— —_ 
3 Nickel-copper 98-20 pe 1-75 — <0-015* — _ _ ~- 
4 Nergandin brass 70-05 27-93t Nil 2-02 |<0-05* Trace > -- — 
5 Naval brass 62-03 36°73T 4 0:23 |<0-006* 1-01 — -- —- 
6 Muntz metal 60-80 38 -75f ae 0°35 |<0-05* 0-10 - — — 
7 Screw metal --| 60-02 38-61T pe 1°37. |<0-05* Trace - -- —_ 
8 Aluminiumt re ae —_— -- -- oa os - 0-32 _ 99-43 
9 Lead, soft a 0-015 —- — 99 -96T — —- — 0-008 -- 
10 Lead, antimonial 0-001 —_ _— 98 -39F _ ~ — 1-60 _ 
11 Nickel§ .. a oy 0-04 _ 99-84 -= 0-002 — 0-05 _ _ 
12 Tin, English common 
ingot .. a ..| 0-06)| — = 0-40)| = 99 +2 0-01! 0-30)! = 
13 Tin, high-grade pure .. — -— -- _ _ 99-75I| - — -- 
14 Zine wi ee ae | Nil 99-82t — 1°12 0 -006|| Nil 0-05 Nil Trace 




















* Gutzeit test. 


+ By difference. 
0-003 per cent. sulphur. 


|| Approximately ; not directly estim 


controlled, one cannot be certain that all the bars 
have been subjected to equivalent rough handling. 
In complete or partial immersion tests, the effects 
of surface abrasion may be exceedingly serious, and 
lead to most conflicting and puzzling results. An 
obvious remedy lies in carrying out all the tests in 
duplicate or higher multiple. This the present author 





small ravine. The bars lay horizontally at a level 
14 ft. below ordnance datum. As a spring tide falls 
. — 19 ft. ordnance datum, the frame at these times 
ay for a few minutes about 5 ft. above low water. | 


aa read before the Institute of Metals, London, 
on March 8, 1928. Abridged. 





1 Fric ud, Carnegie Schol. Mem., Iron Steel Inst., vol. 
Xvi, p. 131 (1927,) 


has usually been able to do in his iron and steel tests, 
but for various reasons this was not possible with 
the non-ferrous metals in the present research. It 
so happens, however, that it is only in the case of 
the softer metals—tin and lead—that any real 
uncertainty as to the results has crept in, and this 
is adverted to later. 

The tides at Weston are unusually great; the rise 





t Contained also 0-25 per cent. silicon. 


§ Contained also 0-05 per cent. carbon and 
ated. 


alcohol. The procedure was similar for the remaining 
bars, but omitting the ammonia. In every case the 
ends were gently scraped free from adherent putty. 
The bars were first weighed without cleaning. No 
marine growths of any description had collected round 
the frame or bars during exposure. The difference 
between the initial weight prior to exposure and this 
second weight gave the apparent loss, shown in column 
6 of Table III. After cleaning, the bars were weighed 
again and the difference between the total and apparent 





* For further particulars, plan of Birnbeck and 
analyses of the water, see McKaig and Friend, Fourth 
Interim Report of the Institution of Civil Engineers, 1924, 
pp. 28 et seq. 

+ Friend, Carnegie Schol. Mem., loc. cit. 
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losses gave the weight of surrosion products adhering | 


to the bars prior to cleaning (column 7). Since the 
bars were not all exactly 2-87 cm. in diameter, but 
ranged from 2-84 to 2-87 cm., one bar alone having a 
larger diameter, namely, nickel, 2-91, the losses in 


weight have been calculated for a mean diameter of | 


2-87 cm. (equivalent to an area of 505 cm.*), assuming 


the loss in weight to be directly proportional to the | 


exposed area. This is justifiable when only relatively 


small differences in area are concerned. The depths | 


of pitting and the heights of excrescences were measured 
with a spherometer. The balance used readily turned 
to 0:05 grm. with a load of 5 kg. in each pan. 
of the corroded bars and similar pieces of the same 
metals that had not been exposed to corrosion were 
tested by the same operator on the same machine at 


the same time, in order to reduce personal and instru- | 


Portions | 





TABLE II. 











Bending Strain. 
Fall in 
Metal. 
Uncorroded | Corroded sia 
Bar. Bar. 
Tons per Tons per Per cent. 
square inch. | square inch. 
Nickel-copper 5 19-45 19°16 1-49 
Screw metal .. “ 26-40 25-40 3-78 
Ordinary copper aa 16-24 15-53 4°37 
Naval brass .. aie 28-55 27°17 4-83 
Arsenical copper ay 18-06 17-16 4-98 
Nergandin brass a 23-26 21-83 6-14 
| Muntz metal ..| 27-05 24-50 9-42 
| Commercial zinc ae 8-73 7-83 10-31 
Aluminium .. ee 8-81 7:41 15-89 























bar, covered with a smooth, closely adherent layer, 
but of a greenish-ochre colour. A number of irregular 
excrescences appeared, more particularly, near the 
two ends of the bar, which on cleaning, proved to be 
metallic. The bar of Naval brass (No. 5) was covered 
with a smooth, closely adherent coat, of a greenish- 
ochre cclour. Its surface was marked by a number of 
flattened wart-like excrescences, which tended to lie 
in a direction parallel to the length of the bar. They 
were closely similar to those on the Muntz metal (No. 
6), but not so numerous.  Dezincification* had _ pro- 
ceeded to a slight extent into the bar beneath the 
warts, so that the warts really represented filled-in 
pits. On cleaning the bar the “‘ warts”’ were seen to 
be metallic (Fig. 2), and very slightly more ruddy in 
colour than the remainder of the bar. 

The Muntz metal (No. 6) was covered with a thin, 
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Fie. 10. ALUMINIUM, CLEANED. 


TABLE III.—SUMMARY OF RESULTS OF EXAMINATION OF THE BARS EXPOSED TO SEA ACTION AT WESTON-SUPER-MARE 


FOR FOUR YEARS, 1923-1927. 






































Total 
Surface Appearance in Apparent | Weight of | Total Loss as Highest Reduce Fall i Apparent 
Lin ogres eden ‘oe z ¥ S ™ in 
No. Metal. ( ondition | Wet 7 Frame Original a in |Surrosion | Loss in | Perce nt. Deepst fe tion in Tensile Order 
prior to prior to Weight. Weight.* | Product.* |Weight.* of Pits. . | Di a of 
Exposure. | Dismantling. ee mere eight."! Original ore iameter. | Strength! Merit. 
Weight. | 
Grm Grm. Grm. Grm. Mm. Mm. Per cent. | Percent.| 
12 Tin, English common ingot. . As cast ..| Had been knocked | 2835-1 | (Gain 1-9) 3-0 1: 0-04 Negli- -— — — | 1 
| with stone gible | 
13 Tin, high-grade pure. . ” - ee —_ 2856-2 | (Grain 1-8 5-0 3°32 0 11 0-50 _— —_ _ | 2 
11 Nickel, commercial With scale, as reeled = 3332-5 11-4 3-4 14:8 0-44 —- _— — —— | 3 
10 Lead, antimonial > ..| Polished ..| Bent, whitish 4380-0 19-1 3-1 22-2 0-51 _ — — aon 4 
9 Lead, comn.ercial soft ioe ar ug -| Bent .. a 4396-4 23°8 5-1 28-9 0-65 _— - — — | 5 
7 Screw metal .. is ve eal ‘ .| Green a 3308-1 43-1 4°5 47°6 1-44 None None 0-0 3°78 | 6 
3 Nickel-copper.. te we oe ER .| Copper-coloured 3508 5 104-5 1:8 106-3 3-03 — 0°23 1-4 1-49 | 7 
2 Copper, arsenical - ee oe Ee .| Green . 3504-5 116-9 2-6 119-5 3°41 — 0-21 2-1 4-98 8 
1 Copper, ordinary oe = i is -| Copper-coloured 3509-3 125-4 2-7 128-1 3°65 = 0-35 2-4 4-37 9 
4 Nergandin brass ar ca a e ..| Yellow ee 3378-6 166-6 2-4 169-0 5-00 = 0-32 2-8 6-14 | 10 
5 Naval brass .. se te ne » : | Yellow re 8303-4 181-9 2°5 184°4 5-58 — 0:34 3-1 4-83 11 
6 Muntz metal .. aA aoe a ” ..| Greenish blisters 3311-7 92-6 2-4 95-0 2°87 = 0-22 1-4 9-42 | 12 
14 | Zinc, commercial... oe <r ”» .| Blistered 2828-5 | 118:4 14-6 133-0 4-70 0-89 _— _ 10-31 13 
8 Aluminium, commercial “ - as ..| Deep holes 1061-3 40-7 6-6 47°3 4-46 5-81f —_ — 15-89 14 
17 Armco iron, galvanised (1 bar) ‘* | As galvanised -+| Rusty 3052-8 — — 92-2 3-02 Negli- pes ea abn, as 
iblet 
15 Wrought iron (mean of 11 bars) . ; As rolled, with scale | Severely rusted -| 3013-9 — — 137: 5-01 0 -95t -= — — | 
16 Mild steel (mean ‘f 9 bars) .. ..| As rolled, with scale | Severely rusted 3079-0 —_ ~- 173: 5-60 1-00t ~- — — | _ 
18 Stainless steel (mean of 3 bars)t . ; Polished ‘ x Pitted ..| 3015-1 -—— - 73° 2-43 1:39+ eatin as os 
| | 








* Caiculated for a mean diameter of 2-87 cm. 


+ Omitting cavities at ends of bar where fixed in frame. 


t Approximately 12 per cent. chromium. 


mental errors. In Table II the breaking stress of each | excrescences, showing a general tendency to follow in| pale green layer, and its surface was thickly studded 


piece of bar is expressed in tons, and the percentage fall in 
tensile strength, as calculated, is given in the final 
column. The combined results of the examination of 
the bars are summarised in Table ITI. 

Detailed Examination of the Bars after Exposure.— 
The following descriptions refer to the dry bars after 
they had reached Birmingham, and do not necessarily 
coincide with the data in the fourth column of Table 
III, which refer to the wet bars in situ. 

The bar of ordinary copper (No. 1) was dull brick- 


red in colour, with ridges and innumerable small green | 





|lines down the length of the bar (Fig. 6). 
proved to be caps to portions of slightly elevated metal, 
the red deposit filling the hollows eroded away. The 


| bar of arsenical copper (No. 2) was covered with a very | 


smooth and closely tenacious coat, which had a dull, 
|ochreous brick-red colour, and was_ appreciably 
thinner than the coats on bars 4 and 5. The nickel- 
copper (No. 3) bar was closely similar in general appear- 
|ance to the ordinary copper (No. 1), save that the 
number of excrescences was decidedly less. 

The Nergandin brass bar (No. 4) was, like the copper 


These | 





with warty excrescences (Fig. 8). Upon cleaning, these 
were seen to be due to metal, exactly as in the Naval 
brass (No. 5) described above. They were not quite 
so prominent as those of the Naval brass, although 
much more numerous. Micrographic examination 
(Fig. 12) showed that the warts contained dezincified* 


———— 





* The terms “dezincification” and “ dezincified ” 
are here used in their revised sense of redeposition, 
suggested by Bengough and his co-workers, J. Inst. 
Metals, vol. xxi, p. 152 (1919); vol. xxiii, p. 108 (1920). 
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material, the 8 constituent having been largely or 
entirely replaced by copper and (or) copper oxide. The 
dezincification had proceeded to a small extent into 
the bar beneath the warts, exactly as in the Naval brass. 
The extent of this action cannot be determined from 
the loss in weight, but is rendered apparent by the 
reduction in tensile strength which is given in Table 
Ill. The grain-size was larger than that of the screw 
metal, but less than that of the Naval brass. The 
edges of the metal, apart from the warts, showed no 
dezincification; probably any dezincified material 
had been removed by erosion and (or) during cleaning. 
The diameter of the bar had been reduced from 2-87 
co 2°83 cm., é.e., by 1-4 per cent., omitting the excre- 
scences. The bar of screw metal (No. 7) was covered 
with a remarkably smooth and uniform coat, pale 
green in colour. Two or three small excrescences 
occurred. Upon scraping them they were seen to be 
more blue below, and seemed as if they might be 
centres of incipient pitting. But the metal beneath 
was not sufficiently attacked to determine that. Upon 
cleaning, the bar was found to be in excellent condition 
and by far the best of all the cupriferous bars. The 
general thinning of the bar was too slight to be regis- 
tered by the gauge. Micrographic examination showed 
that it possessed a very uniform structure, and that 
its grain-size was appreciably less than that of the 
Muntz metal. 

The aluminium (No. 8) bar presented many features 
of interest. It was the only non-ferrous bar that was 
not in good condition at the ends where it had been 
embedded in putty. Here it had corroded very deeply. 
The general surface of the bar was covered with a stone- 
coloured adherent layer, broken by very deep pits, 
tending linearly in the direction of the length of the 
bar, as shown in Fig. 9. The pits were filled with a 
whitish deposit, with a hard, bluish under-layer, 
very difficult to remove, and closely resembling the 
corresponding surrosion product on the zinc (No. 14). 
As in the case of this latter metal, approximately one- 
quarter of the bar was sawn off and cleaned (Fig. 10), 
and the total quantity of the surrosion product calcu- 
lated for the whole bar. The pits, upon being cleaned 
out, were found to be extraordinarily deep, a few of the 
deepest measuring 4-30, 4-33, 3-60, 5-81, 2-42, and 
4-80 mm. in depth. As the diameter of the bar was 
2-87 cm., the deepest pit (5-81 mm.) had penetrated 
through rather more than one-fifth of it. The bar of 
soft lead (No. 9) had been bruised in several places, 
and bent somewhat out of shape through blows from 
loose stones during rough seas. The surface of the 
metal was slightly pocked, but whether these pocks 
were due to mechanical injury or to incipient pitting 
by corrosion was uncertain. The antimonial lead 
(No. 10) was closely similar to the preceding. The 
nickel bar (No. 11) was covered with ‘scale’? when 
originally exposed, and most of this scale remained 
adhering to the metal when removed from the frame. 
Its ‘“‘reel’? marks were clearly visible. Generally 
speaking, the bar had been fairly uniformly and only 
very slightly attacked. 

The bar of English common ingot tin (No. 12) was 
closely similar in appearance to the high-grade metal 
described below (No. 13). Its general surface showed 
incipient pitting, but there were few of the larger 
cavities. Pinholing occurred at one end under the 
putty. The high-grade pure tin bar was dull and 
freckled with a large number of minute white dots of 
varying size, the majority being less than a pin’s head. 
They appeared to be centres of incipient pitting which 
had broken through the dull protective skin covering 
the bar. This conclusion was supported by the occur- 
rence of a considerable number of somewhat larger 
excrescences, which, upon the removal of the white 
deposit, revealed the presence of small cavities in the 
metal. The bar of commercial zinc (No. 14) was covered 
with small dome-shaped excrescences, as shown in 
Fig. 4. These consisted of pale blue brittle material, 
the under layers of which adhered so tenaciously to 
the metal that it was not found possible to remove 
them completely without detaching some of the 
unattacked metal. Removal of the surrosion products 
showed that the metal was heavily pitted, the general 
surface being covered with small pits. 

The wrought-iron* bars, 11 in number, were all of 
British manufacture, and were, like the steels, exposed 
with adherent mill scale. Their losses in weight 
ranged from 113-7 grm. to 161-6 grm., giving a mean 
value of 137-3 grm. One of the bars was deeply 
channelled, but omitting this as exceptional, the six 
deepest pits were 0-95, 0-80, 0-51, 0-50, 0-47, and 
0-45 mm. in depth, and were thus of the same order 
as those in the mild steels. The mild-steelt bars, 
nine in number, were all of British manufacture, and 
ranged in carbon content from 0-05 per cent. to 
32 per cent. Their losses in weight varied from 





* For further details and photographs, see Friend, 


fuamegie Schol. Mem., Iron Steel Inst., vol. xvi, page 131. 
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145-1 grm. to 195-2 grm., giving a mean value of 
173 grm. They were exposed with their mill scale 
adherent. The six deepest pits were 1 -00, 0-69, 0-58, 
0-56, 0-51, and 0-50 mm. in depth. The galvanised 
Armco iron bar was in very much better condition 
than the previous bars, as its smaller loss in weight 
would indicate. Both of its ends had been severely 
attacked, and, particularly deeply, near the bottom 
end, in a ring where the bar just emerged from the 
frame. The body of the bar, though roughened, still 
contained traces of zinc in places, and was practically 
free from pits. The stainless steel bars had been 
carefully polished prior to exposure; nevertheless, 
all three bars had been seriously attacked at their 
ends which had been embedded in the frame. Almost 
the entire loss in weight recorded for these bars was 
due to this cause. The general surfaces of the bars 
showed slight pitting. Considerable areas retained 
their polished condition. 

Limitations of the Research—In considering these 
results, it is important that the actual conditions of 
the tests be carefully borne in mind. It by no means 
follows that the metals would exhibit the same relative 
corrodibilities if exposed under different conditions, 
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and there is always a danger of reading more into the 
results of a research of this character than is legitimate. 
In short, these results apply to isolated bars of metal 
almost continuously immersed in uncontaminated sea- 
water at the ordinary temperature, the sea-water being 
thoroughly oxygenated and at times moving rapidly. 

Standard of Corrosion to be Adopted.—In studying 
the corrosion of ferrous metals, the present author has 
frequently had occasion to emphasise the fact that 
mere loss in weight does not of necessity indicate the 
seriousness of corrosion. Other factors must be taken 
into consideration, such as pitting or localised corrosion. 
Bengough and his co-workers have emphasised a 
similar point in connection with brasses, and distin- 
guish between complete and selective corrosion. In the 
case of condenser tubes, tanks, &c., the actual depth of 
pitting is a factor of supreme importance, for a single 
pit that actually perforates a tube may render the 
whole useless. For this reason, in their experiments 
with various iron and steel specimens, Aston and 
Burgess ground down one of the surfaces of each 
specimen after exposure to corrosion until the pit 
marks just disappeared, and the total loss in weight 
through corrosion and grinding was termed the equiva- 
lent corrosion. In the present research the deep 
pitting of the aluminium compels its relegation to the 
last place amongst the non-ferrous metals, whilst the 
entire freedom from pitting of the Nergandin brass 
leads to its being given preference over zinc, despite its 
greater loss in weight. 

In the case of solid bars, however, the problem is 
usually somewhat different from that of tubes, since 
retention of the strength of the bar may be all-import- 
ant. In this case, one must consider not merely the 
depth of the deepest pit, but also the number of pits 
and their arrangement. In the wrought-iron speci- 
mens, for example, the pits tended to lie in horizontal 
lines along the lengths of the bars following the direc- 
tion of rolling. Such pitting would reduce the longi- 
tudinal strength to a less extent than equivalent pitting 
evenly distributed or transverse, for very obvious 
reasons. For this reason, wrought-iron would appear 
to be a very suitable form of ordinary ferrous material 
for bolts, &c.. in marine work. In such cases, it is 


data may be obtained by determining the fall in tensile 
strength, although the method is open to the criticism 
that the original tensile strength of the corroded speci- 
men cannot be determined directly : it can only be 
assumed from the result of testing a closely similar 
piece of metal. The result is thus liable to be vitiated 
by hidden mechanical flaws. This difficulty can be 
largely surmounted by employing several series of tests 
and calculating the mean result ; but this is expensive. 

It is clear that this method can only be adopted 
when pieces both of the original and of the uncorroded 
material are available. When this method can be 
applied, it is specially valuable in detecting such changes 
in the metal, whether physical or chemical, as cannot 
be readily observed through changes in weight. In 
this research an excellent example is afforded by 
Muntz metal. Conclusions based upon mere loss in 
weight and reduction in diameter would lead to placing 
this metal before nickel-copper in order of merit ; but 
its loss of tensile strength relegates it to a position but 
little superior to that occupied by zinc. Dezincification 
had proceeded into the mass of the bar, thereby weaken- 
ing it to an extent that could not be determined from 
loss in weight alone. 

In deciding, therefore, what particular metals are 
suitable for any special purpose, it is necessary to take 
all of the foregoing factors into consideration. It is 
evident that no one metal is likely to prove the best 
under all conditions. In Table III, the non-ferrous 
metals are arranged in what is termed an order of 
merit. This is a purely arbitrary arrangement, in 
arriving at which the losses in weight, depths of pitting, 
reduction in diameter and in tensile strength have all 
been taken into consideration. This affects the 
relative positions of most of the cupriferous bars. The 
order of these, judging from the percentage loss in 
weight alone, would be -—Screw metal, Muntz metal, 
nickel-copper, arsenical copper, ordinary copper, 
aluminium, commercial zinc, Nergandin brass, and 
Naval brass. Judging from loss in tensile strength 
alone, however, the order is that given in Table II. 
Taking all points into consideration, the suggested 
arrangement is that shown in Table ITI. 

The Corrosion of Aluminium.—Aluminium has long 
been known to be very susceptible to corrosion by sea- 
water. Even the salt spray of sea air has been found 
to be destructive to aluminium conductors.* In 
describing their laboratory tests with aluminium sheet 
immersed in sea-water, Bengough and Hudson directed 
special attention to the ‘‘ very violent local action at, 
or, far more usually, just above, the water-line.”+ 
They observed that pitting sometimes occurred on the 
totally-immersed portions, but to a less severe extent. 
On account of this low resistance to sea action, alumin- 
ium and its alloys are less used in marine engineering 
than might otherwise be the case. The results of the 
present research, however. possess an added interest 
in. view of the fact that the German Admiralty have 
again turned their attention to the possibility of using 
the metal.t Further, experiments attended with 
encouraging results have been carried out in America 
upon the protection of certain alloys from the corrosive 
action of saline air by spraying with pure aluminium. 

The Corrosion of Copper by sea water has been 
the object of study for many years, the corrosion 
of the copper sheathing of wooden vessels being a 
constant source of trouble to marine engineers, 
particularly during the first half of the last century. 
The results of the present research with ordinary 
copper, therefore, are mainly of interest in giving 
a useful idea of the relative rates of corrosion of this 
metal and other alloys when exposed for a prolonged 
period to natural sea water. The metal takes the 
ninth place in order of merit, being inferior to its 
alloy with nickel, apparently but little affected by 
arsenic, and decidedly superior to the Nergandin and 
Naval brasses, and to Muntz metal. The entire 
freedom from pits is interesting, and accords with 
the observations of Bengough and Hudson on the 
behaviour of specimens of copper exposed in their 
laboratory to complete immersion in stagnant and 
in aerated sea water for periods up to nine months. 

Copper containing 0-3 per cent. to 0-5 per cent. 
arsenic is manufactured for roofing and similar 
purposes, and its resistance to corrosion under these 
conditions has been attributed to the formation of 
a protective film by the action of rain. This small 
quantity is well below the solubility limit of arsenic 
in copper. Bengough and Hudson found, in their 
laboratory tests, that arsenical copper exposed to 
slowly-running water lost less in weight than either 
cast-copper or rolled-copper foil under similar condi- 
tions, and Vernon obtained encouraging results in 
his open-air tests with 0-45 per cent. arsenical copper. 











* Foster, Trans. Amer. Electrochem. Soc., vol. xxviii, 





clear that the ‘‘ equivalent’? corrosion, as defined 





+ Friend, loc. cit. 


above, does not give the information desired. Useful 


page 401. (1915.) . 
f Bengough and Hudson, J. Inst. Metals, vol. xxi, 
page 143. (1919.) 
+ Schulz, Apparatebau, vol. xxxviii, page 262. (1926) ; 
Z. V. d. Kupferschmied., vol. xxxviii, page 304. (1926.) 
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On the other hand, metallic arsenic, when suspended 
in sea water at 50 deg. C., is stated by Bengough to 
oxidise to a white oxide with deep etching of the 
metal, although the action is slow. The two cases 
are not quite analogous, however, on account of the 
solubility of the arsenic in the copper already referred 
to. The results of the present research are incon- 
clusive; although the arsenical copper has proved 
slightly more resistant to sea action than the ordinary 
copper, as registered by loss in weight, this advantage 
is neutralised by a greater fall in tensile strength. 

The addition of 1-75 per cent. of nickel to copper 
reduced the corrodibility, whether measured by the 
percentage loss, the height of the excrescences, or 
the percentage reduction in diameter and _ tensile 
strength. This result was expected, and agrees with 
the observation of Bengough that nickel-copper tubes 
had given good results in sea water. A higher nickel 
content would probably still further increase the 
corrosion resistance. Indeed, for rapidly-circulating 
water supplies, 15 per cent. of nickel has been recently 
recommended. This point is being investigated. 

The Corrosion of Brass by sea water is a problem 
of extreme importance, and one to which the 
Corrosion Committee of this Institute has devoted 
much attention. The brasses used in this research 
may be divided into two groups, namely, (a) those 
comprising one main constituent, viz., Nergandin 
brass, which consists essentially of a brass, and 
(5) those containing two main constituents « and 8, 
namely, Muntz metal, Naval brass and screw metal. 
The Nergandin brass corroded very uniformly, its 
surface, apart from a few excrescences, being excellent 
and, if possible, even less roughened than that of 
the screw metal. Its loss in weight was rather heavy ; 
but, being ‘‘complete”’ and not “selective,” it was 
evenly distributed and would not, for most purposes, 
prove so serious as the loss of the zinc or aluminium 
bars, which had suffered pitting, notably in the latter 
case. This is supported by the data for the loss in 
tensile strength, namely, 6-14 per cent., a figure much 
lower than those for the other two metals mentioned. 

The Corrosion of Lead.—The results of the present, 
research clearly indicate that commercial soft lead, 
whilst offering a very high resistance to sea water 
is nevertheless inferior to tin in this respect. The 
addition of antimony has appreciably reduced the 
corrodibility, but to what extent this may be a 
purely mechanical effect is not clear. The alloy is 
appreciably harder than the pure soft lead, and the 
losses in weight in the case of both bars were 
undoubtedly partly due to mechanical erosion. 

The Corrosion of Tin.—The results with tin are 
of special interest, for very little information is 
available in scientific literature on the corrosion of 
this metal, although several researches of importance 
have been carried out on tinned metals, more 
particularly tinplate. In the present research the 
quantity of surrosion product was so small, and so 
contaminated with foreign material, that analysis 
was not undertaken. It is not improbable, however, 
that the mechanism of the corrosion consisted in the 


initial formation of a soluble chloride, which, in its. 


turn, was converted into hydrated stannous oxide, 
and was probably undergoing gradual conversion 
to stannic oxide. 

The Corrosion of Zinc.—Despite its high chemical 
activity the zinc bar used in this research has made 
a better showing than either the Nergandin or the 
Naval brass, in so far as loss in weight is concerned. 
Its = of pitting is of the same order as that of 
the mild steels and wrought irons. It seems reasonable 
to assume that the initial products of the interaction 
between the sea water and zinc would be zinc chloride 
and sodium hydroxide. These on mixing would yield 
zinc hydroxide, possibly more or less admixed with 
basic chloride. The former is known to be capable 
of clinging tenaciously to the surface of metallic 
zinc, and thus greatly enhances the resistance to 
further corrosion. The pitting of the metal appears 
to be due to the breakdown of the surface layer rather 
than to impurities within the metal, and is thus 
parallel to the pitting of aluminium. Bengough and 
Hudson observed in their laboratory tests that, at 
one or two scattered spots the zinc hydroxide layer 
had been converted into a basic salt, and that, at 
these places, the underlying metal had been pitted. 
As with aluminium, therefore, if one could avoid 
the breakdown of the surface layer, the zinc would 
probably offer a substantial resistance to corrosion. 

It may te noted that the galvanised Armco iron 
lost appreciably less in weight, and was less deeply 
pitted than either the zinc bar itself or any of the 
iron or steel bars. 








AMERICAN ImpoRTS ON MANGANESE ORE.—Out of 
622,000 tons of manganese ore imported by the United 
States during 1927, India and British West Africa 
supplied 93,006 tons and 87,200 tons, respectively. The 
two other main sources of supply were Brazil and Russia. 
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ARCH DAM INVESTIGATION.* | 
(Concluded from page 86.) | 


TEST OF A CELLULOID MODEL OF THE | 
STEVENSON CREEK DAM. | 


By Grorce E. Brags, M.Am.Soc.C.E. | 


1. Histortcat Note. | 


In April, 1926, Fred A. Noetzli, M.Am.Soc.C.E., | 
Secretary of the Committee on Arch Dam Investigation, | 
inquired as to the possibility of using a model to check | 
the data obtained from the test of the Stevenson Creek | 
Dam. The writer, having carried out numerous | 
experiments on elastic models of structures, suggested | 
a celluloid model with a reservoir of mercury. Celluloid | 
was suggested because it is many times more flexible 
than concrete, and mercury was chosen because it is 
much heavier than water. Although the model 
proposed would be only one-fortieth size, its deflections 
and strains would be readily measurable. 

2. Construction of the Model.—The celluloid model is | 
18 in. high and 0-6 in. thick for the upper 9 in., | 
increasing to more than 2 in. at the bottom. Four) 
sheets of celluloid, each 0°6 in. thick and of various | 
heights, after having been heated in boiling water for | 
2 hours and clamped until cold in heavy zinc-lined | 
wooden forms of the proper curvature, were welded 
together by injecting celluloid cement under pressure | 


Predicted horizontal unit strain for concrete dam 
= unit horizontal strain in model x (= = 0-216) 


(31) 
Predicted vertical unit strain for concrete dam 
= [unit vertical strain in model — (u_ — p,) (unit 
horizontal compressive strain at middle surface 


n 


of model)] x — =[unit vertical strainin model 


— (0-27) (unit horizontal compressive strain at 
middle surface)] x 0:216 ; A - (32) 
in which, 
. = ratio of size of arch dam to its model. 
q = specific gravity of mercury used in testing 
model, 13.57. 
z = ratio of moduli of elasticity of concrete and 
3,600,000 _ 13-7 


celluloid = 263,750 

#1 = Poisson’s ratio for concrete = 0-15. 

#2 =. Poisson’s ratio for celluloid = 0-42. 

Equations (30), (31) and (32) are readily derived 
for the special case where Poisson’s ratios for the 
concrete dam and its model are equal. Inasmuch as 
Poisson’s ratios for celluloid and concrete were found to 
differ, rational modifications of the several formule 
were made. Poisson’s ratio can be expressed as a 
function of the coefficients of elasticity in shear and 
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Fig.11.COMPARISON OF DEFLECTIONS OF STEVENSON CREEK DAM FROM 
TEST N2IIl, WITH THOSE COMPUTED FROM DEFLECTIONS OF A 
CELLULOID MODEL. 
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between them through small drilled holes, this operation 
driving out all air and insuring a continuous celluloid 
filled joint. The cemented sheets were then seasoned 
in ovens provided by the Celluloid Company, Newark, 
N.J. The final profile on the down-stream face was 
accurately formed toa metal template by hand-carving, 
done by a patternmaker. 

The celluloid sheets were made of sufficient length 
for the dam to be anchored into the reinforced concrete 
abutments not less than 4 in. To form a reservoir for 
the mercury, an additional curved sheet of celluloid, 
0-3 in. thick, was placed } in. up stream from the 
dam. From its bottom, a heavy rubber tube led to the 
bottom of an iron container holding about 100 lb. of 
mercury and hung from a chain hoist. Raising or 
lowering the container caused the mercury to fill, 
or emptied, the reservoir. The time for filling and empty- 
ing and for making any observation did not exceed 
5 minutes, and, therefore, errors due to variation in 
temperature were eliminated. 

3. Control Test Samples.—Sample bars of celluloid, 
0.6 in. thick, from the same sheets from which the 
model was made, were put through identical processes 
of heat treatment and seasoning. From deflection and 
strain measurements on simple beams made from the 
control test bars, it appeared that the coefficient of 
elasticity of the celluloid remained practically constant 
during several months, with an average value of 
263,750 lb. per square inch. Poisson’s ratio for this 
material through the range of strain in the dam was 
found by experiment at the National Bureau of 
Standards to be 0 -42. 

4. Formule for Predicting Deflections and Strains of 
Concrete Dam from Observations on Celluloid Model.— 
The formule for translating the deflections and strains 
of the celluloid model into corresponding values for 
the full-sized concrete dam are as follows :— 


Predicted deflection of concrete dam = deflection of 
2 
model x (= = 8-6) (30) 





* Report published in Proc. American Society of Civil 
Engineers, May, 1928. Vol. i, Part 3, page 7. Abridged. 
Reference may be made to articles which have already 
appeared in ENGINEERING, covering some of the matter 





now omitted, viz., vol. cxx, page 343; vol. cxxii, page 





562; and vol. cxxiv, page 191. 


direct stress. Inasmuch as shearing deflectionf or 
torsional deflection probably had little to do with the 
radial deflections of the concrete dam or its model, it 
appeared reasonable to neglect the Poisson’s ratio factor 
in translating the deflections of the model into those 
for the full-sized concrete dam. From equation (30), 
the multiplier for model deflections is as small as 8-6, 
so that deflection readings to the precision of 0-001 in. 
on the celluloid model would give predicted deflections 
on the full-sized concrete dam to 0:01 in. The 
experimental difficulties of predicting arch dam deflec- 
tions from a celluloid model of this scale are, therefore, 
slight. 

The formula for predicting horizontal strains in the 
concrete dam from model observations also omits the 
effect of Poisson’s ratio. This seems logical, for in 
neither the model nor the dam is there any considerable 
vertical direct stress at the surface midway between 
up-stream and down-stream faces. A study of the 
many vertical strains measured on down-stream and 
up-stream faces of the celluloid arch dam confirmed 


this. Consequently, the simple multiplier, es = 0-216 


(equation (31) ), serves for the translation of horizontal 
strains. 

It is notable that the unit strains on the celluloid 
model are about five times larger than the corresponding 
unit strains on the large concrete dam ; it follows, there- 
fore, that a 2-in. gauge length on the celluloid model 
has nearly the same total strain as a 10-in. gauge length 
on the concrete dam. Hence, the prediction of strains 
from observations on a celluloid model does not present 
great difficulty. ; 

The formula for predicting vertical strains in 4 
concrete dam from model observations logically 
includes an allowance for the difference in Poissons 
ratio for celluloid and concrete. A study of experl- 
mental data both for the celluloid model and for the 
concrete arch dam indicated for any elevation the 
presence of a constant horizontal thrust at the mid- 
surface between up-stream and down-stream faces. 
This horizontal thrust, by its Poisson’s ratio effect, 
would increase the vertical strains more for the model 
than for the dam, for Poisson’s ratio is 0°42 for celluloid 
and 0 -15 for concrete. . 

The unit vertical strains measured on the celluloid 
model were accordingly relatively too great for direct 
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translation into vertical strains for the concrete dam. | near the centre line was probably due to the vertical 


For a model of concrete, the measured unit vertical | crack which weakened the dam and allowed it to deflect 
strains would have included 0°15 of the strains due more than was natural.for a. continuous structure. 
to unit horizontal thrust ; but in the celluloid model, | Considering that the predicted deflections differ no- 
these vertical unit strains contained 0-42 of the| where as much as 0-1 in. from the measured deflections, 
strains from unit horizontal thrust. Therefore, the | it appears that the experimental method using 4 cellu- 
measured unit vertical strains in the model should be | loid model is fundamentally practical. 
reduced by 0:42 — 0-15, or 0:27 times the corre: | 6. Measurement of Surface Strains on Down-Stream 
sponding measured strains at mid-surface from the | Face.—The strains on the down-stream face of the 
horizontal thrust in the celluloid model before multi- | model caused by emptying the mercury were measured 
: n , with the Tuckerman optical strain-gauge.* It consists 
plying by the (=) factor to Sud the coneupenting | of two parts: The acheaniianaies areneeial on the 


predicted vertical unit strains in the full-sized concrete stand, and the 2-in. strain-gauge attached to the down- 


| 

| emptying the completely filled reservoir, were read hori- 
| zontally, vertically and in two 45 deg. direction. The 
stations at which strains were measured and the 
average of the observed unit strains on the down- 
stream face are fully shown in Fig. 12. To indicate 
in a general way the nature of strains on the down- 
stream face, Fig. 13 has been drawn showing to an 
exaggerated scale the deformed shapes of areas that 
were circular when the reservoir was empty. It is 
notable that the great majority of ellipses have their 
major axes vertical or horizontal—not inclined. 
It follows that maximum stress on the down-stream 
face may be found by determining vertical and hori- 

























































































dam (equations (32) ). | stream side of the model. Briefly, a beam of light! zontal stresses and disregarding inclined stresses. 
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Down-StreaM UNIT STRAINS ON THE CELLULOID MopgL, AVERAGES OF BOTH 
LuFrT AND RIGHT SIDES GIVEN IN MILLIONTHS OF INCHES PER INCH. 
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Fig. 14. 
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Fig. 16. 
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Down-STreaM UNIT STRAINS ON CELLULOID MODEL PLOTTED TO 
4N EXAGGERATED SCALE FROM CIRCUMFERENCES OF Base CIRCLES. 
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5. Measurement of Deflections.—The deflections of | carrying the image of a scale travels from the auto- 
points on the down-stream face were communicated | collimator to the strain-gauge, and is reflected back 
through wooden rods to Ames dials reading to 0-001 in. | from the strain-gauge on to a readable scale in the 
and mounted on a central vertical axis. Inasmuch as auto-collimator. The light ray enters the strain-gauge 
the reservoir could be emptied more rapidly than filled, | through a special roof prism, is reflected to a stellite 
deflection readings were recorded for movement of the | lozenge, which rotates with varying strain, and from 
dam caused by emptying. The celluloid control beam | this lozenge is reflected back to the readable scale. 
from which the coefficient of elasticity was measured, | Readings to 0-000001 in. per inch on a 2-in. gauge 
was also read from the loaded to the unloaded condition. | length could be made with confidence. 

Ineach case, 1 min. was allowed to elapse afterremoving| The apparatus is remarkably well adapted to 
the load before the no-load readings were taken. Every | measuring small strains, and is commendably free of 
deflection and strain recorded is an average of not less /many common instrumental errors. The readings 
than four observations. | are independent of the position of the auto-collimator. 

Deflections were read at stations on the down-stream | Shaking the stand on which the auto-collimator is 
face every 3 in. horizontally and every 1} in. vertically, | supported, does not affect the reading. The gauge 
corresponding to 10-ft. and 5-ft. intervals on the itself weighed but a few ounces, and was readily 
concrete dam. | supported against the vertical surface of the celluloid 

In Fig. 11 is shown a comparison of these predicted | with a rubber band attached to two small tacks driven 
deflect ions with those actually measured on the Steven- | into the celluloid on either side. 
ae Creek Dam, The agreement is noteworthy in| Strains in millionth of inches per inch caused by 
— ae = sign. Where measured deflections are | 
: Own, they were too close to the predicted deflec-|  * ExgmeErine vol. exvi, p. 222'(1928); Proceedings 
pe to be plotted separately. The slightly greater) 4m. Soc. for Testing Materiale, aa Ma” Part 2 
election of the concrete dam at the 60-ft. elevatior | pp. 602-610 (1923).- 





Similar observations were also made in connection with 
strain ellipses drawn for the up-stream face. 

7. Measurement of Surface Strains.—Evidently, it 
was not possible to read a strain-gauge on the up-stream 
face when the reservoir was filled with mercury. It was 
therefore necessary to find the up-stream strains by 
indirect measurement. At the ends of each 2-in. gauge 
length for which the strain on the down-stream face 
had been measured, two steel knitting needles, about 
| 15 in. long, were driven firmly into holes in the cellu- 
|loid. On the outer ends of these needles corks were 

pressed. Through these corks at right angles to the 
/ needles, pins were pushed until their two points could 
| be observed in the field of a filar micrometer microscope 
| reading to 0-000] in. 

The separation or approach of these pin-points on 
emptying the mercury determined the angular move- 
ment of the needles. Knowing the down-stream unit 
strain, the thickness of the dam, and the angular 
change of the needles, it was a simple problem in 
geometry to calculate the corresponding up-stream 
strains. Then, by averaging the up-stream and down- 
stream strains, the strains at the middle surface were 








"| calculated. The results for the up-stream and middle 
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Fic. 3. 


surface strains are not recorded, as corresponding values 
for the Stevenson Creek Dam are available for com- 
parison at only a few points. A reduction of the 
middle surface strains to stresses (in which account was 
taken of Poisson’s ratio by the usual formule) gave 
results showing that in the celluloid arch dam the 
horizontal thrust at the middle surface at any elevation 
is nearly constant. Also, these calculations indicated 
that there was very little vertical tension or compression 
at the middle surface of the model. These observations 
are in agreement with assumptions commonly made. 

8. Comparison of Predicted and Measured Surface 
Strains.—Figs. 14 to 17 give comparisons of predicted 
and measured surface strains on the down-stream face of 
the Stevenson Creek Dam for horizontal and vertical 
strain. For example, for a point on the line marked 

- 75, in Figs. 14 and 15, the horizontal compressive 
strain in inches per inch on the down-stream face of 
the dam is 0:000075. 

The comparison for horizontal strains (Figs. 14 and 15) 
is highly satisfactory, the differences being logically 
explainable by the vertical cracks that formed in the 
concrete dam in the areas of horizontal tension. 
The agreement between the predicted and measured 
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is generally satisfactory, except = (’0’°' “ENGINEERING 


at about the 30-ft. elevation on 


the centre line of the down-stream face, where the | the model agree more closely with the observations than 
vertical measured strain is much less than that predicted. | would results of practical mathematical analysis. Even 
This divergence can be explained in a practical manner | closer agreement between the model and the dam would 


by reference to the isometric drawing, Fig. 11. Note that | 
the deflection curve on the vertical centre line is much | 


flatter for the measured values than for the predicted 
deflections, which results in a smaller vertical bending 
strain for the Stevenson Creek Dam, on the down- 
stream face at the 30-ft. elevation. The cause of the 
flatter curvature is the greater deflection of the concrete 
dam at the 60-ft. elevation ; this, in turn, appears to 
have been caused by the vertical crack on the centre 
line near the top, which weakened the arch and allowed 
greater down-stream deflections than were predicted, 
thus relieving the vertical strains at the 30-ft. elevation 
as noted. 

9. Summary.—Tests on the full-sized concrete dam 
compared with those on a celluloid model loaded with 
mercury, indicate that quantitative predictions of 
deflection and strain can be made for the dam from 
the model. It is believed that these predictions from 


be expected if the model had been cut where its tension 
indicated that cracks would form in the actual dam. 

For the practical use of models to evaluate stresses 
in proposed or existing concrete arch dams, the following 
procedure is suggested :— 

(1) Build a celluloid model to such scale that the 
strains produced in the celluloid by loading of mercury 
will be about five times as great as for the concrete. This 
means that the model should be about one-fortieth the 
scale of the dam. 

(2) Measure the strains on the down-stream face 
with the Tuckerman optical strain-gauge when a reser- 


| voir on the up-stream face is filled with mercury. 


(3) Measure the strains on the up-stream face with 
a Tuckerman optical strain-gauge when a reservoir on 
the down-stream face is filled with mercury. These 
up-stream strains will be practically the same as for 
the up-stream loading, but opposite in sign ; reversing 
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the load reverses the stresses in sign, but not in value, 
as is generally true for continuous structures.* 

(4) Predict the horizontal and vertical strains in the 
concrete dam by the conversion formule, equations 
(30), (31) and (32), allowance being made for linear 
dimensions, weights of loading fluids, values of coeffi- 
cients of elasticity, and Poisson’s ratios for concrete 
and celluloid. 

(5) Compute from the predicted vertical and hori- 
zontal strains in the concrete the corresponding vertical 
and horizontal stresses, making allowance by the 
usual formula for Poisson’s ratio for the concrete. 

The facilities for this model work were provided by 
Princeton University. The Power Division of the 
American Society of Civil Engineers made a substantial 
contribution to the funds, and the Committee on Arch 
Dam Investigation contributed the remainder. 








TURBINE OIL-FUEL BURNING 
EQUIPMENT. 


Tur type of oil-fuel burner in which the oil is atomised 
by being fed through a rapidly-rotating divergent 
cone has been in use in this country for some years, and 
burners employing this principle, bearing the trade 
name ‘ Rotamiser,’” were illustrated and described 
on page 631 of our 112th volume. They are now made 
in various forms by Messrs. Combustions, Limited, 
31, St. Mary Axe, London, E.C.3, for heating industrial 
furnaces, kilns, &c., as well as for central-heating and 
steam-raising installations. Particulars have recently 
reached us of oil-burning equipment employing burners 
of the same class, but of different design, made in the 
United States by Messrs. Trowbridge and Schellens, of 
6, Beacon-street, Boston, Mass., and Figs. 1 and 2, on 
the opposite page, are reproduced from a photo- 
graph and sectional drawing, of the burner made 
by this firm and known as the Turbine burner. 
Figs. 3 and 4 are similar illustrations of the combined 
fan and oil pump used in conjunction with the Turbine 
burner. 

As is most clearly shown in Fig. 1, the burner is 
mounted on a short swivelling pipe, through which the 
air is supplied, the arrangement, with the hand lever 
shown, forming a parallel motion by means of which the 
burner can be inserted in or withdrawn from the 
furnace opening. The lower swivelling joint, it may 
be mentioned, is designed so that a second pipe can 
easily be fitted on the far side, to supply air to another 
burner similar to that shown in Fig. 1. Either burner 
can then be moved independently of the other one. Oil 
is supplied through a flexible pipe to a tapped connec- 
tion at the back of the burner body, the supply being 
controlled by a needle valve shown on the right of 
Fig. 2. It passes through a stationary pipe, from the 
end of which it is delivered on to the inner surface of 
the atomiser cup. This is mounted on a hollow shaft, 
on which the rotor of the air turbine is also mounted, 
the rotating parts being carried on a pair of ball bear- 
ings in the burner body, as will be clear on reference 
to Fig. 2, which also shows the ring oiler provided 
for lubrication. The part of the body surrounding the 
rotor is of volute form, and air enters this part through 
the swivelling pipe, above referred to, in which an 
air-regulating and shut-off valve is fitted. The air 
flows radially inwards through the rotor, causing the 
latter and the atomiser cup to rotate at a high speed, 
and exhausts from the eye of the rotor into a discharge 
nozzle surrounding the atomiser cup. In escaping 
through the narrow annular space between the 
atomiser cup and the nozzle, the air meets the oil 
sprayel over the rim of the former by centrifugal 
action, and thus a mixture of very finely divided oil 
and air is carried forward into the furnace. In 
operation, the atomiser cup is kept cool by the air 
flowing over it, but to protect it from the radiant 
heat from the furnace when the air supply is shut off, 
the burner must be withdrawn by the hand lever 
previously referred to. The movement automatically 
cuts off the air supply to the burner, if this has not 
already been done, and thus prevents the wastage of 
alr, which may still be required by a second burner 
supplied by the same fan. 

Details of the fan used, which is of the centrifugal 
type, are given in Fig. 4, from which it will be seen 
that the impeller is of steel-plate construction enclosed 
in a cast-iron casing and driven by an electric motor 
through a flexible coupling. Air enters the eye of the 
impeller on the left in Fig. 4, and is discharged through 
a 2-in. pipe, the connection for which is shown in the 
top right-hand corner of the figure. A worm on the im- 
Peller shaft, which runs in ball bearings, engages with a 
worm wheel driving the oil pump, which is of the simple 
geartype. Two sizes of fan are made, the smaller being 
driven by a }-h.p. motor and being capable of supplying 
4 single burner consuming 4 gallons to 20 gallons of oil 
* This procedure would have practically reversed the 

ad on the Stevenson Creek Dam model but not exactly. 
© approximation should be sufficiently accurate. 











per hour, or double burners consuming 7 gallons to 
35 gallons per hour, the air pressure being from 10 in. 
to 12 in. water gauge. The larger fan is driven by a 
l-h.p. motor, and is capable of supplying a single 
burner consuming from 5 gallons to 25 gallons per hour, 
or double burners consuming from 9 gallons to 45 
gallons per hour, the air pressure in this case ranging 
from 18 in. to 21 in. water gauge. The oil pressures 
vary from a few ounces to 50 lb. per square inch, accord- 
ing to the delivery, and the above-mentioned capacities, 
which are obtained with one size of burner only, are 
based on oil having a specific gravity of 14 deg. to 
16 deg. Beaumé, heated to 150 deg. F. 

It is claimed for the system that the extremely fine 
atomisation produced enables a large range of capacity 
to be obtained with a single burner. The flame can 
be varied from 8 ft. to 2 ft. in length and is said 
to burn satisfactorily at the latter figure without 
going out. Another advantage claimed is that the 
heaviest fuel oil can be used with but little pre-heating, 
14 deg. to 16 deg. Beaumé oil being burnt at a tem- 
perature of 90 deg. F., although the capacity of the 
burner is then limited to the quantity that will flow 
through the ;-in. diameter passage in the burner 
body. For this reason, a small pre-heater is usually 
provided when the burners are required to work with 
the heavier grades of fuel oil. The makers state that 
excellent combustion is then obtained with an oil 
temperature of 120 deg. F., so that the equipment is 
particularly adaptable for use with low-pressure 
heating boilers. With such boilers, the pressure is 
not usually sufficient to atomise the heavier oils 
satisfactorily in steam-jet burners, and the temperature 
is too low to permit the use of burners of the pressure- 
atomisation type with the class of oils referred to. 
Moreover, such boilers are usually shut down at night 
and started from cold in the morning, so that ability 
to burn relatively cold oil is an important feature. 

In installations on this system in which oil heaters 
are employed, only part of the oil supplied by the pump 
and passed through the heater is delivered to the burner, 
the remainder being returned to the storage tank 
through an adjustable spring-relief valve. By this 
means, the oil in the tank is kept at a suitable tempera- 
ture for pumping. After steam has been raised, the 
oil supply to the burner is controlled automatically by 
a bellows-diaphragm device, in order to maintain 
a constant pressure without attention. 








TELEPHONES AND WIRELESS IN SWEDEN.—According 
to an official review of the year 1927, which we have just 
received from the Swedish International Press Bureau, 
the use of telephones in Sweden is increasing steadily. 
In fact, the number of telephones in the city of Stockholm, 
per hundred inhabitants, ranks very close to that of 
San Francisco, the actual figures for which, as given 
in the annual report of the Swedish State Telephone and 
Telegraph Department, are 29 and 31, the latter being 
the highest in the world. The total number of telephones 
increased during the year by 15,000 to a total of 453,500. 
79 new telephone exchanges have been opened, while 
the automatising of the Stockholm and Gothenberg 
services is proceeding rapidly. The capital invested in 
the department was about 310,000,000 kroner, and the 
net profit was 6-48 per cent. Considerable expansion 
has also taken place in the foreign telephone connections 
to Great Britain, France, and Belgium. Greater use was 
made of the special telegraph forms de luxe, the income 
derived from the extra charge on which is devoted 
entirely to charity, and, during the year under review, 
the sum distributed was 24,7701. Licences for the recep- 
tion of wireless, issued during 1927, increased from 
242,000 to 328,000, or from 40 to 54 per thousand 
inhabitants. 








SouTHERN RartLway Moror Ferry, “‘ Woorton.”—As 
a result of greatly increased traffic, Messrs. William 
Denny & Bros., Ltd., Dumbarton, have recently delivered 
to the order of the Southern Railway Company, a second 
motor-car ferry for the service between Portsmouth and 
the Isle of Wight. This vessel, which has been named 
Wootton, is very similar to her sister ship, the Fishbourne, 
which inaugurated the service last year, and which was 
described and illustrated in ENGINEERING on pages 107 
and 108 of volume cxxiv. Various modifications and im- 
provements have however been adopted. The carrying 
capacity of this second vessel is slightly greater than 
that of the Fishbourne, accommodation being provided 
for about 20 motor cars, as opposed to 14 to 16, in addition 
to motor cycles and combinations, &c. ; while the loading 
and unloading platforms, which have been made to 
withstand loads up to 8 tons, have been increased in 
length and may be raised or lowered electrically within 
a minute. Electrical cut-outs have been provided so 
that, during the operation of raising the doors, undue 
strain cannot come on any part of the gear through 
inattention on the part of the operator. All the deck 
warping capstans, in addition to the gangway hoisting 
winches, are electrically operated, the necessary current 
being provided by two 12} kw. generators driven by 
Gardner paraffin engines. The arrangement of the 
propelling machinery is the same as in the Fishbourne, 
and consists of two sets of Gardner heavy oil engines, 
each of 120 b.h.p., with shafts running to both ends of 
the boat. Successful trials were run on the Clyde before 
delivery, when a speed of 8-7 knots was obtained. 





CATALOGUES. 


Lifting Appliances.—Messrs. Charles Willetts, Junior, 
Limited, Cradley Heath, have sent us a leaf catalogue 
illustrating a portable stacking lifter and three types of 
chain pulley blocks, all being for hand operation. 

Bolts and Nuts.—Messrs. James Wiley and Sons, 
Limited, Darlaston, have issued a new edition of their 
useful list of bolts, studs, nuts, washers, wood screws 
turn-buckles and many other similar stores, with dimen- 
sion and price tables. 

Electrical Supplies.—Messrs. British Insulated Cables, 
Limited, Prescot, Lancs, have issued new leaf catalogues 
dealing with braided aerial cables and wires, lead 
joint boxes, and compounds for boxes and _ joints, 
giving explanatory matter and stating prices. 

Sprayer.—A pneumatic sprayer for motor-car cleaning 
is described in a circular received from Messrs. Lacy- 
Hulbert and Company, Limited, Beddington, Croydon. 
It may be used for discharging a fine spray of paraffin 
for cleaning surfaces, or as an air blast for removing dust. 

Welding Supplies.—A useful list of supplies, including 
face screens, plain and coloured glasses for face screens, 
gloves, and aprons for operators, and also hammers, 
brushes and flexible cables for use in welding, is to 
hand from Messrs. Alloy Welding Processes, Limited, 
14, Church-street, Islington, London, N.1. 

Aluminium Fittings, d&c.—A booklet illustrating a 
number of railway carriages and tramcars fitted with 
panels, linings, screens, brackets and other parts made of 
aluminium or alumininm alloys, has been issued by the 
British Aluminium Company, Limited, Adelaide House, 
King William-street, London, E.C.4. 


Cutting Lubricants.—Messrs. Sterns, Limited, Royal 
London House, Finsbury-square, London, E.C.2, have 
issued a pamphlet explaining the uses of their soluble 
oils and cutting oils and giving practical notes on the 
grinding of cutting tools and methods of continuous 
lubrication. 

Hand Barrows.—A catalogue of steel hand barrows 
received from Messrs. Fredk. Braby and Company, 
Limited, Petershill-road, Glasgow, shows a variety of 
types for ashes, coal, ore, etc. Some are fitted for easy 
end tipping, some with lugs for crane lifting, and others 
are supplied for export in separate parts to reduce the 
cost of transport. 

Electric Furnaces.—A new catalogue of Wild-Barfield 
electro-magnetic furnaces for the automatic hardenin 
of steel has come to hand from Messrs. Automatic an 
Electric Furnaces, Limited, North-road, Holloway, 
London, N.7. The lists show 10 standard sizes of 
vertical furnaces, and six standard sizes of horizontal 
furnaces, dimensions and prices being given. 

Fluid-Flow Measurement.—Catalogues have been 
received of fluid meters, with registering devices, for 
quantities up to 600 and 3,000 gallons per hour, and 
of a petrol meter suitable for cars and vehicles, made by 
Messrs. Baker, Perkins, Limited, Peterborough, and 
supplied by Messrs. Fluidmeters, Limited, Winchester 
House, Victoria-square, Birmingham. 

Rail-Track Joints.—Rail joint shims, which are 
thin angle plates for insertion between the top of the 
fish plates and the underside of the rails, to fill up the 
worn spaces at the rail ends, are shown in a catalogue 
received from the American Fork and Hoe Company, 
Cleveland, Ohio, U.S.A. The shims are from 12 in. to 
21 in. in length, and from + in. to ;; in. in thickness 
at mid-length, tapering away at the ends. They are 
accurately formed and made of hard steel. 

Heat-Resisting Steel—Heat-resisting steel will with- 
stand temperatures up to about 1,000 deg. C. without 
appreciable loss of strength, scaling, or oxidising. It 
is especially suitable for furnace parts, and for tubes 
and apparatus exposed to corrosion by atmospheric 
and other influences. The steel, which can be cast, 
forged, welded, or machined, is fully dealt with in a new 
catalogue issued by the makers, Messrs. Hadfield’s, 
Limited, Sheffield, 

Tool Steels—Messrs. Edgar Allen and Company, 
Limited, Sheffield, have issued a fifth edition of their 
booklet on Stag high-speed steels, containing many 
useful practical notes on the choice and heat treatment 
of these materials. A new steel “ Stag Major,” produced 
in a high-frequency electric furnace, is mentioned as an 
advance for tools applied to extremely heavy and rapid 
cutting work. A third edition of the firm’s booklet on 
drilling is also to hand. 

Machine Tools.—A special catalogue of drilling and 
milling machines for motor-car works has been issued 
by Messrs. James Archdale and Company, Limited, 
Ledsham-street, Birmingham. These tools are specially 
adapted for the quick and accurate production of parts. 
Many specially-designed jigs and fixtures are supplied 
with the machines. Drilling machines are becoming 
relatively more important in the machine shop, and the 
catalogue shows many adaptations in the main form, as 
well as in the application of attachments for multiple 
operations. A cylinder-honing machine is shown, and is 
a very compact and manageable tool in the vertical form, 


Air Compressors.—A new catalogue of rotary air 
compressors and vacuum pumps, issued by Messrs. 
Bernard Holland & Company, 17, Victoria-street, 
London, S.W.1, shows the latest developments, both in 
the construction of the essential machine and the forms 
in which it is supplied for application to special purposes. 
These machines find numerous industrial applications, 
ranging from sewage pumping to spraying colours on 
delicate fabrics. The operations involve varying degrees 
of speed, pressure and uniformity of output, and the 
catalogue shows the ingenuity with which various de- 
mands are met with the greatest economy. 
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“Sniper seats acer (5 Figs.) August 27, 1926.—In the firing of boiler and | until it is washed off into the collector f by water jets . 
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atent on any of the grounds mentioned in the Acts. (2 Figs.) November 3, 1926.—The invention relates to ’ Ww. 
locomotive tubular boilers as used upon steam-propelled a 
LIFTING AND HAULING APPLIANCES. road vehicles. According to the invention, the boiler is ™ 
282,531. Mavor and Coulson, Limited, Mile End, la 
Glasgow, and J. Thompson, Mile End, Glasgow. at 
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metal castings by the centrifugal process. The type of 4 which fits over the upper end of the drum and is held 
machine to which the invention relates is that in which down by bolts 6. The lower ends of the holding-down 
a mould is arranged to be rotated about a vertical axis, bolts are hinged to the truck platform 1, while the upper 
the metal being poured into the mould through a central ends pass through slotted lugs at opposite sides of the cap 
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slidable radially with respect to a cover plate g adapted e ARNO which extends through the cap 4 at a position in register «bu 
to form the top of the mould. The cover plate g with the ee i with the bung hole in the drum. A liquid outlet pipe 15 
mould segments f is arranged to have vertical movement Lomi is arranged to extend through the bung hole into the the 
relative to a plate or table a forming the bottom of the (282. 569) interior of the drum and down to the bottom thereof. and « 
mould, so that when the top plate is lifted the mould At its upper end, the pipe 15 is coupled to a flexible hose cepti 
segments will be raised clear of the casting and of any | waterusedin the condensing plantinelectric power stations, | which has at its extremity a spraying nozzle 17. When elect 
projecting parts of the central core, thus permitting the |The screen consists of a hollow rotating cylinder| the pump 12 is operated, air under pressure enters the 1 
casting with its core to be withdrawn from the table | on bearings, open at one end and closed at the other by | drum and forces the liquid contents thereof out through Oper 
and the latter to be left free for the production of a new | plates 6. The periphery of the cylinder is formed by | the pipe 15 and flexible hose to the spraying nozzle 17. for 0] 
casting. (Sealed.) | perforated plates or mesh c. The lower part of the screen (Sealed.) ; the ti 
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GRABS. 
By E. G. Freceuen, M.I.Mech.E. 


From the earliest times, suspended buckets have 
been used for hoisting and transporting material, 
the contents being discharged by overturning the 
bucket upon the ground. Later on, the tipping- 
bucket, or skip, was developed; when properly 
pivoted, this type is very easy to discharge 
wholly or partially, and furthermore the fact that 
it can be discharged, when suspended, is a great 
convenience. The drop-bottom skip was also 
introduced to enable the contents to be dumped 
with greater precision, and in a more compact 
manner, as is frequently desirable. Both the 
latter appliances require the services of a man, 





123 





ENGINEERING. 


or chain (or line-pull), the reaction to this being 
an increasing proportion of the weight of the grab 
and contents and the varying horizontal reaction at 
the bucket edges, due to their grip of the material. 
This grip varies greatly, not only according to the 
nature and condition of the material and the extent 
of progressive penetration, but also from point to 
point, as the grab closes upon its burden. 

When tines are used, working in stiff material 
such as heavy clay, or in boulder material that 
provides a high horizontal resistance to movement, 
the actual horizontal reaction, required at the bucket 
edges is high from the commencement of movement, 
and a higher closing purchase is generally necessary 
to enable a suitable proportion of the deadweight of 
the grab to be available for penetration. Fine coal 














at the point of discharge, for operating the skip, | moves with little resistance, and mud simply flows 





Fig.2. . : Fig.3. 
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and they must also be independently loaded, | 
generally by shovelling. By providing a second 
suspension rope, independently operated, a drop- | 
bottom skip may be discharged at any point in the | 
lift, under the control of the crane driver. Alterna- | into the buckets of a grab, so that in these materials | 
tively, using single-rope suspension, a discharging | a low closing purchase is all that is necessary and | 
hook may be arranged on the crane, controlled by | the grab sinks easily into the material, nearly all | 
the driver, which will temporarily sustain the weight | its weight being available for penetration, owing 
of the skip, and enable the contents to be dis- | to the small line pull required for closure. 
charged at a fixed height. | A further consideration is the friction of the 
As distinguished from skips, grabs are’ self- | material against the plating of the bucket ; in some 
loading and self-discharging, and they thus dispense | materials this may be very considerable. On the 
with labour, both at the loading and at the | sides of the bucket it will inevitably occur on both 
discharging point; indeed, they are constructed | faces of the platings. Modern grabs are designed 
to work under extreme conditions of loading, for | to remove friction from the back of the shell plate 
example, under water, and of discharging, that | of the bucket so far as possible, by arranging the 
would be impossible or dangerous to attempt with linkage so that the grab excavates a cavity appreci- 
hand labour. In most cases the only labour in- | ably wider than its closed dimensions. Early grabs 
volved in the operation of a grab is that of the | were defective in this respect, for the buckets simply 
crane driver, and he works under conditions con- | radiated and excavated a cavity that practically 
ducive to efficiency. | fitted the closed grab. Some clays have a lubri- 
The distinctive features of a grab are its| cating property that reduces the skin friction, but 
“buckets,” which are moved automatically by | materials such as coke offer considerable frictional 
the pull upon the grab line, to collect, enclose | resistance, and this is reflected in increased line pull 
and disc harge the material handled. With the ex- | and may call for increased purchase. In order to 
ception of certain special grabs, such as the | enclose material it is clear that the cutting edges of 
clectrically-operated type, steam- or air-pressure- | the grab must penetrate into it, which involves an 
Operated arrangements, the only source of power, | intensity of pressure upon the grab edge greater 
for oper iting the buckets in digging and filling, is| than the resistance of the material to penetration. 
the tension and movement of the suspending rope ' In loose and easy materials there is no difficulty 


(662C) 








in providing this, but in difficult materials, plain 
bucket edges would entirely fail to penetrate 
sufficiently, and would simply skid across the 
surface to the closed position. By the provision of 
pointed tines, the intensity of pressure upon the 
material is enormously increased, and thus the 
deadweight of the grab is sufficient to ensure satis- 
factory penetration and a good initial grip of the 
material is obtained. 

At the commencement of closure, these tines 
have to be forced, horizontally, through unbroken 
material, whilst still in a vertical position, and the 
resulting resistance is high. This calls for a power- 
ful closing purchase, to prevent the necessary line- 
pull exceeding the deadweight of the grab and tine 
friction, by an amount sufficient to pull the tines out 
of engagement. As closure proceeds, the axial com- 
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ponent of the pressure upon the tines is increased, 
owing to the reaction of the broken material, and 
this enables them to penetrate downwards. 

Closing purchases adopted in practice are gener- 
ally as under :—3 to 1 for grain and the easiest 
materials ; 4 to 1 for small coal, cinders and similar 
loose material; 5 to 1 for unscreened coal, coke and 
clinkers ; 6 to 1 for large coal, foundry coke, iron 
ore, &c. 

In many grabs alternative anchorages are pro- 
vided for the fast end of the closing line so that the 


; purchase may be reduced if the conditions permit. 


This reduces the “ pull out ” and increases the speed 
of working. 

When a grab is at work the operation of the 
buckets will be seen to be first, a scraping action, 
whilst the cutting edges remain approximately 
vertical, followed by an enclosing action, when the 
grab has settled into the material and the edges 
of the bucket approach the horizontal position. 

Grabs differ in design according to the preponder- 
ance given to one or the other of these factors. 
Clean-up buckets intended for recovering loose 
material, of small depth, lying upon a hard sur- 
face such as the floor-plating of a ship’s hold, 
have a large initial spread and are arranged to 
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rely chiefly and necessarily upon the scraping 
action. Buckets intended for handling grain, 
from bulk can, on the other hand, dispense 
entirely with scraping and be almost entirely 
designed to give a suitable enclosing movement. 
Owing to the fluidity of the grain, pressure 
upon the bucket plates is nearly balanced. The 
extent to which a grab will fill with material 
depends so much upon the nature and condition 
of the material, at the grabbing point, that 
the result of consecutive operations will vary 
considerably, and only considerable experience will 
permit one to make a reliable estimate of average 
output. 

In connection with grabs of the electrically- 
driven type, in which the closing force is obtained 
without a corresponding pull upon the suspension 
line the full weight of the grab is available, through- 
out the operation, for penetration and more con- 
sistent results should be secured, especially in 
difficult materials. 

The material moves in a grab bucket, according | 
to some laws of flow, but the conditions, in most 
cases, are so complex that it is impossible to predict 
the result. In the case of liquid mud, grain, fine 
coal and such materials that are fairly homogeneous, 
we may form an idea of the movement of the con- 
tents and arrange the design to facilitate this ; but 
when handling angular and heterogeneous materials, 
such as broken-rock, run-of-mine coal, town refuse, 
etc., the contents of the bucket, in consecutive opera- 
tions, may be expected to differ both in weight and 
bulk. A bucket-load of grain will have little inter- 
nal friction and will behave almost as a liquid, whilst 
a bucket load of coke has an extremely high internal 
friction, and the lumps of varying size have no pro- 
perty of accommodation to the shape of the bucket, 
and to close the bucket some of it must be crushed 
into place, with the expenditure of power. The pro- 
portion of voids in consecutive bucket loads will 
also vary widely. Wet clay isa plastic material and 
will accommodate itself to the shape of the bucket ; 
its viscosity is great, however, and power will be 
expended in overcoming this ; the buckets must be 
carefully shaped and pivoted, so that their backs 
will work free of the excavation, otherwise consider- 
able suction will be developed, adding to the load 
on the crane at the moment of lifting clear. This 
uncertainty regarding the contents of a grab is a real 
difficulty, to the purchaser and manufacturer alike, 
but it is likely to remain insurmountable. 

The present practice is to state the “ flush” 
and ‘“ heaped” capacity of grabs, occasionally the 
‘“‘water line’? capacity. The first and last are 
sufficiently descriptive, but the term “‘ heaped 
capacity” is very elastic. For small loose materials 
having a natural angle of repose, such as grain, fine 
sand, small coal or gravel, the heaped capacity 
might logically be taken as the flush capacity plus 
the volume of a heap of material above the top edges 
of the bucket bounded by sloping sides, inclined at 
the angle of repose of the material. 

When supplying a grabbing outfit to give a 
specified output per hour, a cranemaker will know, 
fairly accurately, the number of cycles of operations 
per hour that his crane will accomplish, and he is 
then faced with the problem of selecting a grab 
that can be relied upon to secure an average load 
that will enable the output to be attained. Owing 
to the inevitable uncertainty, it will usually be 
necessary to err somewhat on the safe side in the 
matter of size. If the performance of the grab 
selected exceeds the conservative estimate made, 
this will involve a heavier loading upon the crane 
than had been anticipsted. Consequently, grabbing 
cranes should always have a reasonable margin of 
capacity and stability over their nominal loading, 
for occasionally, when the conditions happen to be 
exceptionally favourable, very heavy loads may be 
secured by a grab. When suction is anticipated, in 
handling clay, etc., it is usually estimated at 20 to 30 
per cent. of the weight of the loaded grab. The 


amount of material secured by a grab depends, to 
some extent, upon the skill of the operator, who 
should hoist slowly and steadily whilst the grab is 
closing, jerky operation obviously loosens the hold 
of the grab and results in premature closing. If 











“heaped capacity’ is to be retained as an item 
of grab specification, it should be made to bear 


some relation to the nature of the material heaped 
or confined to the more common loose materials, 
such as small coal, gravel, etc., whose behaviour 
is approximately the same. A survey of British 
practice shows that the heaped capacity is taken to be 
from 10 to 30 per cent. above the corresponding flush 
capacity, averaging about 22 percent. A prominent 
American firm takes 17} per cent. above flush 
capacity. 

The difficulties of selection, however, would not 
be entirely overcome by a correct allowance on a 
capacity basis, for output is generally reckoned upon 
weight handled, and not on volume. When hand- 
ling heterogeneous materials such as iron ore in 






































(662.0) 


lumps, run-of-mine coal, large coke and town refuse, , 


the weight of the contents of the grab on one trip 


may well be quite different from that secured on | 


the next trip, although the actual volume in cubic 
feet may be almost identical; in such loads it is 
inevitable that the proportion of voids should vary 
widely. Estimates of output must therefore be 
made with due care and caution when such difficult 
materials are to be handled, and in testing for 
output it is essential that a sufficiently long run 
should be arranged to enable a fair average per- 
formance to be assessed. 

Grab Types.—Formerly grabs were divided into 
two classes, single chain and double chain, but, 
owing to the introduction of new types and the 
increasing use of wire-rope for this service, this 
classification has ceased to have proper significance, 
and it is thought better to classify them herein as 
automatic grabs and direct-acting grabs. Auto- 
matic grabs are those that rely upon the crane-line 
for suspension and transfer only, the operations of 
opening and closing being automatically regulated 
by mechanism within the grab itself. Direct-acting 
grabs are suspended upon two independent lines 
(one or both of which may be duplicated) by the 
relative movement of which, regulated by the crane- 
driver, the grab is opened and closed. 

The chief varieties of automatic grabs are ring- 
discharged grabs and dumping grabs, and both these 
types may be arranged for alternative discharge by 
hand by means of a lanyard. 

Ring-discharged Automatic Grabs.—The Hone grab, 
made by Messrs. Joseph Westwood and Company, 








Limited, London and represented in Fig. 1, isa good 
example of this type and has been in successful use 
formany years. The buckets are attached by means 
of links to a central rod, the upper end of which js 
notched and projects into the space at the bottom 
of the sheave-block guides. Immediately the open 
grab rests upon the material the sheave-block 
descends to the bottom of the vertical guides by 
gravity, and at that point a counter-balanced cross. 
shaft rotates and engages with the notch in the 
central suspension rod. described above. 

On hoisting the chain, the grab closes and ascends 
until it has entered the suspension-ring sufficiently 
for the operating lever, at the end of the cross- 
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shaft, to slip over the edge of the ring. On lowering 
again, the cross-shaft is rotated by means of this 
lever until it disengages from the notch in the central 
rod, which then falls clear, and the buckets open 
and discharge their contents, under the control 
of an oil dash-pot and connecting rod ; lowering may 
then be continued for the next operation. 

It will be noted that in this design no re-hoisting 
|is needed to free the grab from the suspensivn ring, 
/and time is thereby saved. By arranging for the 
| operating lever to be actuated by a lanyard, this 
| type may be discharged by hand without the use 
|of a suspension ring. A self-dumping pattern is 
|also manufactured. 
| Button-type Ring-Discharged Automatic Grabs.— 
| Probably the simplest example of this class is the 
Williams grab (made by Messrs. Samuel Williams 
}and Sons, Dagenham Docks, Essex). This is illus- 
|trated in Figs. 2, 3, and 4. For this a conical 
| suspension hood a of special design is provided. 
| The only automatic feature in the grab itself is 
|a long hook 6, pivoted at the point c to the head of 
| the grab and having attached to it a guide loop d 
|for the chain. Close to the hook, this loop is only 
| wide enough to pass the chain freely, but a button 
| provided at a certain point on the chain cannot 
| pass except at the end remote from the hook. 
| In operation, the loaded grab is hoisted until the 

suspension hook, guided by the sloping sides of 
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the suspension hood, engages with the top edge of | now descends freely, to open the grab and to dis- 
this. On lowering, the ring takes the weight of | charge its contents. Just before the grab is fully 
the grab and the contents are discharged by lowering | open the chain-button reaches the slot in the tumbler. 
out the chain. Just before the grab is fully dis- | The shoulders between the wide and narrow portions 
charged, the chain button passes through the large | of this slot are now inclined, but since at this stage, 
end of the guide loop, which is in the correct the chain is slack, the button can easily slide down 
position to allow this, as in Fig. 3. On re-hoisting, | the inclined surfaces, deflecting the chain sideways 
the button e (Fig. 4), is deflected towards the hook, | in doing so. Emerging at the bottom of the slot it 
by the curved surface at the bottom of the chain | regains the central position. 

guide. It therefore takes the weight of the grab; On re-hoisting, the chain tightens, and the button, 
and raises the hook clear of the suspension hood, | being now. central, engages with the narrow portion 
at the same time drawing the hook inwards so that, | of the slot, which it cannot pass. It consequently 
on lowering the grab, the suspension hook will pass lifts the tumbler into an approximately horizontal 
free of the hood. As soon as the grab lands upon position, causing the latter to impose an outward 
the material, the button is relieved from its load| tendency on the suspension hook so that, so soon 
and falls slightly, allowing the hook to swing out-/as the latter is relieved of weight, it disengages 
wards once more, presenting the wide end of the| promptly from the ring and falls outwards, the 
guide for the free passage of the button when the! tumbler coming to rest in the horizontal position 
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THE MEASUREMENT OF LAGGING 
TEMPERATURES. 

TuE high cost of fuel and the increasing use of 
high-pressure and highly superheated steam in 
power-plant operation make it more and more 
necessary, in the interests of economy and efficiency, 
to provide satisfactory insulating coverings for 
steam pipes and boiler drums. According to a 
recent authority, one superficial foot of bare piping 
conveying steam at a pressure of 100 lb. per square 
inch will waste 410 lb. of coal in a normal working 
year of 3,000 hours—or, in other words, two extra 
tons of coal are required annually for every 10 sq. ft. 
of uninsulated heat-transmitting surface. 


TabBLe I. 





| Heat loss per hour in B.Th.U. per square feet 
per degree Fah. temperature difference. 





External | a l a l age 

Diameter | At Atmos.| Steam at | Steam at [Superheated 
of Pipe. | "Pressure 100 1b. | 200 tb. Steam 

(Inches.) | (212 Fah.) | (338 Fah.) | (388 Fah.) | at 500 Fah. 
| (Temp. (Temp. | (Temp. (Temp. 

| Diff. 152.) | Diff. 278.) | Diff. 328.) | Diff. 440.) 
0-20 3-94 5-40 5-75 6-00 
0-50 3°35 4-26 4-50 4-88 
1-00 | 2°92 3°72 3-93 4-30 
2:00 | 2-59 3-37 3-58 3-92 
3-00 | 2-50 3-30 3°48 3-80 
6-00 2-36 3-18 | 3°35 3-70 
12-00 2-35 3-14 | 3:32 3-66 








As will be seen from Table 1, the amount of heat 
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chain is once more hoisted, for closing and lifting | against stops and with the button bearing fairly on 
the grab. | the bottom of its slot as in Figs.6 and 9. The grab 
Another well-known button-type, single-chain | may now be lowered upon the material in the open 
grab with single suspension hook is the Priestman | position, and on contact its weight will be taken 
ring-discharge pattern shown in Figs. 5 to 9. In| on the bucket edges, and the button is then free to 
this case the suspension hook f engages, externally, | descend a few inches. This action permits the 
with the suspension ring g, and the latter can | tumbler to swing freely to its inclined position, 
consequently be of small diameter. The lower end | presenting the wide end of its slot for the free 
of the suspension-hook is slotted to receive a pivot | vertical passage upwards of the chain and button 
pin which also forms the fulcrum for a tumbler A, | in closing the grab. At the same time it exerts the 
which is a slotted steel casting adapted to pass the | necessary force inwards upon the suspension hook, 
chain and chain-button freely at its outer end and | to ensure ready engagement with the ring, prior to 
when in the lower position. A tumbler cut in two | discharge. 
to make this clear is shown in the lower part of| |The mechanism will be seen to be extremely simple 


Fig. 8. When the tumbler is raised into the hori-| and robust, and no springs are used. Large num- increased ; nae : ; 
increased conductivity of the solid material, and 


in the latter case, because of the greater loss by 
convection. In general, the amount of money 
saved by insulating the pipe is less in the case of 
small pipes than it is for large ones ; it is also less for 


zontal position (Fig. 9) it presents a narrower | bers of such grabs are in successful operation. By 
Portion of the slot to the passage of the chain, and | providing two such mechanisms on the head of a 
arrests the chain-button as shown. A pin a, (Fig. 8)| grab, Messrs. Priestman have provided a twin- 
cast in the tumbler, engages with a slot at the| chain grab that cannot possibly rotate in use, a 
lower end of the hook; this connection enables the| consideration of great importance when working 
tumbler to control the movements of the hook. from railway trucks and in many other applications. 
a 5 shows the loaded grab approaching the (To be continued.) 

Spension ring, and it is seen in Fig. 8 that the 
Weight of the tumbler h is pushing the suspension | 
hook inwards, so that as soon as the latter reaches} Market For CHEMICALS IN CHILE.—A confidential 


the Suspensio i i i ith | repor he ket for chemicals in Chile has been 
: sion ring, it engages definitely with | report on the market for chemic 
the upper ri “| nates : r prepared by the Department of Overseas Trade, 35, Old 
grab Pper om lowering, the weight of the | Queen-street, London, S.W.1, from information furnished 
f cl transferred to the hook and ring and the! by the commercial secretary at Santiago, and issued to 
‘ormer rises, to the extent permitted by the slot in| firms whose names are on the special register of the De- 
its lower end. This movement of the hook swings partment. United Kingdom — ye og of epee a 
the ler ; ; 5 . copy, together with particulars of the special-register 
tumbler about half w ay tow ards the horizontal | service, should communicate with the Department at the 


Position, by means of the pin connection. The chain | above address, quoting reference number B.X. 4538. 











|lost from an uncovered steam pipe increases as 


the temperature of the steam is raised. The heat 
is dissipated by radiation and also, to a considerably 
reduced extent, by convection and conduction. 
It is greater when steam is flowing through the 
pipe than when it is quiescent. The rate of dissi- 
pation by radiation depends upon the difference 
between the temperature of the steam and that of 
the outside air, and also on the nature and condition 
of the hot surface, less heat being lost from a polished 
exterior than from one which is rough. Important 
research work on this subject has recently been 
carried out at the National Physical Laboratory 
by Dr. Ezer Griffiths and Mr. C. Jakeman.* 

By surrounding a pipe with the correct thickness 
of an efficient lagging, the heat loss may be con- 
siderably reduced. Tests have shown that, under 
practical conditions, the application of an efficient 
lagging will reduce the amount of heat lost from a 
bare steam pipe by between 75 per cent. and 80 per 
cent. It does not follow, however, that the heat 
loss from a bare pipe is always greater than that 
from a covered pipe. This fact was probably 
first demonstrated by Péclett when he made various 
experiments by covering a pipe 12 cm. in diameter 
with thicknesses of insulation varying from 1 to 12 
em. He found that if the conductivity of the 
insulation was 0:00012 c.g.s. units, the amount of 
heat transmitted diminished with increasing thick- 
ness; if the conductivity was 0-002, or sixteen 
times as great, the transmission was approximately 
constant for all thicknesses, while if the conductivity 
was 0-004, the amount of heat lost increased with 
the thickness until at 12 cm. it was actually greater 


than that for the bare pipe. These results were 
subsequently confirmed by various workers, notably 


by Professor Bottomley,t and by Professor A. W. 
Porter. When the insulating material is either 


too closely or too loosely packed, the heat loss is 


in the former case, because of the 


low temperatures than for high temperatures. In 
any case, however, the sum is sufficiently large to 
warrant every care being taken to see that the 
correct thickness of the most suitable form of lagging 
is used for each particular pipe in the system. 

It can be shown that this information may be 
quickly, easily, andaccurately obtained by measuring 





* See ENGINEERING, vol. cxxiii, page 1 (1927). 

¢ Traité de la Chaleur, 1860. Dict. Appl. Phys., 1922, 
i, 462. 

t Roy. Soc. Proc., 1885, xxxvii. 

§ Phil. Mag., 1910, xx, 511. 
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the surface temperature of the lagging by means of | to calculate the actual heat loss, but it is necessary | l-in. thickness of lagging on an 8-in. pipe. Foliow- 


a suitable pyrometer. 
The following is the mathematical analysis of the 
problem :— 


Let K = the thermal conductivity of the lagging. 

t = the temperature of the steam, that is of the 
metal pipe considered as a perfect conductor, 
and therefore of the inner surface of the lagging. 

T!= the temperature of the outside surface of the 
lagging. 

T = the temperature of the surrounding air. 

Ro= the outside radius of the pipe = the inside 
radius of the lagging. 

R= the outside radius of the lagging. 

d = 2R,y = the diameter of the pipe. 

1 = R, — Ry = the thickness of the lagging. ; 

6 = the temperature of the lagging at radius r (which 
is assumed to remain constant for uniform 
conditions). 

Then the heat flow through a cylinder of radius r 
per unit length, per unit time, is 
dé 
—27K x 
rKr = 
This must be a constant for all values of r, as there 
can be no continuous accumulation of heat at any 


Fig.1. VARIOUS THICKNESSES OF LAGGING 
ON A PIPE OF DIAMETER. 


Percentage Heat Loss. 


830.4) Thickness of Lagging. 


| the thickness of the lagging, as a fraction of d, the, 


point, and it is equal to the total heat loss per 
unit length of pipe. 


—2ankrié a. 


Integrating, we have 


K @= — > log r + b 
R 
K¢ —%) = le =, 
si i= 55S a. 
or 
a=K(t T!) 2m / log my saad 
Jer 


Knowing the value of K for a particular lagging, 
it is possible to calculate a, or the total heat loss 
per unit length. Also experiment shows that the 
heat loss at the surface of the lagging is given by 
the formula :— 

au Sek, C(M—T)t . . (2) 


~ 


where C is a constant and the index is that 


usually agreed to by the best authorities who have | 
studied the question of heat loss by convection.* | 
If T'—T is measured by means of a pyrometer, | 


and if ¢ is known, the conductivity of the lagging | 


may be found from the equation 
K & Ri 
= R,; (T' — T)* lo t—T 3 
CG 1 ( )* log Ro ¢=—T) . @) 
That is to say, the conductivity of any lagging may 
be found from a single test of any uniform thickness 
of that lagging on any size of pipe. 


In practice, it is generally permissible to use | 


5 
1 instead of , as the index of (T! — T), thus obtain- | 
ing the simplified formula 
K R 
as T_T * 1 P. 1 
= Ra ( r) log 3 / « Tl). (4) 


In industrial practice it is not generally necessary 





* Dict. Appl. Phys., 1922, I, 477. 








ito know the best practical thickness of lagging 
| to use on any given pipe and also the relative 
|merits of different laggings. This latter informa- 
| tion can, of course, be obtained by an actual calcu- 
lation of K in equation (4). If, however, a test 
is made on different adjacent lengths of the same 
| pipe covered, respectively, with the same thickness 
| of different laggings, these laggings can be arranged 
| in order of merit conversely with the values obtained | 
|for their surface temperatures. 
| The two sets of curves which are reproduced in | 
| Figs. 1 and 2 will be found helpful when estimating | 
|the value of a given lagging under different condi- 
| tions, that is to say, when used in different thick- 
| nesses and on pipes of various diameters. In both 
| sets of curves, the vertical ordinates represent | 
| the heat loss from the lagged pipe as a percentage 
| of the heat loss from the same pipe when unlagged. 
| This is the figure of practical interest to engineers. 
| The curves in Fig. 1 correspond to different qualities 
| of lagging applied in various thicknesses to a pipe 
| of fixed diameter. The horizontal ordinates give /, 
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| diameter of the pipe. | 
| Using the simplified formula, suppose the value | 
|(T? — T) is measured by a pyrometer for a 1-in. | 
| covering of lagging on a 6-in. pipe and that (T! — T) 
i 60 deg. C. and, say, t — T = 200 deg. C. Then 
for the unlagged pipe, the heat loss is proportional | 
to 3 (¢ — T) and for the lagged pipe it is proportional | 
|to 4(T! — T since R, = 3 and R, = 4. 

That is, the given lagging saves 60 per cent. of | 
| the heat lost through the unlagged pipe, and 40 per | 
cent. is still lost. 

Now refer to the curves in Fig. 1. 


The thickness of the lagging is and the heat 


loss is 40 per cent. Select the curve passing through | 


|this point in the diagram. Then the same lagging 
| will give results on this same curve if applied in 
| different thickness to the same diameter pipe. 
It will be noted at once that considerable saving 


| is effected by increasing the thickness of the lagging 


ing along this curve a reading is found correspond- 

ing to 1-in. of lagging on a 4-in. pipe. In Fig. 1a 
‘ ; . ad 

curve is found for a 4-in. pipe with a lagging 4 


thickness. Follow this curve until the heat loss 
is found for a 4-in. pipe covered with a lagging 


d , A 
5 or 2 in. thick. 





Alternatively, a more accurate calculation may 


| be made as follows :— 


. 


q i8 found from 


For the given data, the value of 

equation (3) giving 

K 5. 5 

= —_ — 1 
Gg = 5(T’—T)* log ou T). 
A iP. 
| Then in the second case, as - 5 is now known, we 
can calculate the new T’, i.e., the surface temperature 
of the lagging for the new case, and the percentage 
heat loss is then 
(T—'T)? 


'psua aie 


Fig. 2. CURVES FOR A THICKNESS U-1"0F LAGGING 


N A PIPE OF ANY DIAMETER. 





in terms of l the thickness of the Lagging. 
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The solution is difficult unless the index - is 


melon 


replaced by the integer 1, when 
K 
¢ = 4(Ti—T) log 2 /e—T) 
since Ry, = 2 and R, = 4, or 


( 410g 2+ 4) Tl = (t & + 41og2. 7). 


The curves in Fig. 1 show that it is better and 
cheaper to use a small thickness of an efficient 
lagging (that is, a lagging corresponding to one 
of the lower curves) than a greater thickness of a 
lagging of inferior quality. 

The pyrometer for measuring the heat loss must, 
of necessity, be robust, easy to use, and by a simple 
application to the surface should immediately indi- 
cate its temperature with reasonable accuracy. 
Instruments specially designed to comply with 
these requirements and manufactured by the 
Cambridge Instrument Company, Limited, have 
already been illustrated and described in our 


to about 2 in., but beyond this limit the further 
saving becomes small, and it is certainly extra- 
vagant to increase the lagging beyond 3 in. Other 
curves can be interpolated by eye between those 


columns, and particulars will be found on page 
319 of our 124th volume. 








drawn, as may be required. 

In Fig. 2 is given a second set of curves for a 
fixed thickness / equivalent to 1 in. of lagging 
on any pipe diameter, that is to say, the horizontal 
ordinates are the diameters of the pipe in inches. 
Here, again, having found the percentage heat loss 


as above on a 6-in. pipe, these curves give the | 


percentage heat loss on pipes of other diameters 


THE APULIAN AQUEDUCT. 
(Continued from page 94.) 


HAvineG dealt with the works at the source, We 
may pass on to the principal canal, which, starting 
‘at Caposele, terminates at Villa Castelli, in the 
province of Lecce, 244 km. distant. To this 
stretch should be added the Foggia branch, from 


s 


when covered with l-in. thickness of the same | Venosa as far as Ordona, with a length of 46 km., 4 
lagging. By means of Figs. 1 and 2 it is possible | this is identical in form of construction with the mam 
to find a solution for any particular problem. ‘canal. The latter may be said to constitute the most 

Suppose, for example, the value T!—T is|important part of the works, and was only con 
measured by a pyrometer on a pipe 8 in. in diameter | structed with extreme difficulty. It has already 
covered with 1-in. of lagging, and it is required to | been stated that the trace of the canal was modified 


know the corresponding value for a 4-in. pipe|on the recommendation of Ing. Maglietta. ~ 
through 


covered with 2 in. of lagging. Fig. 2 gives a curve! made a careful study of the whole area thro 
corresponding to the reading in question for the| which it was designed to pass. In the origina 
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scheme, the canal, after piercing the Appenines, 
was to have turned in a northerly direction into 
the valley of the Ofanto, and, after passing through 
Rocchetta, Rapolla, and Venosa, was to have 
followed the mountain chain of the Murge as far 
as Fasano, which is just off the existing alignment, 
shown in Fig. 1, to the south east of Monopoli. In 
the modification introduced by Ing. Maglietta, and 
actually adopted, the canal pierces the Appenines 
at a greater height than that originally contem- 
plated, and is maintained upon Pliocene beds, which 
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the bastion of Mount Vulture between Atella and 
Ginestra. After reaching Venosa, the trace follows 
the outline of the mountainous chain of the Murge 
to Minervino and the valley of the Locone. It then 
traverses another mountain chain in the valley of 
Macenzano, near to the historical Castel del Monte, 
and reaches the neighbourhood of Fasano, via 
Cassano, Gioia and Noci. Following upon this, 
it cuts the lower slopes of the Murge by a series of 
tunnels, and emerges on the tableland between 
Martina Franca, Cisternino and Ceglie Messapica, 
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TABLE I. 
| 1st Section. | 2nd Section. | 3rd Section. | 4th Section. | 5th Section. | 6th Section. 
Na P Locone Andria and Bari Gioia Foggia 
Section ° en B woune Siphon to Barletta Branch Branch Branch. Totals. 
of | Honus — Andria and Branch to to to 
™~ Canal Branch Syoh Barletta Bari Gioia Villa 
~ “in ; Sens Branch. Branch. | Branch. Castelli. 
| | | a | 
>, | Length | Length | , Length Length |1, | Length |~, | Length | Length |, Length 
No. | (Metres). N+ | atetres). No. (Metres). No. (Metres).| N°- (Metres). No. (Metres). “ \(Metres). No. (Metres). 
' | | ! 
aon Pee a) | ee 
| | 
Zenoel se} 1 | 49,458 | 15 | 12,052 5 | 18,121 | 17 4,546 1 | 154 | 43 | 23,676 6 3,352 |105 | 111,359 
—— ++ — | 4,668 | — | 10,863 | — 1,590 | — | 34,203 | — | 28,023 | — | 42,928 | — 28,057 | — | 150,332 
ae -- 15] 1,215 | 16 633 4 272 | 12 1,273 | 11 | 754 | 35 2,600 | — 435 | 93 7,182 
‘yphon ..| —| — 3] 5,580} 1] 1,088] 2 7m2|—| — |—| — | 16] 13,837 | 22 | 21,197 
Total... —| 55,341 | — | 29,078 | — | 21,071 | — | 40,764 | — | 28,931 “| 69,204 ee 45,6x1 | — | 290,070 
—,,,. 
ate more stable than the Eocene beds in the valley | finally terminating at Villa Castelli. A profile of 


of the Ofanto. 
a larger 


deviations, an example being the penetration of 


The trace actually selected involves | the canal is given in Fig. 20, Plate XI, the lower 
amount of tunnelling, as there are fewer | part of which is a continuation of the upper. 





In the first 105 km., there are 38 tunnels with a 


collective length of 79 km., representing 75 per cent. 
of the total, while in the 290 km. of the principal 
canal, there are no less than 105 tunnels with an 
aggregate length of 111 km., representing 38-2 per 
cent. of the whole. The position of these is given 
in Table I. As shown in this table, in addition 
to the tunnels, there are 93 bridges, on the principal 
canal, and 22 syphons. The alignment selected, 
which, as stated, leaves Caposele at an elevation of 
420 m., apart from being appreciably shorter than 
those previously contemplated has the advantage of 
reaching Villa Castelli at a greater height. The 
elevations proposed at this point in the three more 
important of the earlier schemes, those of Zampari, 
De Vicentiis and the Genio Civile, were respectively 
175-5 m., 228 m. and 252 m., while in the actual 
scheme, the height is 323 m. The pumping plant, 
necessary to supply towns above the level of the 
canal, is thus reduced to a minimum. 

The water flows under a free head throughout the 
whole length of the principal canal and the first 
part of the Foggia branch. A gradient of 0-25 m. 
per kilometre was adopted for the first 46 km. ; 
the maximum capacity of this section is about 
6-3 cub. m. per second. The maximum capacity 
is afterwards reduced to 5 cub. m. per second, and 
falls step by step as the water is drawn off by side 
branches to 2-3 cub. m. per second at the extremity 
of the canal. Immediately after the 46 km. point, 
and as far as the mouth of the Murge tunnel, the 
fall is increased to 0-4 m. per kilometre, and then 
decreased to 0-28 m. per kilometre, with a gradual 
increase to 0-3 m. per kilometre at the extremity. 
The above figures for gradients do not apply to 
the bridges, over which the fall was increased to 
0-5 m. per kilometre with the object of decreasing 
the cross section, and therefore the amount and cost 
of masonry work. In general, the velocity of the 
water throughout the length of the canal is from 
1m. to 1-25 m. per second, increasing to 1-5 m. 
per second over the bridges. Curves of the variation 
of velocity and quantity of water flowing, in relation 
to the height of the free surface, are given in Fig. 22, 
annexed, the section on which the curves are based, 
shown in Fig. 21, being similar to that most 
frequently employed on the canal. Actually, the 
section was varied according to the nature of the 
ground traversed, and to the required capacity. 
Various typical sections are given in Figs. 23 to 31, 
on this page. 

The first section of the canal, up to a point about 
55 kilometres from the source, and the first portion 
of the Foggia branch, which leaves at this point, 
46 kilometres in length, constitute the most difficult 
and interesting sections of the aqueduct. These 
lengths, for the greater part, traverse ground in 
which many serious land slides have occurred in 
the past. In addition to this factor, both fire damp 
and sulphureted hydrogen occurred with great free- 
dom at many points, and endangered the health, and 
even the life, of the workmen. It was necessary 
to pass through beds of argille scagliose, a blue clay 
of the Eocene period, justly dreaded by Italian 
engineers, as the presence of damp air causes this 
clay to expand, resulting in great pressures being 
exerted on the walls of tunnel work. During the 
construction of the Naples-Foggia line, the Cristina 
and Starza tunnels, which traverse the argille 
scagliose, had to be rebuilt three times, lining 10 ft. 
thick being finally employed to withstand the 
pressure referred to. Experience has proved that 
when these clays are met with, the work must be 
pushed on with the greatest possible speed, and that 
the use of plant which tends to render the air humid, 
such as steam or even petrol locomotives, must be 
avoided at all costs. It is further necessary to 
follow on with the lining in such a way as to leave 
the rock exposed to the air for as short a time as 
possible. 

The Appenine tunnel, 15-252 km. in length, is 
of the cross-section shown in Fig. 23 for the greater 
part of its length, but is circular between the points 
5-49 km. and 8-43 km. from the mouth. The sec- 
tion in this length, which passes through very bad 
ground, is shown in Fig. 24. Fora few short lengths, 
the wall is of brick, laid with cement mortar, the 
remainder being in Portland-cement concrete, as 
shown in the two sections given. The proportions of 
the concrete were 1:2:4; it is 0-4 m. in thickness 
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PorRTAL OF THE APPENINE TUNNEL AT CAPOSELE. 
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Fie. 33. 


INTERIOR OF APPENINE TUNNEL. 











Fie. 34. Continuous Kitn at CoccuMELLA. 


in the compact clays, and 0-54 m. in limestone, 
while in other formations penetrated, which are more 
or less fractured, the thickness varies from 0-67 m. to 
0-8 m. Ina few special cases, where cavities occur 
in the rock, the latter thickness is greatly exceeded. 








Fie. 35. 


at the mouth of the tunnel, and the air was conveyed 
down cast-iron pipes, one of which can be seen in 
Fig. 32, above. This view shows the entrance to 


|the tunnel at Caposele during the progress of the 
| work, while Fig. 33 is a view inside the tunnel 


In plan, the trace of the tunnel is in the form of an | 
obtuse angle of 161 deg., the apex being at a point | 


10-25 km. from the entrance. The first formation 
traversed, 400 m. in length, is fairly good limestone 
of the Cretaceons period. Following on this, the 
tunnel penetrates the argille scagliose for a length 
of 8-7 km. In some parts of this length the clays 


are quite crushed and plastic, owing to infiltration | 


of water. The final pcrtion of the tunnel, 6-152 km. 


in length, is driven through compact blue clays | 


and sandstones of the Pliocene period. The excava- 


tion was usually performed by blasting, the shot | 


holes being drilled by hand in the clays, and by 
pneumatic drill in the rock. Fire damp was given 
off in large volume from some of the beds, and 
copious infiltrations of water also occurred in places. 
In one case an old water course was met with, 
and this had to be diverted before further progress 
could be made. Particular attention was given to | 
ventilation, to ensure that humid air was extracted, 
and also that an abundance of pure air was | 
available for the workers. The fans were located | 


taken about the same time, and shows the tem- 
porary timbering in advance of one of the brick 
lined sections of the tunnel. 

The transport of workers and material was effected 
by means of trains drawn by 25-h.p. electric loco- 
motives, one of which can be seen in Fig. 35, above, 
which shows the outlet of the tunnel at Padula. 
The generating plant, which also supplied the 
current for lighting and other subsidiary purposes, 


was of about 560 brake horse-power, and consisted 


for the first three years of Savoia-Palmer gas en- 
gines, coupled to suitable generators. After that 
period, the power was obtained from the hydro- 
electric plant at Cassano Irpino, operated by the 
Societa Ligure Meridionale. There were three depéts, 
one at Caposele, another near the head of the 
Coccumella shaft, giving access to an intermediate 
heading, 10 km. from the mouth, and a third at the 
outlet of the tunnel near the Torrente Padula. All 


| the depéts were provided with houses and canteens 


for the workmen, stores and offices, and were also 
equipped with generating plant, hospitals and dis- 











OvuTLET OF APPENINE TUNNEL AT PaDULA. 


| infecting stations. In the case of the Caposele depot, 
| a crushing plant was installed for dealing with gravel 
| and crushed limestone for the masonry work, and a 
| telpher railway was erected, with a rise of 180 m., 
for handling the material excavated from the tunnel. 
| A brick kiln was built upon the adjacent Mater- 
| domini hill, 600 m. above sea level, and the same 
telpher was utilised to bring the bricks down to the 
| service track for the tunnel. 
| An adit, or sloping passage, was driven to give 
| access to the tunnel at Minuto, about 2 km. from 
| the entrance, and a subsidiary depét was installed 
/at the mouth of this drift. The latter had a 
‘length of 150 m., and a slope of 1 in 28-5. This 
adit was used for the removal of excavated 
| material. The Coccumella shaft, already referred to, 
had a diameter of 3-5 m., and a depth of 63 m., 
| while a second shaft in the vicinity, used only for 
| ventilation, had a diameter of 1-25 m. and a depth 
of 46 m. At a later date, a third shaft was made 
|in this district, about 100 m. nearer to the mouth 
'than the main Coccumella shaft, with a length of 
| 190 m. and a slope of 1 in 41-5. In addition to the 
| brick kiln near the mouth of the tunnel, two others, 
of the continuous type, were installed at Coccu- 
mella, one of which can be seen in Fig. 34. above. 
Access to these was secured, linking up the kilns 
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Fic. 36. TroBERING IN THE CROCE DEL Monaco TUNNEL. 
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Fig. 38. Entrance PortaL oF MurGe TUNNEL. 


to the near-by road connecting with the Conza | 7-38 km. and a slope of 0-25 per cent., while that of 
station on the Rocchetta Sant Antonio-Avellino | Ginestra has a length of 8-45 km., and a gradient of 
line, and the kilns were also connected with the | 0-4 per cent. As stated, these two tunnels were 
depot by means of a service railway about 7 km. | joined up in the completed work, and may, therefore, 
long. The tunnel took about 5 years to complete. | be regarded as one. Jn the first portion, the cross 
The average daily advance was about 8 m. in rock, | section is about 7 sq. m., and is of the form shown in 
6 m. in the dry blue clay, and 3 m. in the argille | Fig. 23, though the width and height are both 2-87 m. 
scagliose, these being considered under the circum- | The same form is adopted for the second portion 
stances very high rates. |of the tunnel, but as the branch for Ripacandida 

As shown in Fig. 20, after leaving the Appenine | is taken off at the point where the two parts join, 
tunné !, the canal passes through very hilly country | the section is reduced to 2-53 m. wide and 2-58 m. 
im a series of shorter tunnels, of which that of Toppo | high, the area being thus reduced to 6 sq.m. The 
Pes ione, with a length of 3-5 km., is the most | geological formations met with were volcanic sand 
Important. In this region there are twelve tunnels, | and tufa for about 1 km. from each portal, the 
with a united length of 19-25 km., in a distance of | central portion being Pliocenic blue clay alternating 
21-5 km. Following on this, the trace is continued | with strata of Miocenic sandstone and marls. Only 
by the Croce del Monaco and Ginestra galleries,| hand excavation was possible, and the same 
which actually join to form a continuous tunnel precautions has to be adopted as in the case of the 
15-834 km. long. This terminates about 55 km. | Appenine tunnel. The difficulties in this case, 
from the source, and from this point to the 88th| were, however, distinctly greater. Fire damp was 
kilometre, where the great Murge tunnel commences, | given off very freely. and abundant springs were 
there re a large number of smaller tunnels. | met with, aggravated by sudden rushes of quick- 

The Croce del Monaco tunnel has a length of|sand and mud. The greatest difficulties of all 








Fig. 37. Intrertor or Croce DEL Monaco TUNNEL. 





Fie. 39. OvutLet or MurGe TUNNEL. 


occurred in one section about 102 m. long, where 
sulphureted hydrogen poured into the heading 
to such an extent as to asphyxiate the workmen. 
In spite of the use of gas helmets and the reduction 
of the shifts to a few hours each, this section required 
ten months to complete. The explanation of the 
difficult conditions encountered probably lies in the 
fact that the region traversed is within the zone 
of an extinct volcano, Volture, the trace actually 
passing through materials deposited on the bed of 
two large lakes, Vitalba and Venosa, during the 
time that the volcano was active. These two lakes 
are, of course, no longer existent. Running sand 
was met with at a point 2°6 km. from the mouth, 
accompanied by abundant infiltrations of water. 
The conditions at this point proved to be so bad 
that the trace of the canal was ultimately diverted 
to avoid these beds, with the abandonment of 
2-6 km. of tunnel already executed. 

Work was carried on from the two portals and 
from three intermediate shafts, the mean daily 
advance being about 3 metres at each point. There 
were four depéts, the first at Atella, near the mouth 
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of the tunnel, the second at Ripacandida, near the 
middle, the third at Lapilloso, at about 3 km. from 
the exit, and the fourth at Contista, where the tunnel 
terminates. The depét at Atella was connected with 
the tunnel by a horizontal shaft 90 m. long, and the 
shaft at Lapilloso was the same length, while that 
at Ripacandida was 40 m. long, with an inclination 
of lin 5. In addition to those mentioned, there was 
a subsidiary depét in connection with an inclined 
shaft opened about 2 km. from the mouth, and a 
further subsidiary depét at De Matteis, about 
5 km. from the mouth. The shaft in the latter case 
was 80 m. long with an inclination of 1 in 24, and 
actually only served for the construction of 200 m. 
of the tunnel, 

The tunnel took about six years to complete. 
The walling is of limestone near the mouth, of 
brick for about half the length, and of either stone 
or concrete for the remainder. The mortar was 
generally made with Portland cement, but in some 
sections, lime and pozzuolana were employed, the 
latter material being obtained in the neighbour- 
hood. The thickness of the lining varies from 
0-4 to 0-54 m., except where specially strengthened 
to meet local conditions. Electric locomotives were 
employed throughout, and the equipment at the 
depots was generally similar to that already de- 
scribed in connection with the Appenine tunnel. 
A view showing the timbering employed in the 
Croce del Monaco tunnel is given in Fig. 36, page 
129, while Fig. 37, on the same page, shows the 
work in a more advanced state, the two pipes on 
the left being for ventilation. 

It is not necessary to describe the remaining 
tunnels in detail, as the difficulties encountered in 
their construction were similar to those already 
dealt with. The longest tunnel on the aqueduct, 
is that of the Murge, but this proved to be one of the 
easiest to construct. The length of this tunnel is 
16 km., and the cross section is as shown in Fig. 25. 
The cross-sectional area is 4-85 sq. m., and the 
capacity 5 cub. m. per second. The 
is 0-4 m. thick, and is made entirely of Portland- 
cement concrete, the proportions adopted being 
1-25:2-:5:4. The interior is faced with well- 
smoothed cement mortar. The formations passed 
through were Cretaceous limestone throughout the 
whole length, and excavation was, generally speak- 
ing, easy. The rock was sufficiently stable to render 
timbering unnecessary. Excavation was performed 
with pneumatic tools, the average advance at each 
heading being 4 m. per day, rising to 9 m. per day 
in some sections. The only unusual feature met 
was a large cavern, and in order to avoid the pos- 
sibility of falling debris, the canal was diverted for 
about 100 m. to pass through the solid rock at the 
side of the cavity. Headings were driven from both 
portals and from five intermediate shafts, the latter 
being 3-7 m. in diameter, and varying from 32 m. to 
192 m. in depth. Each was provided with a 3-ton 
electric elevator. Practically no infiltration water 
was met with, except at one point, and the water 
required for mixing the cement, and for the workers, 
was obtained a few kilometres from the mouth of the 
tunnel, and raised 320 m. for the service of the 
five depots. The tunnel was completed in 26 
months. Views of the entrance and exit portals 
are given respectively in Figs. 38 and 39, page 129. 

(To be continued.) 











British STANDARD SPECIFICATION FOR DRILLS.—A 
specification for: twist and straight-flute drills, No. 
328— 1928, has just been issued by the British Engi- 
neering Standards Association. Tables are given of the 
standard diameters, overall lengths and flute lengths for 
the various types of drills, and the dimensions of the 
Morse taper shanks, 


Standard limits are laid down for | 





the permissible variation in the diameter of the drills, | 


and performance tests are specified for both carbon and 
high-speed drills from No. 60 to 2 in. diameter, inclusive 
The performance tests consist in drilling a series of holes, 
as continuously as possible, in steel billets of a given 
analysis. The penetration per minute and the number 
and depth of the holes to be drilled are specified, but the 
revolutions per minute and the feed per revolution are 
left to the discretion of the maker. The drills must 
withstand these tests without seizing, choking or fusing, 
and the points of the drills and the lips must be in good 
condition and fit for further service without regrinding 
on completion of the tests. Standard nomenclature and 
definitions for the different types of drills in common use 
are alsoincluded. Copies of this specification may be ob- 
tained from the Publications Department of the B.E.S.A., 


| 





28, Victoria-street, S.W.1, price 2s. 2d., post free. 


A ROTATING RADIO BEACON. 


BROADLY, there are two ways in which vessels fitted 
with wireless have used it in practice for ascertaining 
their direction or position. Either they have applied 
to.shore coastal stations equipped with direction finders, 
which take and communicate the ship’s bearings on the 
stations, and from their directions in regard to two or 
more such stations the ship can calculate her position. 
Alternatively ships are themselves fitted with direction 
finders, and ascertain their direction or position by 
receiving the transmission of one or two or more recognis- 
able land stations, the geographical positions of which 
areknown. Two fundamental objections are felt to the 
method of enquiring for direction from a shore station. 
On the one hand, vessels may have to wait their turn, 
if there happen to be several all wanting to be served 
by the same station at one time, as may easily occur in 
fog. Apart, however, from the inconvenience and 
possible danger of such delay, the captain of a ship, 
who is personally responsible for its safety, usually has 
a strong prejudice against depending on persons outside 
his own control for information material to the ship’s 
navigation. A ship carrying its own direction finder is 
not subject to these disadvantages, and, in addition, 
ships so equipped can find their mutual bearings 
directly, which may be a matter of importance in fog. 
The practical results of these equipments have been 
encouraging, in spite of certain inherent difficulties 
arising from the necessary material and construction 
of the vessel, the changes in its instantaneous direction 
during bad weather, errors in the magnetic compass, 
and other causes to which direction finders on shore are 
not subject. The chief obstacle to the more general use 
of direction-finding equipments on ships, however, 
appears to be their cost. In round figures, some 
3,600 vessels are fitted with wireless, but only some 
400 of them carry direction finders. 

For some time past, a third method has been under 
trial onaircraft. In this method, as in coastal direction- 
finding stations, the directional element is provided 
on shore, but instead of requiring the ship to com- 
municate with thestation, use is made of an automatically 
rotating beacon of known geographical position, giving a 
continuous and characteristic signal, interrupted by 
other signals in a definite cycle, which can be picked up 
by the ship at any time. The results of prolonged 


lining | trials and investigations by the Air Ministry were so 


promising that the Committee on Directional Wireless 
instituted by the Radio Research Board of the Depart- 
ment of Scientific and Industrial Research has been 
making a series of observations, both by land and at sea, 
of a beacon designed and erected for the Department by 
the Air Ministry on a site at Fort Monckton, near 
Gosport. The results of these observations have now 
been published in a report* by Dr. R. L. Smith-Rose 
and Mr. 8S. R. Chapman. 

The principle on which this method depends is already 
familiar in radio direction finding. The ordinary open 
aerial of a wireless installation is replaced in the beacon 
by a vertical rotating trame aerial, consisting essentially 
of a vertical oblong flat coil. When such a coil is used 
as a transmitter, the intensity of the radiation which 
reaches a receiver varies from a maximum if the plane 
of the transmitting coil is identical with that of the 
great circle connecting the transmitting and receiving 
stations, to a minimum or zero if these planes are at 
right angles to each other. The coil in the beacon 
rotates at a uniform rate round a vertical axis, and the 
listener at each receiving station therefore gets the 
zero, or minimum, signal twice in each revolution. To 
enable him to translate this indication into a statement 
of the bearing of the beacon from the receiver, the beacon 
emits a characteristic signa] at the instant at which the 
plane of the coil is perpendicular to the geographical 
meridian of the beacon (the north point), when the 
listener starts a stop-watch rotating at the same speed 
as the beacon. The interval measured on the watch 
| between the receipt of this signal and of the zero or 
| minimum thus enables the bearing to be calculated 





swiftly. If, however, the receiver is due north or 
| south of the beacon, the epoch at which the north signal 
is transmitted will coincide with that of the minimum or 
zero signal, and the north signal would therefore 
probably be inaudible. To provide for this case, the 
beacon consequently gives a second characteristic signal 
midway between the north signals, which a vessel 
placed north or south of the beacon can use instead of 
the north signal for the purpose of calculation. The 
speed usually adopted for the beacon and the stop watch 
is one revolution per minute, and it will be seen that in 
this way a line bearing can be obtained every half 
minute, while the position of the vessel, if required, can 
be determined by taking line bearings on two or more 
beacons. 
The accuracy of observations made in this way 
depends essentially on the uniformity with which the 








* Department of Scientific and Industrial Research. 
Radio Research: Special Report No. 6. An Investiga- 
tion of a Rotating Radio Beacon. H.M. Stationery Office, 
price 2s. 3d., net, 








beacon revolves and is synchronised with the stop. 
watch, and the sharpness with which its continuous 
signal, or north signal, is distinguished from the sound or 
silence at its minimum or zero. The arrangement now 
adopted for driving the beacon consists of an electric 
motor running off accumulators at about the speed 
at which it will cause the beacon to revolve once a 
minute, this approximate speed being controlled 
accurately by a phonic motor operated from an electri- 
cally maintained tuning-fork, and so geared to the 
driving shaft that when the shaft is running at 300 r.p.in. 
the beacon revolves precisely at the required rate. 
The flywheel on the phonic motor is illuminated by 
a neon lamp, also operated from the tuning-fork, and 
acts as a stroboscopic disc, which, at any instant, 
indicates any slackening of speed arising from a drop 
in the voltage of the battery, or the warming up of the 
gear and bearings. It is found that, by observing 
these indications of speed not less than every quarter 
of an hour, and slightly adjusting control resistances, 
the time of rotation, at an even room temperature, can 
be kept accurately and uniformly to within a sixtieth 
of a second per minute. The temperature variation 
could be avoided altogether by putting the tuning-fork 
in a thermostat, or making it of a metal without appre- 
ciable temperature coefficient, such as Elinvar. As, how- 
ever, the variations in the time of rotation which would 
be caused by a difference of plus or minus 16 deg. C. 
would be only 0-1 second, the correction would fall 
within the limits of accuracy of the stop-watch method. 
For the best type of 60 seconds’ chronograph used by 
skilled observers for timing the beacon, the limit of 
accuracy appears to be + 0-3 second per revolution, 
which amounts to a maximum error of + 2 deg. in 
an observation, as determined by the intervals between 
the two minima or zeros of a complete revolution. 
Subject to the reduction which can be made in it, 
by taking the means of a series of successive readings, 
this error, which is due solely to those of the watch 
and the observer and not to the beacon, must be taken 
to represent the limiting accuracy of the method, which 
is, of course, amply sufficient for practical require- 
ments. In view of the assurance given by the present 
arrangement that the beacon revolves accurately once 
a minute, it is found unnecessary for the observer to 
time its rotation. Accordingly, in addition to, or 
instead of, marking the dial of the stop watch in seconds, 
it may be marked like a compass in degrees and points 
of the compass, so that if the watch is started on 
receipt of the north signal, the index hand will point 
directly to the ship’s bearing from the beacon at the 
instant at which the received signal passes through its 
minimum or zero. 

As yet, the character of the wireless signals has not 
been brought under as complete control as the speed. 
When first installed, the beacon gave signals of unequal 
quality. The wave-length altered slightly, to an extent 
which, though immaterial for interrupted continuous 
wave transmission, interfered with the accuracy of 
observations taken by the heterodyne method on 
continuous waves. Experiments made with the object 
of removing these defects made no great difference, 
but served to suggest a method of protecting beacons 
against lightning, and confirmed the belief that much 
of the irregularity was due to local circumstances 
connected with the site. The beacon situated on the 
shore behind the Isle of Wight commands only a 
narrow angle of open sea, and, moreover, it is erected 
on the edge of a cliff with a sheer drop of about 55 ft. 
While it cannot be said that the circumstances of its 
position and of its local surroundings have been shown 
to be the causes of the discrepancies in readings found 
during the investigation, it seems probable that they 
may be, and further experiments are likely to be 
postponed until they can be made on a beacon in a 
more favourable situation. 

For the purposes of the present investigation, the 
beacon has been calibrated at a large number of sites 
from which true bearings could be ascertained accu- 
rately. These points included, at sea, the various 
ports, light vessels and buoys within a range of 55 
miles, and, on land, a number of situations lying on 
circles of about 5, 15, and 50 miles radius from the 
beacon as centre. The observations consisted in 
taking the wireless bearings of the beacon on these 
points for short periods of half an hour to an hour 
during some four months, the observations being, in 
most instances, repeated once or twice after an interval 
of one to four weeks. Some seven months later, a 
large number of these observations were repeated, 
and further similar observations were made from 
other and more distant situations, including Havre, 
Fécamp, and Jersey. A comparison of these 
wireless bearings with the true geographical bearings 
showed that the mean bearings so observed differed 
from the true bearings by amounts ranging up to 4 
maximum of about 8 deg., including errors of observa- 
tion and errors in obtaining the true bearing trom 
charts. The errors were by no means the same for all 
paths of transmission. In the open sectors com- 
manded by the beacon, extending from about 120 veg. 
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to 70 deg., the error ranged from 1 deg. to 2 deg. either 
way. The observations in the'Isle of Wight showed 
irregular errors, which seemed to depend on which 
side of the island the observations were made; but 
elsewhere the errors for paths either wholly over land or 
wholly over sea seemed to vary with some regularity, 
mainly with the direction of transmission, and to be 
affected only to a relatively smal] extent by the local 
circumstances of the receiver and its distance from 
the beacon. A series of confirmatory observations was 
made from Slough, Teddington and Westminster, on 
two to five days a week overs period of six months, 
some with continuous and some with interrupted con- 
tinuous waves. These showed an error of the mean 
bearings of from — 2 deg. to + 1 deg., according to 
the station and type of wave, with a maximum devia- 
tion from the mean of 2 deg. to 5 deg., which is of the 
same order as the normal deviation over similar paths 
found in a day’s observations. There is, therefore, no 
sign of a seasonal change in the bearings of the rotating 
beacon from fixed receiving stations. 

To obtain experience of the reliabilivy of t he beacon 
in marine navigation, a number of trips were run on 
the Southern Railway Company’s ships between 
Southampton and Havre and Southampton and 
Jersey, and trials were also made on board H.M.S. 
Truant. On these trips, observations were made on 
the bearings of the Fort Monckton beacon at intervals 
during the trip, using the ship’s ordinary wireless 
receiver, and compared with the bearings given by the 
captain of the ship, obtained usually by dead reckoning, 
and, where possible, by visual observations. The net 
effect of the results obtained on these trips tends to 
Suggest that the bearings observed on the rotating 
beacon were somewhat more accurate than those 
obtained from an estimate of the ship’s position, except 
in calm weather and under circumstances favourable 
to visual observations. On the journeys between 
Southampton and Havre, all of which were performed 
by night, the maximum difference between estimated 
and observed bearings was 4 deg., and, in over three- 
fourths of the observations, was within 2 deg. With 
three exceptions, the maximum difference between 
estimated and observed bearings on the return journey 
between Southampton and Jersey was also within 
4 deg., and usually much less. 











Owers light vessel, and others with entirely over land 
transmission from Southampton Docks, Slough, and 
Teddington. The effect of these observations was to 
establish a number of limits on the precision of the 
bearings taken on the beacon under various conditions, 
and to indicate some sources of disturbance. For the 
present, the reliable working range of the type of 
beacon installed at Fort Monckton is put at about 
50 miles, for both day and night working, when the 
path of transmission is entirely over sea and clear of 
any land or coastal boundaries. Within this range, 
competent operators, provided with accurate chrono- 
graphs, obtained a majority of their bearings to an 
accuracy within 2 deg. A general observation of 
considerable importance is that, although substantial 
night errors occurred from time to time, the main 
bearings were found practically the same for day or 
night working, so that night errors may be largely 
compensated for by taking the mean of a number of 
successive bearings. It was found that the precision of 
bearings obtained from the rotating beacon on an 
ordinary aerial, in land installations, were of about the 
same precision as those of a direction finder, but at 
sea were generally rather more accurate, owing to 
various difficulties in working direction finders at 
sea from which the rotating beacon system is free. 
It was also found that, by night, reception on a coil 
instead of on a plain aerial gives rise to larger devia- 
tions from the true bearings. 








NEW VALLEY BRIDGE AT 


SCARBOROUGH. 


TuE town of Scarborough is divided into two parts 
by a deep valley, crossed, since 1865, by a bridge of the 
lattice-girder type, made up of three spans of 183 ft. 
This bridge, of which the carriage way was 18 ft. 
wide, originally had a timber-deck roadway. It was 
strengthened in 1911 by the insertion of a central 
girder in each span, a steel deck being provided at the 
same time. The road crossing the ravine is largely used 


THE 


| by traffic from Filey, Bridlington and Hull, and apart 


from the congestion resulting from the narrowness of the 
old bridge, the increasingly heavy traffic of the last few 


These exceptions | years led to overloading, as indicated by serious signs 


occurred during a.single hour of the afternoon, and are | of settlement. The Corporation of Scarborough, there- 
thought to have been due to the difficulty of making | fore, decided, in 1925, to replace the bridge by one in 
accurate determinations with the magnetic compass | keeping with present requirements, allowing a reasonable 


im rough weather. 


n order to throw light on the night errors, of which | 


margin of safety for future traffic developments. The 
new bridge, which was formally opened on July 26, 


evidence appeared from time to time, a further series| was built to Ministry of Transport requirements, 


of tests was carried out from fixed and accurately 
known positions, some from the Southern Railway 


which have been repeatedly specified in our columns. 
The total cost was 158,0001., of which the Ministry 


steamers while moored at Havre or Jersey, others on | contributed 65 per cent. 


board H.M.S, 


Td Truant while anchored in two successive | 
Positions near Fécamp, and also at a position near the | on this page, is composed of four 150-ft. spans, and 


The new bridge, of which a photograph is reproduced 
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is of the double type of Warren girder, four main 
girders supporting the deck. The roadway is 40 ft. 
wide, with two 12-ft. footways. The abutments and 
piers are constructed of Bramley Fall stone and York 
stone masonry backed with concrete. The decking is 
formed of mild-steel troughing, and is supported on 
cross girders at 12-ft. intervals, placed at the panel 
points of the main girders. The foundations of the 
two abutments, and of the centre pier, presented no 
difficulty, but the two piers on the sides of the valley 
had to be piled. One of the conditions of the contract 
was that the traffic on the old bridge was not to be 
interfered with during reconstruction. This condition 
was fulfilled by completing one-half of the new bridge 
before dismantling the old bridge. Traffic was then 
diverted on to the completed half, the old bridge dis- 
mantled, and the new bridge {finally completed. 

The bridge was designed by Messrs. Coode, Fitz- 
maurice, Wilson and Mitchell, of Westminster, the 
| contractors being Messrs. John Butler and Company, 
| Limited, of Stanningley, Leeds. The masonry work 
| was sub-let to Mr. F. W. Plaxton, of Scarborough, and 
| the steelwork erection to Messrs. Ellis and Shaw, High 
| Holborn, E.C. There are some 2,700 tons of ironwork 
jin the bridge, with 53,000 cubic ft. of masonry and 
| 12,500 cubic yards of concrete in the piers and abut- 
ments. In addition, some 100 tons of cast-iron were 
|employed in the ornamental work. The opening 
| ceremony was performed by Mrs. Wilfrid Ashley, the 


| wife of the Minister of Transport. 











CONTROLLED REFLUX VALVES. 


| ON most pumping installations it is necessary to 
| provide-a non-return valve on the suction pipe for 
| priming purposes, and a second valve on the delivery 
| side to hold up the water in the delivery main when 
pumping ceases. There are various designs of valve 
in use, the commonest being the hinged-flap type, 
which possesses the advantages of simplicity and 
low cost. This type, however, is open to the objec- 
tion, that it creates a more or less serious loss of 
head, and for this reason it is usua] to provide large 
valves with two or more flaps, so as to reduce the 
throttling effect as far as possible. Even with this 
modification, however, the reduction in head may 
represent a very appreciable loss on the Year’s 
working. 

An improvement can be effected by providing 
external counterbalance weights, so as to reduce 
the throttling effects in the valve. In this case, how- 
ever, a sluggish closing action, with ‘consequent water 
hammer, may result. If the flap is not left with a 
very definite tendency to closure, or if its freedom 
of motion is retarded, say by a dashpot device, then 
it is possible that, when pumping ceases, return flow 
will be set up in the main before the valve flap reaches 
itsseat. Under these conditions, the flap will inevitably 
slam during the final closing stages, causing water- 
hammer, with the possibility of serious damage. A 
further difficulty experienced with hinged-flap valves 
arises from the fact that generally the flap does not 
take up a stationary position when open, but tends to 
oscillate continually, with the result that wear occurs 
on the hinge pins. 

With a view to overcoming the difficulties referred 
to, Messrs. J. Blakeborough and Sons, Limited, 
Woodhouse Works, Brighouse, have introduced the 
valve illustrated in Figs. 1 to 7, page 138. The actual 
valve is of the single hinged-flap type for all sizes, 
but external holding-up gear is provided to maintain 
the flap stationary in its full-open position during 
normal working. The form of the valve body has 
been designed so as to have a minimum change of 
area and variation in form, the head loss being 
claimed to be hardly greater than that which would 
occur in an equal length of straight pipe of the same 
nominal bore as the valve. Also, by holding the flap 
stationary, wear on the hinge pins is practically 
eliminated, and there is no turbulence caused in 
the flow, thus reducing erosion. A trip mechanism 
is provided to release the valve flap as pumping 
ceases. The flap commences to close before the 
velocity of the water falls to zero, and at the instant 
of no velocity, the valve is closed. risk of water- 
hammer is thus avoided. A number of types of 
holding-up gear have been devised, and there are 
also several forms of trip mechanism, the most 
suitable design depending upon the working con- 
ditions. Two typical examples are illustrated in the 
figures. 

Fig. 1 is reproduced from a photograph of an 
18-in. valve with holding-up gear in the form of 
a hydraulic cylinder, which takes its pressure supply 
from the main. Figs. 2 to 5 show the same valve in 
section, plan and elevation. It will be seen from Fig. 5 
that the pressure feed to the hydraulic cylinder passes 
through a loaded pilot valve. The function of this 
valve is to cut off the supply and to open the cylinder 
exhaust port when a pressure drop occurs, due to 
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the cessation of pumping. Further, the pilot valve 
automatically reverses this process whep pumping again 
commences, the valve thus. being self-resetting and 
requiring no attention beyond occasional inspection. 

Figs. 6 and 7 show a valve with a hand lever, A, 
for setting the flap full open after pumping has 
commenced. ‘To release the flap, there is a tumbling 
weight B, which, when freed, disengages the holding-up 
catch C. There are various reliable methods of 
releasing the tumbling weight; for example, by a 
loaded valve arranged to come into action when a 
pressure drop occurs, or by a diaphragm mechanism 
working either from the Venturi or Pitot effects, and 
arranged to trip the tumbling weight when the 
velocity of flow falls below the normal. The weight can 
also be released by a solenoid, arranged to operate 
when the pump-motor circuit is broken. 








NOTES ON NEW BOOKS. 


A small text-book on Steam Condensing Plant, 
written by Mr. John Evans, A.M.I.Mech.E., has 
recently been published by Sir Isaac Pitman and Sons, 
Limited, the price of issue being 7s. 6d. net. All 
standard forms of surface and other types of condensing 
plant are described and illustrated, and the author 
also discusses, in some detail, the theory of the surface 
condenser. In this he adopts what has now, almost 
suddenly, become the standard practice of regarding 
heat transmission in the terms of the resistances to heat 
flow, rather than in terms of conductivity. This change 
of practice originated, we believe, in our own columns, 
and has led to a very much clearer visualisation of 
the essentials to successful design. Whilst the surface 
condenser is invariably adopted in power-station 
practice and at sea, there are many thousands of jet 
condensers still in use and demand, and these are fully 
discussed by the author. In the section on air pumps, 
the author emphasises the prime importance of reducing 
air leakage to a minimum if high vacua are to be 
economically maintained. Representative types of 
reciprocating and hydraulic air pumps are illustrated 
and described, and a special chapter is devoted to 
steam-jet air ejectors, which, whilst thermodynamic- 
ally extremely inefficient, are, in practice, astonishingly 
effective. The concluding chapter of the volume is 
devoted to cooling towers and spray ponds. 


As early as 1777, Wenzel pointed out, in his German 
book on chemical affinity, that chemical reactions 
did not take place completely in one direction, but 
proceeded only to a certain point or equilibrium, 
the nature of which was further defined by Berthollet, 
and determined quantitatively fifty years later, in 
the early days of thermodynamics, by Clausius and 
Clapeyron and then by Guldberg and Waage’s law 
of mass action. Just a hundred years after Wenzel, 
Willard Gibbs grouped chemical equilibria under 
his phase rule, which Roozeboorn applied with success 
to alloys, and Van’t Hoff to the study for the formation 
of the Stassfurt salt deposits. But physical chemistry 
was in its infancy, the old-fashioned chemical equations 
looked too temptingly simple to be abandoned, and 
practical metallurgists are still a little awed by 
equilibrium diagrams which seem to become more 
complex with every re-determination. The literature 
on the subject is partly responsible; the early 
investigators of the phase rule used mathematical 
language and a terminology of their own, and there 
are but few books even now. The Phase Rule and 
its Applications, by Professor Alexander Findlay, 
M.A., of Aberdeen (sixth edition, Longmans, Green 
and Company, Limited, price 10s. 6d, net), one of 
the series of Textbooks on Physical Chemistry, is a 
volume of 326 pages. There is no waste of space, 
and the treatment is physical rathc. than mathe- 
matical. The phase rule, however, affects all chemical 
and physical reactions into which component bodies 
enter in their three phases—solid, liquid and gaseous— 
which may change in the course of the reactions ; 
allotropic modifications of solids, as well as liquid 
crystals, further complicate matters. Real equilibrium, 
moreover, is rarely, if ever, reached. This monograph 
could not, therefore, be short. The advanced student 
will be glad to find copious references to recent lines of 
research ; but many readers may consult the volume 
chiefly for reference, and they will regret that terms 
like invariant systems, inevaporable solutions, con- 
gruent and incongruent melting points, are not entered 
in the index. An equilibrium diagram tells the 
initiated much, but is not easily interpreted. Some 
complex equilibrium diagrams might have been fully 
explained in the introductory chapters which would 
occasionally have gained by plainer, more direct 
language. But a book of this kind, the first edition 
of which appeared in 1904, does not pass so rapidly 
through five further editions unless it is sound and 
useful and brought up to date. Dr. Findlay will not 
be criticised for cutting short the section on alloys ; 








they require, and have, books of their own, and there 
were many other applications of the phase rule to be 
dealt with. 


It was by divine inspiration that Moses despatched 
scouts into Canaan, but it was common sense that 
suggested the additional instruction that they should 
“go up into the mountain.” Altitude has always 
been an aid to efficient surveying. The modern world 
has, in the aeroplane, an instrument of exploration and 
survey of incalculable value. Groups of workers in all 
countries are now engaged in giving precision to the 
methods and results of air survey, and, though it is 
complementary and not alternative to the orthodox 
form of ground survey, the technical development of 
the former method suggests that there is no limit 
to the possibilities, and no obstacle to the eventual 
attainment, of a comparable degree of exactitude. 
Messrs. C. Winchester and T. L. Wills have chosen 
for their excellent text-book Aerial Photography 
(Messrs. Chapman and Hall, Limited. Price 25s. net), 
a more comprehensive subject than air survey and 
mapping, but it is air survey which bulks most largely 
in its pages. For the rest, the record of attainments 
of aerial photography in relation to education, 
archeology, traffic control, advertising and the like, 
is interesting but relatively unimportant. Aerial 
Photography is much more than an_ instructive 
description of methods and results suitable for the 
general reader. It is a practical text-book which will 
serve as a comprehensive introduction to the subject 
for anyone who contemplates taking up the practice 
of a profession which has great possibilities and no 
distant prospect of becoming quite lucrative. Air 
survey and photography is, apart from aerial advertis- 
ing, the only branch of civil aviation which is capable 
of being conducted, even now, as a commercial pursuit 
independent of government subsidies. The spectacular 
achievements of the aeroplane in the field of transport 
may, after all, mark no more significant a progress 
than that of ever more feverish speed. The cynic 
may see in the airway only a means of travelling at 
phenomenal speed from a “ narrow and illiberal life ”’ 
in Tooting to an equally narrow and illiberal life in 
Trebizond. But air survey can claim more solidly 
desirable potentialities. It can give man a greater 
knowledge of his heritage as the essentia! prelude to 
its inheritance. 


In our issue for April 23, 1926, we reviewed the first 
edition of an Italian book on structures of all kinds, 
including factories, garages, power stations, &c., built 
of reinforced concrete. A second edition of this same 
book, by Professor of Civil Engineering Luigi Santa- 
rella, entitled Jl Cemento Armato nelle Costruzioni 
Civili ed Industriali, is now available. This, in effect, 
is almost entirely a new book, inasmuch as amongst 
the 53 examples of recent buildings of reinforced con- 
crete erected throughout Italy, only about a dozen 
typical ones were illustrated and described in the first 
edition. The new book gives further evidence of the 
extent to which reinforced concrete is being developed 
throughout the country. All the buildings dealt with 
are interesting, and many specialists, manufacturers or 
traders, will be able, among the number, to find appro- 
priate examples that would meet their own requirements. 
One striking instance of the fitness for structural 
work of the comparatively new material is afforded by 
the fact that it has been used in the construction of a 
cinema-theatre at Messina, a district liable to earth- 
quakes. In this instance, as in the others described, 
dimensions and very full stress formule are given. 
The volume of subject matter contains views and 
diagrams. It is completed by a second volume made 
up of 75 folded plates, reproductions of working 
drawings of foundations, sections through walls, 
members, stairways, roofing, &c., with diagrams show- 
ing the distribution of the strengthening ribs. Like 
the first edition, this second one is admirably got up. 
The price of the two volumes together, subject matter 
and plates, is 85 lire, and they are published by Ulrico 
Hoepli, Milan. 





The Mathematische Hilfsmittel fiir Techniker, by 
A. Deckert and E. Rother, belong to the collection 
of Lebende Biicher, edited by Professor A. Deckert. 
This collection comprises monographs on mathematics, 
mechanics, agriculture, heat technics, telegraphy, &c. 
Of the two volumes before us the one deals with Ana- 
lytische Geometrie, and the other with Differential- und 
Integral-Rechnung ; they are published by Messrs. A. 
Ziemsen, of Wittenberg, at the prices of 3.25 marks 
and 6 marks, respectively. The volumes are not 
primers. They are rather memorandum books, sum- 
maries of the chief definitions and formule which the 
practical man is apt to forget after leaving college. 
For whom the volumes are particularly intended, we 
do not know. Part of what they contain is to be found 
in an engineer’s pocket-book. The other information 


given will be useful and convenient, provided the reader 
knows exactly where to look for it. This is the trouble 
with all books of the vade mecum and aide class. 


It will be readily conceded that intelligent method 
in the conduct of any undertaking should be fruitful 
of better results than where no method has been em- 
ployed, or where methods that are unsuitable to the case 
in hand have been used. Experience in one class of work, 
indeed, though good in itself, may be misleading when 
used without reference to dissimilarity of conditions. 
An exposition of the procedure which may be usefully 
adopted in certain classes of construction will be 
found in Construction Job Management (12s. 6d. net), 
by Chas. F. Dingman, issued by the McGraw-Hill 
Publishing Company, Limited. This book, assuming 
scant knowledge on the part of the reader, explains 
many matters which seem hardly worth the space to 
| those who already know the elements, but supports 
this with much detailed information of value, from the 
choosing of employees and organising the job to rela- 
tions with sub-contractors. Masonry, brickwork and 
concrete, fireproofing, plaster and stucco, carpenters’ 
work and structural steel are dealt with, from which 
statement it will be correctly inferred that the class 
of “job” dealt with is the construction of buildings, 
There are many illustrations and much useful matter 
in small compass, particularly with respect to mortars 
and concrete, but as this book was prepared for United 
States practice some caution is desirable with regard 
to trade usages where named, to the dimensions of 
brickwork, and to the use of the U.S. gallon, which 
differ materially from our own. These little differ- 
ences notwithstanding, the book should bé of service 
to the British reader. There are many excellent 
tables. 


Though the first practical use of reinforced concrete 
in structural work was developed in this country by 
Wilkinson, some seventy-five years since, it is not to 
be denied that reliable methods of calculation were 
first advanced by French engineers. Considerable 
progress had been made in the processes of design when 
the French Ministry of Works, in 1900, appointed a 
Commission to enquire into the whole matter, and to 
formulate rules, which resulted in the Governmental 
Circular of 1906. In 1907, was published a volume of 
500 pages, giving the results of antecedent experimental 
and other studies, which may still be consulted with 
advantage. So thorough was the work done by the 
Commission that the ordinance of 1906 resulting, 
appears to be still in force, and though framed with 
respect to State works, being also a safe guide with 
respect to other constructions, is accepted by Pro- 
fessor L. Guillot in a recently-issued treatise on the 
subject Notions sur la Résistance du Béton Armé, Résist- 
ance des Poutres Droites, published by the Librarie 
Polytechnique Ch. Béranger, of Paris and Liége, price 
24 fr. The fundamental principles of design are 
clearly stated, and methods of treatment well dis- 
played with respect to the usual features of construc- 
tion, that is, in the calculation of beams of various 
kinds, slabs in floors and foundations, columns, Xc., 
and with various types of reinforcement to suit differing 
cases, dealing in detail with all the common problems. 
More complex structures are not treated, this book 
being one of a series for the use of students in the 
Ecoles Nationales d’Arts et Métiers, for whose benefit 
demonstrations of the methods used are given with 
desirable completeness. As a summary of ordinary 
French practice, as it may be presumed to be, the book 
is well worth attention. 








Tue INnsTiruTION oF STRUCTURAL ENGINEERS.—A 
luncheon was given, on Friday, July 20, at the 
Connaught Rooms, W.C.2, by the Institution of 
Structural Engineers, at which function the guests 
included the Right Hon. the Lord Mayor of London 
and Lady Batho, the Right Worshipful Mr. Sheriff 
F. D. Green, and the Right Hon. Lord Riddell. As 
we noted on page 15 of our issue of July 6, the primary 
object of the luncheon was the presentation ol the 
annual Travelling Scholarship to Mr. George Caddell, 
of New Ferry, Cheshire. In making the presentation, 
Sir Charles Batho remarked that the problem this 
year had been the redesigning of the Royal Exchange 
as a modern stee!-frame building, and that the award, 
valued at 300/., which was to be spent on foreign travel 
and study, had been made through the generosity ot 
Messrs. Dorman, Long and Company, Limited. It had 
|} given him great pleasure, he said, to give permussion 
|for the examiners to reproduce the old original plans 
of the building, and it was some satisfaction to know 
that, should it be required to enlarge the building at 
any time, it would not be necessary to make extensive 
alterations in its present appearance. A n'a 
presentation was made of a silver medal to Mr. J. L 
Liversidge. When these presentations had been mace, 
Lord Riddell proposed the toast of ‘‘ London and i 
Historic Buildings,” coupled with the name of 7 
present Lord Mayor, to which Sir Charles Batho made 
a suitable reply. 
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LABOUR NOTES. 


Last week’s conferences in London, between repre- 
sentatives of the railway companies and represen- 
tatives of the three unions of railwaymen had a happier 
ending than seemed at one time to be probable. An 
agreement was reached under which wages and salaries, 
including those of shopmen, staff, officers and directors, 
are to be reduced by 2} per cent. The text of the 
agreement is as follows :— 

|. All general proposals for variations in wages, 
conditions, &c., by either the trade unions, individually 
or collectively, or the railway companies, to remain in 
abeyance during the continuance of this agreement. 

2, The trade unions agree that all employees whose 
conditions of service are governed by the several 
national agreements shall be subject to a deduction 
at the rate of 24 per cent. from the gross amount of 
salary or wages and other remuneration accruing to 
them for each pay period. 

3. The National Union of Railwaymen agree to a 
deduction at the rate of 24 per cent. being made from 
the gross earnings of railway shop employees. 

4, Concurrently with that deduction coming into 
force, the railway companies undertake that (a) at all 
places where sufficient work is available they will 
arrange that normal full-time working shall be restored 
in the shops; and (6) where at any establishment at 
any time sufficient work is not available, and full- 
time working would necessitate extensive dismissals, 
it is agreed that, as an alternative to full-time working 
and to minimise such extensive dismissals, a company 
may book off the employees on Saturday morning. 
(c) The railway companies undertake jointly with the 
trade unions, parties hereto, at once to open negotiations 
with the other trade unions concerned with a view 
to obtaining their concurrence in this arrangement. 
(d) The railway companies undertake jointly with the 
trade unions, parties hereto, to seek the assent of any 
other trade union concerned to the deduction mentioned 
in Clause 2 being made from the earnings of any class 
of employees not covered by the several national agree- 
ments referred to in Clause 2. 

5. The railway companies to arrange for the deduc- 
tion set out in Clause 2 being made from the following : 
(a) The gross amount of salary or other remuneration 
accruing to the officers of the companies in each pay 
period; (6) the gross amount of salary or wages and 
other remuneration accruing in each pay period to any 
member of the staff not otherwise referred to in this 
agreement. 

The agreement is to remain in force for twelve 
months, and to be terminable thereafter by three 
months’ notice, but a notice will only be in order if 
it is tendered by the railway companies collectively or 
the trade unions collectively. 

The official organ of the International Labour 
Office states that a recent congress of the Russian 
Railwaymen’s Union discussed the question of wages 
at great length. Dissatisfaction was expressed at 
the introduction of the new scale, partly because it 
involved a reduction in the wages of 23 per cent. of 
the railwaymen (with increases affecting 70 per cent.), 
and partly on account of difficulties in the application 
of the scale. Rates of production had been consider- 
ably increased and piece-work prices reduced, so that 
many railwaymen had been obliged either to work 
harder than before or to receive lower wages. It 
frequently happened that a skilled worker with con- 
siderable experience received under the new scale 
no more, or even less, than a new recruit without much 
special training. 

The chairman of the Central Committee stated that 
he would take steps to rectify such mistakes, but that 
it was necessary to work harder in order to obtain 
better wages. In 1927, the average earnings of railway- 
men, including workers employed in construction and 
repair shops, were 69 roubles a month, or, in real 
Wages, 83 per cent. of the pre-war wage. For the 
current year, the average had been fixed at 73-20 
roubles. Mr. Rudzutak, Commissary for Transport, 
informed the congress, however, that it was feared 
that it would be impossible to reach that level this 
year. No means were available which would make it 
possible to pay an average wage of 73-20 roubles. 

he trade union organisations should give energetic 
Support to the Government policy in this matter. The 
deficit of the transport undertakings was 195,000,000 
roubles in 1926-27, and would probably be 225,000,000 
this year. The Commissariat for Transport was thus 
obliged to economise on labour costs. 





At a congress of the Russian Building Workers 
rims an interesting discussion took place on the 
Unancial situation of the organisation. In the course of 
it, it was alleged that the central committee had 
mismanaged the funds, and had been guilty of various 
‘rrors and irregularities. The supervisory committee 


the congress. There had been 285 cases of embezzle- 
ment in 1926, and 262 in 1927. The supervisory 
committees had been able to trace only 117 and 95 of 
these respectively. The receipts had exceeded 
8,000,000 roubles in 1927, but only 25 per cent. had 
been handed over to the unemployment and education 
funds, while 30 per cent. had been devoted to adminis- 
trative expenses. The congress expressed the view 
that these expenses should be rigorously reduced, 
and that more money should be spent on vocational 
training and improving the qualifications of members. 
Severe censure of the retiring committee was expressed 
on the ground that it had shown inertia in the manage- 
ment of trade union affairs and in the defence of the 
interests of the members. The majority of the com- 
mittee, including the chairman and secretary, were not 
re-elected. wae 

The Ministry of Labour states that on July 23, 1928, 
the number of unemployed persons on the registers of 
Employment Exchanges in Great Britain was 1,282,900, 
of whom 800,300 were wholly unemployed, 407,400 
were temporarily stopped, and 75,200 were persons 
normally in casual employment. Of the total number, 
1,018,900 were men, 34,000 boys, 201,700 women, 
and 28,300 girls. The number of unemployed persons, 
on July 16, 1928, was 1,247,435. Of these, 796,873 
were wholly unemployed, 374,717 were temporarily 
stopped, and 75,845 were persons normally in casual 
employment ; 988,550 were men, 32,139 boys, 198,790 
women, and 27,956 girls. On July 25, 1927, the 
number of unemployed persons was 1,026,902, of whom 
816,031 were men, 33,062 boys, 148,190 women, and 
29,619 girls. 





‘“* By what authority,” asks Mr. John Hill in the 

monthly official organ of the Boilermakers and Iron 
and Steel Shipbuilders’ Society, ‘‘ do the Communist 
Party and Cook and Maxton tell the trade union 
leaders not to meet employers ? Do not our members 
call on us every day in the week to meet employers 
on wages, hours, victimisations and all the hundred 
and one troubles they have at their work ? How often 
are we told by our Communist critics that we should 
chuck these useless efforts of individual unions and 
make one big union which would meet the employers 
with the strength of numbers behind them? Is the 
T.U.C., with a membership of four and a-half millions, 
too small to meet employers ? . It is true that 
the majority of our conferences with employers result 
in nothing, but they are not all without results, and 
our members recognise that the only way to a settle- 
ment of any dispute is at the conference table. 
I have no apology to make to anyone for agreeing to 
the talks which are now proceeding with the Mond 
group. If that group will help us to higher wages, 
shorter hours, work for the unemployed, a voice in 
management, or any of these things, then we will go 
on with them. If they cannot, or will not, help in 
these things, then these Conferences will end so far as 
I am concerned.” 





At the end of June, 13,912 members of the 
Boilermakers’ Society were “signing the books,” as 
compared with 11,964 a month earlier. The number 
of members in receipt of superannuation benefit was 
4,389 as compared with 4,344, and the number in 
receipt of sick benefit 2,699, as compared with 2,781. 
In June, when there were five week’s outlays, the 
expenses were 12,354]. 13s. 5d.; in May, they were 
10,2501. 15s. 6d. ess 

The principal question discussed at the annual 
conference in Brussels of the Belgian Metal Workers’ 
Union, was rationalisation. A resolution was adopted 
calling for amendment of legislation relating to joint 
stock companies, so as to provide compulsory represen- 
tation of labour on boards of directors; control of 
production and price fixing; measures to counteract 
the dismissal of workers which may result from scientific 
organisation of labour, and the adoption of an Unem- 
ployment Insurance Act; a large share of profits in 
the form of an increase in wages; annual holidays 
with pay, and gradual reduction of the working day. 
Other resolutions adopted related to collective agree- 
ments, indemnities for dismissals, industrial accidents, 
and the introduction of wages books. 


The Ministry of Labour Gazette states that the 
Netherlands Minister of Labour recently announced to 
the associations of workers and employers concerned 
that on and from January 1, 1929, working hours in 
shipbuilding yards building ships for sea traffic, in 
which exemptions have been granted almost con- 
tinuously since the passing of the Eight-Hour Day Act, 
would be reduced from 50 to 48 hours a week. The 
Minister stated that the object for which overtime 
permits had been granted, the maintenance of the ship- 
building industry against foreign competition, had been 





submitted an adverse report, which was accepted by 


completely realised, and that he considered that he had 
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no power to continue granting overtime permits in 
order to increase profits by means of a longer working 
day. For yards building ships for inland traffic, per- 
mits to work 52 hours a week may be granted till 
October 1, 1928. On and after that date, the weekly 
working hours for such yards are to be reduced to 50. 

The Federation of Master Cotton Spinners Associa- 
tions, at a meeting in Manchester on Friday last week- 
decided on a lock-out at all the federated establishments 
on August 11, unless the operatives who were on strike at 
the Ramsey Mill, Oldham, returned to work in the in- 
terval. The resolution adopted was in the following 
terms: ‘That this meeting of members approves the 
action of the federation committees in connection with 
the dispute at the Ramsey Mill and pledges itself to carry 
out the recommendation of the federation committees 
that all federation mills be closed at noon on Saturday, 
August 11, and remain closed until such time as the 
operatives return to work at the Ramsey Mill.” On 
Wednesday, the worker involved and the trade union 
reached an agreement, and the lock-out notices were 
accordingly withdrawn. 


In the Chancery Division of the High Court last week, 
Mr. Justice Maugham made a declaration that it was 
not lawful for the Birkenhead Corporation to require 
any person to be a member of a trade union, as a con- 
dition of employment or of continuance in employment. 
The case was brought by the Attorney-General at 
the instance of a ratepayer, and related to resolutions 
passed by various committees of the Birkenhead 
Borough Council in May and June of last year (before 
the passing of the Trade Disputes and Trade Unions 
Act) requiring that persons in their employ should 
be, or should become, trade unionists. The Judge was 
asked to declare that these resolutions were unlawful, 
and to grant an injunction restraining the Corporation 
from acting on the resolutions. 


The Corporation contended that they did not act 
on the resolutions, which ipso facto became null and 
void on the passing of the Trade Disputes and Trade 
Unions Act, on June 29, 1927. With regard to an 
electrician whom they were alleged to have dismissed 
for not joining the Electrical Trades Union, they 
declared that this employee was suspended because 
of action taken by the Union. Mr. Justice Maugham, 
after the evidence, said that he thought he was 
entitled to make a limited declaration in terms asked 
for by the plaintiff. The evidence given had satisfied 
him that it had not been the practice of members 
of committees to require men to be, or to continue 
to be, members of a union, and except to the limited 
extent which had been proved, there was no desire 
to oppress non-members of unions. He did not 
think it right, therefore, to grant an injunction. 
Costs were given against the Corporation. 





Industrial News, a weekly official organ of the 
Trades Union Congress General Council, states that 
in a report on the activities of the Communist Inter- 
national, published recently by the Communist Party 
of Great Britain, unfounded claims are made on 








behalf of the Minority Movement. It is claimed, 
in connection with the “‘ fraction ’’ work of the Party, 
that two Party members have been elected to the 
Joint Consultative Committee of the Trades Councils 
and the Trades Union Congress. ‘‘ The claim is,” 
Industrial News says, “ entirely without foundation. 
No member of the Communist Party is a member 
of the Trades Council’s Joint Consultative Committee. 
The position of the Communist Party relative to the 
Unions is revealed in the membership figures, 
according to which the party is only able to claim 
5,300 trade unionists out of a total of nearly 4,000,000 
affiliated to Congress, while of this small number 
a fraction only are reckoned as ‘ active’ members.” 








AN EmprricAL FoRMULA FOR CRANKSHAFT STIFFNESS 
IN TorsION: ErratumM.—In the formula for Q in the 
article by Mr. B. C. Carter, on ‘‘ An Empirical Formula for 
Crankshaft Stiffness,”’ given in column I, page 37 ante, the 


a : i é : 
term q, was omitted. The term on the right side should 
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THE AMERICAN BuREAU or AIRCRAFT.—We have been 
informed that the American Bureau of Shipping, which 
was founded in 1862, has been requested to extend its 
existing operations in order to cover aeronautics. 
The result of this has been the formation of a new 
and separate department, the American Bureau of 
Aircraft. A general advisory committee is at present 
being formed. Professor A. Klemin, of the Faculty of 
Aeronautics, New York University, has been retained 
as consulting aeronautical engineer. The Bureau is a 
signatory member of the Aeronautical International 
Register, representing the United States. 
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ELECTRIC EXPRESS PASSENGER 
LOCOMOTIVE FOR THE GREAT 
INDIAN PENINSULA RAILWAY. 

In the issue of ENGINEERING of March 9 last, vol. 
cxxv, page 297, we stated in an article opening with a 
short description of the work of electrification of the 
Great Indian Peninsula Railway, that an experimental 
electric passenger locomotive had been ordered from 
each of three different contractors. We then proceeded 
to give an account of one of the three. The subject 
of the present article is the locomotive allocated to 
the second name on the list, taken alphabetically ; 
that is, Messrs. The General Electric Company, Limited, 
Magnet House, Kingsway, W.C.2. This has just 
been completed and tested at the Forth Bank Works 
of Messrs. R. & W. Hawthorn, Leslie and Company, 
Limited, Newcastle-upon-Tyne, which firm has manu- 
factured the mechanical parts as sub-contractors, the 
whole of the electrical equipment being supplied by 
the main contractors, Messrs. The General Electric 
Company. The locomotive has been built to the 
specification, and under the supervision of, Messrs. 
Merz and McLellan, 32, Victoria-street, S.W.1, through 
whose courtesy, and that of the contractors, we were 
recently enabled to make an inspection of it. Some 
particulars of the electrified section of the Great 
Indian Peninsula Railway have been given already in 
these columns and need not be repeated. 

The locomotive, which is illustrated in Figs. 1 to 6, 
on this and the opposite pages, is of the 4-6-4 type, 
the three main axles having a separate drive without 
coupling. For the main motors, the twin-armature 
type has been adopted, an arrangement which is 
mechanically very satisfactory. It also ensures that 
two commutators are always in series across the 
line, with a resulting gain in the electrical stability 
of the motor due to the value that can be adopted 
for the voltage between commutator segments. 
The motors can be connected in series, series- 
parallel, or parallel; that is, six armatures in series, 
two parallel groups oi three armatures in series, 
and three parallel groups of two armatures in 
series. With any one of these groupings two weakened 
fields can be used, so that nine economical running 
speeds can be obtained continuously without the 
main resistance being in circuit. The leading figures 
relating to the locomotive are as follows :— 

Total length over buffers 56 ft. 2} in. 

Rigid wheel base ae “i “ee 15 ft. 

Bogie wheel base = Re ees 7 ft. 

Diameter of driving wheels 6 ft. 2 in. 

Diameter of bogie wheels 3 ft 


Overall width over platform = 10 ft. 
B.H.P. at hourly rating, 8 and 36 

m.p.h. ae a le awe 2,250 
BLP. at continuous rating, 37 m.p.h. 2,130 





Fie. 1. GENERAL VIEW. 

Normal maximum running speed 75 m.p.h, 
a maximum running speed 85 m.p.h. 
Total weight... aoe aie 108 tons. 
Tractive effort, up to]36 m.p.h. : 24,000 lb. 
< » at 70 m.p.h. ... eae 6,300 lb. 

an », at 26m.p.h., when ope- 

rating in conjunction with freight 
locomotives on Ghat sections ; 16,000 lb. 
approx. 


The above figures of tractive effort are with a line 
pressure of 1,400 volts. 


The general appearance of the locomotive is well 
seen in Fig. 1. The body is of the box type carried 
on outside frames. There is a driver’s compartment at 
each end, having a door furnished with drop-lights 
at each side. There are two front lights at each end. 
Both sides of each driving wheel and bogie wheel 
are braked, and sanding of the driving wheels is pro- 
vided for both directions of motion. The compart- 
ments are connected by a corridor running down 
each side of the locomotive, from which corridor 
access is had to both the main motors and auxiliary 
machines. Lubricant reservoirs for the driving axle 
boxes are arranged on the upper part of the main 
frame and are accessible while under way. The 
machinery compartment is in the central portion. The 
traction motors are rigidly mounted on main frames, 
and are provided with accessible openings for internal 
inspection. Above the traction motors are the main 
starting resistances and the auxiliary machinery. 
The former are of the grid type, and are provided 
with double insulation. The auxiliaries comprise two 
compressors for operating the locomotive brakes, 
two rotary exhausters for operating the train vacuum 
brake, a double-blower, and an auxiliary generator 
set, all being motor-driven. The blower is provided 
for the forced ventilation of the traction motors, the 
air being introduced at the commutators, and, after 
flowing along the axes of the motors, passing out 
over the main resistances, thence escaping through 
| louvres in the roof clerestory. At each end of the 
central machinery space, and immediately at the back 
of the driving compartments, is a high-tension com- 
partment. This is partitioned off and can only be 
entered from the driving compartment by a door so 
interlocked with all the high-tension circuits that all 
apparatus is dead before it can be opened. These 
| two compartments contain, arranged on each side of a 
|central gangway, the main contactors, main motor 
reverser, inductive field shunts, and auxiliary high- 
The whole of the control 





| 


| tension control apparatus. 
| gear is readily accessible. 
Coming to a closer consideration of detail, a view is 
|given in Fig. 2 of one of the main twin-armature 
| motors in course of erection. Single-sided driving only, 
| with a common gear wheel, is used, as is shown by the 
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gear case at the left of the figure. The frame, of box 
construction, is made of high permeability cast steel, 
with suitable inspection openings. The motors are 
of the four-pole type, the main poles being vertical 
and horizontal with interpoles at 45 deg., this arrange- 
ment permitting more correct proportioning of coil 
area relative to the rate of heat dissipation. The 
armature laminations and windings are carried on a 
cast-steel spider, and the shaft may thus be with- 
drawn without disturbing them or the commutator. 
The bearings are arranged for ring lubrication, and the 
access of oil to the interior of the motors is carefully 
guarded against. The ventilation has already been 
referred to, but it may be mentioned that the air passes 
over both the surface of the armature and field coils, 
and through tunnels inside the core of the former. 
Each motor is rated at 710 brake horse-power and 750 
brake horse-power on the continuous and 1-hour ratings, 
respectively, with an averageline pressure of 1,400 volts, 
the British Standard Specification No. 173 being taken 
as a basis. 

Power is transmitted to the driving wheelsthrough a 
quill on which is mounted the gear wheel shown in 
Fig. 3. This is provided with two keyways, and the 
rim of the wheel is coupled to the centre by bolts. The 
torque, however, is really transmitted through six groups 
of laminated springs arranged radially in recesses in both 
centre and rim. Uniform transmission is thereby 
ensured. The gear ratio is 1 to 4-5. The quill itself is 
carried in bearings housed in the motor frame. There is 
thus constant uniformity in the meshing of the pinions 
and gear wheel. The quill bearings are lubricated 
by oil and trimming. It is claimed that, as the 
gear wheel is not connected directly to the drive by 
pins asymmetrically placed, no deformation of the 
wheel can take place. The drive itself has been 
developed by the General Electric Company, in con- 
junction with their associates, Messrs. Les Ateliers de 
Construction Oerlikon, Switzerland. ; 

Fig. 5 shows the method by which the torque 18 
transmitted from the quill to the driving wheel, while 
permitting relative movement between the two. The 
figure shows the axle and one of the driving wheels in 
position, the former, of course, passing through the 
quill, the enlarged end of which, at the left-hand side 
of the figure, forms the gear-wheel seating. The surfaces 
for the motor-bearing seatings can also be distin- 
guished, and, at the other end, is the housing for the 
flexible-yoke drive, which housing is attached firmly 
to the quill. It is a hollow steel casting with a bolted 
cover, which is shown removed in the figure for the 
sake of clearness. The moving parts are thus protected 
from the entry of dust or water, and loss of lubricant 1s 
prevented. a 

The principal factors in the torque transmissiov, 
as concerns the housings, are the sliding blocks at the 
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Fia. 4. 


ExTERNAL VIEW OF DRIVING WHEEL. 





























Fie. 3. Spring Spur WHEEL. 


top and bottom of the diamond-shaped yoke frame 
shown in Fig. 5. The other two corners of the frame 
are connected by a pair of links to the driving pins on 
the driving wheel, an external view of which is given 
in Fig. 4. These connecting links have spherical 
bearings to allow for the angular movement between 
the wheels and the drive. The flexibility of the 
yoke and links will be apparent from Fig. 5, the 
torque being transmitted from the drive, with varying 
eccentricities between the centre line of the axle and 
the centre line of the quill, without rapid acceleration 
or deceleration of the armature masses. No springs 
are therefore necessary, as the stresses they are usually 
Sted to absorb do not exist in this type of drive. The 
inkage requires only four universal joints and two slid- 
ing blocks, Lubrication is automatic, and is effected 
in this way: When the cover of the housing is in place, 
a sealed chamber is formed, and oil contained in it 
8 distributed .by centrifugal force round the inner 
Periphery. From here it is picked up ‘by two small 
reciprocating pumps connected to the sliding blocks, 
and is distributed from them to points needing lubri- 
cation by the flexible pipes shown. The cover of the 
Jousing is itself provided with small portable doors 
in way of the several parts of the mechanism, and 
7 ntling may be carried out after lowering the 
omplete wheel set, including the motor, into a pit. 


Fig. 5. 


| The driving wheel, shown without its tyre in Fig. 4, 
needs no comment except to point out that the weight 
of the driving pins is suitably balanced. 

The current is collected by two pantographs, situated 
above the high-tension chambers and operated by 
compressed air. The control system is of the electro- 
pneumatic contactor type, with separate unit switches 
for the line switches, resistance switches and combina- 
tion switches. An electro-pneumatically operated 
drum-type reverseris used. The grouping of the motors 
has already been described. Resistance steps are 
provided in each grouping, there being thirteen series 
notches, ten series-parallel notches, and ten parallel 
notches, very even starting being thus ensured. Field 
control is obtained by inductive shunts, the resistance 
and inductance of which are proportioned to give 
the same time constant as the main motor fields, in 
| order to ensure the current building up simultaneously 
|in the two parallel circuits. This almost eliminates 
the possibility of a flash-over. There is a main fuse 
immediately in front of each pantograph for over-load 
protection, which is also provided for by duplicated line 
switches in conjunction with overload relays in each of 
| the three motor group circuits. Each pantograph cir- 
| cuit is provided with a choke coil and an aluminium- 
|type lightning and surgefarrester. The pantograph 
lisolating switch is operated by means of a hooked 
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stick, and either pantograph may be used for feeding 
either or both main motor circuits by a ’*bussing switch. 

The main earthing switches are, as previously 
indicated, interlocked with the doors of the high- 
tension chambers. Any particular motor can be 
isolated by a simple manual operation on the reverser, 
the drums being moved into a position between 
forward and reverse whilst the change is being 
made. The whole equipment is divided into halves, 
either of which can be put out of operation by multi- 
point switches without entering the high-tension 
chambers. Two separate feeds are provided to the 
auxiliary circuit. These feeds are taken from the 
negative side of the main earthing switches, and are 
separately protected by auxiliary fuses and choke 
coils. Each auxiliary motor circuit is also protected 
by a 1,500-volt fuse. The two 1,500-volt exhauster 
motors have two-speed control from a contactor, 
which short circuits a section of the motor field and a 
small series resistance. The driver normally uses a 
vacuum brake valve, which actuates not only the train 
vacuum brakes, but, by means of a special diaphragm 
type of valve, controls the air brakes on the locomotive, 
the application, in both cases, being proportional. 
The contactor for the exhauster motors, just referred 
to, is energised by contacts on the driver’s brake valve. 
In {ordinary train running, the exhausters work at 
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normal speed to maintain the vacuum in the train pipe 
line, but when the brake is operated the exhausters 
are run at high speed to re-create the vacuum. 

The compressor motors for the locomotive brakes 
are switched direct on to the 1,500-volt line. An air 
valve permits the application of the air brake on the 
locomotive only, without the use of the train brakes, 
and, conversely, the locomotive brake can be locked 
off while the train brakes are used. This enables the 
driver to make smooth service stops, especially when 
long trains are being hauled. The blower motor is 
provided with two starting steps, in the first of which 
a large resistance is inserted in the circuit, to be par- 
tially cut out by the automatic action of a time-lag 
relay as the set runs up tospeed. The motor-generating 
set comprises a motor, generator, and small exciter, 
all of which are so wound that, with widely-fluctuating 
conditions on the high-tension side, the voltage on the 
low-tension side is approximately constant. For 
example, there is no appreciable variation in low- 
tension voltage with a load on 35-5 amps., when the 
line voltage changes suddenly from 1,900 to 500 volts. 
A battery is provided which floats across the generator. 
It is controlled by a cut-in and cut-out switch of the 
usual pattern, the nominal voltage of the auxiliary 
circuits being 50 volts. 

The electro-pneumatic contactors used for line 
switches, resistances, and field weakening may here be 
briefly described. An electro-pneumatic valve is used 
to control the admission of air to the operating cylinder, 
the piston travel of which is guided. The lower con- 
tact jaw is fitted with a knuckling spring, to ensure a 
wiping action of the contacts in opening and closing. 
The contactor is provided with a very efficient mag- 
netic blow-out, and as the tips of the jaws are arranged 
to be last in contact when opening, all pitting is therefore 
confined to them. Electric solenoid contactors are 
used for controlling the 1,500-volt auxiliary circuits. 
The master controller has handles for controlling the 
various resistance notches, the grouping of the motors, 
and forward or reverse running, respectively. The 
main drums cannot be moved unless the reverser is 
thrown fully into either the forward or reverse position. 
The reverse drum cannot be operated unless the drums 
are in the “off” position. The reverser handle can 
only be removed in the “off” position, the others 
being fixed. It thus controls the operation of the whole 
of the master controller. The driving position is on 
the left-hand side of the compartment, and the electrical 
meters, and air- and vacuum-brake gauges. are all in 
sight without interfering with the driver’s look-out. 
The speed indicator is also easily observable, and the 
group of lighting and auxiliary switches very handily 
arranged. In conclusion, it may be stated that, in 
addition to the tractive efforts given in the leading 
particulars tabulated above, the specification required 
that the locomotive should start from rest a train 
weighing 450 tons on an up grade of 1 in 100, and 
attain a speed of 36 m.p.h. at 1,400 volts. This was to 
be repeated ten times at five-minute intervals without 
the temperature of the main resistances exceeding 
250 deg. C. Under these starting conditions, the 
tractive effort was not to vary by more than 10 per 
cent. above or below the mean value. 


ENGINEERING TRAINING AND 
EDUCATION. 


The Institute of Transport.—Examinations — for 
graduateship and associate membership of the Insti- 
tute of Transport, 15, Savoy-street, W.C.2, will be held 
in London, and at other centres, on Thursday, Friday 
and Saturday, April 25, 26 and 27, 1929. The subjects 
are as follows fo: the graduateship examination :— 
general economics; a modern foreign language, or 
mathematics; the elements of traffic working by rail- 
way, road, water and air; principles of statistics, with 
special reference to transportation; and, the transport 
arrangements of Holland and Belgium, or economic 
geography. The associate membership examination is 
divided into four sections, namely, traffic, engineering, 
audit, and legal. The latest dates for the deposit by 
candidates of forms of application are : for exemption, 
November 30, 1928; for examination, February 1, 
1929. Further particulars and forms of application, 
&c., may be obtained from the secretary at the above 
address. 


Technical College, Bradford.—The annual prospectus 
of the diploma and special day courses, for the session 
1928-29, of the Technical College, Bradford, has just 
come to hand. The publication opens with a number 
of photographs and plans of the various college build- 
ings, from which a good impression may be gained of 
the present equipment, and the thoroughness and 
wide scope of the courses offered. In view of the fact 
that the district is practically dependent on the textile 
industry, the college has devoted an entire block of 
buildings, complete with a power house, combing, 
spinning and weaving sheds, Xc., to the study of this 
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ENGINEERING. 
industry. Diploma courses are arranged in the depart- 
ments of textile industries, chemistry, dyeing, civil, 
mechanical and electrical engineering, and physics. 
Classes in biology are also held. Special day courses 
are arranged to meet the needs of students who are 
preparing for special examinations, or who need pre- 
paration for a particular sphere of industry, while 
part-time day courses are arranged to meet the 
wants of students whose ordinary occupation occupies 
the greater portion of their time. Day classes of 
the Michaelmas term begin on October 1, and the 
term ends on December 21; the Lent term begins 
on January 15, 1929, and ends on March 23; while 
the summer term begins on April 9 and ends on 
July 17. Further information regarding the college 
regulations and fees may be obtained on application 
to the Principal. 








BOOKS RECEIVED. 


United States Bureau of Mines. Technical Paper No. 403. 
Hydraulic Classification. Its Theory, Mechanical 
Developments and Application to Ore Dressing. With 
a Chapter on Methods of Determining the Densities of 
Liquids and Ore Pulps. By A. W. FAHRENWALD. 
[Price 15 cents.] No. 527. Propagation of Flame in 
Mixtures of Natural Gas and Air. By H. F. Cowarp 
and H. P. GrEEwALD. [Price 10 cents.] No. 433. 
Experiments in Underground Communication Through 
Earth Strata. By L. C. Instey and Others. [Price 20 
cents.] Washington: Government Printing Office. 

Department of Scientific and Industrial Research. The 
Deterioration of Structures in Sea Water. Eighth 
(Interim) Report of the Committee of the Institution 
of Civil Engineers. Edited by JoHN Purser and 
H. J. Grose. London: His Majesty’s Stationery 
Office. [Price 3s. net.] 

Successful Advertising. By Puivip Smita. London: 
Smith’s Advertising Agency, Limited. [Price lJ. 1s. 0d. ] 

United States Geological Survey. Professional Paper No. 
150-D. Sedimentary Rocks of the San Rafael Swell 
and Some Adjacent Areas in Eastern Utah. By J. 
GiLtLuBy and J. B. REESIDE, JNR. [Price 25 cents. ] 
No. 150-E. The Pocono Fauna of the Broad Top Coal 
Field, Pennsylvania. By G. H. Girty. [Price 10 cents. | 
No. 150-F. Notes on Pleistocene Faunas from Mary- 
land and Virginia and Pliocene and Pleistocene Faunas 
from North Carolina. By W. C. MANSFIELD. Wash- 
ington; Government Printing Office. 

Nickel and Its Alloys. London: The Mond Nickel 
Company, Limited. 

Aeronautical Research Committee. Reports and Memo- 
randa. No. 1120. Analysis of Experiments on an Air- 
screw in Various Positions Within the Nose of a Tractor 
Body. By C. N. H. Lock. [Price ls. net.] No. 1135. 
The Effect of Compressibility on the Lift of an Aero- 
foil. By H. Guavert. [Price 6d. net.] London : His 
Majesty’s Stationery Office. 


York : John Wiley and Sons, Inc. London : Chapman 
and Hall, Limited. [Price 15s. net. ] 

United States Bureau of Standards. Scientific Papers 
No 572. Cause and Removal of Certain Heterogeneitties 
in Glass. By L. W. Titton and Others. [Price 10 
cents.| Technologic Papers. No. 349. Physical Pro- 
perties of the Principal Commercial Limestones Used for 
Building Construction in the United States. By D. W. 
KessLER and W. H. Stiex. [Price 30 cents.] No. 359. 
A Superheat Meter or Differential Thermometer for 
Airships. By D. H. SrrRorHer and H. N. Eaton 
{Price 10 cents.] No. 361. Deterioration of Steels in the 
Synthesis of Ammonia. By J. 8. VANIcK and Others. 
{Price 15 cents.] No. 367. Effect of the Testing Method 
on the Determination of Corrosion Resistance. By H. 8. 
RAwpon and E. C. GRorsBeck. [Price 20 cents. ] 
Washington: Government Printing Office. 

Handbook of Mechanical Refrigeration. By H. J. Macin- 
TIRE. New York: John Wiley and Sons, Inc. London : 
Chapman and Hall, Limited. [Price 37s. 6d. net.] 

The Theory and Design of Structures. A Text Book. By 
Ewart 8. ANDREWS. Fourth edition. London: Chap- 
man and Hall, Limited. [Price 13s. 6d. net. | 

United States Bureau of Labour Statistics. Bulletin 
No. 456. Proceedings of the Fourteenth Annual Meet- 
ing of the International Association of Industrial Acci- 
dent Boards and Commissions, Atlanta, Ga. September 
27 to 29, 1927. [Price 40 cents.] Washington; Govern- 
ment Printing office. 

Mathematics for Engineers. 
Seventh edition. London 
Limited. [Price 10s. 6d. net. | 

La Statica della Nave Esposta in Base al Principio del 
Minimo Lavoro di  Assestamento. By ANGELO 
Scripanti. Milan: Ulrico Hoepli. [Price Lire 30. ] 

Theory and Practice. By R. E. Davis, 
F. $8. Foore and W. H. Rayner. London: MeGraw- 
Hill Publishing Company, Limited. [Price 25s. net. | 

United States Commerce Department. Elimination of 
Waste. Simplified Practice Recommendation No. 60. 
Packing of Carriage, Machine and Lag Bolts. No. 63. 
Metal Spools. No. 67. Roller Bearings. No. 75. 
Composition Blackboard. No. 77. Hickory Handles. 
[Price 5 cents each.] Washington: Government 
Printing Oftice. 

Annual Report of the Minister of Mines for the Year ended 
December 31, 1927. Being an Account of Mining 
Operations for Gold, Coal, etc., in the Province of British 
Columbia. Victoria, B.C. : Ministry of Mines. 

Kinematik und Kinetostatik des Starren 

rdumlichen Systems. By Dr. Ing. Kart FEDERHOFER. 
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invites tenders, to reach Cairo by October 2, for the supply 
of 20 tons of stabilised chloride of lime. 
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LAUNCHES AND TRIAL TRIPS. 


““ PENROSE.” —Cargo steamer; single-screw triple. 
expansion engines. Launch, July 17. Main dimensions, 
400 ft. by 53 ft. by 27 ft. 10 in. Built by Messrs. William 


| Dobson and Company, Walker-on-Tyne, to the order 


of Messrs. R. B. Chellew Steam Navigation Company, 
Limited, of Cardiff. : 

“Port Farry.”—Passenger and cargo motorship ; 
twin-screw Doxford Diesel engines. Launch, July 18, 
Main dimensions, 500 ft. by 63 ft., with a deadweight 
of 11,350 tons. Service speed, 15 knots. Built by 
Messrs. Swan, Hunter and Wigham Richardson, Limited, 
Wallsend-on-Tyne, for the Commonwealth and Dominion 
Line, Limited. 

“‘ BonrFace.”—Cargo steamer; _ single-screw triple- 
expansion engines, in combination with the Bauer-Wach 
exhaust turbine system. Trial trip, July 18 and 19. 
Built by Messrs. R. and W. Hawthorn, Leslie and 
Company, Limited, at Hebburn, to the order of the 
Booth Steamship Company, Limited, of Liverpool. 

‘“‘ HAZELSIDE.”—Cargo steamer; single-screw triple- 
expansion engines. Launch, July 20. Main dimensions, 
408 ft. by 52 ft. 9in. by 28 ft. 3in. ; designed for a dead- 
weight of 8,000 tons on a draught of 24 ft. Built by 
Messrs. Short Brothers, Limited, at Pallion, Sunderland, 
for Messrs, Charlton, McAllum and Company, Limited, of 
Newcastle. 

““CraGpoou.”—Cargo steamer; single-screw triple- 
expansion engines. Trial trip, July 21. Main dimensions, 
435 ft. by 54 it. by 29 ft. 9in. Designed for a deadweight 
of 9,000 on a draught of 24 ft. 9 in. Built by Messrs. 
Cowpen Dry Docks and Shipbuilding Company, Limited, 
Blyth, to the order of the Ropner Shipping Company, 
Limited, West Hartlepool. 

** ANGLO-CANADIAN.’’—Cargo motorship ; single-screw, 
four-cylinder Doxford Diesel engines. Trial trip, July 23. 
Main dimensions, 426 ft. by 58 ft. by 36 ft. 6in. ; designed 
for a deadweight of 9,650 tons. Built by Messrs. Short 


Brothers, Limited, at Pallion, Sunderland, for the 
Nitrate Producers’ Steamship Company, Limited, of 


London. 

‘* British Honovur.’’—Oil-tank motorship ; 
screw Sulzer Diesel engines. Trial trip, July 30. De- 
signed to carry about 10,000 tons deadweight. Built 
by Messrs. Palmers Shipbuilding and Iron Company, 
Limited, at Jarrow, for the British Tanker Company, 
Limited. 

‘“Straron.’’—Cargo steamer;  single-screw _ triple- 
expansion engines. Trialtrip, July 31. Main dimensions, 
412 ft. 6 in. by 53 ft. by 27 ft. 6 in. Built by Messrs. 
William Gray and Company, Limited, West Hartlepool, 
for Compagnie de Navigation d’Orbigny, Paris. 

‘* ANDAGOYA.”’—Combined motor fire float, salvage 
vessel, tug and tender; single-screw reversible 300 
brake-horse-power Bolinder heavy-oil engine. Recently 
completed. Main dimensions, 98 ft. 6 in. by 20 ft. 
by 10 ft. 8 in. Built by Messrs. James Pollock, Sons 
and Company, Limited, Faversham, for a South 
American port. 

“ Oporto.’’——Single-screw steamer, triple-expansion 
Trial trip, recently. Main dimensions, 269 ft. 
by 40 ft. by 20 ft. 6 in.; designed for a deadweight of 
Built by Messrs. Ramage and Fergu- 


single- 


‘“* Tarr.’’—Cargo and passenger steamer ; single-screw, 
Trial trip, recently. Main 
gross tonnage ol 
1,590. Built by Messrs. Alexander Stephen and Sons, 
Limited, Govan, Glasgow, for the Khedivial Mail Steam- 


ship and Graving Dock Company, Limited, Port Said. 








Contract.—The Great Western Railway Company, 
has placed a contract with Messrs. the Coventry Victor 
Motor Company Limited, Coventry, for the supply of 
16 air-cooled engines, in connection with the conversion 
of electric trucks to petrol-electric drive at Swindon works. 

R10 DE JANEIRO Motor SHow.—A report on the second 
motor show held at Rio de Janeiro, from May 3 to May 13, 
has been prepared, from information furnished by the 
commercial secretary at Rio de Janeiro, by the Depart- 
ment of Overseas Trade, 35, Old Queen street, London, 
S.W.1, and issued to firms whose names are entered on 
its special register. United Kingdom firms desirous of 
receiving a copy, together with particulars of the special 
register service, should communicate with the Depart- 
ment at the above address, quoting reference number 


A.X. 6637. 


TeNDERS..-We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, 8.W.1, 
particulars of tenders invited by various bodies in the 
British possessions and in foreign countries. Further 
details and information relating to these may be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
The Stores Department of the South African 


Administration is calling tor 


Railways and Harbours 
g e supply 


tenders, to be presented by September 13, for th 
and delivery of such quantities of anti-friction grease 7 
may be required during the year 1929. (Ref. No. B.*- 
4612.)—-The Colombian Ministry of Public Works invites 
tenders, to reach Bogota by August 27, for the supply of 
driving and bridge ereet- 
(Ref. No. A.X. 


Local representation 1s essential. : 
Public Health 


The Egyptian Department of 


(Ref. No. BX. 








Vienna: Julius Springer. [Price 9-90 marks. } 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Tron and Steel.—The outlook of the iron, steel, and 
general engineering trades is better than for some time 
past. Orders are flowing more freely, while inquiries 
from abroad give the hope of some useful contracts being 
placed in the near future. The steel-producing sections, 
though accounting for a larger output, are still unsatis- 
factorily employed. The railway rolling-stock depart- 
ments, however, show improvement. Contracts have 
recently been booked from India, South America, and 
South Africa. The India Store Department, and two 
Indian railways, are also in the market for various de- 
scriptions of plant. The shipbuilding trades are picking 
up. The demand for all kinds of machinery has im- 
proved. Electrical equipment is active, and likely to 
be so for some time to come. Development schemes 
abroad are responsible for some big contracts being 
placed locally, while the home call shows expansion. 
Automobile steel makers report a brisk demand, especi- 
ally from French engineers. The Midlands are also 
taking big supplies. Output of stainless steel and rust- 
less iron continues considerable. The engineering trades 
are good buyers, while the chemical and dye trades are 
good eustomers. Aircraft steel manufacture is an im- 
proving line. The tool trades, though patchy, are res- 
ponsible for an increasing output. Engineers’ require- 
ments are substantial, while agricultural and garden tools 
are in better request. Files, saws, and plantation tools 
are not so prominent. 

South Yorkshire Coal Trade.-—The demand for all 
classes of fuel is well below the average, though recent 
improvement on export account has been maintained. 
Industrial sorts are only moderate. Little business is 
passing in house coal. Increased output of blast-furnace 
coke is finding a ready market both on home and foreign 
account. Foundry and furnace varieties are steady, 
with the overseas requirements tending to increase. 
Gas cokes quoted at from 20s. to 23s. f.o.b. is firm. 
Quotations : Best hand-picked branch, 26s. to 27s. 6d. ; 
Derbyshire best brights, 19s. 6d. to 20s. 6d. ; best house, 
18s. 6d. to 20s.; sereened house coal, I6s. to 17s. : 
screened house nuts, 14s. to 15s. 6d.; Yorkshire hards, 
4s. to 16s.; Derbyshire hards, 14s. to 16s.; rough 
slacks, 8x. 6d. to 9s. 6d. ; nutty slacks, 5s. to 6s. ; smalls, 
3s. to 4s, 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.-—New business in Cleveland 
pig-iron is light, buyers being very disinclined to pay the 
fixed prices that have ruled for some months past, but 
ironmasters are still in a strong position, having very 
little of their restricted output to offer in the open market 
after meeting the requirements of their own consuming 
plant, and of delivery demands of running contracts. 
Comparatively cheaper irons from other districts are, to 
some extent, competing successfully for orders in markets 
that have hitherto drawn supplies chiefly from this area, 
but makers refuse to lower quotations for the products 
of Teesside. No. 1 Cleveland is 68s. 6d.; No. 3 g.m.b., 
b6s.; No. 4 foundry, 65s.; and No. 4 forge, 64s. 6d. 

Hematite.—East Coast hematite quotations continue 
unsteady and unremunerative. Makers are hampered 
by rather large stocks, which are still being steadily 
added to, and they are only able to book orders at com- 
paratively low figures, their effort to place values near 
a profitable level being unsuccessful. Mixed numbers 
range from 68s. to 70s. 

Foreign Ore.—Foreign ore merchants urge consumers 
to negotiate for supplies in view of threatened shortage 
and consequent upward movement in prices, but, as yet, 
there is next to nothing doing. Best rubio is quite 
228. 6d. ¢.i.f. Tees. 





_ Blast-furnace Coke.—Local users of Durham blast- 
furnace coke are buying sparingly. Good medium 
qualities are 17s. 6d. to 17s. 9d. delivered to works in 
this district. 

Manufactured Iron and Steel.—Sales of finished iron 
and steel remain ona very disappointing scale. Manu- 
facturers of several descriptions of material are short of 
work, but in one or two branches substantial contracts 
have yet to be executed. Common iron bars are 10J. 5s. ; 
best bars, 101. 10s.; double best bars, 101. 15s.; treble 
best bars, 112.; iron rivets, 11l. 5s.; packing (parallel), 
il. 10s.; packing (tapered), 10/.; steel billets (soft), 
6l. 15s.: steel billets (medium), 7/. 2s. 6d.; steel billets 
(hard), il, 12s, 6d.; steel rivets, 11/.; steel ship plates, 
Sl. 7s. 6d.; steel angles, 71. 17s. 6d.; steel joists, 
il. lis. 6d. ; heavy steel rails, 8/. 10s. ; black sheets (No. 24 
auge), 107.; and galvanised corrugated sheets (No. 24 
fauge), 137. 10s. 

Ironworkers’ Wages.—The average net selling price of 
rails, plates, bars, and ingots during the two months 
ending June 30 last, certified by accountants for the 
North of England Manufactured Iron Trade Association, 
ne an increase of insufficient magnitude to affect 
Yages under the sliding scale agreement. 








PROPOSED Dam IN New Souta Wates.—The pro- 
fore! has been made to construct a dam on the Lachlan 
~ at Wyangala, near Hillston, New South Wales, 
a -e “ay would serve to supply water to 800,000 acres 
Were ‘erto unused mallee land in the Riverina District. 
rot inderstand that the site was inspected recently by 
“ustralian State officials. It is estimated that the cost 


of the und : . ° 
1,000,007, ertaking would be in the neighbourhood of 
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NOTES FROM THE NORTH. 


Guascow, Wednesday. 


Scottish Steel Trade.—Now that the holidays are over 
in the West of Scotland area, operations have been 
commenced again at the steelworks. Reports indicate 
that bookings have not been very satisfactory during 
the stoppage, and the volume of new work commenced 
this week did not represent a heavy tonnage. Con- 
sumers continue to hold back their specifications, 
and seem to be ordering only as they require material. 
The local steel industry is certainly not in a very flourish- 
ing condition at the present time, and there is little 
prospect of the Government doing anything to help, in 
the meantime at least. Inquiries from overseas are not 
very heavy at the moment, but producers are hopeful that 
some expansion in this direction will be forthcoming 
before long. Prices show no change, and are as follow :— 
Boiler plates, 102. 10s. per ton; ship-plates, 8/. 7s. 6d. 
per ton; and sections, 7/. 17s. 6d. per ton, all delivered 
Glasgow stations, In the black-sheet trade quite a fair 
amount of work is on hand, for galvanised sorts and 
also for the better grade of sheets, but most works could 
undertake a much larger tonnage with ease. For sheets, 
1 in., the price is 8/. 12s. 6d. per ton, and for galvanised 
corrugated sheets, 24 b.g., the price is 131. 7s. 6d. 
to 131. 12s. 6d. per ton, both delivered Glasgow 
stations. 

Malleable-Iron Trade.—Not much change has taken 
place in the malleable-iron trade of the West of Scotland, 
and there has been no rush of orders lately. The ‘start 
at the works has been quiet, and the accumulation of 
orders will be quickly run off. The outlook at present 
is not very bright. Current prices are 10/. 5s. per ton 
for ‘‘ Crown ”’ bars, and 71. 7s. 6d. to 7l. 10s. per ton for 
re-rolled bars, both for home delivery. The export 
quotations are 91. 15s. and 7. 2s. 6d. per ton, respec- 
tively. 

Scottish Pig-Iron Trade.—The demand for Scottish 
pig-iron shows no sign of improving, and stocks on hand 
plus the present curtailed output are quite sufficient to 
meet all calls. Overseas buying is poor, and makers are 
not very happy at the moment. The following are the 
current market quotations :—Hematite, 74s. per ton, 
delivered at the steel works; foundry iron, No. 1, 75s. 
to 76s. per ton, and No. 3, 70s. to 71s. per ton, both on 
trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
Saturday last, July 28, was only some 452 tons. Of the 
total, 369 tons went overseas and 83 tons coastwise. 
For the corresponding week of last year the figures 
were 840 tons foreign and 76 tons coastwise, making a 
total shipment of 916 tons. 


Wages in the Iron Trade Reduced.—Messrs. James C. 
Bishop and Owen Coyle, joint secretaries of the Scottish 
Manutactured Iron Trade Conciliation and Arbitration 
Board, have received intimation from Sir John M. 
MacLeod, Bt., C.A., Glasgow, that, in terms of the remit, 
he has examined the employers’ books for May and June, 
1928, and certifies that the average net selling price was 
101. 98s. 4-64d. This means that a decrease will take 
place in the wages of the workmen. 

Scottish Shipbuilding.—The shipbuilding returns for 
the past month are, on the whole, quite satisfactory for 
the month of July, and are as follow :— 


The Clyde... «- 43 ves. 38,725 tons. 
The Forth ... SEE 4 ves. 395 tons. 
The Tay mee ane 1 ves. 5,630 tons. 
The Dee and Moray 
Firth aa Pee — 
Total _ ... 18 ves. 44,750 tons. 


While these figures show that a fair amount of work has 
been going on in the shipyards, they fail to indicate the 
actual position of the industry at the moment. The 
tonnage on hand is steadily decreasing, as new con- 
tracts are not being received anything like equivalent 
to the output. The number of orders placed last month 
was very small, and few of them are of the large cargo 
type. The outlook for the coming winter is not very 
bright, but it is hoped that there may be an increase 
in orders before very long so that unemployment may 
not be general in the industry. The Clyde output for 
the year to date is 127 vessels of 342,079 tons, which is 
the best total for the same period since 1920, when the 
figures were 115 vessels of 352,262 tons. 

Clyde Shipbuilding Contracts.—The General Steam 
Navigation Company, Limited, London, has placed an 
order with Messrs. Ailsa Shipbuilding Company, Troon 
and Ayr, for a single-screw steamer for their Continental 
trade. The vessel will be of 1,200 tons gross, and will 
have triple-expansion engines supplied by the builders. 
She will be built at the Troon vard.—Messrs. John G. 
Kincaid and Company, Limited, Greenock, have 
received orders to supply Diesel engines for six twin- 
screw motor ships which are to be built in British ship- 
yards. Three of the vessels are for British and three 
are for foreign owners. Each of the six ships will be 
fitted with two sets of Harland-B. and W. single-acting 
engines, indicating about 4,000 h.p. In three of the 
ships the engines will be of the four-stroke crosshead 
type, and in the other three they will be of the trunk 
piston type. The !atter engines will be the largest of 
this type yet constructed in Britain. 





Tuer CHINESE EASTERN RATLway.—The gross earnings 
of the Chinese Eastern Railway, during 1927, amounted 
to 63,013,500 gold roubles; the net profits totalled 
9,720,000 gold roubles. 








NOTES FROM THE SOUTH-WEST. 


CarpirFr, Wednesday. 


The Coal Trade.—Though a substantial improvement 
occurred in the volume of coal shipments in the past week, 
the general condition of the Welsh steam-coal trade con- 
tinued unsatisfactory. Demand for large coal remained 
exceedingly quiet, and although supplies were excessive 
and readily available, despite numerous and frequent 
pit stoppages, prices were maintained on the basis of the 
minima schedule. Smalls,- in places, were somewhat 
difficult on account of reduced outputs caused by inter- 
mittent colliery working. There was, however, no 
pressure for supplies, and where buyers were prepared 
to take large with small, both coals could be secured at 
the minima. When small was wanted without large, 
however, salesmen usually demanded a small premium 
with a view to encouraging buyers to take a percentage 
of both. Sized products were also patchy, but prices 
generally showed no change of note. Shipments of 
coal in the past week totalled 459,290 tons, which was 
81,000 tons more than in the preceding six days, and the 
best total since the middle of June. Clearances for 
Argentina were raised from 52,600 tons to 54,880 tons, 
for Brazil from 13,400 tons to 40,650 tons, for France 
from 89,290 tons to 128,370 tons, for Italy from 37,200 
tons to 46,450 tons, and for Spain from 138,800 tons to 
30,370 tons. Shipments at Cardiff were raised from 
245,040 tons to 280,750 tons, at Newport from 50,010 
tons to 88,250 tons, and at Swansea from 42,500 tons to 
59,540 tons, but at Port Talbot reduced from 30,020 tons 
to 26,300 tons, and at Llanelly to below 4,450 tons. The 
Sudan Railway has placed an order for 25,000 tons of 
Welsh coal to be delivered over the next three months, 
while Cie Gle. Transatlantique, the great French shipping 
line, have contracted with three different colliery com- 
panies for supplies aggregating over 100,000 tons for 
delivery during next year. 

Another Colliery Deal Pending.—Negotiations are 
proceeding between Sir Clifford Cory, Bart., of Messrs. 
Cory Bros., and Nixon’s Navigation Steam Coal Company, 
Limited, for the acquisition of the latter concern. Nixons 
are the proprietors of the Cwm Cynon, Deep Duffryn, 
Navigation and Gorllwyn pits, at Mountain Ash, and the 
Merthyr Vale Nos. 1 and 2 pits at Merthyr Vale and 
Aberfan, employing in all about 5,000 men. 


Liner Docks at Cardiff—The capacity of the Cardiff 
docks of the Great Western Railway Company to deal 
with Transatlantic liners was demonstrated on Sunday, 
when the United States Shipping Board steamer George 
Washington, of 23,788 gross tons, was successfully berthed 
in the Queen Alexandra Docks, where she disembarked 
some 700 Welsh-Americans who had come to Cardiff 
for the Convention of the Loyal Order of the Moose. 
The George Washington, which is the largest vessel ever 
docked in the Channel, left on Monday morning for 
Bremen and Cherbourg. 


Iron and Steel.—Shipments of iron and steel goods in 
the past week totalled 20,577 tons, compared with 
22,287 tons in the previous week. Exports of galvanised 
sheets were raised from 2,278 tons to 3,124 tons, but 
those of tinplates and terneplates were lowered from 
9,391 tons to 8,159 tons, blackplates and sheets from 
4,549 tons to 4,235 tons, and other iron and steel goods 
from 6,069 tons to 5,059 tons. 


Tue INSTITUTE OF MeTALs.—The autumn meeting of 
the Institute of Metals is to be held at Liverpool from 
September 4 to 7 next. The proceedings will commence 
at 8 p.m., on September 4, when the seventh autumn 
lecture, by Mr. F. G. Martin, on ‘* Non-Ferrous Metals 
in the Shipping Industry,” will be delivered in the Arts 
Theatre, The University, Brownlow Hill. The mornings 
of September 5 and 6 will be devoted to the reading and 
discussion of papers. These contributions comprise, 
‘** Laboratory Experiments on High-Temperature Resis- 
tance Alloys,’’ by Dr. C. J. Smithells, and Messrs. S. V. 
Williams and J. E. Avery ; ‘‘ Corrosion at Discontinuities 
in Metallic Protective Coatings,’’ by Mr. U. R. Evans ; 
“The Constitution of the Alloys of Aluminium with 
Copper, Silicon and Iron,” by Dr. A. G. C. Gwyer, and 
Messrs. H. W. L. Phillips and L. Mann; ‘‘ The Copper- 
Magnesium Alloys. Part ILI,’”’ by Mr. W. R. D. Jones ; 
‘“Note on Practical Pyrometry,.” by Messrs. G. B. 
Brook and H. J. Simeox ; “ Eighth Report to the Corro- 
sion Research Committee. The Corrosion of Condenser 
Tubes. ‘Impingement Attack,’ its Cause and Some 
Methods of Prevention,’’ by Mr. R. May ; “ The Rockwell 
Hardness Test,” by Mr. J. E. Malam; “ Die-Casting 
Alloys of Low Melting Point,’’ by Messrs. T. F. Russell, 
W. E. Goodrich, W. Cross, and N. P. Allen; ‘* Work- 
Softening of Eutectic Alloys,” by Mr. F. Hargreaves ; 
“* Die-Casting of Copper-Rich Alloys,” by Mr. R. Genders, 
Dr. R. C. Reader and Mr. V. T. 8. Foster; ‘‘ The Alpha 
Phase Boundary of the Copper-Silicon System,” by 
Dr. C. 8S. Smith; “ Properties and Production of Alu- 
minium Die-Castings,’’ by Messrs. S. L. Archbutt, J. D. 
Grogan and Dr. J. W. Jenkin; ‘* Methods for Investi- 
gating Alloys of Reactive Metals,” by Dr. W. Hume- 
Rothery ; ‘‘ Strength of a Cadmium-Zine and of a Tin- 
Lead Alloy Solder,” by Mr. C. H. M. Jenkins; ‘* Note on 
the Treatment of Aluminium and Aluminium Alloys with 
Chlorine,” by Mr. D. R. Tullis. The afternoons of 
September 5 and 6 will be devoted to visits to works of 
interest in Liverpool and district, and a day-trip to 
Bettws-y-Coed and Dolgarrog has been arranged for 
September 7. For the convenience of applicants for 
membership, who are desirous of attending the meetings, 
a special election is being arranged in connection with 
which membership application forms should be received 
by the secretary of the Institute, 36, Victoria-street, 
London, S.W.1, not later than noon on August 31 next. 
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ECONOMIC CONDITIONS OF THE 
MERSINA-ADANA DISTRICT. 


ALTHOUGH as yet no actual harbour has been 
constructed, the port of Mersina ranks third in 
importance in the whole of Turkey. From a study of 
the map, it will be seen that Mersina is the natural 
gateway for the sea-borne trade of the extremely fertile 
cotton and cereal-bearing area of the Cilician Plain, 
with an area of about 1,750 square miles, which lies to 
the extreme south-west of Asia Minor, separating 
the Taurus Mountains from the sea, and for a wide 
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iron, copper, silver, lead, arsenic, zinc, emery and 
lignite coal. 

According to a report on the position of this district 
during the year ending April, 1928, which has been 
received by the Department of Overseas Trade from 
His Majesty’s Consul at Mersina, the principal reasons 
for the recent slow rate of development are the scarcity 
of available capital, and the lack of agricultural, 
commercial and industrial man-power, further aggra- 
vated by several bad harvests. However, signs of 
recovery are beginning to appear, and if the coming 
harvests are good, the district should progress again. 
On account of its poor quality, Adana cotton is not of 
much interest to Lancashire, although a consider- 
able quantity of other natural products are exported 
to Great Britain from Mersina, including barley, 
locust beans, &c. There is a Jong established direct 
trade in British textiles, certain classes of metals and 
hardware, and a fair proportion of the existing milling 
machinery is British, while there is an encouraging 
demand for British threshing machines. Great Britain 
has, however, lost ground in the trade of this district, 
principally in those lines where cheapness is considered 
rather than quality, and the report recommends 
British business travellers to visit the district and get 
into closer touch with the market. It is interesting 
to note from the report that Russia is rapidly coming to 
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forty miles inland, which is the industrial centre of the 
plain and is situated on the main Anatolian railway 
system. Of the cereais grown on the Cilician Plain, 
wheat, oats, barley, maize and sesame are of excellent 
quality, and the crop of 1927 was the most abundant 
since the war, barley being particularly plentiful ; 
considerable quantities of it were exported to Europe, 


including 2,500 tons to the United Kingdom. Though : ‘ 
efforts are now being made to increase the land under | the fore as one of the leading countries trading with 


cultivation, probably not more than one-fifth of this} Turkey, while America and Germany are the principal 
very rich area is being exploited. In addition to the | suppliers of agricultural machinery for the Mersina- 
above, the Taurus region is believed to be rich in mineral | Adana district. Details of the quantities of goods, 





hinterland in south-eastern Anatolia, with many inland | deposits, although no wholesale exploitation on modern | exported and imported during the past year have been 
towns which are likely to develop in commercial/ lines has been attempted. The minerals known or | obtained from local shipping agents, and are available 
importance with the spread of railway communications. | believed to exist in regions for which the port of | for inspection at the offices of the Department of 
At present, Mersina is joined by a branch line to Adana, | Mersina would be the natural outlet, include chrome, | Overseas Trade, 35, Old Queen-street, London, S.W.1. 
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THE RAILWAY SETTLEMENT. 

By the common consent of the parties and the 
public, the railway settlement is fortunate and 
satisfactory. It has given the railway service some 
3,000,000/. towards the much larger amount, which 
in some way must be provided, if industrial freights 
are to be reduced, and the relations of railways with 
road traffic placed on an economical and co-operative 
basis. In itself this is a considerable achievement, 
and the circumstances in which it has been accom- 
plished give ground for hoping that it may be the 
sign of still better things to come. It is the first in- 
stance in which a powerful sheltered industry has 
agreed voluntarily to a reduction of wages, because it 
realised such a step to be economically necessary to 
its industry, and if this example be followed in other 
industries which are sheltered from competition, 
the precedent may be worth more than the agreement 
itself. Some forms of disease owe their peculiar 
danger to the fact that in their early stages they are 
painless, and they are not recognised until they have 
established a formidable hold on the patient. Ina 
sheltered industry, the payment of uneconomical 
wages is such a form of disease. An unsheltered 
industry learns its mistake promptly by losing 
orders, but in the early stages of attack those engaged 
in a sheltered industry which pays uneconomical 
wages, know no more than that they are being paid at 
higher rates than other workers of equal or superior 
skill or ability. They do not recognise that such 
payments are made at the expense of the unsheltered 
industries on whose earnings they live. Later on, 
if things go badly, they will be compelled to observe 
that these unsheltered industries are suffering 
through international competition, and at some 
stage their impoverishment must be followed by a 
corresponding reduction of standards in the living 
of the sheltered industries. By this time, however, 
the unsheltered industries will have lost not only 
individual orders, but the customers and markets 
which are yet more valuable, as they are the sources 
whence orders flow. The entire industrial community, 


destitution, and in addition to this penalty will have 
further to abide the risk of whether they ever recover 
the lost markets, and the delay which in the last 
event is likely to intervene before they do so. If 
the example set by the railway industry is followed, 
this grave danger to British industry may at last 
be abated. 

The short history of the negotiations which have 
led to the settlement shows that the method adopted 
by both sides has been scarcely less admirable than 
the result. A chief danger of trade-wide arrange- 
ments, especially of those in which a large number of 
grades and localities are involved, is that they may 
fail to find terms which do equal justice to all the 
interests involved. They may force a settlement 
with the thick end of the wedge foremost, and in 
doing so, not only lose the mechanical advantage 
of the device, but leave large permanent stresses 
in the body to which it is applied. The present 
conditions of the railway service include the results 
of such settlements, and both the companies and 
their men can doubtless point to cases in which as 
applied in one or another grade or district they might 
be regarded as unsound or unfair. When the parties 
to such arrangements come into negotiations for 
revising them, their natural and not unreasonable 
instinct is to seek the revision in the first instance 
by dealing with these anomalies, and for the most 
part this has been the method adopted on previous 
occasions. Both the companies and the trade unions 
are to be congratulated on having seen that this 
method was inappropriate to existing circumstances. 
The ground for the negotiations which have been 
concluded with such credit to the wisdom of both 
sides, was an extreme emergency in the industry, 
and on this ground the need for revision was far 
more urgent than the amendment of any details in 
existing arrangements was desirable. To have 
proceeded on the basis of revision in detail would 
have deprived the negotiations of the stimulus to 
agreement arising from the exceptional urgency of 
the situation. The pressure, in fact, would not have 
been felt to apply in the same way. Whatever view 
might have been taken of individual details, the 
parties could scarcely have considered that their 
immediate amendment was a matter of instant 
importance, as they evidently did feel the overall 
situation of the service to be, and they might well 
have felt free and even bound to stand out against 
concessions in respect to them, which might not seem 
to be connected immediately with the situation they 
were seeking to remedy. The structure, moreover, 
formed of existing arrangements might be subject to 
internal stresses, but at least they were not intolerable; 
and every one knows the danger of tinkering with a 
stressed structure, and of possibly releasing stresses 
which previously had been more or less balanced. 
The beginning of the negotiations, which seem 
to have been conducted without regard to these 
considerations, showed no sign of leading to 
agreement, and in their final form the discussion 
of individual amendments in working conditions 
was expressly abandoned. In its place a method 
was sought which would provide a reasonable 
contribution to the needs of the industry without 
changing anything in existing conditions as affecting 
individual grades or districts. In this search, the 
chief object was that the sacrifices asked of everyone 
in the service should be in proportion to his 
earnings, and the companies found themselves 
able to agree to the abandonment of all short time 
in their shops except a half-day per week under 
exceptional circumstances. With this under- 
taking, the simple arrangement was reached that all 
remuneration for services paid to anyone in the 
employment of the companies, whether officers 
or men, should be reduced by 24 per cent. for 
at least a year, subject at the end of that term 
to three months’ notice by either all the companies 
or all the trade unions, and that during the 
continuance of the agreement no general proposals 
for varying wage or other conditions should be 
put forward by either side. The agreement was, 
in fact, confined strictly to dealing with the urgent 
situation which had been recognised, and it dealt 
with it effectively without prejudice of any sort 
to the merits of any further revision, which might 
be sought when it had come to an end. 

It is not within the power of any industry, 
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and still less of any party to industry, to provide 
a complete remedy for its troubles, or for those 
from which most industries are suffering. Such 
remedies, so far as they lie within the power of 
industry, can only be hoped for when all industries 
have in turn put their economic houses in order, 
and the railway service, companies and men alike, 
has shown the manner in which the revision can 
be sought with the most hope of success. The 
times are not opportune for revisions in detail 
if a simpler basis can be made to serve, and the 
only basis of such revisions as can be sought with 
the urgency the situation demands, is economic 
necessity. 

Processes such as those admired by academic 
trade unionists and others, in which each side 
regards its own aspirations as conclusive, are 
discredited as a means of keeping an industry 
efficient. Modern communications subject industries 
to external influences too powerful and immediate 
for decisions to be reached safely without taking 
account of them. The railway service has shown 
that a far-reaching adjustment of differences can 


be obtained on the basis of common interests, and | 


with what seems likely to be a surer foundation. 
It is to be hoped that the example set by this 
lesson may be followed by other sheltered industries. 


THE HUNGERFORD AND WATERLOO 
BRIDGES. 

Ar a meeting of the London County Council 
held last Tuesday it was decided, subject to 
agreement with the Southern Railway, to accept 
the Government scheme for a new road _ bridge 
at Charing Cross. This will replace the existing 
Hungerford railway bridge, and the present. ter- 
minus is to be transferred to a triangular site on 
the other bank of the river occupied at present, 
in part, by the Lion Brewery. The plans will take, 
it is estimated, about twelve years to complete, and 
the total cost, inclusive of incidentals, is expected 
to reach 12,876,0001., of which three-fourths is to 
be provided by the Government. In approving 
the scheme the County Council have definitely 
limited their contribution to one-fourth of the 
above total, i.e., to 3,219,000/. Hence any excess 
of cost over the estimates will have to be met 
by the Treasury. In this matter, the Council 
appear to hold a very strong position, since they 
already have statutory powers to rebuild an 


improved Waterloo Bridge with five arches instead | 


of the existing nine, and for six lines of traffic 
instead of the existing three. The Government 
scheme originated in what we have always held to 
be unreasonable opposition to these proposals, but 
the Royal Commission appointed, presided over 
by Lord Lee, found that it would be impossible to 
maintain the bridge in its original form, as it was 
much too narrow for the traffic requirements. 
After the manner of commissions which, like 
Councils of War never fight, the members took 
refuge accordingly in an un-courageous half-measure, 


and advised that the bridge should be widened by a | 


cantilever extensicn on each side, to which the 


footpaths would be transferred. This scheme, though | 
it involves the destruction of Rennie’s historical | 


facade, was accepted by the Government, which 
in order to secure the consent of the Council agreed 
to provide three-fourths of the cost, not only of this 
work, but also of a new road bridge at Charing 
Cross. It may be recalled that Brunel’s suspension 
bridge, now at Clifton, once crossed the river here, 
making way for the present Hungerford bridge 
with the advent of the railway. 

The Transport Ministry had already reported that 
a road bridge at Charing Cross was highly desirable 
in view of the possibility that it might be necessary 
someday to close Westminster Bridge for repairs. 
As matters stand, a mishap to this structure would 
occasion very great inconvenience, since no site is 
available for the construction of a temporary 


bridge to take the traffic in the meantime. 

The generous proposals of the Government have 
disarmed the County Council which, however, still 
holds the opinion that the legitimate interests not 
only of road and river traffic, but also of aesthetics, 
would be better served by the complete reconstruc- 
tion of Rennie’s bridge, but, as was remarked at 


| Tuesday’s meeting, the Council could not afford “to 
look a gift horse in the mouth,” and have therefore 
agreed to drop their own plans. 

The proposed new terminus of the Southern 
Railway will be twice as wide as the existing station. 
It will have a facade facing the river, and a high 
level road in front of this will give direct access 
both to the new Hungerford bridge and to Waterloo 

‘bridge, so that travellers who have to proceed 
west of Wellington-street will probably find the new 
station more convenient than the existing one. 
The proposed works will also include an extension 
of the river embankment from its present terminus 
near the County Hall, to Waterloo Bridge. Artists 
may regret the disappearance of the picturesque 
barges, quays and warehouses, which now line the 
river here, but architects will welcome the oppor- 
tunity which will be provided for treatment of this 

| fine river frontage. 

On the southern side of the river the new bridge 
will be connected up directly with Blackfriars-road 

| and Westminster Bridge-road, whilst on the opposite 
bank there will be two parallel approach roads 
passing on opposite sides of Villiers-street. Of these, 
one will join the Strand near Craven-street, whilst 

| the other will cross the Strand on a viaduct, and 
|reach street-level near the Cavell statue. 

From statements made during the week, the 
| Southern Railway Company appears to be fearful 
|lest the change should result in a loss of Kentish 
| suburban traffic. But has not the railway already 

invented the catch phrase. “ Live in Kent and be 
| content !”? which may be taken as inculcating in its 
patrons a spirit of felicity whatever the railway may 
or may not do. Of what moment, then, is such a 
|change ? But if its patrons will not be good, and 
persist in holding this a grievance, may they not 
| be recommended to consider the company’s further 
|advice: ‘‘ Live in Surrey, and don’t worry!” 
| Thus by transferring to Waterloo, all their trouble 
will cease. They will join the thousands who at 
| present, with a happy resignation, use that terminal, 
|and cheerily wend their way to work across West- 
|minster, Hungerford, Waterloo, or Blackfriars 
| Bridges, or perchance make use of the tubes or 
|"buses as the case may be. One thing, we think, 
|must be clear; of the Kentish passengers in 
| jeopardy, many certainly, as it is, ultimately reach 
| their offices by ’bus or tube, and will continue so to 
| do, as others coming into other parts of London 
|must. Others again, will, in these days of the open 
| air, simply enjoy the walk across the bridge, which- 
|ever one it may be. Of the remainder, it is fair 
|to suppose that among the sundry and manifold 
| changes of the world, and the changes and chances 
| of this mortal life, quite a fair proportion of those 
|now worried by the prospect will soon cease to 
| concern themselves at all with the matter, possibly 

‘from change of place of employment, or from 
other reasons; and before long the Southern 

| Railway will have lived down the whole trouble. 
|A new generation will have arisen who will 

'never have known what it was to step straight out 

|into the Strand, and so will not worry, whether 
they live in Kent or Surrey, over what they have 
never lost. 








THE CONSERVATION OF TIMBER. 


For many purposes no substitute has been found 
of equal merit to wood. During the war timber 
was felled wholesale in this country, and in the 
United States and other timber-growing countries 
the depletion of soft woods, such as are used for 
constructional purposes, has so far exceeded the 
re-afforestation that a world shortage is seriously 
feared. One important advantage of timber is 
that it is not necessarily a wasting asset; but 
though a tree may be felled in an hour, it may 
take sixty years or more to replace. Though the 
duty and uses of foresight in afforestation are 
evident, they can by no means be made to serve 
immediate needs. The Forestry Commission set 
up since the war, in view of the great depletion of 
this country’s woodlands, is charged with the duty 
of doing what is possible to replace the timber lost 
in the war, and to improve the management of the 
standing crop. The effect of its measures, as of 
those taken by similar bodies in other countries, 
cannot be felt seriously in the supplies of the 





present generation. At best they can only enjoy 
the thinnings which may be cut while their crops 
are coming slowly to maturity. 

It happens, however, that in many ways the use 
now made of wood is vastly more wasteful than 
seems necessary. Part of the waste is due to care- 
lessness, and a still larger part to lack of knowledye : 
but however it arises, it offers a means, and for any 
immediate purposes the only means, by which the 
depletion of forests can be offset. Such waste is 
a matter of serious loss to this country. At present 
its imports of timber are of a value of 50,000,000/. 
a year, and the amount grown at home seems to 
be not much more than a tenth of the amount 
imported. A large part of the imports come from 
abroad, and not from the many richly-wooded dis- 
tricts of the Empire, a circumstance which, if it 
does not affect the finances of the Mother Country 
directly, must have a serious bearing on the extent 
to which it is possible to raise the total of inter- 
Imperial trade. The problems of avoiding waste 
of timber, including those of using home-grown 
and Imperial timbers instead of importing them 
from foreign countries, are largely different from 
those of the conservation and replacement of 
forests. This difference has led the Department of 
Scientific and Industrial Research, in its survey of 
the national resources, to the conservation and 
exploitation of which scientific help was necessary, 
to establish a Forest Products Research Board, 
and equip it with the laboratory and staff to which 
Lord Balfour’s reception during the present week 
has called public attention. 

The inspection of this establishment offered 
evidence of the many directions in which scientific 
methods can be used to stop the waste of wood, 
to enlarge the markets from which it can 
be procured, and to increase the use of 
home-grown and Imperial material. It is, 
indeed, not unnatural that a living product, 
such as a tree, and a substance such as wood, 
complex alike in its chemical composition and its 
physical structure, should be amenable to the 
scrutiny of many sciences, but it may be questioned 
whether the means of applying such scrutiny have 
ever been quite so well mobilised as those that are 
being worked at Princes Risborough. The working 
of this organisation should do much to relieve users 
of timber from technical difficulties and uncertain- 
ties, for, like other research stations of the Depart- 
ment. one of its primary objects is to keep touch 
with the industries which prepare or use the material 
with which it is concerned. A special part of its 
organisation is that it will act as a clearing house of 
information, and the existence of such a clearing 
house cannot be known too widely among those who 
handle timber in practice. 

The information collected extends over a wide 
range. Though the conservation of forests has an 
essentially different purpose from those of the 
utilisation of their products, many particulars to 
be obtained by research on the wood give valuable 
guidance to the grower of trees. The relation, for 
example, of strength to rate of diametral growth in 
various species is essentially subject matter for the 
laboratory’s research, and is among the subjects 
which are being investigated regularly at the 
Laboratory, the results being sought by growers 
in various parts of the country and the Empire. 
Contrariwise, the Laboratory, for the purposes of 
dealers and users, requires to be informed of the 
manner in which the standing timber can be infected 
by organisms of decay, so as to be alive to the inspec- 
tion necessary for detecting hidden defects. In 
recent years, for instance, the importation during 
the war of American oak and ash was the means of 
introducing the lyctus beetle into the country. 
which has caused, and indeed is still causing, con- 
siderable damage in furniture. This might have 
been spared if importers‘had known of the possible 
presence of the grubs of this busy insect in the 
substance of the wood, and been able to detect 1 
and destroy the timber in time. The work of the 
Laboratory begins with the microscopic identifica- 
tion of the species of woods submitted to it, and the 
extent of this task may be imagined from the fact 
that at the Imperial Forestry Institute there are 
some three thousand samples of different woods 
among which submitted samples can be classed. 
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The microscopic structure, moreover, has to be 
considered in the researches into the mechanism 
of seasoning now in progress. Like most problems 
relating to timber, the difficulty of arriving at 
practical results is greatly enhanced by the fact that 
not only different species. but different specimens 
of the same species, have different structures and 
chemical compositions. 

It requires, therefore, a far greater number of 
tests to arrive at an average property for any 
siven species, and, indeed, the relative uniformity 
of the properties found in species grown under 
defined conditions is perhaps even more remarkable 
than the anomalies. To obtain the best mechanical 
properties, processes of seasoning are necessary, 
and here again the varying behaviour of different 
species under various seasoning treatments, may be 
the source of much deterioration and waste from 
the wood being treated by an unsuitable method. 

The mechanical properties of a wood are, however, 

those, which, of all others, cail for the greatest 
multiplicity of tests, and the laboratory has a 
singularly complete equipment for the purpose. 
They have to be applied to timber in its natural 
state and in various conditions of seasoning, and, 
likewise, to wood that has been subjected to 
preservative processes. As a basis for comparative 
observation, tests are made under internationally 
standard conditions on specimens small enough to 
be of straight grain and free from defects, and 
thus an “inherent fibre strength” is determined 
for each species. In this way it is possible not only 
to compare the strength of various species as 
determined by the several tests, but also to accumu- 
late data connecting the figures of such tests with 
the influence of rate of growth, density and moisture 
contents, as the result of which useful uniformities 
are likely to emerge. The results of these tests on 
“small clear specimens ”’ serve, moreover, as stan- 
dards with which to compare the results of tests on 
timbers of structural size, so as to evaluate the 
influence of defects, and arrive at safe working 
stresses for use in practice. One class of results 
obtained by a prolonged series of tests on structural 
sizes is illustrated by an investigation made into 
the relative strength of home-grown and imported 
pit props. During the last ten years or so an 
impression gained currency that home-grown 
timbers were unsuitable for use as pit props. It 
seems to be admitted that hitherto no great care 
has been taken in grading and trimming native pit 
props, and that during the war anything that was 
available had to be used. In conjunction with the 
Forestry Commission a thorough investigation has 
been made both of the results under test in the 
Laboratory and of those of practical trial in various 
nines. The effect of these has been to show that 
most of the home-grown timbers were in fact 
superior to those which had been imported, and a 
market hitherto imperfectly used has thus been 
opened for the thinnings which have necessarily to 
be made in young woods. In addition to mechanical 
tests for determining the specific physical qualities 
of wood, much information remains to be obtained 
In regard to the workability of various species. 
Determinations are accordingly being made of the 
behaviour of large numbers of timbers under the 
saw or knife, with a range of feeds and speeds, 
and cutting angles. Here, again, the variety of the 
materials increases the number of determinations 
necessary for obtaining positive results. 
Another broad subject, which is being investigated 
in considerable detail, is the influence of antiseptics 
on the durability and properties of timber and the 
best methods of applying them. This research is 
‘o-ordinated with investigations into the pathology 
of decay by fungi and insects, and into the chemistry 
of decay products, and, as a result of more complete 
knowledge, it may be hoped that means may be 
found for cheapening the processes of application, 
and advantageously extending their use. An 
‘xample of a specialised investigation is that into 
the most convenient form of kiln for carbonising 
Wood into charcoal. 

It wili be seen from these examples of the 
Laboratory's current work that it embodies an 
rganisation for investigating ‘the properties and 
troubles of timber, which is available for the 
Purposes of all interested parties, and should do 





much to attain the ends for which it has been 
instituted. The various reports in which its 
results are embodied will be a welcome addition 
to the literature of a subject on which, till now, 
the combination of scientific and practical informa- 
tion has been relatively rare. 


PROGRESS IN AERONAUTICS. 


No natural philosopher of to-day can profess, 
as did his predecessors of a no distant past, to 
take all knowledge for his province, but a claim of 
almost equal catholicity might not unfairly be put 
forward on behalf of the Aeronautical Research 
Committee, which concerns itself with practically 
every branch of engineering, and whose annual 
reports invariably contain much that is of interest 
to others than the specialist in the science of flight. 
The report* just issued, describing the work done 
or commenced during the past twelve months, 
covers an extremely wide field, ranging from the 
standardisation of symbols, to difficult problems 
in theoretical and experimental hydro-dynamics. 

It is of interest to learn that there has been, during 
the year, an interchange of information between the 
Research Committee and the United States National 
Advisory Committee. As one result of this it has 
been definitely decided to establish at Teddington 
a compressed air tunnel, which will be 17 ft. in 
diameter and 50 ft. long, with a working section 
5 ft. in diameter. Air pressures as high as 22 atmo- 
spheres will be provided for. As is well known, 
with a stated kinematic viscosity, Reynolds’ law 
of comparison requires that the speed of flow past 
a model shall be increased in inverse proportion 
to the scale of this model, but at the same time the 
law breaks down if the speed of flow approaches 
the speed of sound. It is therefore generally im- 
possible to test small models in conditions really 
corresponding with those experienced by the full scale 
machine. Hence, in general a scale effect has to 
be allowed for in passing from the model to its 
prototype. The compressed air tunnel renders 
this unnecessary, since the kinematic viscosity 
of the air is increased in proportion to the pressure, 
and conditions of dynamic similarity between model 
and aeroplane can be secured without requiring 
excessive air speeds in the tunnel. Dr. Ames, the 
Chairman of the United States National Advisory 
Committee, very courteously made arrangements 
for experiments at Langley Field with models 
already tested here. Three wing sections, two of 
which were known to be subject to marked scale 
corrections, were, accordingly, sent to America 
and tested in the compressed air tunnel, with 
highly satisfactory results. A modern aeronauti- 
cal laboratory, in short, cannot be considered as 
adequately equipped, if it lacks the means of 
making tests at high values of Reynolds’ number. 
The new tunnel should be particularly useful in 
testing thick wing sections with which there is a 
marked scale effect. It is believed that thick 
wings would reduce maintenance costs owing to the 
use of three-ply wood for the wing covering, and 
it was further hoped that thick wings would be 
more easily controlled when stalled. The latter 
expectation has been disappointed, and, moreover, 
the thick wings experimented with abroad have 
smaller load factors than are usual in British 
practice. 

There was further collaboration with American 
experimenters in connection with air screw experi- 
ments. ‘Two types of wind channel are in use, viz., 
the closed tunnel and the open-jet type, and 
whilst theory provides a law of comparison between 
tests made with these different patterns, it was 
desirable to have the validity of this confirmed by 
direct experiment. A two-bladed screw, 3 ft. in 
diameter, which had already been tested in the 
53-ft. jet channel of Stanford University, was 
accordingly also tested in the closed channel at 
Teddington. The two sets of observations are 
said to agree within the limits of experimental error. 

Air serews have, it appears, been the subject of 
much study during the past year. It was found 
that, with high tip speeds, Jowkowski profiles gave 





* Aeronautical Research Committee. Report for the 
year 1927-28. His Majesty’s Stationery Office, 1928. 
[Price, 2s. net. ] 





better results than the standard type of blade 
section, and moreover that, with speeds exceeding 
0-8 of the velocity of sound, the blade sections 
should be symmetrical, rather than of the wing 
type, since it was found that with symmetric sections 
the usual rapid increase of drag, at a velocity of 
0-7 that of sound, no longer occurred. It was also 
shown that the blades of high speed screws should 
be as thin as practicable. These results were 
checked by experiments in a wind channel 3 in. 
in diameter, in which speeds equal to twice the 
velocity of sound can be attained. 

We have already described in EN@INEERING* 
continental experiments in which use has been 
made of the analogy which exists between the 
motion of perfect fluids and the flow of electricity 
through an electrolyte. It is therefore of interest 
to note that Professor Taylor has arranged for 
similar experiments at Cambridge. 

The Committee claim that close co-operation 
between research workers and designers had much 
to do with the Schneider Cup victory. Several 
models of each racing type were tested at the 


National Physical Laboratory, and the results 
discussed with the designers. One desideratum 


secured was that there was very little interference 
between one part and another of these racing craft, 
the sum of the individual drags of the various com- 
ponents being approximately equal to the total 
drag of the model tested as a whole. This is by 
no means generally the case, and in many aeroplane 
designs there are irregularities which may make a 
great difference in the total drag. The National 
Physical Laboratory is therefore now making a 
special study of the effect of small obstacles on the 
body drag. In particular, the cylinders of air-cooled 
engines may give rise to serious resistances, and the 
question has been raised as to whether it would 
require a smaller expenditure of power to cool 
them by a fan, instead of by exposing them to the 
rush of air past the machine. 

The Committee note that gyroplanes have the 
advantage of a remarkably high maximum lift 
coefficient, but have the outstanding defect of a 
poor rate of climb. 

Many engine problems have been studied during 
the year. It is worthy of note that there is now a 
tendency to run crankshafts above their critical 
speeds. Several machines having this characteristic 
have proved very free from vibration in normal 
flight. The outstanding problem is to produce a light 
weight heavy oil engine. So far the best result is 
7 1b. per horse-power developed ; but a two-stroke 
engine of the sleeveless valve type is now under con- 
struction, in which it is hoped that the above figure 
will be reduced to 4 1b. On test bed runs, a fuel con- 
sumption of 0-38 lb. per brake horse-power hour has 
been recorded and, if the engine weight can be re- 
duced to the above figure, it is conceivable, when an 
endurance of as much as 10 hours is required, that 
the total weight of engine and fuel will' be less with 
a heavy oil engine of 1,000 h.p. than with a corre- 
sponding petrol motor. 

Experiments have been made with airship engines, 
in which part of the power is generated by hydrogen 
withdrawn from the ballonets. As an airship uses 
up its fuel, it is necessary to reduce the lift, and 
hitherto this has been done by simply “ valving ” 
off some of the hydrogen used for inflation. If this 
hydrogen can be satisfactorily used in the engines 
it is estimated that the useful load of a 150-ton 
airship might be increased by 4 tons. 

Aeroplane engines consume in flight very much 
more petrol than is really necessary, but it is difficult 
to adjust the carburettor in accordance with the 
change between ground level conditions and those 
at an altitude of, say, 16,000 ft. Experiments 
designed to secure more efficient control are in 
progress, but it may prove impossible to secure 
this at all altitudes with existing carburettors, and 
a direct fuel injection system is being investigated. 

A few years ago it was quite usual to assume that 
the frictional resistance of an engine was the same 
when motored round as it was when under full 
load. Tests on a single cylinder Benz engine, 
described by the Air Ministry in 1924, showed that 
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this rule might be seriously in error, and further 
experiments made during the past year indicate 
that, owing to the carbonisation of the oil, piston 
friction may be 45 per cent. higher at full load than 
when the engine is motored round. 

Amongst the many experiments on fatigue which 
are mentioned in the report, special interest attaches 
to those made by Professor Jenkin at Oxford at 
frequencies of 1,000, 10,000 and 15,000 cycles of 
stress per second. The results indicate that the 
fatigue limit increases at an increasing rate with 
the frequency of the cycle, once a frequency of 
about 50 cycles per second has been exceeded. In 
some other fatigue tests on rotating bars, Professor 
Mason and Mr. Inglis confirm the results reached by 
Mr. Ragnar Liljeblad (see ENGINEERING, vol. cxxii, 
page 93, 1926). They find that when the fatigue 
limit is approached, the fibres in the outer layers 
appear to be subject to an approximately constant 
stress, whilst the stress on the inner layers follows 
the usual linear law. If the range of loading is 
increased, the stress on the outer layers is not 
appreciably altered. There is thus a difference 
between the normal and the line fibre stress. 








EXPERIMENTAL RESEARCH IN THE 
GAS INDUSTRY. 


WHEN the Department of Scientific and Industrial 
Research set up its Fuel Research Board, and 
established its Fuel Research Station, it was by no 
means inaugurating the practice of scientific 
research in the gas industry. Murdoch was no 
chemist, but as far back as 1812 the Gas Light and 
Coke Company appointed a chemist as one of its 
directors, and since followed by other companies, 
has steadily developed chemical investigation incon- 
junction with its work. Nevertheless, the concep- 
tion of the Fuel Research Station was a pioneer 
step in the development of the fuel industry. The 
station had, of course, all fuels for its domain, but 
its initial equipment was directed to the uses of 
fuels which are produced by way of carbonisation. 
It initiated a new and important stage in the 
history of research in those industries by setting 
down, in parallel with the equipment for research 
and analysis on a laboratory scale, a series of units 
on a works scale, to be run, as far as possible, with 
laboratory precision. The ultimate intention of 
this parallel working was doubtless so to analyse 
the phenomena of practice that they could be 
reproduced individually in the laboratory and studied 
by laboratory methods. What seems, however, 
to have distinguished Sir George Beilby’s conception 
of his station was his clear recognition of the fact 
that such analysis of the problems of practice into 
unit laboratory problems was impossible for the 
time being, and that, on available knowledge, many 
practical problems could be studied only in the 
combination of circumstances in which practice 
presented them. By providing the means for this 
study with a combination of scale and accuracy 
not attempted before, and linking it up as occasion 
offered with laboratory investigation, the Station 
introduced into the research of the carbonisation 
industries what hus amounted practically to a new 
plan of campaign. 

The work of the Fuel Research Board and Station 
has developed on the lines initiated by Beilby, 
but it has remained the child of the Department 
to which it belongs. As such, it has consistently 
adopted the policy of undertaking no work which 
the industries are prepared to carry out for them- 
selves. The field to be investigated is so vast that 
progress in it can only be slow unless the industry 
takes the very great part in the necessary investi- 
gation which it is the policy of the Department to 
leave to them. Nothing can be more encouraging 
than what appear to have been the mutual relations 
between the Fuel Research Board and Station and 
the gas industry. To name two conspicuous 
examples, the Station itself was erected on premises 
belonging to the South Metropolitan Gas Company 
and adjoining their East Greenwich Works, and from 
the outset has enjoyed advantages from this 
tenancy of great practical value for the objects in 
view. When, again, it appeared to the Board that 
the time had come for some system of low-tem- 
perature carbonisation to be tried in actual com- 
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mercial working, the Governor of the Gas Light 
and Coke Company with his{staff undertook to 
investigate the working of all the principal plants 
in this country and on the Continent, with the 
object of seeing which was best adapted for use in a 
London gas works. The ultimate consequence was 
that arrangements were made for the Richmond 
Works of the company to be converted to low- 
temperature carbonisation, and for the results 
obtained in the working to be studied and made 
available for all the coal-treating industries. <A 
remarkable illustration of the extent to which the 
companies themselves are carrying on research has 
been furnished in the opening by Sir Richard 
Threlfall, the Chairman of the Fuel Research Board, 
of the new research laboratories at the Gas Light 
and Coke Company's Fulham Works. 

As has been pointed out above, the Company is by 
no means new to scientific research in its own in- 
dustry. At each of the Company’s thirteen gas works, 
and in smaller laboratories elsewhere, they have 
long had experimental work in progress, not merely 
for routine control of manufacture, but also in the 
investigation of methods and products. The object of 
the new laboratories is to permit researches already 
in progress at their other stations to be extended, and 
the complete installation provided in the several 
laboratories at the Fulham station will enable the 
investigations to be pursued on all the lines that can 
be attacked by laboratory methods and on a labora- 
tory scale. No organisation could be in a better 
position to make a wise choice of the subjects for 
investigation from among the vast number in which 
the industry is interested ; and the technical history 
of the Company gives the best assurance that its work 
in such directions will be so carried out as to be 
comparable to the fullest possible extent to what has 
been, or is being, done elsewhere. The most striking 
feature, however, of the present extension is the 
provision that has been made for experimental work 
on units of full works size operated under normal 
working conditions. Several varieties of carbonising 
plants are already installed. The horizontal 
retorts, constructed according to the company’s 
well-known high-temperature practice, are repre- 
sented by an independent setting of two retorts 
of full working size, provided with a separate 
Guest-Gibbons coal charging machine and weighing 
machine. Gas made in high-temperature vertical 
retorts will be supplied from a setting on one system 
which forms part of the Company’s working plant, 
and is already provided with an independent coal 
hopper and weighing machine, while another retort 
is being fitted similarly in a setting on another 
system which is now in course of erection. A unit 
of the Salermo low-temperature design, working ata 
maximum temperature of 500 deg. C., is also in 
operation. For applying each of these systems 
alternatively to exact experimental purposes, a 
train of condensers, washers and purifiers is provided, 
leading to a common inlet to a pair of gas meters. 
These meters are controlled by a special governor, 
which assures equal pressure in the two outlets, 
and are so geared that a definite small proportion 
of the gas is passed into an independent sample 
gas holder, the remainder, usually about 95 per cent. 
of the whole, being discharged into one of the works’ 
mains. Instruments are provided for giving conti- 
nuous records of the meter speeds, the quantities 
of gas passed, and its calorific value. The tar and 
liquor from the various sections of the plant are 
collected, separated and measured in special tanks, 
from which they are sampled. By suitable arrange- 
ments, either or both of the horizontal retorts, or 
either of the vertical high-pressure retorts, or the 
low-temperature plant, can be connected to this 
collecting system, and their working can thus be 
followed quantitatively with a high degree of 
precision. 

It has already become the practice of the Com- 
pany’s research staff to investigate a variety of 
problems on the actual manufacturing plant at 
several of their works. They have, for example, 
made observations on the increased output of gas 
from vertical retorts to be obtained through either 
blending and briquetting coal or screening it before 
carbonisation, and the present experimental plant 
is to be provided with briquetting machinery to 





enable these observations to be carried further, 


and extended to various carbonising systems, 
Preliminary studies have been made on the relative 
economic effects of different proportions of steam in 
vertical retorts for making additional water cas. 
The entire make of gas at one works is being dried 
by a calcium-chloride solution, and the result studied 
in the laboratory, with the object of avoiding or 
reducing the nuisance of water in the mains and 
the corrosion throughout the distribution system 
produced by water vapour. At one works, a large. 
scale plant is being erected for trying out the pri cess 
of extracting benzol from gas by means of activated 
carbon, which, forthe last four years, has been studied 
in several of the works’ laboratories. Two works are 
trying, on a large scale, a method of extracting 
ammonia without the use of water, so as both to 
economise in the cost of transport and distillation, 
and minimise the difficulties sometimes found in 
disposing of works effluents, and these trials are 
being combined with a general study of the efficiency 
of gas condensers and washers. The Richmond 
installation, again, which in its main plant has a 
capacity of 100 tons of coala day, and, in addition, 
includes a unit of the Hird type of retort for dealing 
with small coal, will serve in conjunction with the 
Salermo retort to produce a body of results in 
regard to low-temperature carbonisation by various 
methods and on a variety of English coals, from 
the study of which highly important information 
may be expected. 

It is evident, however, that the attack on many 
problems of carbonisation will be facilitated greatly 
by the help of the flexible experimental plant now 
provided at Fulham. The opening of these 
laboratories may be taken to imply that the Gas 
Light and Coke Company regards precise experi- 
mental observation on full-size units as less an 
occasional than a necessary and regular part of 
research in gas manufacture, and without undue 
optimism it may be hoped that their example will 
be followed by other great gas companies. The work 
to be done on such plants is far from reducing the 
number of problems which will remain to be investi- 
gated by laboratory methods. The investigations 
in progress in the various laboratories of the Gas 
Light and Coke Company show, on the contrary, a 
long vista of work to be done. The difference 
that is likely to be felt from the present facilities 
for exact scale working is that results observed in 
their use may be employed as an overall check on 
those obtained in the simplified conditions of the 
laboratory. 








THE NATIONAL PHYSICAL 
LABORATORY. 
(Continued from page 111.) 
AERODYNAMICS DEPARTMENT (continued). 


Airships.—Considerable further work has been 
done on the design of R.100, now approaching 
completion at Howden, and 709 ft. long, and R.101. 
In order to determine hull form and fin shape, two 
model hulls and a series of fins (sheet metal of uniform 
thickness) were constructed. One hull, A.M.3a, 
Fig. 9, page 148, was circular throughout, while the 
other, A.M.3b, Fig. 10, was elliptical in the tail. 
The resistance coefficient of the latter was appre- 
ciably higher than that of the A.M.3a model, and the 
gain due to the tail shape in increased lateral force 
and in smaller yawing force did not outweigh the 
disadvantages of increased drag, particularly as the 
fitting of the smaller fins of A.M.3b did not provide 
the adequate stability given by the normal fins of 
A.M.3a. The drag of this latter model was slightly 
increased when the cross section was made polygonal. 
This hull was also found to have better character- 
istics than many of the older models (R.32, &c.) at 
angles of incidence other than zero, and was 
finally adopted. As regards the fins, all those 
fitted to the two new models gave lateral forces 
at least equal to those of R.33; the coefficients of 
this lateral force, divided by pV*, were :-— 


Fin ae Ro Re Ry Rg 

Coefficient 0-127 0-138 0-136 0-148 
Fin ees Te Ta Th R 33 
Coefficient 0-178 0-178 0-170 0-127 


Type T; seemed the most promising. After further 
experiments, the fins of V section, Fig. 1 (the 





others mentioned were flat), were decided upon, 
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although known to be less efficient aerodynamically 
than flat fins. The difference in coefficient is 
small (0-167 instead of 0-178) and the cross-section 
was modified so as to reduce the effect of the 
fin upon the drag. The fins were particularly 
efficient when mounted amidships, and the effects 
of inclining rudders and elevators were larger 
than on previous models. On the R.33 models, 
a long gap had been left between rudder and fin 
when the rudder was rotated. With respect to 
the balancing of the rudders, it was not found 
possible to reduce the hinge moments sufficiently 
for safe control of the airship under all circum- 
stances by one man, without the use of some 
form of servo rudder or elevator. The result was 
not unexpected, as the hinge moment increases 
as the cube of the linear dimensions of the airship. 
Tests of a strain-meter, for measuring strains in 
the wires and girders of an airship, have also been 


undertaken. In principle, the apparatus is similar 
Fug.9. 
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Baker (Superintendent) to the tanks at Hamburg, 
Paris, Spezia and Vienna, for the study of their 
testing methods, upon which Mr. Baker has 
reported, and the facilities given by the Cunard 
Steamship Company to Mr. J. L. Kent and two 
assistants for crossing the Atlantic in the spring 
of this year on the Mauretania and Berengaria have 
enabled them to collect many useful data on speed, 
weather and waves. The 71 models tested for shape 
of hull (compared with 63 in 1926 and 36 in 1925) 
represented 48 designs, of which 41 were tested 
with propellers and 17 with more than one propeller. 
The greatest improvement realised by the Tank 
during the year, by a modification of the original 
design, was a reduction of hull resistance of 13 to 
19 per cent. over the range of speeds tested. 
Aeronautical Work.—The three type tests of sea- 
planes with twin floats and one type test of a 
flying boat involved eight models and their modi- 
fications; 13 types were tested in 1925. The 


EXPERIMENTS ON A MODEL OF THE AIRSHIP R 101. OUTLINES OF AIRSHIP HULLS. 
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EXPERIMENTS ON A MODEL OF THE AIRSHIP R 101. 
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to that illustrated in Figs. 7 and 8, on page 111] comparative tests in air and in water have already 
ane, An air gap is introduced into the circuit,| been mentioned in our comments on the Aero- 


and the change in the inductance of a solenoid, 
with the change in the width ‘of the air gap, is 
measured. 

Wind Pressure on Lattice Towers.—A report on 
the effect of wind pressure on lattice towers has 
been presented to the British Electrical and Allied 
Industries Research Association. The drag of a 
typical frame of equal angle members was measured 
in the wind tunnel and compared with the total 
calculated drag of the structure. For angles of 
yaw of the frame up to 40 deg., the measured and 
calculated values agreed within 5 per cent., and 
the same degree of accuracy can probably be 
realised for frames having unequal angles and other 
types of rolled-steel sections. 


Wittiam Frovupr Nationat TANK. 


_The pressure of the increased volume of commer- 
cial work has involved the working of double shifts, 
from 7.45 a.m. till 9 p.m., on five days of the week, 
and has left only 15 per cent. of the whole time 
available for research work, although the research 
staff has been strengthened by the appointment 
of Mr. W. Sprague. The long-desired construction 
of a high-speed tank has, however, not proceeded 
much beyond the fixing of a site, owing to financial 
considerations. Visits have been paid by Mr. G. S. 





dynamics Department. Two bodies were tested, a 
disc moving in a direction at right angles to its 
plane, and an airship body. The disc resistance 
showed no scale effect in either medium, but the 
coefficient was 5 per cent. higher in air than in 
water. The results with the airship form could 
only be made comparable when the water flow was 
purposely rendered turbulent by the introduction 
of a ridge near the bow. Air figures were then 
4 per cent. higher, but further experiments are 
required. 

Effect of Waves, and Rudder Experiments.—A 
paper on the influence of waves on resistance, pro- 
pulsion and pitching, based upon Atlantic journeys 
made on various steamers, was read before the 
Cambridge meeting of the Institution of Naval 
Architects in July, 1927. It brought out the 
inability of the engine to use more power in rough 
weather than in fine, and the greater loss of speed, 
in rough weather, of slow full ships compared 
with fine vessels. For the further investigation 
of these problems, a model of a single-screw 
tanker has been made and is being tested under 
load- and ballast-draught conditions. Mr. G. H. 
Bottomley’s experiments on the effect of fullness 
of form on rudders behind single-screw vessels 
(brought before the Institution of Engineers and 


Shipbuilders in Scotland, at Glasgow, in February. 
1927) showed that the fullness had little effect on 
the rudder forms and ship turning moments, and 
that, with constant rudder area, changes in shape 
only affected the results with unusually long 
rudders. The increase in forward wake velocity 
due to greater fullness was counter-balanced by 
increased propeller-race effect. The data for turn- 
ing moments, partly obtained on the twin-screw 
ship Dolius and the single-screw ship City of Lyons, 
show good agreement with the experiments for 
angles up to 20 deg. Balanced rudders are also 
to be tested. 

Propeller Tests—The investigation of propeller 
thrust at varying immersion in open water, made 
with screws of the same form ranging in diameters 
from 0-4 up to 1-12 ft., is being continued. As 
regards the analysis of direct propeller efficiency 
by Froude’s method, Mr. Baker showed, at the 
Cambridge meeting, that Froude’s wake fractions 
are reasonably representative of the wake con- 
ditions of a propeller when fully immersed behind 
a model. Quite a number of ships are now fitted 
with propellers of different aerofoil shapes at 
various radii, as first designed by the Tank and 
fitted to the North-Western Miller in 1914. Other 
modifications of screw propellers, comprising the 
provision of a central fin, were described by Messrs. 
Baker and Kent at the Spring meeting of the 
Institution of Naval Architects. 

Ship Resistance.—Instead of the intended experi- 
ments on the frictional resistance of a 70-ft. plank 
at high speed, which did not appear to justify 
the expense and time required, measurements have 
been made on three ships. The Ambuscade, a 
torpedo-boat destroyer of fine lines throughout and 
small body effect, gave, at different speeds on 
different days, resistances exceeding those estimated 
from model experiments by 20 to 8 per cent. The 
Empress of Australia, a 20-knot twin-screw ship, 
588 ft. in length, had been re-engined and fitted 
with propellers of Tank design, slightly differing 
from those used in the model tests. In this case 
also, there was an excess of 20 to 14 per cent. over 
the model results, and the third ship, the Pacific 
Reliance, a twin-screw cargo vessel, 440 ft. long, 
again showed a similar increase of the actual resist- 
ance values over the model estimates. Further 
experiments are being made to explain these discrep- 
ancies, which all point one way and seem to be 
connected with the wake speeds. 

The paper by Mr. C. Wigley on the Calculation 
of Wave Resistance of Three-Dimensional Forms, 
read before the Institution of Naval Architects 
in the Spring of 1927, was based on experiments 
made with models having beams in the ratio 1-0, 
1-5, 2-0, in order to test the assumption that the 
wave resistance varied approximately with the 
square of the beam. The discrepancies in shape 
between the calculated and experimental resist- 
ance curves were found to diminish as the beam 
was reduced, but the absolute values deviated 
more than assumed, and there may be errors in the 
assessment of frictional resistances. The calcula- 
tions have been extended to forms not having 
fore and aft symmetry, which are to be tested in 
the Tank. Wind resistances of hull and super- 
structures are being studied with models of pas- 
senger liners, cargo ships and oil tankers, which 
differ as to the orientation and dimensions of the 
deck erections. A start has also been made, in the 
first instance on behalf of a firm, with the important 
investigation of barge forms and barge towing, with 
the barges singly or arranged in trains behind a tug. 
A form of barge, of the style of Thames dumb 
barges, has been evolved which requires only two- 
thirds of the ordinary tow-rope force. So far it 
appears that the shape and speed of the tug are of 
less importance than its propeller. 


METALLURGY DEPARTMENT. 


Equipment.—The high-frequency induction fur- 
nace made in the Laboratory to the design of Mr. 
F. Adcock, is intended for rapid heating, in regular 
practice, chiefly of small powdered charges of high 
electric resistance with which industrial low-fre- 
quency induction furnaces could not profitably deal. 
The currents are generated by two thermionic valves, 





each capable of dissipating 2-5 kw. at the anode, 
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so connected with the 50-cycle alternating-current 
supply that the one anode becomes positive as the 
other becomes negative. No rectifier is required, but 
the conversion into oscillating energy does not 
appear to be as efficient as with continuous-current 
supply. The valve connections are cooled by a large 
fan running at a low speed so as not to set up 
vibration. The cylindrical crucible is placed within 
the secondary coil, which consists of rectangular 
copper tubing, }-in. square, through which water is 
circulated ; the air space between the convolutions 
can be filled with insulation. The primary apparatus 
and the condenser are installed behind an earthed 
screen, The older high-frequency furnace, supplied 
by the Ajax-Northrup Company, has been improved 
by introducing a Rota regulator, of Messrs. Trost 
Brothers, for the control of the hydrogen supply 
to the spark gap, which sometimes gives trouble ; 
the valve furnace has no spark gap. Both the other 
furnaces, the Silit resistor muffle furnace and the 
resistance furnace of Dr. Rosenhain, the refractory 
heating tube of which contains pellets of graphite or 
carbon in a gas-tight sheath, were described on 
page 147 of our issue of July 29, 1927; the latter 
furnace was further mentioned as one of the Royal 
Society Conversazione exhibits last June. The 
successful operation of these furnaces, and the 
purity of their products, depend largely upon the 
vreat improvements of the refractories which the 
Department and Mr. D. Turner have been effecting 
in recent years. 

Pure Metals.—The preparation of pure metals by 
electrolytic and other methods has yielded a very 
pure iron which can be rolled into sheet form after 
annealing, and is magnetically superior to commer- 
cial silicon iron, but markedly inferior to fused elec- 
trolytic iron. The Brinell number is low, but inter- 
crystalline brittleness is difficult to remove. The 
electrolytic chromium, now made at the rate of 1 Ib. 
.a day, contains only hydrogen and oxygen; the 
hydrogen can be removed by heating in vacuo, but 
the oxygen is bound as insoluble oxide, and for its 
removal, requires heating up to 1,400 deg. or 1,500 
deg. C. in a stream of hydrogen by Rohn’s method. 
Dr. Marie Gayler finds the melting point of pure 
manganese (of 99-99 per cent.) to be 1,244 +3 deg. C. 
Four transformations occur in the manganese, at 
temperatures of 682 deg., 742 deg., 1,024 deg. and 
1,191 deg., all except the last-mentioned being 
accompanied by changes in the crystal structure. 
Quenched from temperatures of about 1,024 deg., 
the metal is comparatively soft. The work is 
very difficult as hot manganese is exceedingly 
active. 

Metal and Alloy Structure, and Single Crystals.— 
For X-ray examination by Messrs. G. D. Preston 
and E. A. Owen, manganese has been purified by 
distillation. The nodules of sublimed manganese 
are broken up with the intention—not yet fully 
realised—of obtaining a single crystal, but the 
characteristic differences in the structure of 
a and § manganese have been determined. One 
particular object of the X-ray analysis and the 
determination of other physical properties is to 
ascertain whether the two kinds of atoms of a 
solid solution, when present in a simple numerical 
ratio, show a uniform lattice arrangement, distinct 
from the statistical homogeneity of solid solu- 
tions prepared in the ordinary way. Heating 
an alloy of gold and silver, in equal proportions, 
to 1,000 deg. C. for 192 hours, did not alter the 
electrical conductivity. Gold and copper are sup- 
posed to form the compound AuCu at 367 deg. C., 
but the slow cooling and the quenching of alloys 
of these two metals in varying proportions have 
not yet revealed characteristic differences. As 
regards mercury-tin alloys, the alloy containing 
0-4 per cent. of mercury seems to be a solid 
solution, those with 4 per cent. and 5 per cent. 
of Hg are crystalline mixtures, and the alloys 
with 12 per cent. to 15 per cent. of mercury show 
a hexagonal structure, and not the tetragonal struc- 
ture of tin. Strain should affect pure metals and 


solid solutions on the one side, and duplex alloys 
of eutectic bodies on the other, in different ways. 
Dr. Rosenhain is investigating this problem by 
trying to measure the heat generated by plastic 
deformation in wire-drawing. 

Single crystals are very desirable for these 
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researches. Although a eutectic alloy cannot, 
strictly speaking, form a single crystal, one might 
extend the term to alloys containing the two 
constituents in definite orientation. Mr. V. H. 
Stott prepares the single crystals by the method 
of Bridgman. The metal or mixture is fused 
in a vertical electric furnace while confined in 
a refractory tube; the tube is then lowered out 
of the hot furnace at a slow rate, so that the 
cooling of the metal cylinder proceeds from the 
bottom upwards. The rate of motion may be 
} in. per hour or much less, and the cooling may 
take several hours or days. 

Surface Tension.—The surface tension of liquid 
metals is determined by Mr. L. L. Bircumshaw by 
a modification of the bubble-pressure method, as 
used by Hogness in 1921. Two concentric tubes, 
the outer about 1 cm. and the inner about 1 mm. 
in diameter, of fused silica, are lowered into the 
liquid; the ends are carefully ground plane and 
measured. Inert gas is then passed into one or 
other of the tubes and the gas pressure is raised 
until the bubble bursts at a known depth. Experi- 
ments have been made, first with mercury and then 
with various metals at temperatures up to 1,000 
deg., so far as volatility permits. The surface 
tension of most metals, including bismuth, antimony, 
zinc, and silver, decreases as the temperature rises. 
Cadmium, however, shows a maximum surface 
tension near 425 deg., and is, so far, unique. 

Light Alloys.—The general interest of the study 
of the undercooling by rapid chilling of aluminium 
alloys (with Si-Fe, Cu, and Cu-Fe) by Dr. Marie 
Gayler, to which we referred on page 336 of our 
issue of September 9, 1927, lies in the analogy of 
these phenomena to the super-solubility phenomena 
of salt solutions and the existence of metastable 
conditions in alloys. Practically, the separation of 
compounds like FeAl, from these alloys is of very 
direct importance. The ordinary ageing period of 
Y alloy, viz., six days, can be shortened by tem- 
pering at slightly elevated temperatures, but tensile 
strength and elongation do not increase at the same 
rates; tempering for 1 hour at 200 deg. C. gives 
good results. Soaking for 1 hour at 520 deg. C. of 
1-in. chill-cast bars of Y alloy, previous to quenching, 
was not found sufficient for improving the elonga- 
tion. 

During the heat treatment and ageing, the dimen- 
sions of some of the aluminium alloys undergo 
changes. These changes, Dr. J. D. Grogan found, 
were smaller than had been anticipated, although 
they were noticeable, especially after machining. 
A 6-in. bar of Duralumin grew by 0-0006-in. after 
heat treatment and then kept steady in dimen- 
sions. After reducing the diameter of the bar on 
a lathe, however, a slight contraction in the 
length was also noticed. This material was cast ; 
wrought specimens are now being examined. It 
seems advisable to finish the machining process, as 
far as possible, before the heat treatment, when 
accuracy of dimensions is essential 

In the further study of light alloys of great 
strength, particular attention is being paid to the 
production of solid solutions capable of age- 
hardening. Barium does not promise well in this 
respect; neither does chromium, but ternary Al-Cr 
alloys may prove useful. The preparation of pure 
beryllium, by deposition of the metal from its 
iodide vapour on a tungsten filament by sublimation 
at low pressure in an argon atmosphere, and other 
processes, is being continued by Mr. H. A. Slowman. 
The impurities cannot yet be entirely removed, 
although the Brinell hardness has been lowered to 
120, The study of the constitution of alloys of 
beryllium with aluminium so far agrees with 
Oesterheld’s results, but much work remains to 
be done on the alloys containing more beryllium 
than the eutectic (0-7 per cent. Be). 

Iron-Alloy Research.—The iron-beryllium system 
is being studied in connection with other iron 
research. Beryllium increases the hardness of iron, 
but a skin forms on the lumps of the metals in a 
nitrogen atmosphere, which prevents their fusing 
together; this is also a trouble with beryllium 
itself. As regards iron-manganese, the protection 
of the thermocouples from corrosion by alloys which 
are violently active, more even than the metals 








themselves, is very difficult. In the case of high- 
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chromium alloys (iron with 30 per cent., or more, 
of chromium) the difficulty is not only to keep out 
oxygen and to avoid reaction between the chromium 
and the crucible, but also to secure uniformity in 
the ingot, when working in a vacuum or in an argon 
atmosphere in the high-frequency induction furnace. 
The mixed metals are therefore placed in a tube 
of a pure commercial iron, which is coated with 
aluminium, lagged outside and then put into the 
crucible, which is a silica tube. The gas pressure 
can be reduced to 0-003 mm., measured in the cold 
tube, but the alloy will always contain some oxide. 
The high nickel-chromium-iron alloys (contain- 
ing up to 40 per cent. and 60 per cent. of chromium), 
which we mentioned in our notes on the work of the 
Engineering Department concerning alloys for use 
at high temperatures, seem to fail owing to the 
inter-crystalline penetration of oxide. Such alloys 
had not been forged and rolled before these researches 
were taken up. 

The induction furnace has also been used for 
preparing high-silicon-iron alloys. The two metals 
combine with considerable evolution of heat, but 
it has not been found possible to prepare alloys con- 
taining more than 60 per cent. of silicon, because of 
the high electrical resistance of these alloys. 

Special Brasses, and Thermo-Couples.—Special 
brasses of high tensile strength have been obtained 
by adding aluminium and iron to copper-zinc mix- 
tures. Chill-cast bars, 1 in. in diameter, have given 
a tensile strength of 45 tons per square inch, with 
an elongation of 23 per cent. on a 2-in. length. 
The thermo-couples used are now generally made 
with an alloy arm of platinum, with 10 per cent., 
and not 13 per cent., as formerly, of rhodium, in 
accordance with Continental practice. For very 
high temperatures, however, arms containing 5 per 
cent. and 20 per cent. of rhodium, respectively, 


wo a (To be continued.) 
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Marine Engineering in Theory and Practice. Vol. II.— 
Applied. By Engineer-Commander 8. G. WHEELER, 
R.N. London: Crosby Lockwood and Son. [Price 
35s. net.] 

AN earlier volume of this work was issued by the 
author, dealing with the elements of his subject, 
and this Volume II deals with practical application. 
It is recommended by the author to marine and other 
engineers, naval architects, officers, apprentices and 
students as a complete text-book on heat engines 
and mechanical engineering. A special chapter 
has been added by Commander G. C. Malden, R.N., 
M. Inst. Met., on metals and the strength of materials ; 
there are also some notes on the principles of propul- 
sion. The work is illustrated by 340 diagrams and 
reproductions, the bulk of which are from actual 
working drawings, of lay-out of machinery, turbines, 
the blading and other parts in connection with 
them, light and heavy-oil engines, refrigerating 
plant, various kinds of boilers, feed pumps, mech- 
anical stokers, ash ejectors, &c., and the text of 
the work is largely descriptive of the designs 
illustrated. There is also a chapter on steam charts, 
entropy, etc. 

The parts dealing with the distinctions between 
various types of direct and geared, and between 
impulse and reaction, turbines, and also the principles 
of two-stroke and four-stroke Diesel and semi-Diesel 
engines are particularly instructive to the uninitiated, 
and the descriptions and drawings are fully repre- 
sentative of recent practice, but a careful study of 
the work makes one doubtful whether the author 
has not attempted to embody too much in one 
volume, and whether, in doing so, he has been forced 
to treat some important details in rather a more 
perfunctory manner than is desirable. This is an 
age of specialisation, and many students prefer to 
have any branch of a subject treated separately, and 
in full detail. As an example of that view, reference 
might be made to the notes on propulsion, and also 
on the questions in the supplement on that subject. 
In the latter part, particulars are given of the fuel 
consumption of a vessel at 15 knots speed, and the 
student is asked to determine the quantities required 
at 10 and 19 knots; the author then indicates that 
the quantities vary as the cube of the speed. This 
purely arithmetical method, however, is not one 
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which would be used by anyone with an ordinary 
knowledge of the subject for such a large range of 
speed. Similar remarks might be made on the 
author’s definition of economic speed, and it will 
be seen that a small change in the slope of the 
power curve has a very small influence on the 
result, compared with cost of fuel, and possible 
earning power. 

Apart from such criticisms, the book is methodi- 
cally arranged, and the drawings will make it a 
useful work of reference. The important points 
are emphasised by numerous sub-headings, which are 
useful in indicating any special phase of a subject. 





Indian Storage Reservoirs with Earthen Dams: Being a 
Practical Treatise on their Design and Construction. By 
Witt1aM LUMISDEN STRANGE, M.Inst.C.E. Third and 
Enlarged Edition. London: George Routledge and 
Sons, Limited. [Price 25s. net.] 

EARTHEN dams are admittedly the least costly to 
construct. Their foundations are simpler than those 
of other types, and they can be built rapidly, and 
without skilled labour. When the reservoir they 
enclose has silted up, or more water is required than 
was anticipated in the original scheme, they can be 
raised more quickly and at a far less cost than other 
types, and the height to which they can be carried, 
which in their usual form is sufficient for the needs 
of most ordinary schemes, can be increased con- 
siderably if they are formed as compound dams with 
toes of rock packed solid, in order to confine and 
strengthen their lower slopes. Nothing, however, 
can be further from the truth than to imagine that 
these simple and cheap dams are less dependent 
than others on judgment and experience. The em- 
ployment of unskilled labour entails a greater need 
of skilled supervision, wherever and for whatever 
purpose the embankments may be erected. The 
material of which they are built, moreover, is among 
those which are the least amenable to general theo- 
retical laws, and more than others demands, there- 
fore, that what is lacking in theoretical guidance 
shall be supplied by experience. It happens, too, 
that when the dams form part of a storage reservoir, 
problems in respect to the supply of water from the 
catchment area, and its run-off after flood, have to 
be faced with as little help from theory, and, for 
correct solution, require more than ordinary care 
and insight. 

Accordingly, Mr. Strange’s decision to devote an 
entire book to the subject matter of his present 
work, instead of including it in a more general 
treatise, as has been, and still is, more usual, had 
much to recommend it when the work was first 
published in 1904, and the fact that a third edition 
of a treatise on this strictly limited subject has been 
called for seems to be evidence that his action 
has been appreciated by his professional readers. 
There is, indeed, every reason that it should be. 
Himself formerly Chief Engineer in Sind, Mr. 
Strange brought to the preparation of the book a 
long experience of its subject, under conditions as 
extreme and exacting as are to be found in any part 
of the world, together with a wide knowledge of the 
practice embodied in technical literature, and 
in using his very varied material he showed an 
unusual ability to arrange and display it in such a 
way as made its contents etfectively accessible to his 
readers. These characteristics of the original work 
have been fully maintained in the present edition. 
The text also is larger than that of the original volume 
by more thana third, and the additions increase both 
Its value as a work of reference and its interest as a 
treatise. It is now, for instance, introduced by a 
considered statement of the principal matters which 
must be taken into account when a scheme for the 
construction of a storage reservoir is in contempla- 
ion. They include not only the geological cir- 
cumstances and working conditions which affect 
construction, and the geological and meteorological 
data in regard to storage and run-off, but also the 
Several considerations determining whether and 
‘o what extent irrigation is necessary and practicable, 
and the financial conditions, which decide the cost 
of the works and its relation to the prospect of 
them proving remunerative. This statement is not 
only a useful analysis and summary of the work, 
which has to be faced ultimately in a storage scheme 
for the purposes of irrigation, but also defines for 
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the author and his readers the scope of most of his 
treatise. As before, the treatment of the main 
subject is supplemented by a short description of 
water-supply schemes and the works necessary for 
giving effect to them. 

In respect to the difficult evaluation of the 
catchment area the author now recommends 
that the run-off should not be estimated by a 
general coefficient of discharge applicable to the 
catchment as a whole, but that the area should be 
subdivided into constituent areas according to 
the characters of the country within it. On this 
method ‘equivalent catchment areas” are cal- 
culated by giving separate coefficients of run-off 
to areas of different characters, which for instance, 
through a coefficient of 1-0 for ordinary plain 
country, may range from 4-0 for steep hilly slopes 
to 0-25 for tank basins or swamps. 

While the work gives due attention to such theory 
and formule as are available, its purpose and 
methods are essentially practical. From this aspect 
attention may be called to one of the new appendices 
in which the history is given of the Waghad Dam. 
This is a structure 4,160 ft. long, with a maximum 
height of 95 ft. in addition to 3 ft. allowed for 
settlement, which was begun in 1881, washed away 
during construction during 1882, recommenced 
and again largely demolished by flood in 1883, and 
finally completed in 1884. One of the new plates 
included in this edition illustrates the varying 
fortunes that attended this last construction. The 
chronicles of the dam are carried up to 1926, 
when a subsidence, which occurred in 1919, had 
again to be made good. This sad history seems to 
have been due primarily to the fact that the dam 
was built of pure black cotton-soil, which has a 
low coefficient of friction, especially in the presence 
of moisture, and ought never to be used for the 
structure of a dam unmixed with a sufficient 
proportion of suitable gritty material. From this 
initial point, and at each subsequent stage of the 
dam’s history, the record of its successive mis- 
adventures is accompanied by an indication of the 
errors in design or construction to which they were 
due, and of the measures by which with more or less 
success it was sought to rectify them. At the risk 
of seeming to assume a constant mantle of wisdom 
after the event, Mr. Strange has given his readers 
a remarkable object-lesson on the consequences of 
disregarding sound practice, and drives it home by 
references to the various parts of the work in which 
the relevant practice is described. In a further 
edition it would perhaps be desirable to provide a 
more ample index. In its present form it is no 
worse than those of most technical works, but this 
low standard is particularly unsuitable to a work 
of which the contents have so much variety within 
so relatively small a subject. 





Tin Mining. By C. G. Moor, M.A. (Cantab). London: 
- = Pitman and Sons, Limited. [Price 8s. 6d. 
net, 

Tuts is a book of 166 pages, an introduction and an 

index, which somewhat needlessly disclaims being a 

text-book or complete treatise on its subject. 

Nevertheless it appears to deal with tin mining from 

each of the many aspects in which it has practical 

and even historical interest, and seeing that the 
methods of tin mining are typical of those used on 
many or most other minerals, much of its matter is 
equally applicable to mining of all kinds. The 
danger to which so small a book with so compre- 
hensive a scope is obviously liable, is that at least 
some part of its subject may be treated perfunctorily, 
or in the alternative that the information may be so 
condensed as to make the work less of a guide to the 
subject than an index. Captain Moor may be 
congratulated on having avoided both these dangers. 
The work is in no sense a text-book, and the pers- 
pective in which the several parts of the subject are 
treated would be quite unsuitable in the class-room 
or for any academic purpose. Its object appears to 
be to provide those who undertake mining in general 
and tin mining in particular, or who otherwise have 

a practical interest in it, with a statement of the 

fundamental considerations which must be borne in 

mind at each stage of the operation, from prospecting 








to working. In the author’s view the risks of 
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mining enterprises lie mainly in the neglect of 
precautions which ought to be taken, and could be 
reduced to an order of magnitude comparable with 
those of other industrial enterprises if the work spent 
on each proposition were kept proportionate to the 
fulness and accuracy with which the circumstances 
of the deposit had been investigated. The essential 
purpose of the book is, therefore, to show what this 
knowledge should include, by what observations 
and enquiries it can be acquired, how a report or 
prospectus purporting to give it can be tested, and 
some particulars, desirable in its industrial working. 

As an introduction the author has necessarily to 
describe the nature of tin deposits and how they are 
formed, and it is characteristic of the treatment of 
the subject throughout the book, that, even in this 
short introduction, practical directions are given 
for performing the chief tests by which cassiterite 
can be recognised. In an appendix, too, this 
information is supplemented by an account of a 
number of minerals which sometimes have been 
mistaken for cassiterite, and of the properties by 
which they can be distinguished from it. At this 
stage only lode formations are dealt with, including 
the allied stockwork and impregnations. The work 
then passes to describe the duties and qualifications 
of a prospector, and the manner in which he should 
proceed in districts of various characters. From the 
outset, it is emphasised that prospecting does not 
mean the mere discovery of mineral, but its discovery 
in quantities and under conditions in which it will 
pay to work. Often this may not mean rich deposits, 
but those in which low grade material is available in 
large quantities under conditions that allow it to be 
worked cheaply. The insistence on this aspect 
explains both the considerable detail in which various 
prospecting methods are described, and the circum- 
stantial manner in which the author outlines the 
alternative methods of working that can be adopted, 
according to the nature of the deposit in question. A 
general discussion of methods of prospecting leads to 
chapters dealing particularly withsampling, and with 
chemical and physical (vanning) assays. Successive 
chapters then deal with methods of lode mining and 
processes of milling and dressing. The next two 
chapters deal with alluvial mining, which at the 
present time is by far the safest and most profitable 
branch of the industry. Another chapter, dealing 
in outline with the provision of power in mines, 
completes the purely technical side of the work. 
The economical side is introduced by a chapter 
enumerating the various producing countries, and 
discussing the price of tin in the past and its future 
prospects, with indications of the varying extents to 
which fluctuations in price affect mines of different 
characters. 

Not the least important chapters in the book are 
the two which deal, mainly from the technical point 
of view, with the business side of tin mining, many 
of the considerations in which have a general appli- 
cation to mining of all kinds. The first of these is 





devoted mainly to describing the manner in which 
properties should be selected if the investment in 
them is to be an industrial operation and not a 
gamble. The discussion of the particulars that 
should be required in an engineer’s report, the local 
conditions to which particular attention should be 
given, the circumstances which affect the value of a 
property and the price that can fairly be asked for 
it, and the investigations which must be made into 
the conditions of lease and the legal provisions 
relating to mines in the district in question, may be 
taken for the most part as applying to mining 
generally. It gives an unusually clear and well 
considered summary of the particulars that are 
necessary in a satisfactory report, and observes in 
particular that not only must it contain all the 
technical details required by another engineer who 
may be acting for other interested parties, but also 
must be expressed in plain language, intelligible to a 
non-technical shareholder. A subsidiary chapter 
deals with the arrangements necessary or desirable at 
the mine, and some particulars to which special 
attention must be given if it is both to be worked 
efficiently, and to establish its claim on the investing 
public when further capital is required. The work 
is completed by a chapter on the history of tin 
mining in the West of England, which, if not strictly 
relevant to the essentially practical purpose of the 
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book, gives a concise and interesting account of this 
side of the subject. 

» Taken as a whole, the work is a piece of sound 
practical exposition, which describes clearly and 
authoritatively the technical aspects of the subject 
most important from the industrial point of view. 
It appears to embody the results of a varied personal 
experience, and should be of unique value to those 
who are interested in mining, either as investors or 
in the field. 


LETTER TO THE EDITOR. 
TECHNICAL DICTIONARIES. 


To THE EpiToR oF ENGINEERING. 

Smr,—The appearance of the first issues of the 
technical dictionary, edited by Messrs. Pitman’s, is 
very welcome and fills a long-felt want in our industry. 
Would you permit me, however, to offer some 
criticism on that part devoted to the Russian language. 

As stated in the preface by the editors, “‘ the Russian 
alphabet has, since 1917, been altered by the omission 
of four out of its 36 characters,’ which change is of 
such magnitude as to affect practically every written 
word. The new spelling is now firmly established, and 
as it is universally considered to be a progressive 
development, there is practically no likelihood of a 
return to the old spelling, whatever change history 
may have in store for Russia politically. To adhere 
to the old spelling in a new dictionary of 1928 is, there- 
fore, to be deeply deplored, and the only reason given, 
‘that to change a word from the old spelling to the 
new spelling presents no difficulty,” can hardly be 
considered sound, as there is no reason for not using the 
modern spelling straight away. 

The editors do not seem to realise the great risk 
which would be run by firms anxious to trade with 
Russia who have been induced to adopt the spelling 
of this dictionary in their negotiations with the Soviets. 
The sending of catalogues in the antiquated (Tsarist) 
spelling would be definitely prejudicial to their chances 
of commercial success and would defeat the object 
they set out to accomplish. 

For the same reason, also, the dictionary itself may 
not find as many Russian purchasers as might otherwise 
be expected; and after all, is there any technical 
activity in the Russian refugee colonies “ outside 
Soviet territory at the present time”? The speedy 
change of spelling in the future issues, if at all possible, 
would be a matter of public interest. 

Incidentally, itis very difficult to discover a column 
without spelling and printer’s errors, which might also 
be avoided at the same time. 

Trusting I have not trespassed too much on your 
valuable space.—I remain, Sir, 

Yours faithfully, 
M. Lewin, A.F.R.Aé.S. 








30, Blenheim-gardens, 
Willesden-green, N.W.2. 
May 21, 1928. 








MAGNETIC PROSPECTING IN JAPAN. 


Waite the miner has for centuries been finding his 
way underground and making his surveys by observing 
the horizontal compass needle, the use of the vertical 
dip needle in the search for magnetic ores is practically 
a matter of this century. When machinery was intro- 
duced below ground, miners had to improve their 
compasses. Robert Thalén, in 1879, measured both the 
horizontal and the vertical magnetic intensity with a 
magnetometer, which others improved. But the 
development of the magnetic exploration of the earth 
has not greatly preceded the recent applications of 
other geophysical methods. 

The apparatus used by Mr. Yoshizo Fujita, of the 
College of Engineering, University of ‘Tokyo, for the 
magnetic survey of the Kamaishi iron mines (Memoirs 
of the College, vol. v., No. 3) was a Thalén-Tiberg 
magnetometer, consisting of a compass, the arm of 
which carries a deflecting magnet, and a device for 
turning the compass into a vertical or horizontal 
position for measuring t.e horizontal or vertical force, 
all mounted on a tripod; the length of the needle is 
6 cm. The mines are situated about 600 km. north- 
north-east of Tokyo in palaeozoic sandstones and 
limestones with intrusions of granites, grano-diorites 
and porphyrites. The magnetic deposits occur along 
the contact of metamorphous limestones (garnetites) 
and the diorites and porphyrites. Along this line of 
contact a base line was laid out, and distances of 30 m. 
were measured off on the base, subsidiary lines being 
run at right angles to the base to the limits of the 
disturbed field, where the vertical magnetic intensity 
fell off to zero. The horizontal and vertical forces 
were determined at corners of squares of 30 m., or 
at other more convenient points. The whole iron area 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 
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Norr.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of 
the London Metal Exchange for “ fine foreign” and “ standard” metal, respectively. The prices shown for 


lead are for English metal, whilst those for spelter are for virgin metal. 
for steel plates and rails, and also for hematite and Cleveland pig-iron. 


Middlesbrough prices are plotted 
The prices given in the case of steel 


plates are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. The pig-iron 
prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price of quicksilver is per 
bottle, the contents of which vary from 70 lb. to 80 lb. The price of tin-plates is per standard box, but - 
other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizonta 
lines represent 11. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each. 








seven iron deposits were known to exist, with two 
surface outcrops; two more deposits were discovered 
by the magnetic survey. The territory lies at an eleva- 
tion ranging from 700 m. to 1,000 m. above sea level, 
and is very rocky and rough; the dense surface bush 
had to be cut down. 

The isoclinic lines (of equal inclination) formed 
roughly concentric, but very irregular, closed curves, 
crowded near the outcrops. The position of the north- 
attracting pole could be determined by the crowding 
of the positive dip lines; the position of the south- 
seeking pole was indistinct, indicating that the dip 
of the deposit is nearly perpendicular or that it descends 
to a great depth. The most important field, the Shin- 
yama area, has no outcrop; it had first been exploited 
as an open working, and the shafts now go down toa 
depth of about 100 m. The results of the magnetic 
survey agree, in general, with the conclusions drawn 





examined covers about 550,000 sq. m., in which 





from the geological survey and the explorations, which 








estimated the ore contents of the whole field at about 
35,000,000 tons of magnetite, containing something 
like 60 per cent. (48 to 65) of magnetic iron oxide, 
in addition to silica (mostly only a few per cent.), 
lime, &c. But neither the magnetic survey nor the 
geological survey so far admit of drawing any conclu- 
sions as to the actual depth of the ore deposit. The 
magnetic survey, however, gives valuable information 
as to the proper spots for drilling and shaft sinking, 
and about the area of the field, which extends farther 
south than had been assumed. Mr. Fujita had for 
his field work a staff of three assistants, four sur 
veyors, and about a dozen labourers ; the survey kept 
them occupied during the period from June to Sep- 
tember, 1926. He expresses the opinion that = 
magnetic survey is the best and most easily available 
of the geophysical methods for prospecting, but he re 
not speak of actual trials of other methods, and he 
was not working on unexplored ground. 
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THE CLEANING OF BLAST-FURNACE 
GAS. 


A Comparison of the Most Important Methods Employed 
in the Cleaning of Blast-Furnace Gas.* 


By V. Harsorp. 


Tue efficient cleaning of blast-furnace gas is one of 
the many problems which have confronted the manu- 
facturers of iron and steel for many years, as only by 
this means can full benefits be obtained from this 
source of fuel. The large amount of gas evolved 
from the blast-furnace plant has been one of the main 
difficulties met with in the design of cleaning plants, 
but there are at the present day several very satis- 
factory cleaners working, whereby enormous direct 
savings are being made in the actual use of coal through- 
out the works, and indirect savings in repairs to hot 
blast stoves, boiler cleaning, and general efficiency in 
the plant. 


aware no independent detailed works results over a 


different types of plants can be made. It was thought 
that actual operating figures would be of interest, 
and with the consent of the directors and the co-opera- 
tion and assistance of the staffs of a number of plants 
in this country, the actual works records have been 
placed at the disposal of the author, the information 
given as to the general results thus obtained being 
embodied in this paper. 

Gas-cleaning plants may be conveniently classified 
in two main classes—dry cleaners and wet cleaners— 


Although results obtained from individual | the water to be recirculated, and the dust can be 
plants have been published, so far as the author is/ collected in the form of a thick sludge and run out 
| into storage bays and dealt with as desired. 
reasonable period, of a number of plants, are available, | 
from which a comparison of the relative efficiencies of | to the indirect savings obtained by the various methods 


a gas which does not contain more than a certain 
amount of dust after cleaning, and this should be 
the basis of comparison. The dust contents in the 
gas reported in this paper were not determined in all 
cases by the same apparatus at the different works ; 
various methods were adopted as the result of indi- 
vidual experience. With skilled operators the differ- 
ences in the methods employed in sampling should not 
appreciably affect the results obtained. 

In the choice of a suitable cleaning plant, there are 
a number of points in addition to the actual final dust 
content of the gas which require careful consideration, 
such as power consumption, water supply, disposal of 
dust, and whether the dust is of any value for briquet- 
ting or for the recovery of potassium salts. With 
wet cleaners, when the quantity of water is limited 
jor the flue-dust is required for briquetting purposes, 
| the installation of the Dorr thickener in conjunction 
with the cleaning plant enables the greater portion of 





| 





It was hoped at first to get definite information as 


of cleaning, but this has proved too difficult to compute 
with any degree of accuracy, as there are so many 
factors which affect the results. In some cases, 
coincident with the installation of cleaning plant, hot 
blast stoves have been redesigned, different filling 
bricks put in, and new and more efficient types of 
burners have been introduced, all of which improve- 
ments have led to saving. On the other hand, full 
benefit is not being obtained in some cases, owing 
to the gas not being fully utilised pending alterations 





and the former can be further subdivided into those 
which filter the gas and those which remove the dust 
from the gas by electrical precipitation. The best- | 
known dry cleaners of the filtration type are the } 
Halberg-Beth and the Kling Weidlein wire mattress 
cleaner, whilst the Lodge-Cottrell is the only type of 
electrostatic cleaner which has established itself in this 
country. The wet-cleaning plants at work in Great 
Britain are frequently of composite design, but they all 
depend essentially on getting an intimate mixture 
between a fine spray or mist of water and the gas, 
either by means of spraying or scrubbing in towers, or 
by fan disintegrators of the Theisen type, or by a com- 
bination of both. 

Another distinction which is frequently made between 
types of gas cleaners is between those which are capable 
of treating the gas hot and thus preserving the sensible 
heat, and those which necessitate cooling the gas prior 
to cleaning; of the former the electrostatic and the 
Kling Weidlein are the most important examples, and 
considerable importance is attached by the patentees 
or manufacturers to this saving in sensible heat. This 
advantage is not so great as may appear at first sight, 
as the gases at the higher temperature are capable of 
carrying a larger amount of water vapour, which will 
retard combustion. By cooling the gases below their 
dew point, water will to a certain extent be removed, 
and the loss of sensible heat will be partly balanced by 
obtaining a drier gas for combustion, notwithstanding 
the intimate contact with the water during cleaning. 

Great difficulties are experienced in comparing the 
results obtained by the various types of cleaners, as few 
types are designed to clean down to the same extent, nor 
are the conditions under which each is operating similar 
in all cases. The quantity, quality, and fineness of 
the dust all have a considerable bearing on the question, 
as it is obviously an easier matter to remove the coarser 
particles than the extremely fine material, and the 
variation in the dust from the same furnace from hour 
to hour makes it extremely difficult to generalise. 
Again, it is manifestly unfair to compare the relative 
cleaning efficiency of a Kling Weidlein apparatus with 
that of the Halberg-Beth, as the former is only claimed 
to act as a primary cleaner. With certain types of 
cleaners—more especially those of the wet type—a 
certain amount of latitude is possible in this respect 
by regulating the amount of water used, and it is a 
matter for the management to decide at which point 
the benefits obtained from additional cleaning become 
no longer economical. 

When ex mining the results obtained from different 
types of cleaners, the dust content of the final gas is 
the most suitable basis of comparison, bearing in 
mind, of course, whether the apparatus is designed as a 
peneey or a final cleaner. Somewhat misleading 
om Tes are sometimes given under the name of “ effici- 
por as expressed in the percentage of the dust 
pe: acted; almost any type of dust-catcher will 

Tact coarse dust, and the efficiency so defined will 


typed almost entirely on the relative coarseness and 
- quantity of the dust in the crude gas. With a 
Y gas a vood “ efficiency”’ can thus be shown, 


tlthongh the resulting cleaned gas may still contain a 
_o amount of dust. The desired object is to obtain 
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to other parts of the works. It is therefore practic- 
ally impossible to estimate the indirect saving in refrac- 
tories and repairs, due to the introduction of gas clean- 
ing, which has, however, even under unfavourable 
conditions, more than justified itself by saving in cost 
of repairs and maintenance. In some cases a smaller 
number of stoves are being used and a higher blast 
temperature maintained, giving a greater blast-furnace 
efficiency. 

A short description of each type of cleaner is given 
below, together with any special works conditions con- 
sidered likely to affect materially the results obtained. 


Wet CLEANING PLANTS. 


Plant I.—Scrubber and Fan Washer. This plant is 
designed for cleaning for gas engines, and is treating 
600,000 cub. ft. of gas per hour from 4 to 5 grm. 
down to 0-02 grm. per cub. m. The dirty gas enters 
the water spray cooling towers at a temperature of 
190 deg. C., is cooled down to 37 deg. C., and leaves 
with a dust content of 0°8 to 1 grm. per cub. m. 
It then passes to a Jenkin fan in which water is in- 
jected in a fine spray, and, leaving this with a dust 
content of from 0-2 to 0-3 grm. per cub. m., it is 
finally cleaned to 0°02 grm. in a Theisen washer. 
The power consumed in this plant is 160 kw., which is 
equivalent to 0°275 unit per 1,000 cub. ft. of gas 
cleaned; the water used for the same quantity of 
gas is about 30 gallons. The cost for labour, power, 
stores, and repairs for this plant, according to works 
records for a three months’ period, was 0-195d. per 
1,000 cub. ft. 

Plant II.—Scrubber and Disintegrator. This plant 
is cleaning gas only for stoves and boilers, soaking 
pits, &c., and although the plant was designed for 
dealing with but 800,000 cub. ft. per hour, it is 
actually cleaning 1,250,000 cub. ft. The crude gas 
containing 4 to 5 grm. per cub. m. is cooled in a 
Zschocke tower from about 80 deg. to 140 deg. C. 
to 36 deg. C. It is then passed either into a Zschocke 
fan, which reduces the dust content to 0-25 grm. 

r cub. m., or to a new Theisen disintegrator by 
which the dust content, if determined at a distance 
along the main at which all the spray has settled, is 
found to have been reduced to approximately 0-02 
grm. per cub. m. The power and water consumed 
on this plant, per 1,000 cub. ft. of gas cleaned, are 
respectively 0-08 unit and 114 gallons, when using the 
Zschocke fan, but with the Theisen disintegrator 
0-13 unit and 13} gallons are required. The total cost 
for labour, maintenance, and power on this plant 
over a prolonged period was given as 0-0896d. per 
1,000 cub. ft. of gas cleaned. During this period both 
the Zschocke fan and the Theisen disintegrator were 
working at different times. 

Plant III.—Wet Cleaner with Scrubbers, and Dis- 
integrators. This plant is designed to wet-clean the 
gas from four blast-furnaces, and is treating rather 
more than 5,000,000 cub. ft. per hour. The gas, 
containing from 2 to 3 grm. per cub. m., is collected 
in a common main 9 ft. 3 in. in internal diameter, 
and enters three scrubbers at a temperature varying 
from 100 deg. to 200 deg. C. These scrubbers are 72 
ft. high and 15 ft. in diameter, and are packed with 134 
tiers of wooden grids with 1}-in. spacings. Water is 


to form a fine spray. The gas passes from the scrubber 

'to three Theisen washers, each capable of dealing with 
| 2,118,000 cub. ft. of gas per hour at N.T.P., and is 
finally dried in three cyclone driers 7 ft. in diameter 
and 16 ft. high, from which it is taken to the clean gas 
main and distributed to stoves and boilers. The 
clean gas leaves at a temperature of about 40 deg. C. 
and contains from 0-03 to 0-04 grm. of dust per cub. m. 
About 40 per cent. of this gas is finally washed for gas 
engines in anold Theisen plant, but the power and water 
figures given apply only to the gas cleaning down to 
the condition required for stoves and boilers. The 
sludge from the cleaning plant is taken to a Dorr 
clarifier which enables nearly 90 per cent. of the water 
to be recirculated. The clarifier, further details of 
which are given later, is 86 ft. in diameter and deals 
with 5,000 gallons per minute, and the clarified water 
passes to settling ponds, where it is cooled by 120 
in. sprays and recirculated. The thickened sludge 
is disposed of as a waste product. 

The power used by the circulating pumps and Dorr 
thickener is 0-038 kw.-hr. per 1,000 cub. ft. of gas 
cleaned, and for the three Theisen washers 0 -18 kw.-hr., 
giving a total of 0-218 kw.-hr. per 1,000 cub. ft.; the 
water circulated and the make-up water are respec- 
tively 5-4 gallons and 0-6 gallon per 1,000 cub. ft. 
The plant has only recently been put into operation, 
so that maintenance and repairs are practically negli- 
gible. The labour required is two men per shift, which 
entails a charge of 0-006d. per 1,000 cub. ft. of gas 
cleaned. The water is obtained from a river, so 
that the direct cost of cleaning the gas to the required 
condition for stoves and boilers works out, on the basis 
of power at 4d. a unit, as 0-115d. per 1,000 cub. ft. of 
cleaned gas. 

Plant IV.—Brassert Tower and Theisen Disintegrator. 

This plant, which has only recently been started up, 
and will probably be considerably extended, has a 
capacity, at present, of 2,500,000 cub. ft. per hour, and 
is cleaning rather more than 2,000,000 cub. ft. per hour 
to the extent required for stoves, boilers, soaking pits, 
and reheating furnaces. The plant consists of a single 
Brassert tower with sprays and hurdles to break up 
the water and gas. The tower is about 70 ft. high 
and 14 ft. in diameter, and the water circulated is 
about 50 gallons per 1,000 cub. ft. of gas. The gas, 
containing about 6 grm. of dust per cub. m., enters 
the tower at a temperature between 180 deg. and 
240 deg. C., and leaves at about 20 deg. to 25 deg. C. 
It then passes to one of two intermediate driers in 
which the excess of moisture is removed by a sudden 
reversal of the gas flow and by the gas impinging on 
fresh surfaces. The gas is then taken to one of two 
Theisen disintegrators, the second being in reserve 
as it is found necessary to clean them out thoroughly 
about once in six months. The water circulated in the 
Theisen machine is about 5 gallons per 1,000 cub. ft. 
of gas cleaned. The gas is then passed into one of two 
Bischoff driers by which the mechanically held moisture 
is removed by baffles and frequent reversals of the 
direction of flow of the gas. ‘The final gas contains 
from 0-15 to 0-20 grm. of dust per cub. m. under the 
present working conditions. 
An interesting series of tests was carried out at this 
plant on the effect of varying the quantity of circulating 
water in the tower and in the disintegrator ; they showed 
that in both parts of the cleaner the quantity of water 
could be very considerably reduced without any 
reduction in the cleaning of the gas, but in practice it 
has been found that if the minimum amount of water 
be used, which is about 25 gallons on the tower and 
3 gallons on the Theisen machine per 1,000 cub. ft., the 
Theisen disintegrator rapidly furrs up. This plant is 
so situated that the charge for the water supply repre- 
sents only the cost of the power for circulation, and 
this amounts to a difference of only about 0-01 unit per 
1,000 cub. ft. for the additional water. The actual 
power used was given as 0-15 unit per 1,000 cub. ft. 
The labour to run the plant is two men per shift and 
supervision, which amounts to 0-024d. per 1,000 cub. ft. 
As regards repairs and maintenance, the plant is 
practically new and has only been running a few months 
so that no figures are available. It would appear, how- 
ever, that these should be very low, as the whole system 
consists merely of circulating pumps. The six-monthly 
clean and overhaul of the Theisen is carried out by the 
operators on the plant with the help of fitters, &c., and 
is estimated to cost about 4/. to 51. each time. The 
capital cost of this plant was about 17,4001. 


Plant V.— Brassert Scrubbers and Sprays without 
Disintegrators.—This plant is similar in some respects 
to Plant IV, in that it is a Brassert washer, but it 
differs in that Theisen disintegrators are not installed 
in conjunction with the towers. The plant consists 
of two Brassert washers 15 ft. in diameter, No. 1 being 
86 ft. high and fitted with a bottom cone, and No. 2 of 
later design, being 65 ft. high, and having no such cone; 
it has a capacity of about 5 million cub. ft. per hour. 
At present, No. 1 washer only is in use, owing to the 
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impinged on to a cast-iron plate from 18 two-in. nozzles 


blast-furnace plant not being in full operation, and 
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23 million cub. ft. of gas are being cleaned per hour. 
The tower is packed with wooden hurdles on to which 
jets of water are sprayed, the gas in its upward journey 
being intimately mixed with the down-flowing spray 
of water. The gas, before leaving the tower, is subjected 
to a high-velocity water spray, and after being made 
to turn a number of double bends, it enters the drier or 
mud catcher tangentially. This is a cylindrical cham- 
ber, the bottom of which tapers into the down-comer 
main for the gas. The centrifugal force, due to the 
tangential entry, throws the coarser moisture particles 
to the sides of the cylinder, and this is assisted by a 
high-pressure spray of water in a very fine state of 
division impinging on the stream of gas from above ; 
this serves as a carrier of the moisture particles to the 
sides of the tube. This moisture containing fine dust 
is trapped in an expanded part of the down-comer, 
and is drawn off, the cleaned and partially dried gas 
passing along the main, where it is further dried by 
a sharp change of direction at the bottom of the down- 
comer. It then enters the clean gas main feeding the 
stoves, boilers, &c. This main is fitted with drain 
cocks every 50 ft., which are opened every 24 hours. 
The construction of the Brassert tower and spray drier 
is shown in Figs. 1 to 3. The atomising water-spray is 
located at A (Fig. 1). 

The water and sludge are taken in an open culvert to 
the Dorr thickener, which is 86 ft. in diameter. The 
clarified water passes to a hot well, and is then pumped 
up into a cooling tower and recirculated. The sludge 
is run out into bays and allowed to dry ; it is proposed 
to put down a sintering plant to treat this material for 
the blast-furnace plant. The gas, containing 5 grm. to 
6 grm. of dust per cub. m., first enters a primary dust 
catcher of the cyclone type and then enters the Bras- 
sert tower. It enters the clean gas main with a dust 
content of about 0-4 grm. to 0-5 grm. percub.m. The 
total water required for the operation amounts to from 
29 gallons to 37 gallons, and the power required is 
0-029 unit per 1,000 cubic feet of gas cleaned. The make- 
up water, due to wastage and loss with sludge, amounts 
to approximately 5 per cent., say, 14 to 2 gallons per 
1,000 cub. ft. of gas. 

The labour in this plant is not considered, as the 
pumps have all been installed in the existing pump- 
house and have entailed no extra men for operation. 
The washery itself is visited by the stove tenders at 
regular times, but no extra men have been employed 
since the plant was put into operation. Actually, a 
proportion of these men’s time should be allocated to the 
gas-cleaning plant, but it was not possible to obtain 
any figure for this. As regards repairs, the plant has 
only been running a few months and no figure can as 
yet be given. 

A short description of the Dorr clarifier as installed 
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which is found in the clean gas test is brought over 
immediately after opening up the compartments after 
rapping, as it is not possible in practice to give the dust 
sufficient time to settle completely in the hopper after 
rapping. 

The plant has been in operation for some years, 
and considerable difficulties were met with, in the 
early stages, in the choice of suitable wires for the 
discharge electrodes ;_ this difficulty has now been 
overcome by the use of nichrome wires. The author 
was also informed that considerable improvements have 
been made in the rectifiers and insulators, which now 
give very little trouble. The gas enters the cleaner 
| containing on an average 5 grm. to 6 grm. of dust per 
icub. m. and at a temperature of from 180 deg. C. 
to 230 deg. C.; it is cleaned down to a dust content 
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to deal with blast-furnace slurry may be of interest. 
The apparatus installed at Plant V. consists of a | 
circular tank 86 ft. in diameter into which the slurry | 
is brought. There are four arms fitted to a vertical | 
rotating shaft, two long and two rather shorter, which | 
make one revolution in 20 minutes, drawing the settled | 
sludge to the centre, whence it is discharged by special | 
sludge pumps. The power expended is very low and is | 
included in the figure given above. A typical test of | 
the clarifying effect of this apparatus is as follows : 


Grains per cubic feet. | 
| 
Inlet water : 32-45 suspended solids, 98-42 in solution. | 


Outlet water: 3-39 suspended solids, 93-91 in solution. | to 180 deg. C. 
The amount of dried sludge obtained from the Dorr | 


thickener is about 3 tons per day, of which the following 
is a typical analysis : 


Per cent. 


FeO ... ae ves 23:04) Total iron 
FeO, ... 37-43j 44-20 per cent. 
SiO, see 10-48 

CaO... cee on 4-60 

MgO = Trace 

BGs 6S. kk ss 1-45 

POs a 0-133 

MnO ... re ed 1-67 

eh, ss 11-40 


Loss on ignition 8-40 


The capital cost of the Brassert towers, Dorr thickener | 


&c., was given as 20,000/. 
Dry CLEANERS. 
Plant VI.—Lodge-Cottrell, Pipe Treater Type.— 





(799.) “ENGINEERING” 


of from 0°4 grm. to 0-6 grm. per cub. m. and leaves 
the apparatus at a temperature of from 120 deg. C. 
: It was stated that the inlet temperature 
| could rise to 425 deg. C. without causing trouble. 

| The dust content is considered to be higher than would 
| be the case if the plant were working to its designed 
| capacity, but, on the other hand, the cost of cleaning 


| per 1,000 cub. ft. would be materially increased. The | 


| considerable difficulty encountered at first in handling 
the dry dust from the apparatus has been overcome by 
discharging it into a culvert and flushing it away by 
| water ; by this means the labour is reduced. One 
| chamber is laid off every month for a complete clean 
| out and overhaul. The power used in the plant amounts 
to about 0-013 units per 1,000 cub. ft., and the labour 
| required is three men per shift and a foreman on day 
|shift. The cost of labour amounts to 0:018ld. per 
1,000 cub. ft. of gas cleaned. 

| Stores and repairs over a period were given as costing 
| 0-0023d. per 1,000 cub. ft. and the overall cost of 
| cleaning—power, labour and repairs, stores, renewals— 
/amounted to 0-026d. The capital cost of a similar 





This plant was designed to clean 2,000,000 cub. ft.| plant at to-day’s prices would be approximately 
of gas per hour, but as the output of the blast-furnaces | 30,000I. 

has been increased since its installation, it is estimated | Plant VII.—Lodge-Cottrell, Plate Treater Type.— 
that it is dealing with about 3,000,000 cub. ft. of gas|This plant is composed of eight chambers, through 
per hour. It is of the “pipe treater” type, and | which the gas is passed in parallel. The insulated wires 
consists of six compartments, each containing 64 pipes, | are suspended between vertical plates which take the 
through which a nichrome wire is suspended from an | place of the tubes in the pipe treater type ; the dust is 
insulator above. The dust is deposited on the inner | deposited on the plates by the electric discharge from 
walls of the tubes by the electrical discharge. Each | the insulated wires, which are charged with unidirect- 
battery of tubes is fitted with its own separate electrical | ional current at high tension. Each chamber is fitted 
unit, and is mechanically rapped every hour to shake | with two sets of plates, the gas being thus cleaned in 
the dust down, the current being temporarily cut off. | two stages. About 2,000,000 cub. ft. of gas per hour, 
It is probable that a considerable amount of the dust | which gas contains about 5 grm. per cub. m., are passed 


and the cleaned gas, carrying, on an average, 0-4 grm, 
of dust per cub. m. is used under stoves and boilers, 
Trouble was encountered in the early days with the 
breakage of the insulators, but improvements have 
increased the average life of an insulator to about 
12 months. The dust in this plant is removed by hand. 
labour, and is rather difficult to handle owing to much 
|of it being very fine in character; a considerable 
| proportion of the wages cost is spent in dealing with 
| this material, which at the present time has no market 
| value. The amount of dust recovered per week amount 
| to about 35 tons, which is equivalent to approximately 
3-75 grm. per cub. m. of dust cleaned, and forms a 
| fairly accurate check on the percentage extraction of 
|the plant. The cost of power consumed on the plant 
| over a period was given as 0-03d., wages 0-0l4d., 
| insulators 0-001d., repairs and stores 0-0015d., making 
the total actual working costs for this plant 0-0465d. 
per 1,000 cub. ft. of gas cleaned. The capital cost of 
| the plant was given as 20,0001. 
| Plant VIII.—Lodge-Cottrell, Plate Treater Type.— 
'This plant is designed to treat 6,000,000 cub. ft. of 
gas per hour. It consists of 12 chambers working in 
parallel; each chamber is fitted with four banks of 
electrodes, the two banks on the crude side being 
worked in each case from electrical units separate from 
those on the clean main side. One side, therefore, of the 
| treater acts as a crude dust cleaner and the other side 
|as a final dust cleaner. The installation consists of 
| six electrical units, but only four have been put into 
service, as the plant has not yet operated at full capacity 
|owing to the blast-furnace department not working 
|atitsmaximum output. Two of the electrical machines 
| operate the crude gas side of the plant, the others the 
| semi-clean gas side. The dirty gas usually contains 
| from 4 grm. to 6 grm. of dust per cub. m. and enters the 
| plant at about 200 deg. C. A drop in pressure of 
| 0-5 in. to 0-6 in. water-gauge and in temperatures of 
|about 100 deg. C. occurs during its passage through 
| the apparatus, and a final dust content of about 0-3 grm. 
| per cub. m. is usually found in the clean gas. 
| At these works the blast-furnace practice varies 
| considerably from time to time, according to the vary- 
| ing proportion of calcined and raw ore used, and this 
|has a very considerable bearing on the dust content 
| of both the dirty and clean gas. The labour required 
| to operate the plant is one man per shift, and one man 
| cleaning out on day shift only. The dust is withdrawn 
| in the dry state from the hoppers into waggons and is 
| somewhat difficult to handle ; it has no market value. 
|The power required to work the plant (that is, four 
machines) is 0-0225 unit; wages, including dust disposal, 
cost 0-0063d., and stores 0-0017d. per 1,000 cub. ft. 

The plant has only been put into operation com- 

| paratively recently, and, as is frequently the case, 
there has been a certain amount of trouble in the 
early stages; consequently, maintenance, replace- 
| ments, and engineers’ time on the plant have been con- 
siderably in excess of what will be normally expected, 
and those figures are therefore not included. It is 
believed that these troubles were only such as are usually 
met with in starting up a new plant, and that before 
long they will be to a great extent overcome. The 
capital cost of this plant was given as 55,000I. 

Plant 1IX.—Halberg-Beth Filtration Plant.—This 
plant is treating approximately 2,000,000 cub. ft. of 
gas per hour, containing about 3 grm.to 4 grm. of dust 
per cub. m. The gas first enters the towers in which 
it is air-cooled to a temperature of from 75 deg. C. to 100 
deg. C. (water being added if necessary) in order to 
prevent the burning of the bags and to deposit moisture ; 
it is then reheated to from 80 deg. C. to 120 deg. C., so that 

|it will pass through the bag house without the tempera- 
ture dropping below the dew point. The temperature 
control is most important in these plants. 

The bag house consists of 2 units, each of 20 com- 
partments having 12 bags, that is, a total of 480 bags. 
Each of these 12-bag compartments in each unit 18 
automatically shaken hourly to remove the dust, and 

| during this time the current of gas is reversed in order 
to blow the dust from the pores of the bags. The gas 
on leaving the bag house contains, on an average, 
0-025 grm. of dust per cub. m., and is used in this 
condition for stoves, boilers, ete. A portion of the gas 
which is required for gas engines is further cleaned in 
a water-spraying tower and dried in a tower packed 
with wooden grids. The dust content of the gas for 
the gas engines is about 0-004 grm. per cub, m. 
Bag renewals amount to 10 to 15 per week, an 
' power consumed averages 0-075 to 0-085 unit per 
1,000 cub. ft. of gas cleaned. On a three-month period 
when the plant was operating normally, the following 
figures per 1,000 cub. ft. of gas cleaned were obtained : 


and the 


Total wages 0 -0287d 
Bags aa ae are 0-0072d 
Stores and repair materials 0 -O04¢d 


The all-in cost of running the plant, omitting de preeiae 
tion and establishment charges, was 0-0778d. per 1,000 
cub. ft. of gas. The capital cost of this plant at to-day's 
prices is approximately 23,000/. 
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Plant X.—Halberg-Beth Plant.—This plant, designed 
to clean 4} million cub. ft. of gas per hour, is composed 
of four separate units, each consisting of ten double 
compartments containing 12 bags in each part, that is, 
240 bags per unit, making a total of 960 bags. It is 
equipped with five Green economisers for controlling 
the gas temperature, to prevent either the burning of 
the bags or the deposition of moisture during filtration. 
Only one blast-furnace was operating at these works 
at the time that the gas-cleaning tests were made, so 
that only two units were in service. The hourly treat- 
ment of gas was estimated to be 1,800,000 cub. ft. 

The whole of the gas cleaned is only required for 
burning under stoves and boilers, consequently, there 
was no necessity to instal the final spray washer and 
drier, as in the case of the last plant described. The 
comparison of the cleaning results must therefore be 
made on the dust content when the gas leaves the bag 
house. It was stated that one object of this plant, 


| 
generally considered that the plant was rather too small 
to deal with that quantity of gas, and in the later 
designs more chambers have been added for plants of 
this capacity. The gas contained about 6 grm. of 
dust per cub. m. on entering the plant, and though 
numerous experiments were carried out, varying both 
the thickness of the mats and the coarseness of the wire- 
wool, it was not found possible to reduce the dust 
content regularly below from 2 grm. to 3 grm. per 
;cub. m. Considerable mechanical difficulties were also 
met with, such as the breaking of the yokes during the 
| periodical automatic shaking to clean the mattresses. 
| By the time the mattress has become sufficiently clogged 
| with dust to form a satisfactory filter, trouble is liable 
to arise on account of back pressure. The plant has 
not been in operation since the middle of 1925. 
Plant XII.—Kling Weidlein Cleaner.—This plant, 
| consisting of a ten-compartment plant, is dealing with 
| 3,200,000 cub. ft. per hour, each chamber being auto- 





when installed, was the recovery of potash from flue- | matically cut off and shaken every two minutes. It 


of apparatus which may be of interest, although no 
full-scale tests have yet been carried out on blast- 
furnace gas. The first is a new type of primary cleaner 
known as the Grant-Jones cleaner. It is in some 
respects similar to the Kling Weidlein apparatus, in 
that it is essentially a primary cleaner for supplying 
stoves and boilers, that the gas is filtered hot through 
a special material, and that the sensible heat of the 
gas is retained. In this apparatus the filtering medium 
is ground flint, which is evenly distributed over a travel- 
ling belt in two layers, coarse and fine ; the belt of woven 
wire completely separates the upper half of the chamber, 
into which the crude gas is brought, from the lower 
half, so that all dust is drawn through the filtering 
bed. The flint with the dust is discharged by the 
endless travelling belt after its passage through the 
machine, and is then sieved free of the dust, regraded 
and automatically returned into the system. A small 
experimental plant was tried in the Midlands, and a 
larger plant is now being tried out at works in Leicester- 





TABLE I.—COMPARISON OF BLAST-FURNACE GAS CLEANERS, 















































1. | 2. 3. 4. 5. 6. a 8. 9. 10. 11. 12. 13. 14. 
| Aprox. Capi- ‘ Average ee wiaianedin Repairs, . 
| tal Cost at Capacity aun d Dust aan pe A _— Water Labour. | Stores,and} Direct —— 
De o re He ; ) SU ¥ ene a nd 
Plant | Type of Plant. > to-day % of Plant. per Hour = Crude in Clean Gas. | Units per Gals. per Pence per Renewals. Labour. Pence per Remarks. 
No. | Prices, £ per Cub. ft. at N.T.P Gas. eit eae 1,000 cub 1,000 cub. ft. | 1,000 cub. | Pence per Pence 1.000 cub 
million cub. | per hour. Cub. ft. Grin. per cat ; pag Gee Gas. ft. Gas. |1,000cub.| per Hr. | Gas.*. 
| ft. capacity. aoenee Geis Nile ae ee ha ft. Gas. ee 
; = 
5; | Spray tower, Jen- | Not available 600,000 600,000 4to5 0-02 0-275 30 0-0406 0-0105 -= | — _ 
| kin fan, and 
| Theisen washer 
II. | Zschocke tower, 0-25 with | 0-08 iy (coe 
| Zschocke fan, Do 800,000 | 1,250,000 | 4to5 / Zachocke 0-0245 | 0-0040 wel ae” ~ 
| or Theisen ’ sat ~ 0-02 with 0-13 13} ra 0-0935 
|  disintegrator J \ dansteguuies Theisen 
Il. Scrubbers and Do. Over Over 2to3 0-03 to 0-04 0-218 5:4 circu- 0-006 Negligible 30-0 0-115 New plant. Dorr 
| Theisen disen- 5,000,000 5,000,000 lated. at present thickener and 
|  tegrators 0-6 make up — recircu- 
ated. 
IV. | Brassert tower and 7,000 2,500,000 Just over 6 0-15 to 0-20 0°15 55 0-024 Negligible 48-0 0-099 New plant. 
Theisen  disin- 2,000,000 at present 
: tegrator 
V. | Brassert tower, 5,000 5,000,000 2,750,000 5 to 6 0-40 to 0-50 0-029 29 to 37 Nil. None | Negligible Nil 0-013 New plant. Dorr 
| and sprayers 14—2 make extra at present thickener and 
up water em- water recircu- 
ployed lated. Only 
working half 
: ’ plant. 
VI. Lodge-Cottrell 15,000 2,000,000 3,000,000 5 to 6 0-40 to 0-60 0-013 _ 0-0181 0 -0023 54-3 0-0269 _— 
, (pipe type) 
Vil. Lodge-Cottrell 10,000 2,000,000 2,000,000 5 0-40 0-025 _— 0-014 0-0025 28-0 0-0290 — 
, | (plate type) i 
VIII. | Lodge-Cottrell 9,000 6,000,000 3,250,000 4 to 6 0-30 0-0225 — 0-0063 | Not avail- 22-47 0-0180f Four electrical 
(plate type) able under machines work- 
present, ing out of six. 
ae conditions 
IX. Halberg-Beth 11,500 2,000,000 2,000,000 3 to 4 0-025 0-08 Very little ; 0 -0287 0-0118, 56-4 0-0805 _ 
0-004 after only por- including 
| final spray for tion of gas bags 
oath envines. washed p 
X. Halberg-Beth .| Notavailable} 4,750,000 1,800,000 5 0-1to0-2 0-11 Nil 0-032 0-0034, 59-6 0-0904 Only half plant 
including working. 
: bags 
XI. Kling Weidlein Do. 3,500,000 3,500,000 6 2to3 _ —_ — — —_— — _ 
XII. Kling Weidlein 6,000 3,500,000 3,200,000 7 2 0-003 —_ 0-004 0-0015 — —_— _ 
* Based on power at 4d. per unit. + Labour, power, and stores only ; no maintenance or renewals. 
dust, but at present this is not being carried out. The} appears to be the most successful one in this country, | shire. A preliminary run has been made, but it is 


dust content of the gas on entering the plant, as obtained 
over a series of tests for four or five weeks, appears 
very variable, but is generally of the order of about 
9° grm. per cub. m., and the cleaned gas on leaving con- 
tains from 0-1 grm. to 0-2 grm. per cub. m., although 
some tests show a much higher figure. These results 
do not compare very favourably with the previous 
plant figures, but it must be borne in mind that this 
gas is only required for burning purposes. In the 
previous case, some of the gas is used in gas engines, 
and the bag filtration must reduce the dust content 
as far as possible to enable the final sprayer to lower it 
sufficiently for that purpose. In this plant the life 
of the bags is considerably longer than in the previous 
one; under the conditions at this works, it is more 
economical to get a longer life from the bags even at 
the expense of a somewhat less efficient cleaning of the 
gas. The power expended in this plant amount to 
9-11 unit per 1,000 cub. ft. of gas cleaned, labour costs 
to 0-032d., and repairs, renewals, etc., including bags, 
ep Boney The total cost of cleaning per 1,000 cub. ft. 
8 U-U603d. 

Plant XI.—Kling Weidlein Cleaner.—This type of 
cleaner, which depends upon the gas being passed by 
‘ts Own pressure through chambers in which are fixed 
“ire-wool mattresses, has been introduced into some 
works in this country from America, but generally the 
pants have not been a success. Their object is only 
‘give a gas suitable for burning in stoves and boilers ; 
they are very cheap to operate as regards both power 
- labour, and undoubtedly serve to remove a consider- 
va a of the dust without losing the sensible heat 

> gas, 
This plant, which consists of five chambers, was one 





pe € earliest erected outside of America, and was 
‘signed to clean 3$ million cub. ft. per hour. It is! 


and although the dust content in the clean gas is not 
as low as is desired, the upkeep and the cost of the 
cleaning are very low. The conditions of temperature, 
under which this type of cleaner operates, are most 
important. If the temperature of the gas becomes 
too high, there is considerable destruction of the wire 
mattresses, and if, on the other hand, it dreps low 
enough to deposit moisture, the wet dust sets in the 
mattresses, and the chambers are put out of action. 
The gas temperature is, therefore, kept at about 
about 150 deg. C. to 200 deg. C. In this particular 
plant, the cleaner is so situated as to meet these con- 
ditions best, and consequently more satisfactory results 
have been obtained than at other works. 

The average dust content of the crude gas is 7 grm. per 
cub. m., and it is cleaned down to an average of 
1:8 grm. The power requirements are 0-003 unit, 
labour 0-004d., repairs 0-001d., wool and stores 0-0005d. 
per 1,000 cub. ft. of gas cleaned; the total direct cost 
of cleaning is 0-019d. for this amount of gas. The 
capital cost of this plant was given as about 20,000/. 
at to-day’s prices. 

Two other plants of this type were visited, but it 
was found impossible to obtain results, as they had 
not been maintained in good working condition. In 
neither case could satisfactory results be obtained, 
even by using varying grades and thicknesses of 
the wire-wool, and at the present time the gas is being 
passed through to remove such dust as the mattresses 
are capable of retaining; no records are being kept, 
nor would it be fair to carry out tests on the apparatus 
as at present working. 

From the results obtained from the four plants of 
this type, this cleaner hardly appears suitable for work- 
ing under the conditions prevailing in this country. 


considered too early to do more than draw attention 
to what may develop into a valuable method of primary 
cleaning. The capital cost should be moderate, 
and there appears no reason to anticipate high operating 
costs. 

The second type of cleaner has only been tried out 
on a blast-furnace plant in one small-scale experimental 
plant, where the conditions did not sufficiently resemble 
those required for satisfactory working for any reliable 
data to be obtained. It is of the cyclone type, which, 
as is well known, has been tried in very many different 
forms without any great success. This one has, 
however, been evolved after many years of experiment, 
and differs essentially from the ordinary types; it 
has given very satisfactory results in the removal of 
zine dust in zinc smelting works, where a great number 
have been working efficiently for many years. The 
great attraction of a cleaner of this type is the extremely 
low capital cost of the plant, and it is believed by the 
inventor that satisfactory cleaning with this plant 
can be done with an outlay of hundreds of pounds 
instead of the thousands spent on the usual types of 
cleaners. 

Comparison of the Results Obtained.—In Table I are 
set forth the results obtained from the plants described 
above, from which it is possible to obtain a general 
comparison of the different types of plants from different 
aspects. In the following comparisons the results 
obtained at Plant I must not be included, as this plant 
is treating only a small volume of gas for engine purposes 
Plant IX. (Halberg-Beth) may, however, be fairly 
compared, as only a portion of the gas is being finally 
washed for engine purposes, and the additional cost of 
this washing is comparatively small. In the author’s 
opinion, the results obtained by the Kling Weidlein 





Possible Developments.—There are two other types 


plants show that this type of machine does not give 
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Fic. 5. INTERIOR 


for increased gas cleaning, the same labour can 
Operate the plant for larger quantities of gas. For 
this reason the cost of labour in pence per hour, 
irrespective of the quantity of gas cleaned, is given 
in column 12 in Table I. For comparison purposes, 


it seems that these figures and those in column 10 | 


should be considered together. They show that the 
labour costs on the Halberg-Beth plant are highest, 
but that in the other cases there is probably very 
little difference in this respect. Plant V must be | 
regarded as exceptional, as the plant has been so 
arranged that all the labour involved is carried out 
by ae employed on other work. Actually a portion 
hese 


men’s wages should be allocated to the 


gas-cleaning plant, but no figures could be obtained | 


on this basis. 

4 (d) Repa irs, Stores and Renewals.—This item will 
ae ‘o a very considerable extent upon the length 
. time the plant has been in operation, and the figures 
obtained under this heading are not strictly comparable. 











oF TURBINE Room. 


| 

| Plants III, IV and V have all been recently started up, 
|and the wear and tear is consequently very slight. 
|The most clostly plant in this respect appears to be 
| the Halberg-Beth, especially when operated to reduce 
ithe dust content to a minimum, as in Plant IX. The 
difference between Plants [X and X is to a great 
| extent due to the longer life of the bags in the latter, 
|owing to the higher dust content permissible in the 
cleaned gas. There is not sufficient evidence regarding 
other plants to indicate any definite superiority in 
this respect. 

(e) Working Costs.—In order to obtain some compari- 
son of the working cost of these plants, an arbitrary 
figure for power at $d. per unit has been taken, and 
the total cost for power, labour, repairs and renewals 
|computed on this basis. In the majority of cases 
| power is probably being obtained at a lower figure 
|than 4d., but this has been chosen as a reasonable 
| basis for comparison. The figures for the nine plants 
'under discussion are given in column 13 of Table I. 





! 

;In this comparison no charge has been made for 
the water used in washing, as in most cases this is 
obtained for the cost of pumping (included in power 
figure), and in others, where water is not so available, 
| Dorr thickeners have been installed, which reduce 
the water make-up requirements to a very low figure. 

| From the above figures it appears that, on the 
| whole, the electrostatic plant comes out most favour- 
|ably. The Brassert tower and spray plant shows 
actually the lowest figure, but as already stated, no 
labour is allocated to the plant, and no maintenance 
has yet been necessary. These figures certainly would 
be very low under ordinary conditions, and such a 
plant would no doubt compare favourably with the 
electrostatic apparatus. The Halberg-Beth costs are 
clearly very much dependent on the state of cleanliness 
aimed at, as reflected by the bag ‘Tenewals, but if 
worked to full efficiency the cost of operating seems 
to be about the same as those of the combined tower 
and disintegrator plants. 

(f) Capital Cost of Plants—It has been extremely 
difficult to obtain figures for capital cost of plants, 
as in some cases where the plants have been of com- 
posite design, different parts have been added at 
different times; in other cases plants have been 
installed when prices were inflated during the post-war 
period, and actual figures under those conditions 
would be only misleading. In column 3 of Table I 
are given the capital cost figures, per million cubic feet 
capacity, for those plants for which it has been possible 
to calculate them at approximately present-day 
prices. Although the “‘ capacity ” of plants is a some- 
what elastic figure, especially in the case of wet cleaning 
plants, this appears to be the most satisfactory basis 
to adopt for comparison. From these figures it appears 
that the plants for which the information has been 
obtained come in the following order, the most expensive 
being the electrostatic (pipe treater), followed by the 
Halberg-Beth, the electrostatic (plate treater), and 
washing towers and disintegrators, the least expensive 
being washing towers with sprays, even when the cost 
of the Dorr clarifier is included. 











HYDRO-ELECTRIC DEVELOPMENT 
AT MUSCLE SHOALS. 


WHEN electricity supply was really in its infancy, 
it was usual to construct the power station first and 
then to build up a load forit. Often enough that search 
was not very energetic, partly because capital was 
hard to obtain, and partly because those responsible 
were too busily engaged in making the plant run 
at all to have much time for anything else. Recently, the 
procedure has pretty generally been reversed. The load 
iseither waiting, or in imminent prospect, before a new 
station is begun, and certainly when the maze of regu- 
lations and consents has been successfully penetrated 
and the sets are actually running there is no doubt 
about there being sufficient work for them to do. A 
curious combination of these two antagonistic methods 
is to be found at Muscle Shoals, Alabama, on the 
Tennessee River, where a 600,000 h.p. hydro-electric 
station and other subsidiary plant has been erected. 
For though there seems no doubt that the energy 
from this station could be satisfactorily utilised, the 
various legislative authorities have not yet been able 
to decide who shall operate it, and it is therefore, to a 
large extent, derelict. This being so, though this 
article will be mainly concerned with the engineering 
aspect of an interesting project, it is necessary first to 
say something about the conditions which have led 
up to this curious situation. 

Atan early stage in the Great War it became evident 
that the reserve of nitric acid in the United States 
was limited. It was therefore decided to develop the 
water-power available at Muscle Shoals for the manu- 
facture of nitrogen from the air, a determining factor 
being that deposits of the other raw materials necessary 
for turning this nitrogen into nitrates were within easy 
reach. The project included the construction of three 
dams, two of which comprised both power stations and 
locks, two nitrate plants, two steam power stations and 
other subsidiary works, the total estimated cost being 
31,680,0001. Actually only one dam, that known as the 
Wilson or No. 2, with its power station has yet been 
constructed. Its site is about 260 miles from the 
mouth of the Tennessee River and 3 miles above the 
city of Florence. Work on it was begun during the 
summer of 1918 under the supervision of the War 
Department, but was interrupted at intervals, so that 
it was not until 1925 that a supply of energy was avail- 
able from it. At present it contains four 30,000 h.p. and 
four 35,000 h.p. sets, although ten further 35,000-h.p. 
sets, making a total of 610,000 h.p., can be installed. 
The construction was carried out by the War Depart- 
ment using direct labour. Most of the power produced 
is supplied to the Alabama Power Company. The same 
company has also leased the steam plant, which was 
erected as a temporary measure during the war to 
supply one of the nitrate factories. This plant has a 
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capacity of 60,000 kw. Two other steam stations, of 
5,000 kw. and 30,000 kw., respectively, together with 
the two nitrate plants. were also completed before the 
Armistice, but are now standing idle, in spite of the fact 
that farmers are demanding fertiliser and the power 
interests are anxious to supply power. The reason is 
that the Government cannot decide by whom the plant 
is to be operated, one difficulty being that the War 
Department insisted that it must always be main- 
tained in instant readiness to supply nitrate in case of 
need. 

Several proposals have been made to remove the dead- 
lock which has occurred. Mr. Henry Ford, at one time, 
offered to buy the whole property. Next it was 
suggested that there should be Government operation. 
Then the power companies made a bid. A fourth 
scheme was put forward by the American Cyanamide 
Company, while at the end of last March the House 
Military Committee of Congress declared itself in 
favour of Government operation, through a Federal 
Corporation consisting of five members appointed by 
the President. In spite of considerable opposition, the 
Bill creating this Corporation was passed by the House 
of Representatives on May 16 and by the Senate on 
May 24, and was sent to the President for signature. 
The Bill also includes a project for building a large dam 
at Cove Creek, some miles above Muscle Shoals, and 
so far the President has refused his approval, 
mainly, it is believed, on this account. 

Turning to the engineering work involved in the 
construction of the Wilson Dam and its power station, 
which is the most interesting part of the scheme that 
has yet been completed, the dam itself is a monolithic 
concrete structure erected on a foundation of hard and 
flinty limestone bed rock. A good idea of its appear- 
ance and extent can be gathered from Fig. 1, on 
page 150. The power house section, visible in the 
foreground, and also shown in Fig. 2, is 1,250 ft. long, 
extends from the south bank of the river. It is 
followed by the sluice-way section, of 232 ft., beyond 
which is the spillway section, 2,668 ft. long, shown in 
Fig. 3. The spillway ends in a 200-ft. abutment at 
the north end, beyond which is a lock. Expansion 
joints are provided at intervals of 46 ft. A working 
deck and a 20 ft. public highway (Fig. 4) are carried 
on piers above the crest of the dam, with a bascule 
bridge forming the highway connection across the lock. 
The total width of the superstructure is 46 ft. 6 in. 

Working backwards, the lock is of the double lift 
type and was mainly excavated from the rock. Its 
walls are of concrete and are 60 ft. high and from 15 ft. 
to 23 ft. thick. Each of the two lock chambers is 
60 ft. wide and 300 ft. long, the normal lift being 
45} ft. There is a minimum depth of 9} ft. of water 
over the lower sill. The whole of the lock operations 
are effected by compressed air. The upper gates are 
of the single-leaf buoyancy type, while the lower ones 
are of the mitreing pattern. The 200 ft. abutment 
is of gravity section, with a battered face and vertieal 
back. 

The spillway section is 95 ft. high, 105 ft. thick at | 
the base, and 140 ft. from the bottom of the foundation 
to the operating bridge. It is of the typical ogee form 
with vertical back and crest. Each of the 58 spillway 
openings is arched over by an operating deck with a 
spillway control bridge. The piers for the arches are 
8 ft. wide. During periods of high water, it is necessary 
to pass as much as 445,000 cub. ft. of water per second 
through this section, but the 58 gates, when wide open, 
are capable of passing 950,000 cub. ft. per second. 

These gates are of structural steel, and are 18 ft. high, 
38 ft. long, and weigh 68,000 Ib. each. A double system 
of counterweighting is used. The dead counterweight 
hangs free and balances half the weight of the gate, 
being suspended over pulleys on an equaliser shaft. The 
second system of counterweighting is individual to | 
each gate, and is hydraulically operated. These latter | 
counterweights move in a steel-lined masonry well, | 
of which there are two on each side of each gate. 
These wells are connected by suitable piping, which is 





controlled by a three-way valve, so that water may be | 
taken into the tank from the upper pool or discharged | 
into the river below. The gates are opened by allowing 
the water in the displacement tank to flow into the tail 
water. The counterweight then descends and the 
gate is raised by chains running over pulleys. All 
the gates can be opened or closed in less than two 
hours, an arrangement that is necessary owing to the | 
rapid rise of the Tennessee River. 
The gates, each of which weighs 35 tons, were placed 
in position by a floating shear-legs derrick. They were | 
first run out on a pair of platform wagons to a point 
where the shear legs could pick them up and lower them 
on to a barge placed in front of the hoisting barge. The 
steamboat then backed away and moved the two 
barges to the site for the gate. The gate was next 
picked up, so that its barge could be pulled away, and 
the derrick barge moved up to the face of the dam to 
lower the gate into the slots facing the guides. 
The sluiceway section is provided with thirteen 
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Fig. 6. Hicu-Tension AUXILIARY SWITCHBOARD. 


sluiceways, which are equipped with butterfly valves. 
Each sluice is a steel conduit, 9 ft. in diameter, which is 
embedded in concrete and passes right through the 
dam. At the upstream end, these sluices are protected 
by massive concrete screens, while the downstream 
bed of the river is covered with a layer of concrete 3 ft. 
thick, capped with granite paving blocks for some dis- 
tance to prevent dangerous scour. 

The forebay structure contains the power house, 
which is 134 ft. high, 160 ft. wide and 1,250 ft. long. 
The switch and control house is located on the bluff 
at the south end of the dam. 

As already stated, the power house, an external 
view of which is given in Fig. 2, forms an integral 
portion of the dam. It is 1,250 ft. long, and consists, 
essentially, of two parallel longitudinal portions. The 
upstream portion closes the forebay and contains 
the intake conduits. Its base width is 90 ft., while 
it is 40 ft. wide at the top. The base of the power- 
house, which forms the other portion, is 71 ft. wide, 
and in it are formed the wheel pits, scroll chambers, 
draught tubes and discharge passages to the tail race. 
The building, which encloses the generator room, is 
70 ft. wide and 64 ft. high. 

Each turbine, of which there will eventually be 
18, is supplied, through three intake conduits, 16 ft. 
high and 12 ft. 6 in. wide, leading from the forebay. 
Steel screens prevent floating debris from entering 
the intakes, and headgates allow the water to be shut 
off so that the turbines can be inspected or repaired. 
These conduits drop at an angle of 45 degrees from the 
gate chambers, the slope ending in a vertical curve of 
50-ft. radius, which directs the water horizontally into 
the scroll chamber. The Moody type of draught tube 
is employed, the diameter of the upper portion being 
14 ft. 3 in., which expands at the bottom into a bell 
mouth over a central cone, and thence passes into the 
bottom chamber, which has two horizontal discharge 
openings into the tail race. 

The turbines, seen in Fig. 5, are of the American Francis 
type with vertical shafts, the generator shaft being 
mounted on the wheel shaft. The speed is 100 r.p.m., 
and the total weight of the revolving element is 250 tons. 
This portion of the set is carried on bearings of the 
Kingsbury pattern. The speed ring, which surrounds 
the wheel, is fitted with gates for automatically regu- 
lating the amount of water delivered in accordance 
with the load. This gate is controlled by a governor, 
which is operated from a high-pressure hydraulic system. 

The alternators generate current at 12,000 volts and 
60 cycles, and are supplied with exciting current from 
190-kw. direct-coupled exciters. Their inherent react- 
ance is 25 per cent., and differential protection is pro- 
vided by bringing out both ends of the phase windings, 
so that current transformers can be inserted inside the 
Y connection. The auxiliary generators have an out- 
put of 937 kv.-a., and supply three-phase current at 
2,300 volts and 60 cycles for the station power and 
lighting services. 

As already mentioned, the switch house, which can 
be seen on the extreme right of Fig. 1, is situated 
on the south bank of the river, in line with the power 
house. It is a three-storey building with a base- 
ment, and is connected to the power house by a tower 





through which the 12,000-volt generator leads run. 
The 12,000-volt switchgear is of the vertical isolated- 
phase type, and is arranged in a wing at the rear of 
the switch house, each floor of which is divided into 
three galleries. The centre of these galleries contains 
the control apparatus, while the outer galleries house 
the circuit breakers, isolating switches, current trans- 
formers, and ’bus-bars. The main control board is of 
the curved bench and panel type, while the auxiliary 
switchgear is controlled by hand-operated switches 
placed in an adjoining room and shown in Fig. 6. 








CATALOGUES. 


Water Treatment.—Messrs. Arthur Ross, Hotchkiss 
and Company, Limited, 1, Glengall-road, Old Kent-road, 
London, S8.E.15, have issued a pamphlet entitled “A 
Chat on Water,’ containing useful data on the con- 
stituents of and the action and treatment of water in 
industrial processes, 

Oxygen-Cutting Machines.—The British Oxygen Com- 
pany, Limited, Angel-road, Upper Edmonton, London, 
N.18, have sent us copies of a pamphlet and a catalogue 
describing their universal cutting machine for straight, 
circular and profile work. The machines and process are 
described, and several examples of work are illustrated, 
including crank webs 5 in. thick, cut from the bar, and 
railway-coach side frames cut from sheets. The rate 
of cutting mild-steel plate { in. in thickness is given 
as 9 in. per minute. 

Steam Engines.—The M.P. class of stationary steam 
engines, made by Messrs. Marshall, Sons and Company, 
Limited, Gainsborough, are listed in 10 sizes, and are 
fully described in a catalogue recently issued by the firm. 
The powers range from 5 h.p. to 42 h.p., economical 
load, at 100 lb. per square inch boiler pressure, but the 
engines will work economically at 60 lb. or 80 lb. per 
square inch, developing less power. Any of the engines 
can be supplied in either horizontal or vertical form. 
All are slide-valve engines, with adjustable eccentrics and 
spring governors, which can be regulated while the engine 
is running. 

Special Steels.—A series of twelve pamphlets issued by 
Messrs. Samuel Osborn and Company, Limited, Sheffield, 
should prove useful to engineers and to all engaged in 
the mechanical trades. The first pamphlet gives a list 
of the steels, tools and parts (castings, forgings, springs, 
&c.) made by the firm. The others deal with: tool and 
special steels; rust-resisting steels and irons; auto- 
mobile and aircraft steels ; carbon tool steels ; rock-drill 
steels; twist-drill steels; reamers: milling cutters, 
hobs and saws; chisels and snaps; files ; and springs. 
All contain practical and technical information and, 
where possible, tables of dimensions and prices are given. 


Drilling Machines—Two new catalogues of drilling 
machines are to hand from Messrs. William Asquith 
(1919), Limited, Halifax. One shows a portable universal 
type, which is made in five standard sizes with motor and 
bogie, and is fitted with a loop for engaging witha travel- 
lingecrane. This type is illustrated as applied to work on 
large machines, boilers, tanks, girders, &c. The other 
catalogue deals with high-speed machines for railway 
work, comprising radial, horizontal, vertical, and cross- 
bar types, with multiple drills or multiple-spindle — 
In some cases, the machines are designed for specia 
work, such as that on girders, wheel tyres, axles, Se. 
All are powerful, rapid-cutting machines, and have the 
full range of adjustment necessary for tapping, reaming 
and other work related to drilling. 
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THE HUME RESERVOIR ON THE 
MURRAY RIVER. 


Ly concluding a series of articles in ENGINEERING 
in 1925 (Vol. exix) we gave a description of the 
Hume or Mitta Mitta Reservoir, as planned at 
that time in connection with regulation of the 
Murray River. It was stated that the design we 
then illustrated, which was one providing for a 
capacity of 1,098,500 acre-ft., was liable to modi- 
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bankment about 430 ft. in length, and wing wall. A 
sluice section 284 ft. 3 in. long follows, contingent 
to which will be the spillway section 720 ft. long. 
This again is followed by the southern wing wall, 
beyond which is an earthen embankment 3,827 ft. 
in length. The chief modifications as regards 
principal dimensions are in the sluice section, origin- 
ally designed for a length of 161 ft., and the southern 
embankment, which, owing to the small slope of the 
ground on this side of the river, has had to be 
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feation, a recommendation having been made that 
te reservoir capacity should be increased to 
~,000,000 acre-ft. This recommendation has since 
been adopted. The early work was planned and 
carried out on lines which made it suitable for the 
larger scheme, should it be adopted. As would 
naturally be expected the change of plans has 
—— in very considerable alteration of the main 
. mensions and quantities involved in the structures, 
mao the original length of the dam, 
sie hy now increased to 5,300 ft., while the 
Bho — area, formerly placed at 30,000 acres, is 
mMputea at 44,000 acres, or 69 sq. miles. 
he new design involves the following, starting 
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lengthened 1,100 ft., to meet the requirements of 
the additional 14 ft. depth of water to be impounded. 
The full supply level is now placed at R.L. 626, and 
the top of the dam will be at R.L. 642. The draw- 
off pipes, at first planned as eight outlets 6 ft. in 
diameter, have been greatly modified in design 
owing to the decision since made to embody a 
hydro-electric plant in the works, which originated 
really with the regulation of the river for navigation 
and irrigation purposes. The outlets will now consist 
of three pipes each 13 ft. in diameter, to be used for 
hydro-electric purposes, and four of 9 ft. diameter, 
for regulation. This accounts for the change in 
length of the outlet section, which, formerly 161 ft. 


In the views annexed and on pages 154 and 155 we 
give some illustrations showing recent progress on 
this work. The spillway section, partially completed 
is shown in Figs. 5. This section of the work has 
been designed as a gravity dam with vertical up- 
stream face and ogee downstream, the toe of which 
is to be seen in the figure. The downstream face 
terminates in an energy dissipator or stilling pool, 
having a length (downstream) of 80 ft. ; the water is 
retained in the pool by a mass concrete wall 25 ft. 
high and 17 ft. wide at the crest. The toe of the 
dam, and the upstream face of the stilling pool wall, 
are finished to radii of 25 ft. The spillway crest is 
at R.L.614. Above this are piers housing 29 sluice 
gates, each 20 ft. wide by 15 ft. high. 

Of the other views reproduced, Fig. 1, annexed, 
shows the long southern embankment. This part 
of the work was fully described and illustrated 
in the article previously referred to. The reinforced 
concrete core wall, which embodies a 6 ft. 6 in. 
inspection and drainage tunnel, is clearly seen in this 
view. The material is distributed by means of 
horse and wheel scrapers. The bank will be 650 ft. 
wide at the base, and 32 ft. wide at the top. 

The three other views all have reference to the 
northern portion of the work. Fig. 2 shows, 
on the extreme left, the wing wall connecting the 
outlet section with the earth embankment at the 
north end of the dam. The mass concrete work in 
the foreground forms part of the outlet section of 
the dam. The still water on the right is in the 
stilling pool on the downstream side of the dam, 
in which when the view was taken there was a depth 
of 20 ft. of water. Beyond the flowing water, 
broken up by plums in the submerged concrete, is a 
coffer-dam enclosing about 124 acres, in which the 
spillway section and south wing wall are being con- 
structed. The diversion of the river when this 
coffer-dam was built involved the excavation of 
some 140,000 cub. yards of material. Figs. 3 and 4 
give two views inside the coffer-dam. The first 
view is taken looking back at the part of the work 
shown in Fig. 2. The curved toe of the downstream 
face may be seen on the left of the concrete work in 
Fig. 3. Fig. 4 shows a view of the upstream side 
and indicates how the work is being carried out in 
blocks with broken construction joints. 

Several of the views reproduced show portions 
of the construction plant. The trestle work running 
the length of the wall carries a belt conveyor for the 
concrete, and extends nearly the entire length of 
the concrete section of the work. Concrete is dis- 
charged from it by means of trippers, at any desired 
point. One of the trippers may be seen at the 
second trestle from the left in Figs. 2 and 5. This 
belt conveyor will be ultimately raised, and the 
views show the trestles being extended for this pur- 
pose. The tall concrete tower to be seen in these 
two views is actually part of the work built in 
advance to serve as a construction tower. It accom- 
modates the tail tower of a cableway, the other 
tower being visible in the distance, in Figs. 1 and 3, 
on the New South Wales bank. In the early work, 
the tail tower stood on the ground. The twin con- 
crete hoisting towers close by are 160 ft. high, and 
were put in for concreting the wing wall and the 
concrete tower just referred to. 

The discharge valves, as already stated, are of 
9-ft. and 13-ft. diameter. They are all designed 
as free-discharge valves of the Larner-Johnson type, 
and have been built by Messrs. J. Blakeborough and 
Sons, Limited, Brighouse, Yorkshire. The three 
13-ft. valves will serve as turbine stop valves when 
the hydro-electric plant is installed. The 9-ft. 
valves are set nearly 99 ft. below full storage level. 
The upstream opening is rectangular, tapering to 
a 9-ft. square Stoney sluice, beyond which is a 9-ft. 
steel pipe, at the end of which the Larner-Johnson 
needle valve is placed. A bell-shaped discharge, 
7 ft. 6 in. in diameter, communicates with the stilling 
pool. The Stoney sluices are worked by hand winch. 
The Larner-Johnson valves are fitted with both 
hand and electrical gear. The hand gear is worked 
from a headstock on a deck over the valve. The 
electric gear operates through worm gear, and is 
at the valve level. Clutches are provided so that 
if the electrical gear is engaged, the hand mechanism 
is thrown out, and vice versa. The pilot valve con- 





long, is now as stated, 284 ft. in length. 





sists of a tube inside the main valve and operated 


154 
by rack and pinion, so as to admit more or less 
water under throttled control to the interior of the 
main valve, which takes up a position in which it 
is in equilibrium under the particular conditions 
brought about. The Larner-Johnson valve has | 
been several times described in ENGINEERING, and | 
we need not, therefore, enter further into details | 
here. It may be noted that these valves for the | 
Hume reservoir are operated by an electric motor 
of no more than 1} h.p., and that movement from 
the fully open to the fully closed position or vice 
versa can be effected in 12 minutes. 

For the 13-ft. valves, there are bell-mouth open- 
ings in the upstream face of the dam, leading to 
rectangular Stoney sluices 16 ft. 4 in. square, worked 
by cable and hand winch above. The conduit then 
gradually changes to a circular pipe, 13 ft. in dia- 
meter, the discharge throat ring being 7 ft. 6 in. in 
diameter. The 9-ft. valves are placed in horizontal 
pipes, but the 13-ft. valves are nearly 9 ft. lower 
than the corresponding upstream bell-mouth. The | 
13-ft. valves are placed at about 10 ft. higher | 
elevation than the 9-ft. regulating valves. | 

We may add that the whole of the spillway and | 
outlet sections and the north embankment of the | 
dam are being built by direct labour by the State | 
of New South Wales, while the south embankment | 
is being constructed by the State of Victoria, these | 
being the constructing authorities under the joint | 
scheme for the Murray River regulation, as pre- | 
viously explained in our columns. The New South | 
Wales work is under the supervision of Mr. T. E. | 
Burrows, M.Inst.C.E. chief engineer, to whom = 

| 


are indebted for the photographs and information 
reproduced in this article. Mr. Burrows recently 
followed Mr. E. M. de Burgh, whose resignation, in | 
1927, was necessitated on account of ill-health. 
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Applied Elasticity. By 8. TimosHENKO and J. M. LESSELLS, | 
B.Se. London: Constable & Co., Ltd. [Price 25s, | 
net.) | 

WHILsT certain English textbooks such as Love's | 

Mathematical Theory of Elasticity or Lamb’s Hydro- | 

dynamics rank as international classics, it cannot | 

be claimed that any very high standard is attained | 
by most of our technical works, the great majority of | 
which are somewhat elementary and not particularly | 
lucid. In far too many cases the object aimed at in 
their production is far from clear, the author having | 
little that is original to say, and not infrequently | 
only an imperfect mastery of this subject. It is | 
therefore a pleasure to find in the English language | 
a textbook of such exceptional value as the volume | 
on Applied Elasticity now under review. Of the two | 
authors, Mr. S. Timoshenko was formerly professor | 
of mechanics in the Petrograd Polytechnic Institute, 
but, like his co-author, Mr. J. M. Lessells, B.Sc., he 
is now employed in the research department of the 

Westinghouse Electric and Manufacturing Company, 

Pittsburgh. The volume is, we note, copyrighted 

by the Westinghouse Technical Night School Press. 

The treatise is divided into two sections, of which 

the first is almost wholly mathematical, and for | 

this Professor Timoshenko has been mainly respon- 
sible; whilst the second section, dealing with the 
physical properties of actual structural materials, is 
mainly due to Mr. Lessells. In the first section of 
the volume, the mathematical theory is adequately 
covered, a noticeable feature being the use of 
approximate methods for extending known solutions 
of the simpler problems to more complicated cases. 
The practitioner is thus shown how to deal ade- 
quately, though it may be inexactly, with new cases 
which may not have found their way into the text- 
books. In connection with the treatment of 
columns subject both to thrust and bending, 
reference might, however, have been made to the 

Berry functions, which were tabulated in this 

country during the war, in order to facilitiate the 

computation of stresses in aeroplane spars, which 
are subject to both heavy axial thrusts in addition 
to transverse loads. In this case the usual assump- 





tions of the ordinary mathematical theory do not 
apply, since the deflection or shortening of the spar 
is not a linear function of the loading. 

In addition to the ordinary beam and shaft 
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problems, the treatise discusses very fully the | 
indeterminate cases, and attention is drawn to the | 
fact that it often simplifies matters to represent the 
deflection curve of a beam by a trigonometric series. | 
An interesting discussion is given of the bending of | 
bars supported on elastic foundations, and applica- | 
tion of the methods is made to the case of railway | 
track, on the assumption that there is a continuous | 
elastic support under the rail. This is a very old | 
assumption, but, if our memory serves us, it was 
distinctly and definitely discredited by tests made | 
about the middle of last century, which indicated | 
that the ballast did not deform according to Hooke’s | 
law. Other problems dealt with are the bending | 
and buckling of curved bars, the strength of plates | 
and the stresses in rollers, whilst the concluding | 
chapter of the section is devoted to a general | 
discussion of vibration, in which the author deals | 
incidentally with the critical speed of shafting. | 
As usual in text-books, however, no explanation is | 
given of the fact that vibration does arise at the | 
critical speed. The authors seem to attribute this | 











SPILLWAY SECTION UNDER CONSTRUCTION IN CoFFER-DaAmM. 


to resonance—a conclusion which is, in fact, incon- 
sistent with the mathematical analysis. This 
indicates that as the speed of a rotor approaches 
the critical the periodicity of any vibration tends to 
diminish, becoming zero at the critical speed. Never- 
theless, experience shows that heavy vibrations are 
developed at this limit, in spite of the mathematics. 
The reason, as pointed out many years ago 
ENGINEERING, is that every rotor tends to maintain 
constant its angular momentum. At its critical 
speed the shaft tends to deflect indefinitely, the 
elastic forces being exactly balanced by the centr- 


fugal. So soon, however, as the shaft begins to 
deflect, its speed falls automatically, - me 
ence 


angular momentum must remain constant. 
the centrifugal forces are then overbalanced by 
the elastic and the shaft springs back. As it does 
so, the speed automatically increases again, giving 
rise to a fresh deflection. Vibrations are thus 
established and maintained until their auplitude 
becomes sufficient to carry the centre of gravity 
of the rotating mass to the opposite side of the 
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THE HUME RESERVOIR ON THE MURRAY RIVER. 


(For Description, 


see opposite Page.) 
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Sprm.Lway SECTION UNDER CONSTRUCTION ; DOWNSTREAM SIDE. 


formed primarily from decomposed rocks,*a study 


secured. The second section of the treatise gives | of the former may be of value under certain circum- 


a very useful summary of what is now known of | 
the actual properties of materials as ascertained | 
by the various standard tests. Much attention is | 
given to the phenomenon of “ creep,”’ which is to-day | 
raising very serious questions in connection with | 
the present tendency towards the use of high | 
pressures and superheats in power station practice. | 
Taken as a whole, the volume under notice must 
be regarded as a very valuable addition to our | 
technical literature. | 





The Elements of Economic Geology. By J. W. GRreGory, 
D.Sc, F.R.S. London: Methuen and Company. 
[Price 10s. net.] 

'gE principles of economic geology are of such out- 

standing importance to certain branches of engineer- 

ing that they form an integral part of the studies of 
minng and civil engineers. Although the mining | 

‘ngineer will naturally be concerned with geology 


nore in regard to its influence in the formation and 
deposition of ores, and the civil engineer with such 
matters as the quality of building stone and concrete | 
Aggregates, the characteristics of ground or rock for | 


the Purposes of foundations, water supply, coastal 
pie and the like, nevertheless, the various 
a . es of the subject are intimately connected. 
pak - must further be added the more recently | 
with Oped braich of economic geology which deals 
altho age and the study of soils. Hence, 
a ugh the civil engineer for example may not be 

cerned with ore deposits, he may nevertheless 


be j : 
hi ied iit understanding what geology has 
pe ach him in the cause and effect of plutonic 
action with re: 


rd to earthquakes, the formation | 
rious rocks and building stones, or | 
% water supply. Since soils are | 


and origin of v 
the Principles 


stances to both mining and civil engineers. 

The literature on economic geology is extensive, 
and for the most part highly specialised. The result 
is that it is not easy for the student to obtain a 
comprehensive survey of the entire subject in all 
its aspects. The subject of ore deposits for instance, 
has been covered by a number of eminent specialists 
in lengthy and highly technical works, which fre- 
quently give the impression of having been written 
solely to justify some novel theory of formation 
or deposition evolved by the writer. Whilst these 


| works undoubtedly contribute valuable material 


to the sum of human knowledge—although in 
some cases it is purely theoretical—nevertheless 
they are but of limited use to the practical engineer, 
whose time is usually too limited to digest them 


| properly. 


Professor Gregory of Glasgow University has 
provided a book, which, in 300 pages, deals compre- 
hensively with the principles of applied geology in all 
its varied aspects. The volume is conveniently 
subdivided into five parts, of which the first treats 
of the search for ores and the formation of useful 
minerals, and the others with ore deposits, earthy 
minerals, engineering geology, and mineral fuels, 
respectively. The major portion of the book is 
devoted to ore deposits, and, owing to the restric- 
tions of space, controversial theories have had to be 
dealt with somewhat summarily. Nobody can 
however, fairly find fault with the author if, when 
dealing with these questions, he presents the theories 
which are supported by his own conclusions. Pro- 
fessor Gregory explains in his preface the necessity 
in a work of this nature of adopting what may a; 
first sight appear to be a somewhat dogmati, 
attitude, and it may here be briefly mentioned that h, 


considers fewer ores to be due to direct igneous pro- 
cesses than do some authorities, preferring to regard 
them as due to the deposition, solution, and redeposi- 
tion of sedimentary metallic grains—an opinion 
which has gained considerably in favour during 
recent years. 

The practical value of applied geology to the 
mining engineer is sufficiently obvious, but perhaps 
its most striking justification in recent times, 
beyond the finding of coal in Kent, is shown in 
the report of an important American oil company, 
which states that 85 per cent. of the wells sunk 
on geological advice have been productive, while 
of those sunk without that advice. only 5 per cent. 
have met with success. When this fact is considered 
in conjunction with the ever-increasing consumption 
of petroleum and the threatened exhaustion of 
supplies, together with a statement, which is alleged 
to emanate from a competent authority, that 12 
billion (thousand million) dollars have been expended 
in the United States in the search for flow oil 
(a sum which it is alleged exceeds the total value 
of the oil recovered by no less than four billion 
dollars), the importance of utilising the best geo- 
logical knowledge available becomes increasingly 
evident. 

Despite the enormous consumption of petroleum 
and the development of water power which have 
taken place in modern times, coal still maintains 
its position as the leading source of power for the 
primary industries ; it is further an indispensable 
chemical agent in the reduction of iron ores. The 
proved coal resources of the world are no less 
than 7,450 milliard metric tons, of which a little 
over half is in the United States; Germany has 
285 milliard tons, and Great Britain 189 milliard 
tons; but vast fields are known to exist in other 
countries which have not yet been investigated— 
as,§for example, in China. 

In view of the great economical importance of 
coal, it is possible that Professor Gregory may be 
criticised by those who are specially interested 
in the coal industry for allocating less space to 
this mineral than he has devoted to the ores of 
gold. It should, however, be borne in mind that 
the object of the book is not to provide a complete 
treatise on the materials dealt with, but rather 
to explain the principles of economical geology. 
In dealing with such a wide subject, the difficulty 
is to avoid the inclusion of subordinate matter, 
which, owing to the restrictions of space, would 
inevitably result in the curtailment of other more 
important material in some other branch of the 
subject. Professor Gregory is to be congratulated 
on the able manner in which he has avoided this 








pitfall, dividing his treatment of the various 
branches of geology with consistent regard to 
their importance to economic geology considered 
in its entirety. 

The book is one which may be read or studied 
with advantage by all students of mining or civil 
engineering, and for the practising engineer it 
will be found both useful and instructive—for here 
he will find not only much that he has probably 
forgotten, but also a great deal in those sections 
which are not intimately associated with his own 
work, which he probably did not previously know, 
concisely arranged, yet in such manner as to 
provide interesting reading. 


Concrete Building Construction. By PRorEssoRS THEODORE 
CraNE and THomas Notan. New York: John Wiley 
& Sons, Inc. London: Chapman & Hall. [Price 
30s. net.] 

Tuat this book comprises a very comprehensive 

treatment of its subject is evident from its bulk, 

consisting as it does of 670 pages, together with an 
extensive bibliography containing a list of pub- 
lications on the various branches of research work in 
connection with concrete and reinforced-concrete. 
It deals in a very clear and complete manner with 
all aspects of building construction in these materials, 
including useful sections on purchasing materials, 
preparation of quantities, costing and estimating. 
Being an American publication it is naturally 
confined to American practice and methods of 
calculation. The symbols customary in the United 

States are used, and the formule, &c., are largely 

based upon the recommendations of the American 
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Fig. 10. CLOSED GRAB APPROACHING 
DISCHARGING RING 














Fig.12. OPEN GRAB BEING DETACHED FROM 
DISCHARGING RING 
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Joint Committee on Concrete and Reinforced Con- 


crete, and the American Concrete Institute and the | 


regulations of the various Building Codes of Ameri- 
can cities. The thorough nature of the investi- 
gations and pronouncements of the various pro- 
fessional societies, and the careful and well considered 
preparation of the several building codes and 
regulations in the United States is well known 
and recognised throughout the world, and these 
can be followed with the assurance that they 
contain the latest and most trustworthy results of 
theoretical investigation, practice and experience. 

In a book of the nature of that under review it is 
difficult to pick out any particular portions for 
special reference, but, in the present case recom- 
mendation may be given to the treatment of 
bending moments and reactions on beams with 
fixed ends and continuous beams. The very 
comprehensive table of bending moments and re- 
actions on beams under various conditions and 
forms of unsymmetrical loading is especially in- 
teresting and valuable. The complete treatment 
of girderless, flat slab or mushroom floors will 
also afford useful matter for study, and can be 
confidently recommended for special consideration, 
as this type of construction is one which might with 
advantage be more extensively employed in this 
country. 

Much useful information is given in the portion 
of the book dealing with practical 


of reinforcements and the construction, erection 
and removal of moulds and forms. 
well arranged and printed, and the diagrams, line 
drawings and photographs are well produced and 
clear. 


It is evident from a perusal of the book that no | 


pains have been spared by the authors or publishers 
in the preparation of an excellently produced volume, 


DISCHARGED AND 


Fig. 71. GRAB HOOKED TO DISCHARGING RING 


Fig.13 . OPEN 


construction, | 
including the proportioning, mixing, conveying and | 
depositing of concrete, the fabrication, and placing 
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its aspects, and it can be confidently recommended | 
as a useful textbook on the subject with which it | 
deals, bearing in mind that, being an American | 
publication, it must of necessity depart in some | 
respects from the generally recognised treatment | 
of the subject by British authors and professional ' 


bodies, and from the regulations at present in force | 


throughout this country. 





GRABS. 
By E. G. Frrcenen, M.1.Mech.E. 
(Continued from page 125.) 

ANOTHER excellent chain button grab is the 
Barnard grab (made by Messrs. Wm. Goodacre and 
Sons, Limited, London), shown in Figs. 10 to 14. 
The diagrams, Figs. 10 to 13, show the various 
stages of operation. 
engage the lower flange of the suspension ring fk, 
and thus support the grab when opening. ‘The 
weight of the internal sliding sleeve /, acting upon 


the spurs at the lower ends of the suspension | 


SELF-DUMPING 


Two hooks ) are provided and | 


GRABS. 

















Fig. 14. 











Fig. 15. 


| hooks j, which project through slots in the sleeve | 


| as shown, tends to keep them in the closed position, 
as indicated by Fig. 10. The sliding sleeve 7 has 
two other slots, at right angles to the first two, and 
into these the tails of the weighted pawls m enter. 
With the sleeve in the lower position, the tails of 
the pawls are drawn clear of the bore, but when the 
sleeve rises to the top of its stroke, they project 
sufficiently to engage the chain button. When the 
grab is hoisted, the suspension hooks slip over and 
engage with the flange of the suspension ring, as 
| shown in Fig. 11, and this engagement is facilitated 
by the shape of the heads of the hooks and the elos- 
| ing tendency provided by the weight of the sleeve 1. 
In the first stage of lowering, the pivots of the 
| suspension hooks x slide up the slots provided for 
'them in the head casting, and the lower spurs of the 


| head casting, as shown by Fig. 11. The weight of 
ithe grab is now taken by the suspension ring, and 
'on further lowering, the chain descends through 
ithe centre of the sleeve and the grab opens and 
| discharges its contents. Just before the grab }s 
|fully open, the button 0, which is only slightly 
ismaller than the hole in the sleeve /, passes the 
'tails of the weighted pawls m, which at this stage 
are free to swing aside to permit its downW 

| movement (Fig. 11). Immediately the button has 
| passed them, however, they return once more 
‘the horizontal position owing to the balance weight 
on the outer side of their pivots. ; 

| To release the grab from the suspension MNg 
‘the chain is slightly hoisted, when the button 


dealing in a comprehensive and well considered | hooks carry the sliding sleeve / with them, upwards, | immediately engages the tails of the pawls, ° 
manner, with concrete building construction in all | until its lower collar engages with the bottom of the | shown in Fig. 12, and the weight of the grab 38 
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Fig. 17. 
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be transte red from the suspension hooks to the 
of — | The former are now free to fall clear 
lip ag ring, by gravity, and their pivots 
a — in the slots provided, as indicated. The 
pie os then be lowered away, in the open position, 
the a “<gerige As soon as the grab rests upon 
a — » its weight is taken upon the buckets 
permite " ain button descends a few inches. This 

its the sleeve 7 to fall, carrying the tails of the 





23. 


pawls m with it, so that they are now .held in 
the clear position, as shown by Fig. 13. On 
rehoisting, the button passes upwards with a clear 
passage and the grab closes upon the material, 
ready for another cycle of operations. 

It will be noted that in this arrangement no 
springs are used, and that the construction is sym- 
metrical throughout. 
from obstructions that might hinder engagement, 


AND DIRECT-ACTING 
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| and by the use of two suspension hooks, no twisting 


tendency is imposed upon the head of the jib. It 
is found that this gear will operate satisfactorily 
when the grab is considerably inclined, upon the 
side of a heap, and there is no likelihood of the 
grab being lifted prematurely in consequence of 
the button fouling the operating pawls. This is 
a distinctive feature of great value for, if fouling 
is possible, it may become necessary to rotate the 
grab by hand to a favourable position, and this is 
often attended with danger. 

For many applications, where the twisting of the 
grab has to be avoided or where a double suspension 
suits the hoisting arrangements provided—as in 
the case of an overhead crane or transporter— 
double-headed button-type grabs are found to be 
very suitable. The usual automatic mechanism 
is duplicated and two suspension rings or the equiva- 
lent are required. A very compact design of grab 
is possible in these cases since the load is distributed 
upon two lines, and smaller chains and sheaves are 
possible. 

Self-Dumping Automatic Grabs.—Grabs of this 
type do not need a suspension ring, the operations 
of opening and closing being regulated by resting 
the weight of the grab upon the receiving hopper 








The suspension ring is free | 


or heap and the heap of material to be grabbed 
respectively. 

Of this type, the Barnard self-dumping grab, 
Fig. 15, is a good example. Like the Hone grab, 
it incorporates a rising and falling sheaveblock 
controlled by guides, as is shown in Figs. 16 to 
22. This sheave block carries suspension hooks p, 
one of which is fitted with a counter-weighted 
tail, adapted to engage pins q (fitted with rollers) 
fixed in the crosshead. A spring r is provided to 
overcome the action of the balance weight, except 
when the sheave block is in its highest position. 
Immediately the open grab descends upon the 
heap, the sheave block falls to its lowest position 
(Fig. 17), when the suspension hooks engage with 
the pins q in the crosshead under the influence 
of the spring, which in this position is free to 
overcome the effect of the counterweight on the 
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hooks. On hoisting, the sheave-block lifts the 
crosshead to the top of its travel, closing the grab 
(Fig. 18). When the crosshead reaches the top of 
its travel the control rod s (Fig. 21) comes into 
contact with the head of the grab, and is depressed, 
with the result that the suspension hooks are relieved 
from the pull of the spring, but retain their hold 
upon the crosshead pins owing to the weight of the 
buckets upon them; their slightly hollow bearing 
faces ensure this. 

To discharge the grab it is rested upon a crossbar 
within the hopper, or upon the material at the 
discharge point, and the line is slackened off slightly. 
This is sufficient to free the suspension hooks from 
the crosshead pins, and they fall clear under the 
influence of the counterweight. On re-hoisting, 
the sheave-block ascends to the top of its stroke 
into contact with the head of the grab, which now 
takes the line-pull, opening the grab and discharging 
its contents, ready for another cycle of operations 
(Fig. 16). 

When hand-discharge is required, a separate 
ever is fitted, provided with a lanyard, upon pulling 
which a turning effort is applied to the suspension 
hooks sufficient to disengage their crosshead pins, 
and it is chiefly to facilitate this operation that 
rollers are fitted to the pins. As in the Hone 
grab, a dash-pot and connecting-rod is often fitted 
to control the opening of the buckets, which would 
otherwise swing quite free and too rapidly in 
opening. This design of grab can also be arranged 
for ring discharge, in which case a top suspension 
hook is provided, which, by engaging with the 
ring, exerts through linkage a turning moment 
to release the lower suspension hooks. 

It is a special feature of automatic dumping grabs 
that by discharging under full control in contact 
with the heap of material, no dust need be raised 
or breakage occur. In many applications this is 
a very great advantage, which vannot be secured 
to the same extent with ring-discharge types, or 
even the direct-acting type. 

Direct-Acting Grabs.—When conditions permit its 
installation, the direct-acting is the simplest and 
most satisfactory type of grab. Fig. 23 illustrates 
a Barnard direct-acting grab. This grab is provided 
with two lines. One is the main or closing line, 
which closes the grab when a pull is exerted on it. 
There is also the opening rope, and if this is held 
fast whilst the main rope is paid out, the grab opens 
under control of the driver. These operations can 
manifestly take place at any height of lift, and 
herein lies the special advantage of this type of 
grab, especially when used for dredging under 
water ; for, should the grab close upon a sunken 
object that it cannot lift, its hold can easily be 
released by hauling upon the opening line. Under 
similar circumstances an automatic grab would be 
beyond control, and would have to be released by 
independent means. 


(To be continued.) 





FAILURE OF THE PERREGAUX DAM, 
ALGERIA. 


THE Committee appointed by the Governor General 
of Algeria to inquire into the causes that led to the 
destruction of the Perrégaux dam, on November 26, 
1927, have recently issued their report. In brief, 
this is to the effect that the dam had partly failed 
once before, as long ago as 1881; that it had been 
repaired shortly after in the manner and with the 
means prevailing at the time, and, further, that it 
was of a section which did not provide for “a notable 
margin of safety.”” The report finds, moreover, that 
during forty-five years, the dam had been subjected 
to seepage which had impoverished the mortar, and 
the resistance of the masonry had been reduced by this 
especially on the up-stream side. For these reasons, 
the dam was not capable of withstanding the sudden 
overload placed upon it by the very heavy flood of 
November last, a flood which was as much as three 
times as great as the maximum allowed for in the 
design ; it should be noted also that this exceptional 
flood occurred after a very dry period of long duration. 

A brief historical review of the regulation works of 
which the dam formed the most important part, to- 
gether with data on the accident are contained in the 
French official journal Annales des Ponts et Chaussées. 
According to this journal, the improvement for agri- 
cultural purposes of the land in the Habra and Macta 
plain was entrusted in the middle of last century to a 


concessionnaire company, the work comprising the 
construction by the company of a dam directly on the , 
down-stream side of the point of confluence of the 
Oued el Hammam, with the Oued Fergoug and the | 
Oued Charzout. The plans were decided upon in 1867, | 
and the company then started operations for the | 
building of an impounding dam which has since been | 
known as the Oued Fergoug, Habra or Perrégaux dam. | 

The dam had a spillway 125 m. (410 ft.) in length. | 
The main wall was 316-60 m. (1,038 ft.) long, whilst | 
another, wing wall, 30 m. (100 ft.) in length, was also | 
built, joining the dam proper at an angle of 120 deg., | 
its direction being up-stream. Special abutment work | 
on the right-bank in a line with the main wall did not 
appear to be required. The top of the spillway was 
32 m. (105 ft.) above low-water level, or 34 m. (111 ft.) 
above the bottom of the river bed; the crest of the 
dam was at a height of 33-60 m. (110 ft.) and the top | 
of the parapet at a height of 36 m. (118 ft.). 

The work had reached completion when, on March 10, 
1872, the spillway was carried away for a length of 
about 50 m. (164 ft.) by a flood, the flow of which was 
estimated at 700 cub. m. (24,710 c. ft.) per second. 
This accident was attributed to insufficient strength 
of the foundations at this part. The spillway was 
re-constructed on better lines, and the work was 
finally taken over. Shortly after, however, small 
cracks of no great depth became apparent on the 
crest near the angle where the main wall and the 
wing wall joined together; moreover, the face of the 
main dam down-stream was found to be deflected. 
This deflection down-stream had reached 0-21m. 
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way, but only slight local damage was caused by this, 
and the dam showed no signs of distress. The gangway 
was altered, greater clearance being allowed between 
the bents, and no further trouble of this kind wag 
afterwards experienced. No further flood occurred 
to raise the level of water beyond 1-20 m. (about 
4 ft.) above the spillway, this height of water having 
been attained in 1904. 

The construction proved satisfactory in every 
respect until the morning of November 26, 19927, 
when it gave way at a time of a quite abnormal flood 
when the height of water above the spillway sill 
reached 3-85 m. (12 ft. 7 in.). The accident was, 
unfortunately, disastrous for a large portion of the 
Departments of Oran and Algiers; loss of life was 
heavy ; a large number of bridges were carried away; 


| railways, road and buildings were destroyed, and the 


port of Mostaganem was partly silted up. Means which 
ultimately proved of no avail were taken as early as 
possible to counteract the effects of the rapidly rising 
flow of water, and orders which were promptly carried 
out were given in due course for the sluice gates 
to be fully opened. At 1 p.m. on November 25, the 
water impounded by the dam was only at a height of 
8 m. (26 ft. 3 in.); at 8.30 p.m. on the same day it 
had risen to 20-30 m. (66 ft. 7 in.); at midnight the 
level was 32 m. (105 ft.), and water commenced flowing 
over the spillway; whilst at 11.20 a.m. on Novem. 
ber 26 the water level was actually at a height of 
35-85 m. (117 ft. 7 in.), when the dam gave way. 
The really heavy flood, therefore, commenced on 
November 25 shortly before 8.30 p.m., and in about 
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(8} in.) when in the early morning of December 15, 1881; 
a flood broke down about 125 m. (410 ft.) of the dam, 
part of the main and part of the return wall being 
carried away. The breach was trapezoidal in elevation ; 
viewed transversely to the dam, and down-stream, the 
line of fracture had the general run shown by shearing 
fracture. The right bank on the down-stream side of 
the structure was also carried away. The height of 
| water above the spillway at the time the accident 
| occurred was estimated to have reached 2-25 m. 
| (7 ft. 4 in.), this corresponding to a flow of 800 cub. m. 
(28,240 c. ft.) per sec. over the spillway, to which have 
to be added 50 cub. m. (1,765 c. ft.) flowing simultane- 
ously through a flood gate then open. Figs. 1 and 2are 
sections of the dam before the accident of 1881, and as | 
reconstructed afterwards. The failure of 1881 was attri- | 
buted mainly to inadequate foundation work on the 
right bank; the formation at the spot consisted of alter- 
nate layers of sandstone and clay having a steep dip in 
a down-stream direction crossed by faults. Sliding had 
taken place, and the foundations on that side had not 
been strengthened by cutting them out in the form of 
steps. 

It was decided to re-condition the dam, and the 
company having declined to undertake the work, this 
was carried out by the Roads and Bridges Depart- 
ments. Since the portion of the dam which had re- 
mained intact had a factor of safety of the same order 
as that of similar large dams then in service, it was 
left standing, and the new work consisted in closing-up 
the breach, adding to the strength provided by the 
wing wall by extending the main wall of the dam into 
the right bank, and by laying a protective stone pitching | 
on the up-stream side of the same bank. The engi- 
neers in charge of the work had first proposed to leave 
unaltered the section of the portion to be re-built, 
but it was ultimately decided to reinforce it slightly 
over a certain length. 

The dam was put in service again in 1885. It 
underwent accidentally an exceptional test in 1900, | 
when masses of branches and brushwood which had | 
been arrested on the spillway by the iron framework 
of the gangway, caused the water level to rise for a | 
time to 3-22 m. (10 ft. 6 in.) above the top of the spill- | 
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15 hours the 35-85-m. level was attained, during which 
time the flow is calculated to have been 55,000,000 
cub. m. (1,941 million c. ft.), of which 20,000,000 cub. m. 
(706 millions c. ft.) were held up by the dams before it 
fell. In the same space of time the average rate of 
flow is put down at 1,000 cub. m. (35,300 c. ft.) per 
second, whilst at the time the dam gave way the maxi- 
mum rate of flow is believed to have been to the order 
of 2,300 cub. m. (81,190 c. ft.) per second. 
There is no doubt but that an accumulation of 
unfavourable circumstances led to the disaster. The 
section of the dam had been determined in accordance 
with early practice, and even in the part which had 
been strengthened the work did not present a factor 
of safety equal to those of modern structures of a simi- 
lar nature; present-day dams are greatly improved 


‘in regard both to design and construction. Neverthe- 


less, although the Perrégaux dam had not the high 
factor of safety which is now commonly adopted, it 
is a fact that it failed only after being subjected to 
sudden loading and maximum stresses far above those 
normally to be expected. 








RESISTANCE WELDERS AS 
MANUFACTURING TOOLS. 


For many years past electric resistance welders _ 
been recognised as useful tools for repairs and sim! . 
purposes. Experience has shown that sound - 
trustworthy joints can be made on these machines, ? 
many cases with greater convenience and at less cos 
than by other methods. For manufacture, on the other 
hand, their use does not appear to have been as am 
sive as the advantages they can yield in many con® 
tions would justify. It appears, however, to be grow ve 
and we are indebted to Messrs. British Insulated Cab “a 
Limited, of Prescot, for particulars of some articles 
that have been, or are being, made on a large scale by 
resistance welders, and of some of this firm's machin 
illustrated on the following pages, on which such wor 
has been carried out with success. butt 

In a number of different instances, the use of 4 s 
weld is of value from the mere saving of labour 
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RESISTANCE-WELDING MACHINES. 
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| 
material, or both, which it effects. For instance, Fig. 5 
represents a steel spindle, of which large quantities are 
used every year. As designed, it is forged in one piece, 
involving considerable labour and high cost. By re- 


designing it in two pieces, as in Fig. 6, the back part 
a as a drop forging, and the shaft from 
rig ued The two were then welded together, and 
- ole machined to the required final form. The 
pa 8 so made are said to have cost less than 
re _ the original cost when made from the single 
rging. ig. 1, on this page, shows the machine on 
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which this work was done, the capacity of which, for 
slow welding mild-steel sections, with the surfaces 
to be welded forced into contact before the current: is 
switched on, goes up to 3 sq. in. sectional area. So 
used, the transformer can take up to 50 kw., or up to 
80 kw. if used for flash welding, in which the current 
is switched on and irregularities of surface burnt away 
before the welding joint is forcibly closed, a practice 
usually adopted for thin, flat sections. - Single-phase 
alternating current is used, supplied through a trans- 
former enclosed in a cast-iron body, and provided with 





ENGINEERING” 


! 


tapping points, which enable the amount of current 
to be regulated by means of two plugs to any of eight 
| welding speeds. The circuit from the main is made 
j and broken through a contactor, operated by a two- 
| way “open” and “close” push button, an automatic 
| knock-off arrangement being provided for opening the 
| cireuit at the right epoch of the operation when the 
welder is used for flash welding. The parts to be 
welded are held in clamps, which may be water-cooled, 
| and are closed and opened by the hand wheels. These are 
| mounted on two slotted platens, one fixed on the cover 
casting and the other fixed to a cast-iron saddle moving 
on machined surfaces on that cover, the ends of the 
transformer secondary being connected to these 
platens. The upsetting gear, through which the 
welding pressure is applied, is operated by the long 
lever, and has a stop on its main spindle, enabling the 
| lever to be raised to the same position after each weld. 
| An earthing thimble is attached to the body of the 
machine. 
The same machine may be used for saving both 
| machining time and material in the manufacture of 
| parts which, at present, are turned from the solid. 
Fig. 4, for example, shows a bolt made from a 1}-in. 
| bar by machining off } in. from the whole length below 
the head, a weight of 3 -4 1b. having to be thus removed. 
By designing this bolt with a separate head turned 
down out of 14-in. stock, the head can be welded on 
to a length of 14,-in. stock for the shank, and the 
finishing cut has to remove only 0-84 lb. The saving 
in machining time, while varying with the manner in 
which the work is done, may be taken as roughly 
proportionate to the saving in material, and the cost 
of the weld is reckoned at ld. The bolt so made is 
| shown in Fig. 3, and the machine arranged to produce 
| it in Fig. 2. In this arrangement of the machine, the 
| clamps, shown in Fig. 7, are in the form of hinged jaws, 
| tightened by means of a lever-operated cam, a type of 
| clamp which is also commonly used for thin, flat sections. 
As seen in Fig. 2 (and more clearly in the spot-welder, 
| Fig. 16, on page 161), the clamps are held down by 
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as to allow the clamps to be adjusted laterally. | trodes can be adjusted for aligning the tubes. The 
A still greater saving is obtained in a similar way in | gap between the sliding and the fixed clamping jaws 
the manufacture of parts with stepped diameters, | is fixed by the operation of the upsetting hand-wheel 
such as the shaft shown in Fig. 12. If this is machined | shown on the lower part of the machine, and the 
out of the solid from a 3-in. bar, the weight to be | amount of current and rate of heating are determined 
removed is 27 lb., whereas by welding when the changes | by the position of the plug in a three-way plug box, 
in diameter occur, only 6 lb. has to be removed, with | these particulars varying according to the work. As 
obviously a large saving in labour. The machine on!/in other forms of welder, the upsetting hand-wheel 
which this work is done is shown in Fig. 8, on this | serves during welding to bring the welded pieces into 
page, this machine being adapted to weld pieces of a | good electrical contact, and after the welding tempera- 
cross-sectional area up to 4 sq. in. continuously, or} ture has been reached and the current switched off, 
occasionally up to 6 sq. in. The transformer is of | is used to apply extra pressure in order to upset the 
60-kw. capacity. The clamps are hand-operated, and | joint. The burr so raised in welding iron or steel is 
designed according to the character of the work to be | found to be wholly external, and can be removed while 
done. In Fig. 8 the machine is shown welding steel | the metal is still hot by using the roller swage. The time 
tyres. The upsetting gear consists of a hand-operated | taken to make a weld, including cleaning the ends of 
hydraulic pump, arranged for quick return, or may be | the tube, clamping in the machine, setting the joint 
worked with compressed air where it is available. The and releasing, is said to average about 5 minutes for a 
variations of current according to the work are effected | tube of 2-in. internal diameter, and the cost is said 
by a four-way change-over switch, and the control of | to be about a fourth to a third of that of an arc-welded 
the circuit is similar to that of the machine described | joint and only a fraction of that of a mechanical joint, 
above. | which moreover often requires an impracticably large 
A class of work in which resistance butt-welding | space. The machine is shown in Fig. 14 in its appli- 
is used with advantage is the manufacture of tubular | cation to the manufacture of a circular coil. 
coils, such as those used in refrigerators or heaters, as| The application of resistance welding to making 
shown in Fig. 9, and tubular frame-work, such as the | tubular frames without and with cross-bars and T- 
fence gates shown in Figs. 10 and 11. In the practice | pieces will be obvious from Figs. 10 and 11. The 
of making refrigerator and similar coils, the lengths | hinge collar for a fence gate so made, as shown in Fig. 13, 
of tube are welded together before bending, and coils | can also be formed on the welder, and illustrates an 
are made continuous to any desired length. The application which, without being welding proper, 
machine, shown in Figs. 14 and 15, on which this|may sometimes be of considerable convenience and 
work is done, allows iron or mild steel to be welded |economy. For this purpose, the tube is heated in the 
up to 2 sq. in. of sectional area, covering gas, steam | welder, and mechanical pressure applied as in welding. 
and hydraulic piping from } in. to 2} in. bore. The | The energy involved in this operation is said to show 
capacity of the transformer is 40 kw. The work is held|a saving in cost over oil or coke, and the method 
in V-shaped, water-cooled jaws, the cooling system | avoids the necessity of starting a furnace forthe job. A 
taking a flow of about 8 gallons of water per hour. | similar application is the heating of parts preparatory to 








These jaws are opened and closed by the hand-wheel, | brazing, as for instance in the course of motor-car manu- | 
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facture. The intermediate structures shown in Figs. 10 
and 11, which are of steel of rectangular section, are 


square-headed bolts to a slotted face-plate, designed so | and set-screws are provided by which the back elec- spot-welded by the use of the machine shown in 


Fig. 16. This machine takes a maximum encrgy of 
10 kw., and will join iron or mild-steel plates up to a 
| total thickness of } in. continuously, or occasionally up 
to in. The plug box, with which it is fitted, enables 
eight different welding speeds to be used, according to 
the work. It is actuated by the pedal through toggle 
| levers, by which the top electrode is brought down into 
| contact with the work and held there until the welding 
| temperature is reached, when further pressure on the 
| pedal serves to cut out the welding current and com- 
| press the heated metal into a weld. ; 
| Another application in which resistance welding 
may be found advantgeous is the manufacture of drums 
and steel barrels, especially out of heavy, gauge metal. 
It is.stated that the cost of production in this way 1s 
| about a half to a third of that of any other system of 
welding. 

The machines and operations described above are 
only a small part of those in which resistance welding 
is being used, but may serve to illustrate the wide 
scope of the method. The great local concentration of 


| energy has led to the development of designs of corre- 


sponding simplicity, in many instances with readily 
renewable contact points, and for a large number of 
important purposes requires no more skill to operate 
than can be acquired in a few hours’ training. 








Essay COMPETITION ON GOODWILL IN INDUSTRY. 
In our issue of November 25, 1927, on page 693, we xave 
particulars of an essay competition organised by the 
Glasgow and West of Scotland Association of Foremen 
Engineers and Draughtsmen, a prize of 100 guineas being 
“Goodwill in peer f 
cd in 


It was stipulated that the subject should be treated . 
tic 


a practical manner, as distinct from a purely theore' 
standpoint. We now learn that the prize has been 
awarded to Mr. J. G. Pearce, the Director of the British 
Cast Iron Research Association, and we understand that 
the paper will be published in due course. 
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(For Description, see opposite Page.) 
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THE SAFETY IN MINES RESEARCH 
BOARD. 


THE activities of the Safety in Mines Research Board 
during the year 1927 are dealt with in the Sixth Annual 
Report, which has recently been published.* The new 
Research Station at Buxton, which has already been 
described in these columns, was formally opened on 
June 14, 1927. The new laboratories at Sheffield, 
referred to in the previous annual report (see ENat- 
NEERING, January 6, 1928, page 28), are now practically 
completed. This building consists of four storeys, and 
two further storeys can be added later if desired. Part 
of the building will be occupied by the staff of the Fuel 
Research Board, whose work on the constitution and 
properties of coal is closely allied with that of the 
Safety in Mines Research Board. 

The co-operation with the United States Bureau of 
Mines has been continued. Towards the end of 1927, 
Dr. Wheeler visited the United States, and, in consul- 
tation with the Director of the Bureau of Mines and 
his staff, reviewed the investigations in which the 
two bodies are co-operating. Much useful information 
was also obtained by the Scientific Executive Officer, 
Captain Hay, who accompanied Dr. Wheeler. Dr. W. 
Francis, one of the research chemists, has been working 
at the Bureau of Mines since April, 1927, where he is 
comparing the constitution of a series of coals of 
different ranks or grades, but of the same age, ranges 
of coals for examination being readily obtainable in the 
United States. On the other hand, Mr. L. C. Llsley, 
electrical engineer of the Bureau of Mines, spent a few 
weeks in England discussing electrical work with the 
staff of the Board, and also visiting testing stations in 
France, Belgium, and Germany with Dr. Allsop in 
relation to the employment of electricity in coal mines. 
Mr. H. Walker, Professor S. M. Dixon, and Dr. Hogan 
visited a number of mines in France and Germany to 
study methods and materials employed for the support 
of underground workings. 

Although no new researches were commenced in 1927, 
arrangements were concluded for co-operation with the 
Committee on Mine Ventilation of the Midland Institute 
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of Mining Engineers, who have drawn up a comprehen- 
sive scheme of experimental work. 

Good progress is reported in the coal-dust explosion 
investigations, and a very satisfactory degree of agree- 
ment has been reached between the results obtained by 
the laboratory method described in last year’s report, 
which has since been applied to a considerable number 
of British coals, and the results of large-scale gallery 
experiments. The influence of resins and plant remains 
on the constitution of coal, and the resulting abnor- 
malities of coal dusts and their relative inflammability, 
have been studied, and the results show that the 
plant remains (cuticles and spore exines), resins and 
extractable hydrocarbons, are the principal oil-yielding 
constituents of a bituminous coal; dusts containing 
unusually high proportions of these ingredients can be 
expected to be exceptionally inflammable. 

The principal series of gallery experiments at Buxton 
carried out during the year was in connection with 
the influence of small percentages of firedamp on the 
inflammability of different coal dusts. In the previous 
annual report, it was suggested that, for every one 
per cent. of firedamp in the air, about five per cent. 
more incombustible dust should be added to the coal 
dust to render the mixture incapable of propagating 
flame. Exceptions to this generalisation have now 
been found, in which a greater proportion of incombust- 
ible dust is required, viz., with certain coals of low 
volatile content. Since coals of low volatile matter 
content generally appear to be of a low degree of 
inflammability, the point requires further investigation, 
and further tests will be made, which, it is of interest 
to note, will also be reinforced by parallel experiments 
by the Bureau of Mines in the United States. 

Additional facts have been brought to light regarding 
the circumstances in which firedamp can be ignited, 
and of the subsequent behaviour of firedamp flames. 
In exceptional circumstances, the striking together of 
metal and rock, or of rock and rock, can produce 
sufficient heat to raise the temperature of the surface 
struck to the ignition temperature of firedamp. In 
recent experiments, in which certain types of hard 
sandstone were used, and with an expenditure of energy 
comparable to that provided by a fall of rock weighing 
a few pounds through a distance of 5 ft. or 6 ft., it 
was found possible to ignite firedamp, so that the 
possibility of firedamp being ignited by this means in 
mines must be envisaged. Frictional sparks, how- 
ever, such as can be produced in brilliant showers 
when a metal tool strikes rock or when certain kinds 
of rock strike one another, cannot ignite firedamp. 

Experiments on the ignition of gases carried out by 
Professor H. B. Dixon, at Manchester University, 
have shown differences in the ignition temperature of 
methane, which are apparently due to the state of 
compression of the gas mixture at the moment of 
inflammation. Thus, a mixture of methane and air 
under compression—which may be assumed to occur 
when the ignition is caused by an explosive—is much 
more easily ignited than when no compression takes 
place. For example, a jet of methane at one atmos- 
phere is ignited at 735 deg. C., and at seven atmospheres 
at 653 deg. C.; or taking the most sensitive mixture, 
containing about 7 per cent. methane, and heating it 
by rapid compression to 29 atmospheres, its ignition- 
temperature is 450 deg. C. 

Photographic methods are being largely used in the 
researches on the propagation of flame, and have been 
adopted in examining the behaviour of the flame of an 
explosion travelling from one closed vessel into another 
through a narrow opening—conditions which may occur 
in the construction of casings for electrical gear, and 
may result in the phenomena of “ pressure-piling.” 
The rapidity with which the pressure rises when the 
flame enters the second vessel has been shown to be due 
essentially to turbulence, a tongue of flame being shot 
suddenly from the first vessel. Communicating 
compartments in the casing of electrical apparatus for 
use in mines should therefore be avoided. Work has 
been completed in the same group of research relating 
to the construction of flame-proof electrical apparatus 
a device for affording pressure release without allowing 
the passage of flame, called “ ring-relief.” 

Researches relating -lirectly to the spontaneous 
combustion of coal have been continued not only in the 
laboratories of the Safety in Mines Research Board, but 
also at Birmingham University, and at the College of 
Technology at Manchester, in the laboratory of the 
Lancashire and Cheshire Coal Research Association. 
Laboratory work at Birmingham with regard to the rela- 
tive rates of oxidation, has been extended to include a 
number of coals from South Wales and Scotland. This 
type of knowledge concerning the most readily oxidis- 
able part of the seam is valuable in indicating the most 
dangerous portions with respect to spontaneous com- 
bustion. In a large sealed-off area in a Warwickshire 
pit, data have been obtained as regards the amount of air 

ing in and out. At Manchester, correlation between 
the meta of corresponding seam sections in the 
laboratory and underground has been continued, and 





in connection with this work a sub-committee has 
inspected the localities underground where the observa- 
tions have been carried out. From the observations 
made, it is clear that a study of the incidence of gob- 
fires should include a comparison of the methods of 
working the coal. At Sheffield, the ulmin constituents 
of coal have been studied ; these constitute the greater 
part of bituminous coal and have been shown to be 
mainly responsible for spontaneous combustion. 

In the group of researches concerned with mining 
explosives, it has been possible, since the completion of 
preliminary experiments which have enabled modifi- 
cations to be recommended in the official gallery test, 
to pay closer attention in researches which are designed 
to secure greater safety in the firing of explosives. The 
study of the movements of the shock-wave and pressure- 
waves ; of the flame ; and of the products of detonation 
when an explosive is fired, has been continued at Buxton 
by means of the wave-speed camera, a description of 
which has been given in S.M.R.B. Paper No. 29. An 
instance may here be given of the information which 
can be obtained by these means. The flame produced 
by a detonator with an aluminium casing has been shown 
to break through, or travel in advance of, the gaseous 
products formed by the detonator, and can therefore 
ignite a mixture of firedamp and air, whereas a copper- 
cased detonator cannot do so; the flame appears to be 
surrounded throughout its existence by a sheath of 
products of combustion. 

The research work of the committee under Professor 
Dixon, at the Imperial College of Science and Tech- 
nology, South Kensington, has continued steadily. 
Tests on various kinds of wood props, tapered, quar- 
tered, wetted, home-grown and imported, are nearly 
completed, and a report is being prepared. The 
ultimate strength of a tapered prop was found to 
be 30 to 40 per cent. less than that of a similar un- 
tapered prop. This may be accounted for in two ways: 
A test on a tapered prop takes longer to carry through 
to failure than a test on a plain round prop, owing to 
the greater shortening of the tapered prop; secondly, 
eccentric loading may be caused by the burring of the 
tapered portion of the prop. Although accurate 
results were difficult to obtain, tests made regarding 
the effect of keeping a plain round prop under load for 
a long period showed that, by maintaining the load at 
a value close to the breaking load for about 80 hours, the 
ultimate strength of the prop was reduced by less than 
20 per cent. below the figure obtained in an ordinary 
test. It would seem, therefore, inasmuch as the slow 
rate of loading is insufficient to explain the lower 
ultimate strength of a tapered prop, that the loss of 
strength is principally due to eccentric loading. 

In the comparative tests on home-grown and 
imported timber, results, up to the present, show 
that home-grown timber actually used in the mines 
is somewhat weaker than the imported Norway 
timber. Tests have been continued with a number of 
self-adjusting steel props, and the results are being 
prepared for publication. One of the simplest forms 
consists of a steel tube filled with wood and provided 
with a renewable wooden plug at each end. This type 
has’ been tested with one of the plugs tapered. By 
adjusting the dimensions and taper of the plug, the 
amount of “ give” (shortening) was readily increased 
up to 6in. under a load of from 12 tons to 22 tons. 
A prop of this type may be of value in a seam where 
the ordinary tubular prop would break up the roof. 

Experiments have been carried out underground by 
the Butterley Company, Limited, with the object of 
measuring the roof pressures actually experienced in 
situ, and have already provided a considerable amount 
of information. Steel props fitted with a dynamometer 
are employed, and by this means the development of 
pressure as the face advances may be ascertained at any 
given point. This work is being continued. 

In the section of the report devoted to wire ropes, 
attention is drawn to the comprehensive survey of the 
present state of knowledge regarding the manufacture 
and use of wire ropes, made by the Wire Ropes Research 
Committee, embodied in S.M.R.B. Paper No. 41 
entitled ‘“‘ Wire Ropes for Mines,” to which we have 
previously referred in these columns.* One result of 
this survey was to disclose the deficiency of scientific 
knowledge of the progress of deterioration of wire ropes 
in service and of the causes of their failure. It was 
accordingly decided by the committee to make this the 
first subject of investigation. 

The mechanism of the gradual breaking of a rope 
has been worked out by Professor Dixon from the 
examination of such of the broken ropes as were 
unaffected by wear or corrosion. He has designated 
this process ‘‘ slow fracture.” It has been found that, 
with the exception of cases in which particularly severe 
stress has been applied accidentally, the immediate 
cause of breakage of all the ropes examined was due to 
this process, though in some cases the strength of the 
rope had already been reduced by wear and corrosion. 





* See ENGINEERING, Vol. cxxv, page 543. 





The wires showed the type of break characteristic of 
slow fracture, with ends either square or ragged, none 
of the broken wires having ‘“‘ necked” ends, typical of 
a break produced by a single application of a tensile 
stress. The first signs of slow fracture are small cracks 
in the wires ; the latter, however, do not break at once 
because the stress is partially relieved by the crack and 
a redistribution of stress among the wires takes place, 
which, in turn, causes some of the other wires to crack. 
Usually the core wire of a strand breaks before the 
outer wires, and the latter usually break on the inner 
face nearest the core. 








LABOUR NOTES. 


A DELEGATE Conference of the Associated Society 
of Locomotive Engineers and Firemen was held in 
London, on Wednesday, for the purpose of considering 
the agreement provisionally arrived at by the Executive 
with the railway companies, to reduce wages all round 
by 2$ per cent. At the close of the meeting, which 
lasted practically all day, Mr. J. Bromley, M.P., the 
General Secretary, said: ‘‘ Six resolutions were sub- 
mitted to the Conference—resolutions for rejection of 
the provisional agreement and resolutions for accept- 
ance in various forms. There finally emerged a 
resolution which was carried, and which read as 
follows :—‘ That this Conference accept the recom- 
mendation of the Executive Committee in regard to 
the proposed reduction, the matter to be considered 
at the 1929 annual assembly of delegates, as to whether 
notice shall be given to terminate this agreement.’ 
That resolution was adopted by a majority vote. The 
annual assembly of delegates is an annual conference 
which meets in May each year. The Conference to- 
day accepted the agreement, but has not presumed to 
decide on notice of termination for the future, that 
being left to the annual conference, which will meet 
next May.” It is understood that the majority for 
acceptance of the agreement was not a large one. 





On Wednesday, representatives of the National 
Foremen’s Association discussed the agreement with 
representatives of the railway companies. They agreed 
to recommend acceptance of the proposed wages 
reduction to a delegate conference called for August 14 
in London. Yesterday, delegates of the National 
Union of Railwaymen considered the matter, but 
up till the time this issue went to press no official 
news was available regarding their decision. A 
conference of the Railway Clerks’ Association to deal 
with the proposals has been called for Sunday. 





The Ministry of Labour states that on July 30, 
1928, the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain was 
1,305,000. Of the total number, 827,200 were wholly 
unemployed, 404,200 were temporarily stopped, and 
73,600 were persons normally in casual employment ; 
1,030,600 were men, 38,500 boys, 203,500 women, 
and 32,400 girls. The number of unemployed persons 
on July 23, 1928, was 1,282,934. Of these, 800,345 
were wholly unemployed, 407,375 were temporarily 
stopped, and 75,214 were persons normally in casual 
employment; 1,018,912 were men, 33,975 boys, 
201,710 women, and 28,337 girls. On August 1, 
1927, the number of unemployed persons was 1,119,828, 
of whom 899,908 were men, 36,135 boys, 153,192 
women, and 30,593 girls. 





In the Abertillery County Court last week, Judge 
Thomas delivered an important judgment in an 
action brought by the Markham Steam Coal Company, 
against certain trades union officials and_ pickets. 
The plaintiffs claimed, he said, damages and an 
injunction with reference to an event in February 
and on other days, but the particular date in question 
was February 22, 1928, and the foundation of the 
claim was that the defendants prevented certain 
miners under contract to work from carrying out 
work and a contract of employment, by which the 
plaintiffs suffered damages. Members of the South 
Wales Miners’ Federation, like other trade unions 
and bodies, had to make contributions, the payments 
of which were placed on a card periodically. The 
cards were examined by officials of the trade union 
to see if payments had been made to date, and this 
was known as “show cards.” This particular one 
was taken by members of the Tredegar Combine 
executive. Pickets were formed and prevented men 
from getting their lamps. When a miner was unable 
to get his lamp he was unable to descend the mine. 





The Judge found on that part of the case that the 
pickets did prevent the miners from getting their 
lamps and prevented them carrying out their contracts 
with their employers. The defendants and the pickets 
were all privy to this system, which entitled the 
employers to take proceedings. The practice on the 
night in question was not one which had acquired 
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the scope of a custom, and therefore there was no | are required to take account of the nature of the objec- 
custom or provision which entitled the defendants tion. 


to act as they did. On that part of the case he held 
that the action was an illegal act which entitled the 
plaintiffs to succeed and claim relief. He had come 
to the conclusion that the defendants did attend 
the mine for the purpose of inducing or preventing 
the men from working, that they did intimidate 
them, and that on these grounds the plaintiffs were 
entitled to succeed. The plaintiffs had proved that 
as a result of ‘‘ show cards”? the men had lost work 
and that they (the plaintiffs) had suffered loss as 
a result of the provision they had made for work to 
be carried on. He assessed the damages at 51., and 
granted an injunction restraining the defendants from 
preventing or interfering with the workmen employed 
at the Markham Colliery. 





The Rome correspondent of The Times states that 
a circular has been issued by Signor Mussolini to the 
Prefects, forbidding any further reduction of wages 
in any category, on the ground that “the economic 
situation is at present such as to satisfy its exigencies 
without recourse to new sacrifices on the part of the 
workers.” 





For a time last week it looked as if opposition on 
the part of the craft unions which have members 
employed in railway workshops would wreck the 
agreement provisionally arrived at by the railway 
companies and the traffic unions. The craft unions 
and the traffic unions have not in recent years been 
on what could be called good terms, largely because 
of the National Union of Railwaymen’s belief in the 
principle of industrial unionism as opposed to the 
principle of trade unionism. Much the same is true 
of the relations of the Miners’ Federation and the 
Amalgamated Engineering Union. The craft unions 
affected by the provisional agreement to reduce all 
railway wages, salaries and emoluments by 23 per 
cent., resented the action of the traffic unions in 
presuming to apply the proposed arrangement generally 
without consulting them. For their resentment there 
was, of course, little ground, as the agreement, on its 
face, bound nobody but the parties to it. 





Matters were, however, put in strict order later in 
the day that the objections of the craft unions became 
known. The representatives of the railway companies 
met the craft unions and the National Union of 
Railwaymen—which has, amongst its members, a 
considerable number of shopmen—and after dis- 
cussion it was mutually agreed that the parties should 
meet in accordance with the national scheme of nego- 
tiating machinery for railway shopmen. The meeting 
was fixed for to-day in London. 





At the annual conference of the Association of 
Governmental Labour Officials of the United States 
and Canada, which took place recently in New Orleans, 
Mr. Ethelbert Stewart, United States Commissioner 
for Labour Statistics, advocated a policy of high 
wages in order to prevent factories having to close 
down on account of over-production. He said that 
if unskilled workers were paid at the same rate as 
organised labour enough money would be put in circu- 
lation to absorb the gigantic mass production of the 
country. The economic problem of the day was the 
distribution of wealth among the largest possible 
number of workers to enable them to purchase the 
merchandise produced. During recent years, produc- 
tion had increased by 49 per cent., while employment 
had declined. In ‘a second speech, Mr. Stewart 
discussed the prospect of a ‘“ moronisation ” of indus- 
tty in the United States through the employment of 
feeble-minded workers to operate the machinery of 
mass production. He prophesied the establishment 
of social castes based on mental standards as deter- 
mined by tests, giving instances of industries that had 
deliberately employed workers of sub-normal intelli- 
sence. He predicted that if the industries were 
‘uccessful in ‘‘ moronising ” the industrial population 
through mass production, they would throw upon 
the charity of society a maimed and feeble-minded 
mass of workers, incapacitated by accidents due to 
their lack of intelligence. 





Bt weekly official organ of the International 
ra Office gives details of two Decrees relating to 
On ‘ry inspection recently promulgated in Poland. 
toh Provides for the setting up of special committees 
Obienn object ‘ons to orders issued by factory inspectors. 
— will be heard in the first instance by com- 
: sd appointed by the provincial governors, and 
Viniee by a central committee presided over by the 
wake of Labour. The committee must be con- 
of th not later than four weeks after the deposition 
de 4 objection. The provincial governors or their 

Puties will preside over the provincial committtees. 
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The district factory inspector or his deputy 
| must attend the proceedings. Decisions shall be taken 
| by a simple majority. The members of the central 
committee are to be appointed for three years by 


the Ministers of Labour, Commerce and the Interior. 


| 
} 





The other Decree relates to the collaboration of the 
police and public authorities with the factory inspectors. 
Police officers are required to report to the factory 
inspector any breaches of labour legislation which 
come to their notice. In specified cases, the police 
must, at the request of the factory inspector, super- 
intend the enforcement of provisions relating to 
hours of work and the employment of women and 
children. They may also be called on to supervise 
the enforcement of orders issued by factory inspectors. 
Police officers must also come to the assistance of 
factory inspectors who are prevented from entering a 
workshop or generally obstructed in the exercise of 
their duties. If it comes to their notice that a strike 
has occurred in an establishment employing over fifty 
workers, they must notify the factory inspector 
immediately. Whenever a fatal or a serious industrial 
accident occurs, the local authorities must provide 
the factory inspectors with a temporary office in the 
town hall. Expenses thus incurred will be reim- 
bursed. 





Two amendments have been incorporated in Book II 
of the French Labour Code, with the unanimous 
consent of the employers’ and the workers’ representa- 
tives on the Superior Labour Council. One provides 
that a declaration shall in future be made by all persons 
about to employ one or more workers in an industrial 
or commercial undertaking. The declaration must be 
submitted to the labour inspector before the workers 
are engaged, and the inspector will notify the employer 
of the steps which he must take in order to comply 
with the Acts and Regulations applicable to the 
workers in question. This amendment is in the 
interest of employers as well as workers, since it will 
ensure that breaches of the law will not be committed 
in ignorance and that mistakes will not be made in 
the building and equipment of the undertaking. 
The second amendment extends to commercial under- 
takings the provisions relating to the minimum age 
for admission to employment, which hitherto applied 
only to industry. In future, young persons between 
14 and 18 years of age may not be employed without a 
certificate, which will be supplied free of charge by the 
local authority. In exceptional cases, children of 12 
and 13 years of age may be employed if they hold an 
elementary school certificate and a medical certificate. 

Alluding to the report of the Turner-Mond con- 
ferences, the writer of an editorial notein Man and 
Metal, claims that to build up a public opinion in 
favour of a workman’s right to the benefit of collective 
bargaining, and to get the employers to condemn 
those in their own camp who victimise trade unionists, 
is a matter which ought to receive the approval of all 
organised workmen. For over 50 years in the last 
century, he says, this matter was hotly contested. 
Many strikes took place, much time and wealth were 
wasted, and much suffering was incurred by those 
who took part in the fight, the.success of which has 
helped to improve the social and industrial conditions 
of the workers. Yet to-day there are people in the 
ranks of Labour who believe that Labour ought not 
to recognise the existence of the employer—ought not 
to speak to him or agree to negotiate with him. That 
course leads to difficulties, the writer says, so long as 
capital is privately owned, and the General Council has 
taken the better way. 





The Worker, official organ of the National Minority 
Movement, naturally did its best in last week’s issue 
to secure the rejection of the railway agreement. It 
declared editorially that when the agreement expired, 
the railway companies would put forward further 
demands. The railwaymen will then, it asserted 
‘either have to fight them by strike action or have 
them forced upon them by a repetition of the same 
methods as have resulted in the present proposed re- 
duction.”’ ‘‘ For,” the writer goes on to say, “‘ there 
is not a single economical factor that is to-day res- 
ponsible for the so-called parlous state of the railways 
that will not have been intensified in twelve months’ 
time. Is there any basis for the airy talk of a trade 
revival in these basic industries which, in the past, 


ELECTRIC FREIGHT LOCOMOTIVE 
FOR THE GREAT INDIAN PENIN- 
SULA RAILWAY. 


On page 134 of our last week’s issue we illustrated 
and described an electric express passenger locomotive 
constructed by the General Electric Company, Limited, 
London, for use on the Great Indian Peninsula Rail- 
way, and on page 297 of our previous volume, we 
dealt with a generally similar locomotive constructed by 
Messrs. Brown, Boveri and Company, Limited, London. 
The mechanical parts of both these engines were 
constructed by Messrs. R. and W. Hawthorn, Leslie and 
Company, Limited, Newcastle-on-Tyne, and they will 
be used, with a third engine built by the Metropolitan- 
Vickers Electrical Company, Limited, Manchester, in 
order to determine which is the most suitable type for 
the particular service required on the electrified section 
of the line. In addition to these three experimental 
passenger engines, an order for 41 electric freight loco- 
motives was placed with the last-mentioned firm in 
May, 1926, by the High Commissioner for India on 
behalf of the Indian State Railways, and ten of these 
engines have now been delivered. 

Before describing the freight locomotives, as we 
propose to do, some particulars of the system on 
which they are to operate may well be given. The 
map, Fig. 1, on page 164, shows the whole system, the 
gauge of which is 5 ft. 6 in., and indicates the lines 
already electrified and those in process of electrification. 
It also shows the positions of existing and proposed 
power stations, substations and transmission lines. 
The first portion of the Great Indian Peninsula Rail- 
way to be electrified comprised the Bombay Harbour 
section, with substations at Wadi-Bandar, Kurla and 
Thana. Service was commenced on this section in 
February, 1925, and shortly afterwards electric working 
was extended to Kalyan Junction. Electric power 
for operating these sections is purchased from the Tata 
hydro-electric group, and is supplied by 100,000-volt 
transmission lines to receiving stations at Dharavi 
and Kalyan and thence, at 22,000 volts, to the rotary 
converter substations supplying direct current, at 
1,500 volts, to the overhead conductors of the lines, 
which are supported on the catenary system. Electri- 
fication work is at present in progress on the North 
Eastern Branch of the main line from Kalyan to Igat- 
puri, 52 miles in length, ascending from the Konkan 
to the Deccan plateau by the Thull Ghat, and also 
on the line, 86 miles in length, from Kalyan to Poona, 
the latter line traversing the Bhore Ghat. The Igatpuri 
ascent includes about 25 miles at a gradient of 1 in 100, 
a short stretch at a gradient of 1 in 60, and a length of 
6 miles at a gradient of 1 in 37. The climb over the 
Bhore Ghat, although shorter, is heavier, the average 
gradient for 15 miles being about 1 in 40, with a maxi- 
mum of | in 37, the line then falling on an average 
gradient of 1 in 200 towards Poona. On the heavy 
gradients ascending the Ghats, two electric freight 
locomotives will be used, as has been the practice with 
steam engines, but single locomotives will take the trains 
on the Bombay side of the Ghats. Power for the 
electrified sections now under construction will be 
obtained from a new power house which is being built 
by the Railway Authorities at Kalyan, where current 
will be generated at 6,600 volts, stepped up to 95,000 
volts and transmitted to substations indicated on the 
map, Fig. 1. Messrs. Merz and Partners, 32, Victoria- 
street, S.W.1, it should be mentioned, are the consulting 
engineers for the whole electrification scheme, the 
design and inspection of the mechanical parts of the 
locomotives being carried out in association with 
Messrs. Rendel Palmer & Tritton. 

We illustrate one of the freight locomotives on Plates 
XII, XIII and XIV, which accompany this issue, and 
on pages 164, 165, and 168. As will be seen, the engine 
is of the 0-6-6-0 articulated type, the body or cab being 
supported at each end by pivots on six-wheeled bogies. 
Each of the bogies is driven by two 650-h.p., 1,500-volt, 
direct-current motors, connected to the running wheels 
through a jack shaft, connecting rods and coupling 
rods ; the total horse power is thus 2,600. The weight 
of the mechanical parts is 734 tons and that of the 
electrical equipment 46} tons, so that the total weight, 
in working order, is 120 tons. This is equally distri- 
buted over the six driving axles. Unit control is 
employed, with regenerative braking, and nine speeds 
are obtainable without the use of resistances. With 
full field, the total tractive effort, on a one-hour rating, 
is 56,000 Ib., with a speed of 18 m.p.h., while, on a 
continuous rating, the tractive effort is 40,000 lb., and 





have provided the railway companies with such 
profitable freight rates? Is road transport com- 
petition going to be less severe? On the contrary, | 
these two factors, plus the reserve army of unemployed 
railwaymen that will be created as the result of the | 
railway companies’ entry into road transport, will be 
the very factors under which the directors will, twelve 
months from now, renew their attacks... . The 





appointing the members of the committees, governors 


agreement should be repudiated at the earliest moment.” 


the speed 20-5 m.p.h. The maximum tractive effort 
(25 per cent. coefficient) is 67,200 lb., and the maximum 
permissible speed is 45 m.p.h. It will be seen from these 
data that the locomotives are moderately slow-speed 
machines, but the high ratio of 24 to 1 between the 


|maximum safe speed and the one-hour-rating speed 
|indicates that the best idea of their capabilities is 


obtained by considering the tractive effort rather than 
the rated horsepower. The motors, we understand, 
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are easily capable of slipping the wheels under any 
condition of the rails, so that the maximum tractive 
effort is determined by the adhesion between the wheels 
and the rails, and may, under certain conditions, amount 
to as much as 33} per cent. of the weight of the locomo- 
tive, i.e, to about 40 tons. The main dimensions 
can be obtained from the drawings, but we may 
mention here that the length over the buffers is 
66 ft. 1 in., the total wheel base 54 ft. 11 in., and the 
rigid wheel base 15 ft. 1 in., the driving wheels being 
4 ft. in diameter. The width overall is 10 ft., and 
the height over the current collectors, in their lowest 
position, is 14 ft. 4 in. 

The appearance of the locomotive, with one of the 

pantograph current collectors raised, is well shown in 
Fig. 3 on Plate XII, while Fig. 4, on the same Plate, 
shows one of the bogies with the casing, which normally 
covers the motors and local switchgear, removed. The 
general arrangement of the mechanical parts is most 
clearly shown in the elevation given in Fig. 5 on Plate 
XIII, and in the sectional plan of one of the bogies, Fig. 
2, on this page, while the longitudinal section and sec» 
tional plan, Figs. 6 and 7, respectively, on Plate XIIT, 
illustrate the lay-out of the electrical gear. The latter 
is also illustrated in the interior views reproduced in Figs. 
10 and 11, on Plate XIV, and in Fig. 12 on page 165, 
on which page a diagram of the electrical connections 
is also given in Fig. 13. Transverse sections of the 
engine are reproduced in Figs. 14 to 16, on page 168, 
Fig. 14 showing the main motor switches at the end 
marked No. 1 in Fig. 6, and Fig. 15 showing the design 
of the jack shaft and its connections. The resistance 
switches are shown in Fig. 16, the left-hand half of 
which illustrates the arrangement of these switches at 
the No. 1 end, and the right-hand half the corresponding 
arrangement at the No. 2 end. An elevation of the 
driver’s compartment at No. 1 end is given in Fig. 17, | 
on page 168, and photographs of this, showing the | 
control levers and instruments, are reproduced in | 
Figs. 8 and 9, on Plate XIV. 

From Fig. 4, on Plate XII, it will be seen that the 
motors are mounted directly on the structure on top 
of the bogie frames, an arrangement which raises the 
centre of gravity of the whole locomotive considerably. 
The central body, containing the driver’s cabs and 
control gear, is built upon one main longitudinal 
girder, supplemented by the necessary side members, 
the girder, which is shown in section in Figs. 14 and 16 
on page 168, connecting the two motor units by means 
of large spherical pivots at the ends. The pivots are 
supported in housings mounted on the bogie frames, and 
through these housings the tractive effort is transmitted. 
Four spring-loaded side bearers are fitted under the 
ends of the main cross stays of the underframes, 
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bearing in sockets on the inner ends of the bogie 
frames, and arranged to give the necessary freedom 
between the body and the trucks in service. In 
order to reduce the wear on the tyres and rails when 
rounding curves, the inner ends of the bogies are 
connected diagonally by a system of rods and bell- 
crank levers, the arrangements being partly shown in 
Fig. 2, above. 

The centre body comprises a driver’s cab at each 
end, connected by a corridor running along one side, 
the remainder of the space being used to house the 
control gear and auxiliary machinery, as will be 
clear on reference to Figs. 6 and 7, on Plate XIII. 
The joints between the body and the motor housings 
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on the bogies are visible in Fig. 3 on Plate XII, but | gear wheels on the jack shaft are fitted with crankpins, 
their construction will be most easily followed from | from which power is transmitted to the driving wheels 
Fig. 6 on Plate XIII, where they are shown in section, | by a system of connecting and coupling rods. The 
The cover plate there shown is hinged in three pieces, | two bogies, it should be mentioned, are each driven 
and serves to maintain a raintight joint while per- | independently of the other, and are also interchangeable, 
mitting relative movement of the parts on curves. | The arrangement of the connecting and coupling rods 
It will be seen that there are two separate partitions | is clearly shown in Figs. 5 and 6, from which it will 
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between the motor housings and the body, one 
forming the front plate of the driver’s cab and the 
other the inner plate of the motor chamber. A hinged 
door is provided in the former and a sliding door in 
the latter to give the driver access to the motor 
chamber; one of the sliding doors referred to is 
visible on the extreme left of Fig. 4, on Plate XII. 
As already stated, four 650-h.p., 1,500-volt direct- 
current motors are used for driving the locomotive. 
Two motors, bolted together, are mounted above 
the frame on each bogie between the two outer axles, 
the arrangement being most clearly shown in Fig. 6. 
Each pair of motors drives a common jack shaft 
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by means of flexible gears with helical teeth. The 
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be seen that the jack shaft, shown in section in Fig. 15 
on page 168, is located between the first and second 
driving axles, thus enabling a long connecting rod 
to be employed. The arrangement of the rods, and 
the raising of the jack shaft axis above those of the 
driving axles, enables the rods to be placed in one 
plane, as shown in Fig. 2, above, and at the same 
time gives the necessary clearance between the jack- 
shaft gear and the rails. The small end of the 
connecting rod is coupled to a pin placed in such & 
position on the inner coupling rod as to reduce the 
obliquity of the connecting rod to a minimum. By 
keeping the rods in one plane, the bending stresses 
on the crankpins are reduced, and a more perfect 
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balance of the wheels and axles is obtained. Other 
features special to this arrangement of rods have 
been considered in detail on a previous occasion.* 
Referring now to Fig 4 on Plate XII, it will be 
seen that the motors are surmounted by a pair of 
ventilating fans, driven by a single motor located 
between them. The motors driving the fans are 
wound for 750 volts, and the fan motors for each 
of the two pairs of main motors are connected in 
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ante across the line. The fans draw air through 
arge screened openings in the sides of the motor 
cheaabers, clearly shown in Fig. 3, and discharge it 
; rough the motors whence it escapes downwards 
tha the track; the floor of the bogie surrounding 
‘ motors is made airtight in order to prevent the 
return of any of the heated air discharged. The 
_—— on the jack shaft, and the motor-pinion cases 
rah _ of the bogie, are visible in Fig. 4, and the 
jack hs the oil and dustproof joints between the 

“shaft gears and casings can be seen in Fig. 15 


on page 168. In addition to the advantage of high 
ieee 
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centre of gravity obtained with this arrangement of 
motors, as already pointed out, access to various 
parts for inspection and cleaning is greatly facilitated. 

Regenerative braking is provided, as previously 
mentioned, and in addition, compressed-air brakes 
are fitted on the locomotive, with arrangements for 
operating vacuum brakes on the train. Both the 
latter act as a single automatic system, the driver 












controlling the vacuum brake on the train by means 
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of the usual operating valve in the cab, and the air 
brakes on the locomotive being automatically applied 
to the same extent. This is effected by means of 
a proportional valve, comprising a diaphragm operated 
by the vacuum in the train pipe and actuating a 
valve which admits compressed air from the reservoirs 
to the brake cylinders on the locomotive. Another 
valve provided enables the driver to apply the air 
brakes on the locomotive independently of the vacuum 
brakes on the train. Two compressors, of the recipro- 
cating type, driven by 1,500-volt motors, are mounted 
on the underframe to provide compressed air for the 
brakes, control equipment, sanders, &c., and two 
motor-driven exhausters, of the rotary type, are 


installed, as shown in Fig. 6 on Plate XIII, to operate 
the vacuum brakes. One of the exhauster motors, 
viz., that on the left of Fig. 6, also drives a 50-volt 
generator, which supplies current, in conjunction 
with a battery, for operating controls, lighting circuits 
and various low-tension auxiliaries. It should also 
be mentioned, while referring to the auxiliaries, that, 
when regenerative braking is in use, the excitation 
for the fields of the main motors is obtained from 
two generators, one of which is mounted on the inner 
axle of each bogie, as indicated in Fig. 6. The fields 
of the axle generators are supplied by the generator 
driven by the exhauster motor, already mentioned. 

Coming now to the main electrical arrangements, we 
may first explain that the two pantograph current 
collectors are mounted on insulators on a false roof, 
which, in turn, is mounted on further insulators attached 
to the main roof. The arrangement gives ample pro- 
tection against any short circuit, and consequent 
damage to the roof, which might otherwise be caused 
by small portions of overhead wire or hangers falling 
and making a connection between the pantograph and 
the roof. The pantographs, with their isolating switches, 
lightning arresters, &c., can be seen in Fig. 3 on 
Plate XII, as well as in Figs. 5 and 6 on Plate XIII. 
In general, only one collector is used at a time, isolat- 
ing switches being provided inside the body so that 
either can be cut out at will. The control scheme, 
which can be followed with the aid of the circuit 
diagram reproduced in Fig. 13, on this page, is designed 
with the motors in two groups, each group of two 
motors being arranged for series-parallel working, 
while the two groups can also be connected in series. 
There are thus three possible combinations of the main 
motors, viz., all four in series, two pairs in series- 
parallel, and all four in parallel, giving one-quarter, 
half and full speed, respectively, with the full field on 
the motors. In addition, there are two weak-field 
positions with each combination and this enables the 
nine economical running speeds to be obtained, as 
already mentioned. The starting resistance is, how- 
ever, divided into a large number of steps, so that 
smooth and easy starting is obtained and adequate 
provision is made for moving the engine light. Re- 
generative braking can be employed in all three 
combinations of the main motors, and braking speeds 
ranging from 8 to 35 miles per hour can be obtained 
in this way. The driver controls the train speed 
during regeneration entirely by the regenerating handle 
on the master controller, this handle regulating the 
excitation of the axle generators previously referred to. 

In designing the control arrangements, and in laying 
out the equipment, continuity of operation has been 
provided for to the greatest possible extent. For this 
reason, the two motor groups, with their main and 
control circuits, are practically independent, and a 
cut-out switch has been provided to enable each group 
to be completely separated. Moreover, the group 
equipments are separated as far as possible from each 
other in position, so that a fault on one group will not 
damage the other. The control apparatus is of the 
maker’s electro-pneumatic type, the main circuits 
being operated by two types of switch, viz., standard 
unit switches or contactors for the line switches and 
resistance switches, where arcing may occur, and cam- 
operated two-position groups for reversing, motor 
combinations, &c., which do not involve the breaking 
of circuits under load. These two types cover all the 
main circuit requirements, and both are built up of 
standard unit parts, so that a minimum of spares is 
required for maintenance. The location of the various 
switches is shown in Figs. 6 and 7 on Plate XIII, 
and in Figs. 14 and 16 on page 168, the purpose of each 
being sufficiently indicated by the wording. 

All the 1,500-volt control apparatus is located in a 
high-tension chamber forming the centre part of the 
body of the locomotive. This chamber has only one 
entrance, the door being interlocked with the master 
controller and current collectors. The system of inter- 
locking makes use of the reverse key of the master 
controller, which key can only be removed in the 
‘* locked-off ’’ position. The same key unlocks the high- 
tension chamber door, which cannot be opened until 
the equipment inside is earthed, and the key cannot be 
removed until the door is closed and locked and the 
earth connection broken. The main resistance chamber, 
the interior of which is illustrated in Fig. 11, on Plate 
XIV, forms the central portion of the high-tension 
compartment, and on either side of the resistance 
chamber are chambers containing the unit switches, &c., 
shown in Fig. 10, on Plate XIV, in Fig. 12, on this page, 
and also in Fig. 14, on page 168. All parts of the high- 
tension compartment are effectively ventilated, the 
resistance chamber, in particular, having air inlets 
round the sides and in the flooring, through which 
a draught is induced by the hot air rising from the 
resistances and passing out through the roof ventilators 
shown in Figs. 5 and 6 on Plate XIII. Baffles are pro- 
vided to prevent the hot air from the lower resistance 





frames from passing over those arranged above them. 
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As already stated, the drivers’ compartments are 
located at each end of the central body. An elevation 
of that at the No. 1 end of the locomotive is given in 
Fig. 17, on page 168, and interior views are reproduced 
in Figs. 8 and 9, on Plate XIV. As will be clear from 
Fig. 9, the driver’s position is on the left-hand side, and 
the master-controller handles are arranged for opera- 
tion by the right hand, the brake valves being operated 
by the left hand. The sanding valve is operated by a 
pedal, and a hand-operated air valve controls the 
pantograph current collectors on the roof. The neces- 
sary meters, gauges, speed indicators, &c., are con- 
veniently arranged adjacent to the look-out window 
in front of the driver, as shown in Fig. 9. In this illus- 
tration, two main handles and two subsidiary handles 
can be seen on the master controller. Of these, the 
main handle on the left, is the power-notching handle, 
and that on the right the regeneration-control handle. 
The subsidiary handle on the left sets the particular 
motor combination required, while that on the right 
is the reversing handle. This handle also serves for 
locking the master controller, and is that used for 
opening the high-tension compartment, as explained 
above. It will be understood, of course, that the 
master controller operated by the driver deals only 
with small currents at a low voltage, which, in turn, 
actuate the magnetically-operated valves of the electro- 
magnetic control gear, the actual work of operating the 
switches being done by compressed air. The large 
handwheel seen on the right of the master controller, in 
Fig. 8, operates a hand brake on the bogie at this end 
of the locomotive; on the right of the handwheel is 
the control cut-out, which is operated by the removable 
reversing handle of the controller. The only control 
gear mounted under the motor casings on the bogies 
is the local-circuit apparatus for the motors, such as 
reversers and field-control switches. It is desirable 
for this apparatus to be mounted as close as possible 
to the motors, as otherwise a large number of leads 
would have to pass from the motor casings to the main 
body of the locomotive, between which two parts 
there is relative movement. This switchgear is suitably 
protected by a steel framework with expanded-metal 
doors. 

We should mention, in conclusion, that the 
mechanical parts of ten of the freight locomotives 
have been supplied by the Swiss Locomotive Company, 
of Winterthur, Switzerland, while those for the remain- 
ing thirty-one are being supplied by the Vulcan 
Foundry Company, Limited, Newton-le-Willows, Lan- 
cashire, the parts supplied by both these firms, as 
sub-contractors to Messrs. The Metropolitan-Vickers 
Electrical Company, Limited, being interchangeable. 


WRECK Sratistics For 1927.—A statistical summary, 
issued recently by Lloyd's Register of Shipping, shows 
that, during 1927, vessels to the number of 281, the 
total gross tonnage of which was 517,392, were lost, 
broken up, or condemned in consequence of casualty or 
stress of weather. Of this total. 59 ships, aggregating 
66,348 tons, flew the British flag, and only 7, totalling 
1,929 tons, were sailing ships, the remaining 52 being 
steamers and motorships. Vessels otherwise broken up 
or condemned, during the year under review, numbered 
242, the total gross tonnage of which was 474,677. 
The largest vessel lost during 1927 was the 6,868-ton 
United States oil-carrying steamer Nile, which was 
wrecked on October 16 while on a voyage from New York 
to Bombay. 


ACETYLENE ‘TETRACHLORIDE FOR DETERMINING THE 
Porosity oF Om Sanvos.—Acetylene tetrachloride, 
which Mr. W. L. Russell recommended two years ago 
for rapid porosity determinations, has been found suit- 
able for this purpose by Mr. C. E. Sutton (Serial No. 2876 
of the United States Bureau of Mines) in the Texhoma 
Gose Pool, Texas. The acetylene tetrachloride or tetra- 
chloroethane, C,H, Cla is known in two grades, and it is 
the technical or unsvmmetrical grade, boiling at 146 deg. C. 
and having a density of 1-6 at 20 deg. C., which is used. 
The tetrachloride is prepared by passing acetylene and 
chlorine alternately over antimony pentachloride, which 
acts as a very efficient catalyst, care must be taken not 
to allow the two gases to mix lest explosion take place. 
The tetrachloride is not combustible and fairly stable, 
can be distilled, and Goes not attack metals in the absence 
of moisture. It is an excellent solvent for oils, fats, 
lacquers, &c., and alse for sulphur and phosphorus, and 
is much employed for this purpose, a!though its vapours 
ure somewhat poisonous. It has several advantages over 
other liquids for porosity tests. It is very penetrating, 
is rapidly adsorbed by sand, does not adhere to the glass 
walls of the apparatus, used and acts as a preservative of 
soft friable sands into which it penetrates without break- 
ing them up. The apparatus used is a gravity flask of the 
type introduced by Le Chatelier for determining the 
density of cement, and consists of two glass chambers, 
connected by two graduated tubes, and a large glass 
stopper. The portable apparatus is relatively simple and 
some forty tests can be made in 45 minutes, with small 
samples. There are, however, corrections to be applied 


if the temperature changes during the test, and also for 
grinding loss. Any oil or wax remaining in the glass 
tubes after a test has to be burnt out in an electric 
furnace or over a gas burner before a fresh test can be 
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EMPLOYEE-DIRECTORS IN AN ENGINEERING WoRKs.— 
To secure the active co-operation of their employees, and 
to enable them to gain a clear idea of the problems 
which face the management, Messrs. R. A. Lister and 
Company, Limited, Dursley, Gloucestershire, have 
adopted a system of employee-directors, which has, so 
far, been highly successful. The firm was established 
in 1867, and, six months ago, in celebration of its diamond 
jubilee, the directors invited their 1,500 employees to 
elect a works committee to sit with the board. Members 
of this committee have the status of directors; they, 
on the one hand, present the views of the employees 
to the other directors, and, on the other, convey the 
opinions of the management to their fellow-workers. 
The committee men have proved themselves to be very 
active in collecting suggestions from their colleagues in 
the shops, and many valuable proposals have been put 
forward for securing greater efficiency of working and 
an increased output. Another interesting experiment is 
the formation of a social club, registered as a limited 
liability company, the directors of which are drawn from 
the ranks of the workpeople themselves. The club was 
founded just over a year ago, and its first year’s operation 
has been highly successful. 


THE OVERSEAS TRADE OF THE UNITED KINGDOM.— 
An interesting table is included in the issue of July 26 
of the Board of Trade Journal, which gives the overseas 
trade of the United Kingdom, during the first six months 
of the present year, on the basis of 1924 values. By this 
means the extent of the influence of price changes, and the 
aggregate changes in the volume of goods imported and 
exported, may be estimated. Under the heading of 
Articles Wholly or Mainly Manufactured, the index 
numbers for the average values and quantities of the 
total imports during the first six months of 1928, as 
compared with the same period of 1924, for which year 
the figure is taken as 100, in each case, are given as 
follows :—cutlery, hardware, implements and instruments, 
102-5 and 106-2 respectively; electrical goods and 
apparatus, 100 and 151-6; machinery, 96-7 and 168-5. 
The figures for these articles re-exported are given as 
89-1 and 96-1; 90-9 and 107-3; and 94-1 and 136-8. 
As regards the exports from the United Kingdom of 
these particular goods, which had been actually manu- 
factured in this country, the figures given are as follows : 
cutlery, hardware, implements and instruments, 92 
and 115-7; electrical goods and apparatus, 96 and 129-5 ; 








made, 





and machinery, 97-3 and 132-9. 
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ENGINEERING TRAINING AND 
EDUCATION. 


Lloyd’s Register Scholarship and Student Graduate 
Examinations.—The Council of the Institute of Marine 
Engineers, 85-88, The Minories, London, E.1, under 
the auspices of which the Lloyd’s Register Scholarship 
examinations are held annually, have called attention 
to these and to their student graduate examinations, 
The Lloyd’s Register Scholarships are three in number, 
one of which is available each year for three years at 
100/. per year. Application should be made by 
intending candidates not later than March 7, 1929; 
the examination is to be held on Monday and Tuesday, 
May 6 and 7, 1929, and the papers will include arith. 
metic, algebra, hydrostatics, thermodynamics, geo. 
metry, general knowledge, mechanics, a foreign langu- 
age, trigonometry, and practical engineering. Applica- 
tion to sit at the student graduate examination should 
be made by March 3, 1929; the examination will be 
held on Tuesday, Wednesday, Thursday and Friday, 
April 16, 17, 18 and 19, 1929, when the papers will 
include mechanics, heat, machine construction and 
drawing, mathematics, English, and electrical engin- 
eering. Further information, and details regarding 
fees, &c., may be obtained from the honorary secretary 
of the Institute at the above address. 

University College of Swansea.—A glance through the 
prospectus of the Department of Engineering of the 
University College of Swansea, for the session 1928-29, 
a copy of which has just come to hand, is sufficient 
to draw attention to the excellent ground-work in that 
subject given to the students. Degree and diploma 
courses are provided, extending over three years, in 
civil, mechanical and electrical engineering. The work 
in mathematics, physics and engineering during the 
first year is the same for all three branches, while the 
courses taken during the second and third years depend 
upon the branch selected, but always include one 
year courses in strength and elasticity of materialsand 
in electrical technology. Thanks largely to the gene- 
rosity of a number of engineering firms, the equipment 
is modern and comprehensive, and the accommoda- 
tion provided includes a boiler house, machinery hall, 
workshops, hydraulic and materials laboratories, 
electrical laboratories, sub-station, drawing offices 
and lecture rooms, &c. All further particulars regard- 
ing the courses, examinations and fees, &c., may be 
obtained from the Registrar, Mr. E. Drew, University 
College, Singleton Park, Swansea. 








LAUNCHES AND TRIAL TRIPS. 


“ §.M.P. 5.”—Oil-tank vessel. Launch, July 28. Main 
dimensions, 154 ft. by 29 ft. 6 in. by 13 ft. ; loading 
capacity, 730 tons. Built by Messrs. the “ De Maas 
Shipbuilding Company, Slikkerveer, Holland. 

‘“‘ Daysprinc.”—Survey and buoyage vessel; twin- 
screw, triple-expansion engines. Trial trip, July 31. 
Main dimensions, 190 ft. by 36 ft. by 18 ft. 6 in. Built 
by Messrs. Sir W. G. Armstrong, Whitworth and Com- 
pany, Limited, Walker-on-Tyne, to the order of the 
Crown Agents for the Colonies, for the Government of 
Nigeria. 

‘“* Horsa.”—Passenger and cargo steamer; single 
screw, triple-expansion engines. Launch, August 2. 
Main dimensions, 230 ft. by 35 ft. 6 in. by 24 ft. 6 in; 
designed for a deadweight capacity of about 1,250 tons. 
Built by Messrs. Ramage and Ferguson, Limited, Leith. 
for Messrs. James Currie and Company, of Leith, for 
their Copenhagen service. 

‘“‘ Rusupoon.”-—Cargo steamer; single-screw, triple- 
expansion engines. Launch, August 2. Main dimen- 
sions, 435 ft. by 54 ft. by 29 ft. 9 in.; designed to carry 
about 9,000 tons deadweight on a draught of 24 ft. 9 in. 
Built by Messrs. Cowpen Dry Docks and Shipbuilding 
Company, Limited, Blyth, for Messrs. Sir R. Ropner 
and Company, Limited, West Hartlepool. 








M.Eng., has been 
Chemical 
under the 


PrersonaL.—Mr. J. P. Mullen, 
appointed lecturer in the Department of 
Engineering, University College, London, 
direction of Professor W. E. Gibbs. 


ContTRActT.—Messrs. Alloy Welding Processes. Limited, 


14-16, Church-street, Islington, N.1, have secured | a 
contract from the Admiralty for the supply of “ A.W -- 

electrodes, during the period from July 1, 1928, to 
June 30, 1929. 





ENGI- 


Tue CrystTaL PALace ScHoot oF Practical. 13 
gained 


NEERING.—The presentation of the certificates, id 
by the students of the school in the examinations hele 
at the end of the summer term, was made on 1 uesday, 
July 31, when the chair was taken by Mr. P. Griffith, 
past-president of the Society of Engineers. ‘Thirteen 
students were awarded certificates in the first year 5 course 
of mechanical engineering, there being no failures, -— 
ten students were awarded certificates in - 
year’s course of civil engineering. The certificate a 
honour, which is given to a student who obtains § 
certificates in the school course, none lower than third in 
order of merit, was awarded to Mr. H. E. Barrett. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Cleveland pig-iron is slow 
of sale, and customers are persistent in their claim for 
price concessions, but makers complain that ruling rates 
are unprofitable, and declare that if orders do not come 
forward at current figures more blast-furnaces will have 
to be put out of action. Of the 95 erected on the North 
East Coast only 29 are now in operation, and of these 
but 10 are producing Cleveland pig. The restricted 
output of Cleveland iron leaves little surplus for disposal 
in the open market, after makers’ own foundries and steel 
works have been provided for, and delivery demands of 
running contracts have been met. so that as stocks keep 
very low, the statistical situation continues strong, and 
enables ironmasters to uphold the fixed quotations of the 
past few months. No. 1 grade of iron is 68s. 6d. ; 
No. 3 g.m.b., 663.; No. 4 foundry, 65s.; and No. 4 
forge, 648. 6d. 


Hematite-—East Coast hematite iron is in more than 
ample supply, notwithstanding the limited make. With 
fairly large stocks steadily increasing, producers are keen 
sellers. They have a free hand as regards charges, and 
quotations vary considerably. Business is now almost 
entirely confined to transactions in parcels of iron 
manufactured to special analysis to suit the particular 
needs of customers, and quotations range from 68s. to 
71s., according to quality. p 

Foreign Ore.—There is next to nothing doing in 
imported ore. Consumers continue to hold off the market 
despite merchants’ confident prediction that shortage of 
supply will force up prices. Best rubio is quite 22s. 6d. 
cif. Tees. 

Blast-Furnace Coke.—Local demand for blast-furnace 
coke is on only a very moderate scale. Durham good 
average qualities remain at 17s. 6d. to 17s. 9d., delivered 
here. 

Manufactured Iron and Steel—Demand for finished 
iron and steel continues on a disappointing scale, but 
some little improvement in inquiry is reported. Common 
iron bars are 101. 5s.; best bars, 107. 10s. ; double best 
bars, 101. 15s.; treble best bars, 11/.; iron rivets, 
lll. 5s.; packing (parallel), 7/. 10s. ; packing (tapered), 
101. ; steel billets (soft), 67. 15s. ; steel billets (medium), 
7l. 2s. 6d. ; steel billets (hard), 7/7. 12s. 6d. ; steel rivets, 
111. ; steel ship plates, 87. 7s. 6d. ; steel angles, 71. 17s. 6d. ; 
steel joists, 71. 17s. 6d.; heavy sections of steel rails, 
81. 10s.; black sheets (No. 24 gauge), 10/.; and galva- 
nised corrugated sheets (No. 24 gauge), 13/. 10s. 

Shipments of Iron and Steel.—July shipments of iron 
and steel from the Tees totalled 75,436 tons, as compared 
with 84,412 tons during June. Last month’s clearances 
were composed of 19,351 tons of pig-iron, 3,158 tons of 
manufactured iron, and 52,927 tons of steel. Of the 
pig-iron loaded, 7,388 tons went overseas and 12,013 
tons went to coastwise customers ; of the manufactured 
iron despatched, 2,588 tons went abroad, and 570 tons 
coastwise ; and of the steel loaded, 43,590 tons went to 
foreign ports, and 9,337 tons coastwise. Principal 
customers for pig-iron were: Scotland, 7,101 tons ; 
Wales, 4,600 tons; and Denmark, 1,912 tons. Chief 
buyers of manufactured iron were the Federated Malay 
States, 855 tons, and Natal, 663 tons. India was once 
more the largest purchaser of steel, receiving 14,897 
tons; while other importers included: Argentine 
Republic, 8,171 tons; Australia, 5,119 tons; Japan, 
4,671 tons ; and East Africa, 2,110 tons. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


ron and Steel.—Open-hearth plants have operated 
throughout the holidays, though most of the works in 
the heavy sections have been idle from three to six days. 
Some of them will not resume actual production until 
next week. Gross output is maintained at a substantial 
level, but order books, on the whole, are far from satis- 
factory, especially having regard to the capacity at 
individual establishments for considerably expedited 
output. It is difficult to say whether general conditions 
have improved as a result of orders received during the 
holiday set-down. In heavy steel there is little move- 
ment. ‘The slight improvement in basic steel is main- 
tained. Internal economies and the inferior position 
occupied by Continental rivals are contributory. factors, 
While there is a paucity of railway work on home account, 
as a result of which acid-steel plants are suffering, export 
business shows a forward movement in several important 
directions, More orders are coming from South America. 
Prospects are better in business with South Africa. 
There is an expanding movement in favour of steel 
coaches and trucks. Orders have been received for 
goods wagons from the Sudan Government Railways, 


and trom the Crown Agents for the Colonies on behalf 
of the Kenya and Uganda Railway. Prices of raw and 
Semi-finished materials are, this week, largely nominal, 
owing to the expected holiday slump. Siemens acid 
steel billets are quoted at 101. per ton, hard basic-steel 


billets at 7/7. 2s, 
at 61. 5s, 
shire 


6d. and 7/1. 10s., soft basic-steel billets 
58., Derbyshire foundry iron at 60s. to 61s., Lincoln- 
foundry iron and basic iron at 60s., crown iron bars 
at 101. 10s., iron hoops at 121. 10s., steel hoops at 91., 
and soft wire rods at 71. 5s. The medium lines are fairly 
a A busy section is that devoted to the produc- 
cumibes ee for railway coaches, tramcars, motor 
Ms - uses, motor cars and shops. Improved business 
ex done in some of the light sections. For high- 
a eae tools required in engineering, the over- 
bos cemand shows revival. Machinery parts are in 

iuest from agricultural engineers, and there is a 
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moderate demand for hammers, picks, and shovels. 
Requirements of forest and saw milling tools are dis- 
appointing. 

South Yorkshire Coal Trade.—As is usual at this time 
of the year, the demand for house coal both for local and 
London use is of small proportions. There is a certain 
volume of inquiry, however, for the better grades. 
Inferior qualities are more abundant, but on the whole 
prices are well maintained. Deliveries of industrial fuel 
on inland account continue at a fair level considering 
the unemployed capacity in some of the staple trades. 
Export business shows a firmer tone, inquiries being 
more numerous. All types of coke are steady at recent 
prices. Quotations: Best hand-picked branch, 26s. 
to 27s. 6d. ; Derbyshire best brights, 19s. 6d. to 20s. 6d. ; 
Best house, 18s. 6d. to 20s. Od. ; screened house, 16s. to 
17s. ; screened house nuts, 14s. to 15s. 6d.: Yorkshire 
hards, 14s. to 16s.; Derbyshire hards, 14s. to 16s. ; 
rough slacks, 8s. 6d. to 9s. 6d. ; nutty slacks, 5s. to 6s. ; 
smalls, 3s. to 4s. 6d. 








NOTES FROM THE SOUTH-WEST. 


CarpDirF, Wednesday. 


The Coal Trade.—Holiday conditions have prevailed 
in the Welsh steam-coal trade since Friday last. The 
pits reopen on Thursday morning, but many of the 
miners will not restart until next week. Arrangements for 
loading this week were in most cases completed before the 
holidays, and, although the Coal and Shipping Exchange 
reopened to-day and loading operations were resumed at 
the docks, there is little new business to record. The 
feature of the week is the publication of the tenders for 
the Egyptian State Railway coal requirements of 140,000 
metric tons over the next three months. The Egyptian 
authorities, instead of confining the contract to Welsh 
coals as hitherto, widened the specification to enable 
North country and other coals to compete. The lowest 
tender for Welsh coal is 26s. 9d. per ton c.i.f. Alexandria, 
for Russells or Tillery, and 27s. ld. for other Welsh, 
ranging up to 28s. 3d., according to quality. The lowest 
tender for Northumberland coal is 22s. 4d., which, after 
deducting the freight, leaves an extremely low price. 
The lowest German offer is 27s. 6d. The last contract, 
made last March for 225,000 metric tons for delivery up 
to July, was at 26s, 8d. per metric ton for coal of quality 
equivalent to that now quoted at 27s. ld. Apart from 
the fact that small coals are scarce and firmly held as 
the result of the pit stoppages and the holidays, there is 
no movement in prices to note. Exports of Welsh coal 
in the past week were affected by the holidays, and 
totalled only 336,160 tons, as compared with 459,290 
tons in the previous week. Clearances for Algeria were 
raised from 4,000 tons to 27,050 tons, and Egypt 13,750 
tons to 25,200 tons; while those for Argentina declined 
from 54,880 tons to 41,000 tons, to Brazil from 40,650 
tons to 12,400 tons, to Canada from 19,100 tons to 
16,200 tons, to France from 128,370 tons to 82,560 tons, 
to Italy from 46,450 tons to 36,700 tons, and to Spain 
from 30,370 tons to 10,750 tons. Exports at Cardiff were 
reduced from 280,750 tons to 211,400 tons, at Newport 
from 88,250 tons to 49,300 tons, at Swansea from 59,440 
tons to 51,770 tons, at Port Talbot from 26,300 tons to 
15,820 tons, while at Llanelly there was an increase from 
4,450 tons to 7,870 tons. 

More Coal Deals Pending.—Following the recent 
operations of the Amalgamated Anthracite Collieries, 
Limited, increasing their interests to over 80 per cent. 
of the output of Welsh anthracite coal, and the negotia- 
tions between Cory Brothers and Company, Limited, 
and Nixon’s Navigation Company, Limited, it is now 
reported that negotiations have been opened for the 
amalgamation of Consolidated Cambrian, Limited, 
owners of the four companies comprising the “‘ Cambrian 
Combine,’”’ and D. Davis and Sons, Limited, owners of 
the nine ‘‘ Ferndale Collieries,’’ with the Powell Duffryn 
Steam Coal Company, Limited, already the largest of the 
Welsh coal enterprises. If this scheme matures the 
Powell Dufiryn Company and its associated enterprises 
will have an annual output of about 14,000,000 tons, or 
30 per cent. of the output of the Welsh coalfield, and 
the capital values and debentures will represent over 
12,000,0007. The ordinary shares of Consolidated Cam- 
brian and D. Davis and Sons, Limited, are nearly wholly 
held by Guest, Keen and Nettlefolds, Limited. 








RECENT DEVELOPMENTS AT YALLOURN, AUSTRALIA.— 
Under the title of ‘‘ Electricity Supply in Victoria,” 
we published, on page 777 of volume cxxiv, a detailed 
description of the coal-winning methods adopted in the 
Morwell field in the Latrobe valley. As the briquetting 
of the brown coal at Morwell was expected, upon inves- 
tigation, to prove a successful commercial proposition, 
a factory for that purpose was erected at Yallourn. The 
coal dust, incidental to the manufacture of briquettes, 
was, until recently, collected by water and slimed, but 
an electrical system has now been installed, by means of 
which it is estimated that 5,000/. will be saved annually. 
Further improvements include a more economical method 
of winning the coal from the open face. The seam at 
present being worked is 200 ft. thick, and the scheme 
adopted for working is to form a shelf 100 ft. up, from 
which the dredgers can cover the whole face of the seam. 
Under ordinary circumstances, a lift of 100 ft. would 
necessitate a mile of track for the locomotives and trucks 
to reach ground level, but the Commission proposes 
shortly to install an electric haulage plant which would 
assist the fully-loaded trains up a grade of 1 in 4, while 
another train was being lowered on an adjacent line. 
The cost of coal-winning, it is said, had been lowered 
from 4s. 6d. to 2s. 6d. a ton, and the Commissioners expect 
to reduce it ultimately to below 2s. 





NOTES FROM THE NORTH. 


Guascow, Wednesday. 


Scottish Steel Trade.—In the steel trade of Scotland 
the conditions prevailing at the moment are not too 
satisfactory, although there has been quite a fair amount 
of work put through this week. The fresh bookings, 
however, are not very heavy and producers cannot see 
much ahead, which means the probability of broken time 
before long, unless some good lines come on the market 
soon. The tonnage on hand in the shipyards has 
gradually been decreasing and the call for steel material 
has eased off accordingly. The outlook, on the whole, is 
not very bright, but makers on the Continent have been 
steadily increasing their prices during recent weeks, and 
this, coupled with the fact that most works are reported 
to be well booked ahead, would seem to prove that local 
makers might reasonably expect to secure more business in 
the near future. While the heavy steel departments are 
quiet, the makers of black sheets are well supplied with 
orders for the next month or two, and active conditions 
are assured for practically all the works in this district. 
Prices are nominally unchanged and are as follow :— 
Boiler plates, 107. 10s. per ton ; ship plates, 81. 7s. 6d. per 
ton ; sections, 7/. 17s. 6d. per ton ; sheets, }in., 81. 12s. 6d. 
per ton; and galvanised corrugated sheets, 24 b.g., 
131. 7s. 6d. to 131. 12s. 6d. per ton, delivered Glasgow 
stations. 


Malleable-Iron Trade.—No improvement of any kind 
can be reported in the West of Scotland malleable- 
iron trade. Orders are scarce and inquiries are not very 
numerous. The steel re-rolling departments have not 
much work on hand either, and, generally, the outlook is 
rather disappointing. The current prices are as under: 
“Crown ”’ bars, 10/. 5s. per ton, and re-rolled steel bars, 
7l. 7s. 6d. to 7l. 10s. per ton, delivered Glasgow stations. 
For export lots the prices are 9/. 15s. and 7/. 2s. 6d. per 
ton, respectively. 


Scottish Pig-Iron Trade.—The state of affairs in the 
Scottish pig-ron trade is no better this week and a poor 
demand has been experienced. The overseas demand has 
not improved but producers are hopeful of a better inquiry 
for the autumn shipments. Prices are quoted without 
change, as follow :—Hematite, 74s. per ton, delivered at 
the steel works ; foundry iron, No. 1, 75s. to 76s., and No. 3, 
70s. to 71s. per ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending Satur- 
day last, August 4, amounted to 817 tons. Of that total 
747 tons went overseas and 70 tons coastwise. For the 
corresponding week of last year the figures were 499 tons 
overseas and 40 tons coastwise. 








CANADIAN Gypsum PRopDUCTION.—According to the 
Dominion Bureau of Statistics, Ottawa, the Canadian 
production of gypsum. is steadily increasing. During 
1926, some 884,000 tons of the mineral were produced, 
the value of which was 2,771,000 dols. The totals for 
1927 were, respectively, 1,039,562 tons and 3,214,350 dols. 
Gypsum occurs in Nova Scotia, New Brunswick, Ontario, 
Manitoba, and British Columbia. 

Super-Tax AND Sur-Tax MAnvuAaL.—The last two 
Finance Acts have effected a radical change in the system 
of taxation, especially in regard to super-tax. or, as it is 
now called, “‘ Sur-tax.”” The main object of a manual, 
which has been issued recently, entitled “‘ Super-Tax 
and Sur-Tax,” by Mr. C. H. Tolley, is to endeavour to 
explain the many difficulties arising during the transition 
period. The manual comprises 76 pages and contains a 
good index. It is obtainable, price 2s. 74d., post free, 
from the author at 107, Tierney-road, Streatham-hill, 
London, S8.W.2, or from the publishers, Messrs. Waterlow 
and Sons, Limited, London Wall, London, E.C.2. 

TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British possessions and in foreign countries. Further 
details and information relating to these may be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case :—The Egyptian Ministry of Public Works invites 
tenders, to reach Cairo by October 15, for ejectors and 
accessories for Damanhour drainage. Local representa- 
tion is essential. (Ref. No. A.X. 6638.)—The Electricity 
Supply Commission of South Africa is calling for tenders, 
to be presented by October 26, for the supply and delivery 
of plant and equipment for a hydro-electric power station 
and outdoor substations. (Ref. No. B.X. 4622.)—The 
Argentine Ministry of Public Works is calling for tenders, 
to reach Buenos Aires by September 3, for two steam 
travelling cranes, of 2 tons capacity each. Local repre- 
sentation is essential. (Ref. No. A.X. 6662.)—The South 
African Railways and Harbours Administration is calling 
for tenders, to reach South Africa by September 27, for 
the supply and delivery of machine oil. (Ref. No. B.X. 
4634. )—The Town Council of Johannesburg invites tenders 
for the supply, delivery, and erection of a bucket conveyor 
and elevator forcoal. Tenders to reach Johannesburg by 
September 1. Local representation is essential. (Ref. No. 
AX. 6653.)—It is reported from Cairo that the Public 
Works Ministry, the Tanzim Department, is inviting ten- 
ders for the supply of two stone crushers and one plant for 
pulverising limestone, tenders for which will be received by 
the Tanzim Department, Contracts Office, up to Sep- 
tember 29. (Ref. No. A.X. 6666.)—The South African 
Railways and Harbours are inviting tenders for an 
electrically-driven heavy-duty double face-plate wheel 


lathe. Tenders to reach Johannesburg by Septem- 
ber 20. Local representation is essential. (Ref. No. 
A.X. 6660.) 
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ELECTRIC FREIGHT LOCOMOTIVE FOR THE GREAT INDIAN PENINSULA RAILWAY. 


(For Description, see Page 163.) 
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Royat Arr Force SHort-Service ComMissions.— | and physique. Short-service commissions are granted | termination of 5 years’ service on the active list. A small 
The Air Ministry informs us that about 120 officers | for five years’ service on the active list and four in the| number of commissions may be extended to ten years 
will be required by the Royal Air Force for flying duties | reserve. Accepted candidates enter as pilot officers on| on the active list and four in the reserve, in which case 
during the next few months. Accordingly, applications | probation, with pay of about 273/. a year, increased on} the gratuity is 1,000/. Application forms and full 
are invited from suitable candidates, who must be between | promotion to flying officer,‘ normally ‘after 18 months’ | details of the conditions of service may be obtained from 
18 and 25 years of age, well-educated, and of good eyesight ! service, to about 3437. A gratuity of 375. is issued on! the Secretary, Air Ministry, Kingsway, London, W-( at 
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ELECTRIC FREIGHT LOCOMOTIVE; GREAT INDIAN PENINSULA 
RAILWAY. 


(For Description see Page 163.) 
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RURAL ELECTRICITY SUPPLY. 


Onz of the main objects of the Electricity (Supply) 
Act of 1926, as stated by Mr. Archibald Page in his 
Presidential Address to the Institution of Electrical 
Engineers last year, is to assist “the opening up 
of new areas of supply in rural and agricultural 
districts.” That object will not, however, be 
attained without effort, since the most superficial 
examination of the problem will show that a variety 
of political, economic, and technical obstacles must 
be surmounted before a cheap and abundant supply 
in these parts of the country becomes a reality 
rather than a dream. While an easy, if pusillanim- 
ous, way would be to leave matters as they are, 
and to allow certain enterprising authorities to 
struggle on without encouragement or co-ordination 
of effort, such a course would do little to provide 
agriculture with a much needed form of assistance 
or to hasten that outward movement of industry 
from our densely populated areas, which sociolo- 
gists regard as a necessary step towards the better- 
ment of human existence. Again, from a purely 
technical point of view a primary transmission 
network is incomplete without its secondary and 
tertiary systems, and perfect balance will only be 
approached when the greatest use is made of all the 
facilities, which the ‘“ grid” will render available. 
The Electricity Commissioners were, therefore, 
well-advised, even before the Central Electricity 
Board began operations on the more spectacular 
portion of the National Electricity Scheme, to 
review the rural electrification problem as a whole, 
such a review being a necessary preliminary to 
solution. Rural electrification is, moreover, intim- 
ately bound up with the subject of distribution by 
overhead lines, in spite of what a small band of 
enthusiasts may say to the contrary. As a first 
step, therefore, the Commissioners issued, just 
twelve months ago,* a memorandum pointing out 
the most pressing legal and economic difficulties 
besetting the erection of such lines and inviting the 
support of local authorities, landowners, and others 
to assist them in easing matters. Next the regula- 
tions and procedure applying to such lines were 





reviewed, with the object of determining what 
modifications could be made to facilitate progress. 
Thirdly, a conference, to which representatives of 
Government departments, associations and indi- 
viduals interested in rural electrical development 
were invited, was called, with a view to co-ordinating 
experience and obtaining further information. 
The results of the deliberations of this Conference 
have been embodied in a report, which has recently 
been published*. The investigations on which 
they were based were mainly conducted by two 
sub-committees, which dealt, respectively, with the 
nature and extent of the potential demand for 
electricity in rural areas, and the general effect upon 
rural development of the price of the supply and the 
cost of the equipment. In addition, the question of 
propaganda was remitted to the British Electrical 
Development Association, for consideration. 
Those who have followed the subject closely will 
find that these reports contain little that is really 
novel. The extent to which farms in this country 
have already been electrified is encouraging, even 
if the estimate of the state of development likely to 
be attained within the next ten years is on the 
optimistic side. It will be agreed that the reduction 
to a minimum of the capital expenditure on trans- 
mission and distribution is essential to the com- 
mercial success of rural electrification, and that 
schemes of assisted wiring, hire and hire-purchase, 
together with attractive two-part tariffs, are 
among the facilities that must be provided, if real 
progress is to be made. It will also be admitted 
that it is desirable that the new code of Overhead 
Line Regulations should be reviewed within the 
next two years, so as to effect further reductions 
in the cost of rural lines, by relaxations in ground 
clearances and factors of safety, and that it would 
be wise to undertake a periodic canvas of the 
potential demand in areas where there is no supply. 
Equally desirable, each in its own way, is the 
“* short-circuiting ’’ of undertakers who have shown 
lack of enterprise and the co-operation of all those 
concerned in rural distribution, so that experiences 
may be more readily interchanged. We ourselves 
admit the value of these suggestions, but when all 
is said and done, do not they leave things very much 
as they are ? The amendment of unwisely conceived 
regulations will, of course, ease the economic situa- 
tion and the defeat of the petty tyrant of the fields 
by some electrical Hampden will assist in the same 
direction ; and both will speed up progress. But, 
as the report shows, successful work is already being 
done in the Aylesbury, Ayr, Chester, and North- 
ampton districts (to mention only a few) without 
these alleviations, and there seems, therefore, no 
fundamental obstacle to the extension of electricity 
into rural districts, except a certain unwillingness 
to take steps which at first sight may appear to 
involve risks, though experience has shown over 
and over again that they actually lead in the 
direction of prosperity. There is, in fact, no royal 
road to rural prosperity, except via enterprise and 
hard work. 
We notice, however, one important omission 
from the report. Section 39 of the Electricity 
(Supply) Act of 1926 was designed to encourage the 
application for orders to supply over wide areas, 
and steps are already being taken, by at least one 
Joint Electricity Authority, to organise its distri- 
bution areas in accordance with technical require- 
ments, and thus to cut itself free from the chains of 
the parochial boundary, which have in the past led 
to the confusion from which we are still suffering. 
This policy seems to us essential in dealing with 
rural electrification, and it is to be hoped that when 
the members of the Conference meet again, as they 
suggest doing in twelve months time, that they 
will give this matter their close consideration. 
This, it is interesting to see, is the policy followed 
by the Hydro-Electric Power Commission of 
Ontario, a body which is energetically carrying 
distribution lines into the most remote parts of 
that province, and whose object, as stated in the 
report for the year ended October 31, 1927, is “to 
extend to every community that can be economically 
reached by transmission lines the benefits of 





* Report of Proceedings of Conference on Electricity 
Supply in Rural Areas. London: H.M. Stationery 
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electrical service.” Acomprehensive programme of 
rural electrification has been adopted, and rural 
power districts covering some 100 square miles are 
now being formed in the more closely settled portions 
of the province traversed by transmission lines. 
The boundaries of these districts are not arbitrary 
geographical limits, but depend on the distances, 
which can be economically served from a distribution 
centre. It may also interest the Conference, to 
whose work we have been referring, to know that 
the Commission is now able to give an electrical 
service in rural districts where three farms, or 
their equivalent, can be connected per mile of 
line. 

Further, we may point out that in Ontario 50 per 
cent. of the capital cost of supplying electrical 
service to farmers and rural residents is provided 
by the Province, in pursuance of the governmental 
policy of assisting the agricultural industry. 
Naturally, this enables a supply to be given where 
it would not otherwise be economically possible to 
do so, and, though we hesitate to suggest the further 
use of subsidies in this country, if the object of rural 
electrification is to assist agriculture, it seems 
arguable that something might also be done here to 
enable those for whom this assistance is intended to 
take advantage of it. In Ontario, this assistance is 
solely a grant-in-aid of the initial capital investment. 
Subsequently, each district must pay the cost of 
operating, maintaining, and administering its lines, 
and make adequate provision for renewals and 
sinking fund. It is not surprising, therefore, to 
learn that 2,850 miles of rural line are now in use, 





of which 910 miles were added during the year | 


under review. 
13,500 kw., and there are more than 25,000 con- 
sumers. 
on behalf of the municipality, and does not simply 
supply in bulk, as it does in the urban areas. 
Unfortunately, the numerous statistics given in the 
report do not go into detail sufficiently to enable 
us to calculate the average cost per mile of line for 
the benefit of our own engineers, though this figure 
would in any event have to be employed with con- 
siderable reservation, owing to the widely different 
conditions in the two countries. 

Even allowing for the facts that Ontario is well-pro- 
vided with water-power and in this country electri- 
city has to compete with the combined forces of coal, 
gas, and conservatism, it is apparent that a consider- 
able extension of electricity supply into rural districts 
should be possible, and that if properly handled this 
development should be attended with satisfactory 
economic results. The present position, according to 
the report, is, that at the end of 1927, 1,770 farms 
were connected to the public supply mains in Great 
Britain, the consumption being about 1,150 kw.-hr. 
per farm in the case of 1,473 of the farms. In 
most cases electricity is much more used for lighting, 
heating, cooking, and other domestic purposes 
than for power, and this being so, the view is no 
doubt rightly expressed that this type of load is 
likely to be an important factor in rural electrifi- 
cation. The statistics examined indicate that when 
electrical equipment of an ordinary character is 
installed for farm purposes, the consumption may, 
on a conservative basis, range from 4,000 to 14,000 
kw.-hr. per annum, and that in rural areas, where 
supply powers already exist, the consumption in the 
course of the next ten years may reach 230,000,000 
kw.-hr. per annum. 

Such figures, combined with the experience that 
is obtainable not only from Canada but from other 
countries, indicate that in agriculture there is a 
load that is intrinsical'y well worth electricity supply 
undertakings securing. and that it can be secured 
provided the farmer is approached in the proper 
way. Unfortunately, as in the case of other elec- 
trical applications, we have observed a tendency on 
the part of those concerned to overstate their case. 
The time may come, when, for one reason or another, 
it will pay to adopt electrically operated ploughs 
and other large equipment, and to exclude every 
other form of motive power from the fields. But 
that time is not yet. On the other hand, there are 
already many uses to which electricity can be 
successfully put on the farm, and the immediate 
aim of the electrical engineer should therefore be 
to provide energy at a rate which the farmer can 
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afford to pay. This may not be so interesting a 
task, but it will be more generally useful to a 
sorely-tried community. 








FACTORIES AND WORKSHOPS. 

In 1912, the number of industrial accidents 
recorded in the Home Office reports was 147,763, 
of which 1,182 were fatal. Last year* the corre- 
sponding figures were 156,974, and 973  respec- 
tively. In general, the sum total of such casualties 
varies but little from one year to its successor, 
although a year of good trade increases the 
number, whilst a slump is invariably accompanied 
by a diminished accident list. Hence, it is only by 
such a comparison as the foregoing taken over a 
reasonable span of years, that it is possible to 
measure the success with which industrial dangers 
are being surmounted. Of course in making a 
comparison of this kind, fatalities only must be 
reckoned, since every successive Parliament seems 
to add to the number of mishaps to personnel, 
which are included in the list of those compulsorily 
notifiable to the Home Office. Comparing 1912 
with 1927, it will be seen that in the former year 0°80 
per cent. of the accidents reported led to the death 
of the victim, whilst in 1927, the proportion was 
about 0°62 per cent. This reduction in the number 
of fatal accidents is the more striking, because 
there has been a large increase in the employment 
of machinery and power. Whilst machines are 
responsible for hardly one-third of the total number 
of accidents, it is undoubtedly true, that, in general, 
the injuries for which they are responsible are apt 
to be serious. It is worthy of note that of the 
973 deaths recorded last year, no less than 302 were 
due to falls; whilst another 107 deaths were caused 
by heavy articles falling from a height. The pro- 
portion of fatalities is said to be particularly large 
in building construction, shipyards, and docks, and 
in the two former cases the dangers are especially 
difficult to combat, since the safety of the worker 
depends so largely on himself and his fellow work- 
men, whilst moreover the conditions in which he 
works change rapidly as the work progresses. 

The accident list is particularly large in the case 
of the heavy engineering trades, inclusive of rolling 
mills and tube-drawing plants. This condition of 
affairs led, during the year, to the issue by the Home 
Office of a draft order, applicable to the iron and 
steel trades, the heavier side of the engineering 
industry, and to foundries employing more than 
50 men. The order called for the appointment of 
a safety supervisor, whose sole duty would be to 
maintain a constant supervision over the plant, 
to supervise the training of new hands, and to see 
that first aid and ambulance arrangements were 
provided and efficiently maintained. In a letter 
accompanying the draft it was stated that the safety 
regulations made by Messrs. Thos. Firth and Com- 
pany, of Sheffield had reduced the lost time 
accident rate, from 50 per million hours worked, 
which was the figure in 1919, to 27 in 1925, and the 
severity rate, as represented by the number of days 
lost per 1,000 hours worked, from 3-05 in 1919 to 
0-564 in 1925. Similar results have been obtained 
also at the establishments of Messrs. Edgar Allen, 
Messrs. C. T. Shelton and Company, and Messrs. 
Steel, Peech and Tozer. The issue of this draft led 
to protests, which the report states arose in a mis- 
understanding of the position to be held by the 
safety supervisor, and the associations of the 
employers concerned had long discussions with the 
Home Office, which. finally agreed to suspend the 
order for the time being, in the case of those associa- 
tions which were prepared, forthwith, to take up the 
matter themselves. Complaint is made in the report 
that the safety organisations which exist in a number 
of factories do not in all cases provide for the co- 
operation of the men. It may, however, be recalled 
that in a previous Home Office report it was stated 
that in certain instances the attempt to secure this 
highly desirable end, had led to declarations from the 
workmen that they had no intention of joining 
what they asserted would be merely a_ white- 
washing committee. 





* Annual Report of the Chief Inspector of Factories and 
Workshops for the Year 1927. H.M. Stationery Office, 
London. [Price 2s, 6d. net.] 
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This spirit seems much less rife to-day, and the 
report refers appreciatively to the fact that the 
Transport and General Workers Union have joined 
heartily with the National Council of Port Labour 
employers, in the endeavour to increase the safety 
of Dock work. In South Wales, again, a few workmen 
are now attending the safety organisation mectings 
of the Tin-plate Manufacturers Association. In 
the Newport area matters have gone further, and 
neighbouring works have entered into a competition 
for the smallest accident list. This competitive 
spirit is also being fostered by the iron-founders of 
Falkirk, where it is intended to establish “no 
accident ’’ competitions between different works. 

In past years, power presses have been classed as 
highly dangerous tools. Little by little, such 
effective guards have been introduced, that, during 
the past 12 months, three factories, employing in 
the aggregate 470 machines, have not a single 
accident to report. In another establishment 
two blind girls are working presses, the factory 
owner having devised a system of protection which 
appears to be practically perfect. 

The list of casualties due to grindstones is 
diminishing year by year, mainly owing to re- 
placements by artificial stones. The change-over 
has not always been welcomed by the men con- 
cerned. Thus, in a large boot machinery factory 
the men grinding shoe-knives, at first objected 
strongly to the replacement of sandstones by 
carborundum wheels, but it is stated that, having 
grown accustomed to the latter, they now prefer 
them. 

Attention is again called in the report to the 
danger of simple, smooth, revolving shafting. In 
one case reported, the owner of a small saw-mill 
repeated, with fatal results, an operation he had 
performed almost daily for twenty-five years, viz.. 
the shifting of a 1}-in. belt on a cone pulley. His 
coat lapped round the revolving shaft and carried 
him with it. As the law now stands, it is illegal to 
approach unfenced shafting when running at any 
speed other than dead slow. 

Seventy-five crane accidents, of which 16 were 
fatal, were recorded during the year. Most of them 
were due to lack of adequate inspection. It is of 
interest to note that none of these accidents is 
attributed to the failure of a hook or of a chain. 

Eye accidents are amongst the commonest in 
engineering workshops. Goggles are disliked, partly 
because the side wings check ventilation and 
promote the deposit of mist on the lenses, and partly 
because they are regarded as far from attractive in 
appearance. Spectacles are found to be less 
objectionable on both counts, and since most of the 
metal particles which reach the eye do so as the 
result of a frontal attack, they are nearly equally 
effective as a shield. In some brass-finishing shops, 
a transparent screen is provided mounted on a 
hinge, so that it can be turned aside for access to 
the work or tool, whilst it affords perfect protection 
and a perfect view of the work during the actual 
cutting operation. 

An extraordinary accident is reported as having 
occurred at Deptford, during the sinking of a 20-ft. 
shaft. A cast-iron caisson was used, and the 
operation was being carried out under air pressure. 
When this reached 13 Ib. (gauge) the caisson parted, 
the deck and the crew on it being blown up by the 
air pressure below. The investigation subsequently 
made led to the conclusion that the castings were of 
inadequate strength. 

Another remarkable accident was the explosion 
of a Cowper hot-blast stove. This was 72 ft. high 
and 24 ft. in diameter, and had been built about 
thirty-five years ago. Its demolition had been 
decided on, but in the meantime it was being used 
to put into blast a furnace which had been idle 
owing to trade depression. The turbine blowers 
now used for the blast can generate a higher pressure 
than the old reciprocating blowing engines, and 
the old stove gave way under this enhanced alr 
pressure. The plating of the stove had originally 
been 3 in. thick, but an examination made after the 
accident showed that in parts this had been reduced 
by wastage to Ys in. The temperature inside the 
stove was at least 1,100 deg. F. 

In the report of the senior electrical inspector 
attention is drawn to the use of Bakelite for the 
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holders of portable electric lamps. Many of the 
patterns now in use have unearthed metal holders, 
and the danger is aggravated by the fact that the 
connections to the wall plugs are often improvised. 
These conditions lead every year to a number of 
fatal accidents. It is noteworthy that few fatalities 
occur with high voltages, which is no doubt mainly 
due to the fact that relatively few can have access 
to these. Seventeen deaths were due to voltages of 
less than 250, and of these only one was attributable 
to direct-current apparatus. It would seem from 
this that there might be at least some ground for the 
campaign against the “ deadly alternating current ” 
which raged in America when the Niagara power 
scheme was first mooted over a generation ago. In 
connection with these accidents, due to electric 
shock, we must note with admiration the pluck and 
self-sacrifice shown on repeated occasions by those 
who have attempted to rescue a victim who has 
inadvertently earthed a live wire through his body. 
In too many cases the would-be rescuer has paid for 
his magnanimity with his life. 

Reference is made in the report to the new 
generating stations now in course of erection. 
In one case, it is noted, there is to be no dividing 
wall between the boiler house and the turbine room. 
Powdered coal is to be the fuel used, and it has 
already been shown it is then possible to keep a 
boiler room like an office. 

Medical men are seldom notable for a scientific 
attitude of mind. The explanation, sometimes 
very frankly tendered, is that they cannot afford 
the luxury, since if a doctor did not pretend to 
know all about a patient at sight, the latter 
would, in most cases, lose confidence in his 
adviser and consult someone else. It is unfortu- 
nate, however. when this habit of making confident 
assertions on inadequate evidence is maintained 
outside of the consulting room. We have on 
previous occasions drawn attention to the utterly 
illegitimate use of the mathematical theory of 
probabilities made in some of the reports issued by 
the Medical Research Council, and we are inclined 
to suspect that their observations on weight lifting, 
quoted in the report now under review, are equally 
without adequate basis. Charles Darwin’s evidence 
seems to show conclusively that it must be quite 
impossible to determine by laboratory experiments 
the weights that may be safely handled by human 
muscle. 

Darwin visited, in 1834, certain mines in Chile, 

and in his Journal of Researches reports that the 
workmen climbed hundreds of feet up notched 
poles, which served them as ladders, carrying 
loads of 200 lb. If the depth was less than 
600 ft., moreover, they were allowed no halt for 
breath. Some of the men were beardless boys 
of 18 to 20. In one case, in which the mine was 
80 yards deep, each man made 12 trips in the 
day, and broke and picked the ore between 
trips. Darwin states that these men were treated 
like horses and compelled to eat beans, as the 
mine-owners found that they could do more work 
on this diet. He notes, moreover, that the men 
appeared healthy and cheerful, and, in fact, if 
harder worked, they were, he states, better off than 
they would have been as agriculturists. Darwin’s 
comment, that his observations provided “a won- 
derful instance of the amount of labour which 
habit, for it can be nothing else, will enable a man 
to endure’ may be commended to the medical 
department of the Home Office. In fact, experience 
only can show whether the weights girls and boys 
are called on to shift are excessive or the reverse. 
The confession is made in the report that this 
experience provided few indications of any injury, 
and that although one of six boys examined showed 
lateral curvature of the spine, this was not neces- 
sarily due to his work, as the defect is “ admittedly 
common in the adolescent.” 
__ Nevertheless, the report quotes the Medical 
Research Council as stating that 50 per cent. of the 
body weight is the maximum that should be lifted, 
even as an incidental load. It is apparently 
implied that the rule applies to each and every 
individual, whereas all experience shows this to be 
untrue, 

Whilst the recommendations of the Medical 


basis in fact, it is nevertheless true, that weight 
lifting by human muscle should be strongly dis- 
couraged. Apart from other considerations, it is 
exceedingly uneconomical. It is on record that 
during the war, slight girls in a certain munition 
factory produced more heavy shells per head per day 
than a northern establishment manned by skilled 
turners. The difference in output was mainly attri- 
butable to the better handling appliances with which 
the women were furnished. In another case, of two 
similar factories engaged in producing the lighter 
class of shell, the absence in one, of the handling 
facilities provided in the other, led to a large reduc- 
tion in the output, although the actual cutting times 
were practically identical. 

It is interesting to contrast the condition of the 
miners described by Darwin with the trouble now 
taken by leading firms to secure the comfort and 
convenience of their men. A hundred years ago the 
sentiments of Miss Monflathers, the school mistress 
in the Old Curiosity Shop, that the ambitions of the 
children of the operatives should be confined to 
the hope that “In work, work, work. In work 
alway should my first years be passed,”’ seem to 
have been shared by many factory owners. To- 
day the 48-hour week is the accepted standard 
and a slowly increasing number of factories are 
adopting the five-day week. This arrangement 
is stated to be common in the Midlands where many 
of the men have to come comparatively long 
distances to their work, and the practice, it is stated, 
is extending south. In one large London engi- 
neering works in which the plan has been adopted, 
the management assert that output has been fully 
maintained. 

The length of the mid-day break varies a good deal. 
In many towns it is being extended to as much as 
14 hours, thus enabling the men to go home for 
their mid-day meal, whilst in country districts, on 
the other hand, where this is impossible, the break 
is being reduced to 30 minutes, and the factory then 
closes correspondingly earlier in the evening. 
The provision of dining rooms and canteens is 
extending. A large firm of linoleum manufacturers 
in Scotland is reported as having made very liberal 
arrangements in this regard, the meals provided 
being excellent and very cheap. Another firm is on 
the point of establishing a similar system with the 
addition of specially good arrangements for warming 
up food for those who prefer to bring their meals 
with them. This firm also claims that the lavatory 
accommodation it provides for its operatives is 
probably superior to that in the best hotels. In view 
of the disgusting provision too frequently made 
in the past, this departure seems worthy of record. 
It may be added that a Lancashire absestos works, 
in laying out its canteen, has aimed at making the 
floor “‘ the best dancing floor in Rochdale.” 

Several certifying surgeons note that the phy- 

sique of young persons presenting themselves for 
examination is steadily improving. It is of interest 
to note, that there is a general agreement that the 
physique of young girls is far superior to that of 
the boys. 
Note is made in the report of the opening, during 
the year, of the Home Office Industrial Museum, 
Horseferry-road, S.W., which has had over 5,000 
visitors during the first six months. Some employers 
have arranged for parties of foremen, forewomen, 
engineers and leading hands to be conducted over 
the museum by the Home Office experts. 








DRY ROT IN WOOD. 


Or the many aspirations which go to make up 
the ideal of Utopia, perhaps none is being pursued 
more actively that those which relate to disease. 
More and more it is ceasing to be regarded as 
a necessary evil; perhaps no duty is taken more 
seriously than that of preventing an infection 
of a patient from spreading into the community. 
In the same way, the diseases of plants are receiving 
more complete attention, and among those recog- 
nised as of capital importance in constructional 
work is the prevention and cure of diseases in 
timber. 

Of such diseases, none‘is more serious, from 
both the waste and the accidents to which it gives 


Department of Scientific and Industrial Research, 
with its Forests Products Research Laboratory 
and its Building Research Station, the persistence 
of this preventable disease must appear particularly 
scandalous. Part of the business of the Laboratory 
is to serve as a link between scientific knowledge 
and practical application, and in the discharge 
of that function it is intending to publish a series 
of bulletins, the first of which deals with the 
occurrence of dry rot in wood.* In a simple 
and practical manner, Professor Perey Groom has 
described how the fungi which cause dry rot can be 
identified, and explained the conditions necessary 
for their existence. The Office of Works has 
summarised its wide and various experience in the 
detection of the disease and the remedies that are 
possible, and the Building Research Station has 
compiled a memorandum on the precautions to be 
taken in designing buildings and using timber in 
them in order to prevent outbreaks of dry rot. 
The manner in which this bulletin is written 
will, undoubtedly, make its perusal a matter of 
interest. 

Dry rot is a short name for the life history of 
one or a number of vegetable fungi, which, under 
appropriate conditions, can grow and multiply 
on a tremendous scale, but will perish in the 
absence of them. The various species differ among 
themselves in the extent to which, respectively, 
they can resist the absence of these conditions, and 
also in the forms in which they grow. Broadly 
speaking, however, all of them require a sufficient 
supply of air and of water, and will cease to grow 
if the temperature rises above a limit, which, for the 
most dangerous of them, is some degrees below blood 
heat. The supply of air and of water must further 
be so regulated that each of them is present in 
suitable quantity. If, for example, by reason 
of thoroughly adequate ventilation, the timber is 
kept dry, some species of fungi will not grow 
at all, though the more dangerous of them, 
once they have taken a good hold, will produce 
moisture enough for their requirements by the 
mere process of their respiration, and ventilation 
would serve, not only to provide them with the 
necessary air, but to remove the carbonic acid 
produced by their respiration, which would other- 
wise choke them. If, on the other hand, the 
timber were waterlogged, it would cease to contain 
enough air to keep the fungi going. Subject, 
however, to these conditions being favourable, 
the vigour with which the fungi will grow will 
depend on the extent of their food supply, which 
they may derive not only from wood, but from 
a variety of other organic matters, such as paper, 
potatoes, and vegetable or animal jellies. At 
least some of them, moreover, can thrive on moist 
garden soil, and outside the wood will grow like 
a strawberry plant, spreading over the soil and 
sending out roots into it at intervals. Most, or 
all of them, form spores, in which, in favourable 
conditions, they can prolong their existence for 
indefinite periods, resuming their growth when they 
find conditions improved. Some of them, again 
will attack one species of timber, or one part of 
the wood, more readily than another, while others, 
including the more dangerous, can destroy timbers 
of all kinds. 

When, therefore, dry rot has been found or is 
suspected in a building, it is of some consequence to 
ascertain which fungus or fungi are present, though 
nothing less than the most drastic remedies should 
be taken unless the absence of the most dangerous 
fungi has been assured by expert examination. The 
report gives a number of indications pointing to the 
presence of dry rot, and a few practical tests for 
determining whether the timber is sound or not. 
When any extensive decay has appeared in structural 
timbers, the first step is, of course, to ascertain 
whether temporary support should be given to floor 
beams, roofs and walls before removing the decayed 
timber and proceeding with repairs. Subject to 
this, all timber either which is decayed or un- 
sound or forms part of, or is contiguous to, a 
decayed piece must be removed, and should be 
taken immediately into the open air and burnt. 





* Department of Scientific and Industrial Research. 
Forest Products Research: Bulletin No.1. Dry Rot in 
Wood. H.M. Stationery Office. [Price ls. 6d. net.] 
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This prescription extends to all infected material 
which the most careful inspection can disclose. 
It then becomes necessary to ascertain by careful 
examination whether conditions favourable to the 
development of dry rot are due to any defects in 
the structure, such, for example, as may allow 
moisture to gain access to the timber, or prevent 
air from circulating round it freely. Such 
conditions, if discovered, must, of course, be 
remedied effectually before the defective material 
is replaced. 

Among possible sources of fresh infection old 
wood shavings must be suspected, and communi- 
cation between earth and timber, even through 
brick walls, must be stopped by an efficient damp 
course or otherwise. Decayed timber having been 
removed and structural defects remedied, all 
surrounding surfaces have to be cleaned and 
sterilised. Surfaces that will stand heat can best 
be treated by a blow lamp, and, with very thick 
walls, by an oxy-acetylene flame. Timber must be 
treated with magnesium silico-fluoride solution, 
or, if it is quite dry, with a heavy tar oil pre- 
servative. 

Apart from many possible defects of material, 
faulty design and careless execution may expose a 
building to the risk of dry rot. In a hollow wall 
above a damp-proof course, for instance, mortar 
droppings are sometimes left piled in the cavity 
above the damp course and on the ties, providing 
bridges for moisture from the outside to the inside 
of the wall. Imperfect mortar joints and the junction 
of poured and pre-cast concrete work, are other 
examples of parts of the work through which mois- 
ture may gain access to the timber. Condensation 
of moisture on the inner surface of walls may also 
be a source of danger, even when moisture cannot 
penetrate from the ground or from outside. In 
laying a timber ground floor, consisting of boarding 
on joists with intermediate sleeper walls and surface 
concrete, the ventilation for which this construction 
gives opportunity will sometimes be impeded by 
faulty design. The use, for instance, of solid instead 
of honeycombed sleeper walls, or the provision of 
air vents on one side only of the wall, is likely to 
impede ventilation and promote damp conditions. 
Every opportunity should be taken to give the fullest 
air vents that are reasonably possible, making 
openings in partition walls and running pipes 
through solid floors where these intervene. Where 
the damp-proof course is below the level of moist 
ground outside the building, means must be taken 
to prevent moisture from penetrating the wall 
above the damp-course level. 


THE STANDING WAVE. 
By J. H. Jonrs, A.M.Inst.C.E. 


Ir is becoming more and more widely recognised 
that a standing wave may either make or destroy 
the success of otherwise carefully planned water regu- 
lating works, and that its analysis throws great light 
upon other apparently unconnected obscure pheno- 
mena. Having been engaged for the past eight years 
in studying the preblems of this particular branch 
of engine<ring, the writer has thought that it might 
be of interest to collect together the fruits of his 
investigations in the hope that others may be 
induced to formulate new and simpler methods of 
attack. The method of analysis he has himself 
adopted is based on the law of the conservation of 
momentum, a valuable tool to the hydraulician, 
and the phenomenon has been analysed perhaps 
more fully than is really necessary, since, as will be 
seen, it can be viewed from many aspects, each one 
of which has a particular bearing upon some 
definite problem of practical design. Particular 
points are discussed briefly, but. it is admitted, by 
no means exhaustively, when dealing with practical 
applications. 

Certain basic assumptions will be made, which 
experience shows to be valid within 1 or 2 per cent., 
and the hydraulic work of which the behaviour 
agrees more closely than that with calculation has 
yet to be constructed. 

We will assume, therefore : 

(1) That flow occurs along a bundle of sensibly 
parallel stream tubes. 
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(2) That the channels dealt with are regular and of 
known characteristics. 
(3) That the whole cross-section may be taken to 


be moving with the mean velocity V = Q | where 


H ’ 
Q is the discharge and H the depth. 

(4) That the frictional losses are uniform over the 
whole wetted perimeter and are proportional to V?. 

In considering the phenomenon in question, it is 
necessary to emphasise the definition, since the name 
is frequently used quite wrongly or, at best, loosely. 

In Fig. 1, AB represents the bed, and A,B, the 
surface of a stream. If the width of the channel 
increases gradually between the sections 1-1 and 
2-2, the free surface will rise as shown, but this 
is not a standing wave, although it is station- 
ary in space; the writer prefers to call it a 
swell. 

A certain patented type of water-control apparatus 
which gives a very high discharge is claimed to do 
so as a result of the formation of a standing wave 
downstream, but it will be shown later that it 


Fig.1. 2 Fig.2. i B; 
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cannot form a standing wave, and that, if it did, 
there would be a reduced discharge under the given 
conditions. 

Fig. 2 shows the characteristic feature of the 
standing wave, viz., that the wave front must be 
very nearly (in a perfect fluid, truly) vertical. 

Consider the effect of dropping a solid weir 
suddenly across a rectangular stream of uniform 
depth H and velocity V, as shown in Fig. 3, 
discharging q cusecs. per foot width. It is evident 
that each vertical lamina on coming to rest must 
have its free surface suddenly elevated through a 
height 4, forming a vertical front which will travel 
upstream with a velocity Vi. Later, it will be 
shown that a certain slope of bed is necessary for 
uniform flow, so that, the surface of the still water 
being level, as the wave front travels upstream 
the depth at the weir increases. 

The position and conditions where the wave has 
travelled a distance s from the weir may be 
considered. In a space of time dt, the wave will 
travel a distance ds, reaching the planea-b. During 
this time a volume of qg.dét per foot width has 
crossed the plane a-b, and must evidently have been 
accommodated in the cross-hatched area shown, 
but the total amount of water that has come to 
rest is greater than that by the amount H.ds 
shown hatched. 

The energy loss is quite incommensurable, but 
we can equate momentum loss to pressure conditions 
with quite sufficient accuracy for all practical 
purposes, which we can also do with our con- 
tinuity conditions. 

Volume in cross-hatched area = h.ds +- i.s.ds to 
the second order of small quantities. 
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This is the same as the flow g.dt, whence 


h ae... ey 
ee oe 
But 


and is therefore a decreasing quantity as the waye- 
front travels upstream. 

The total momentum destroyed during the time 
interval dt has been 


(q.dt+H.ds) ae 


where w = wt. per unit volume. 


This can only be due to the unbalanced force in 
the opposite direction, which is 


w(H +h? wH? 
SS - > 
Vv a 
(q.dt+H.ds) = =}4(hk?+2H|A)dt, 
or 
h2 V 5, 
7+ 2 Se 7 (qq +H V;,), 
But from above, 
ee 
(h + %8) 


aw av bee ) 
g h+is 


2 


Vi 


whence 
3 : > : ‘9 
. (554 f H) he +(H.i.e- a) h 
2 2 g 


HV? . ve 
ae oa th) 


showing that h is also a quantity that decreases as 
the wave travels upstream. 

This particular phenomenon, in all its complete- 
ness, can never be realised in practice, but it has 
nevertheless a bearing on certain sluice-gate pro- 
blems, notably in the case of automatic gates where 
the automatic action is obtained by a particular 
formation of the wetted surface of the gate, and, to 
a lesser degree, in the case of rapidly operated 
radial gates. The automatic gates all have a 
certain critical range within which they are liable 
to hunt and so tend to send a succession of 
wave-fronts travelling upstream. We arrive, how- 
ever, at a case of frequent occurrence and great 
practical importance by a slight modification of 
the conditions. Suppose that the wave, having 
reached a position 8, and velocity V,, is brought 
to rest by giving the whole system, i.e., the weir 
and the water, a superposed velocity equal but 
opposite to V,. Then the vertical wave front 
becomes a standing wave, which is stationary in 
space and is a common phenomenon of some 
importance. 

Our velocity relationships, relative to the earth, 
are now (V + V,) where the depth is H, and V, 
where the depth is H,, while the continuity equation 
is 

q=H(V+V,) =H, V,. 

The change of momentum per second is now 

wq wq 
a {(v+vy) vy | =". ¥. 


As before, this change of momentum results from 
the unbalanced force 


3( Hit - He). 


Thus 
wH,V,V w = 2 
: — -s (H,*? — H®), 
or 
H,V,; H,—H 
os ange 3 (H, + H) (H, — H), 
whence 
Ve _H,sH H \2 ‘ 
rik he ed (ar,) } ce 
It is evident then, that since =. is less than unity, 


H 
the quantity inside the double brackets must be less 
than 2, hence 


V, <9 8, 
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Similarly, it may be shown that 
(V+V) >No, 

Thus an expression of the conditions for a standing 
wave may be formulated as follows :— 

A standing wave will be formed in an open 
stream only when the velocity upstream of the wave 
is greater than, and the velocity downstream of the 
wave less than, / g h, where h is the downstream 
depth. ahs 

The significance of the quantity /gh is derived 
from its relationship to the critical depth. 

We may define the total energy of the flow, 


2 
kinetic plus potential, as (3 +h ), where V 


29 
and h are, respectively, the mean velocity and the 
depth at the point under consideration. 

For a given discharge of g cusecs, we have hV = gq, 
whence energy 


= = Wr g 
lead: hia wie 
a 
“ Ge @ Va ve 

When E is a maximum or minimum, 
V h 
se" 

or - 
v= Vg he 
But 
E 1 h 
avin gt 


an essentially positive quantity. Hence when 


V= JS gh, E is a minimum, and we define h as 
the critical depth for that discharge, or, as is 
sometimes said, g is a maximum for the available 
energy. 
= ; é =) ee a : 
Further, since the velocity head is 29° in this 


case we shall have 
h 


2g 2 
for critical flow. 

This gives us still another view of the standing 
wave, viz., that it occurs in an open channel only 
if and where the depth of flow changes, passing 
through the critical depth, from less than to 
greater than this depth. It would appear, then, 
from the foregoing, that pressure distributions over 
the vertical plane in the neighbourhood of a standing 
wave are very similar to those which result from 
the impact of the same stream upon a. solid 
obstruction perpendicular to its axis. Such ex- 
riya evidence as exists tends to confirm 
this. 

Since the theoretical position of the wave front 
is where the critical depth would occur, we can 
predict both the probability of a standing wave 
and its position with quite sufficient accuracy. 

Consider a rectangular channel of breadth 8, dis- 
charging Q cusees. If, by means of a sluice gate or 
other device, as shown in Fig. 4, the depth can be re- 
duced to H,, where H, < h, < H, and h, is the criti- 
cal depth, then, neglecting the slope for the present, 
since the flow energy is reduced by the amount of 
work done in overcoming the frictional resistance, 
in a length dL the depth will increase by an amount 
dh. But, since our basic assumptions are shown by 
experiment to hold good for this case, a simple 
method of investigation is indicated by the fact that 
the momentum change can only be produced by 
the actions of : 


(1) The unbalanced static heads, and 
(2) The frictional drag. 


Thus 
bwh® wQv bw wQ 
—— + — P+ — 
5} g (h + dh) 1 5 een 
FPmVnidL, . 3 
dias zo m Vm , (3) 
v = velocity at commencement of length dL, 
ih depth at commencement of length dL, 
.m = mean wetted perimeter, 
Vm = mean velocity during the interval, 
= coefficient of fluid friction for unit velocity, 
whence 


dh _Q dv_FPm Vn 
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and, since Q = bh. v, 


dL bh?’ dL’ 
so that 
ah _  @ adh _ FPmVai 
dL gh? dL waA 
vw dah F Vin? 


“gh ‘dL wR’ 
where R = hydraulic mean depth, 
or 


(4) 


By taking known values of dL, the successive 
values of h may be calculated, and the surface 
profile drawn. 

It is also obvious that when v? = g h, i.e., when 
the critical depth is attained, the denominator 


becomes zero; hence = =o, the characteristic 


vertical front of the standing wave. 

The argument will now be extended to the case 
of a channel of bed slope 7, where i = sin 9, 9 
being the inclination to the horizontal. 

The forces are now as follows (see Fig. 5). 

Considering a short length d L :— 

The forces to the right are, the pressure on a 
plane of depth h plus the resolved portion of the 
weight of the block of water. 

The forces to the left are, the pressure on a 
plane of depth h, plus frictional drag. 

The weight of water in the section of length dh 


is 
wb. (“3"t) at 
2 
the component of which parallel to the flow is 
w.b. (54) .dL.sin 0. 


We have thus, as our pressure plus momentum 
quantities : 


To right 
2 
—? o(A5 ») tay 
2 2 g 
To left 
bh, FPmVmn?.dL , Q 
ee a + e+e 


Which, since hi = h + dh, give, upon substitu- 
tion and simplification, the equation 


dh  FVa', Q 4V_, 
ice, “stscan 
As before, 
dv _ Q dh 
aL bh aE? 
whence 
dh ( ao ) 7 
dL gene w Rm’ 
or 
0-38) 
dh_. _wRt 


26 — + le 


(1-5) 
In the particular case where i = 0, i.e., a flat 
bed, equation (5) reduces to equation (4), but it 


is more helpful to develop the particular equation 
before the general one, since there are so many 


dL 


dealing with the effects of a standing wave on the 
quantity discharged through a sluice, and when 
dealing with the destruction of energy, while the 
latter case is dealt with in connection with sluice- 
gato vibrations. 

(To be continued.) 








THE NATIONAL PHYSICAL 
LABORATORY. 
(Continued from page 144.) 

Evectricity DEPARTMENT. 

Standards and Measurements.—A great deal of 
work is being done in this section of the Department 
under Dr. D. W. Dye, F.R.S., according to the 
programme laid down by a committee in 1926. 
The International Conference on Electrical Units, 
held in London in 1908, defined the international 
ohm as the resistance of a mercury column and 
the ampere as the current flowing through a silver 
voltameter under specified conditions. The stan- 
dard resistance coils made by the national institu- 
tions, the National Physical Laboratory (N.P.L.), 
the Bureau of Standards (B.S.), Washington, the 
Laboratoire Central (L.C.), Paris, and the Physika- 
lisch-Technische Reichsanstalt (P.T.R.), Berlin, 
were compared in 1910, in Washington, by repre- 
sentatives of these bodies, and the international 
ohm then adopted is known as the Washington 
mean unit of 1910. The recent inter-comparisons 
show the differences of this ohm: N.P.L.—B.S. = 
+19, N.P.L—LC. = — 28, N.P.L.—P.T.R. = 
— 10, all in 10-° units, that is to say, there is 
agreement within 3 parts in 100,000. The inter- 
comparisons of the electromotive force of the 
Weston normal cell (cadmium sulphate) yield the 
value of the volt: N.P.L.—B.S. = — 8 x 10-6 
The standard resistance coils are mostly made of 
manganin; twelve new coils, of the improved 
P.T.R. pattern, have been constructed at Tedding- 
ton of hard-drawn wire of ohmal, an alloy of the 
manganin type (Cu-Mn-Ni-Fe) of great constancy, 
developed in the Laboratory. Apart from the 
inter-comparisons of exchanged standards, the 
Teddington work on normal cells has concerned 
the influence of the strength of the sulphuric acid 
in the cadmium-sulphate cells ; the agreement of 
the recent re-determinations with those of Dr. F. E. 
Smith of 1910 and 1912 is remarkably close. 

The construction of apparatus for the absolute 
determinations of the ohm and ampere by the 
Campbell inductance and the current-balance 
method is proceeding. The Campbell primary 
standard of mutual inductance, made last year in 
the Laboratory for the Japanese Government, has 
been compared with the old and new Teddington 
standards; the agreement is excellent, and these 
mutual inductances rank with the most accurate 
electrical standards, Standard variable air con- 
densers for wavemeters have been constructed of 
three ranges, in pp F, viz., 3-5 to 25, 5-3 to 68, and 
17to 180; flat semi-circular plates are preferred to 
cylinders. The rod of fused quartz forming part 
of the spindle is joined to the metal by platinising 
and then copper-plating the end of the quartz rod, 
and finally soldering it into a brass socket with 
Wood’s metal. 

Magnetic Work.—In the magnetometer for the 
determination, in c.g.s. units, of the earth’s vertical 
magnetic intensity V, Dr. Dye makes a novel use of 
a Helmholtz coil, set up with its axis truly vertical, 
for annulling the vertical component of the earth’s 





cases where the standing wave occurs in a flat 
reach of artificial channel. Further, it is desired 
to emphasise the fact that the flatter the slope 
the greater the likelihood of a standing wave, a 
matter often overlooked by the designers of the 
more rudimentary forms of water-control appliances 
and works. 

In fact, the writer knows of a large number of im- 
portant works where the formation of a standing 
wave would have been of marked advantage, but 
where the bed has been designed, in ignorance, 
of such a slope that this is impossible, and much 
trouble has resulted. Conversely, the writer also 
knows of works wherein a standing wave occurs 
harmfully. 


field, so that the resultant field is horizontal and 
directed along the meridian. The point is that it is 
easy to suspend the indicating system so as to turn 
about a vertical axis (as is required in the horizontal- 
intensity magnetometer), but very difficult to make 
the system turn about a true horizontal axis for 
vertical-intensity measurements. The detector coil 
used by Dr. Dye is of the vibration-galvanometer 
type. It is very light, flat, and of diamond shape, 
and is suspended with its plane vertical, as far as 
possible, about a horizontal axis, by bronze wires, 
at a tension such that the torsional vibrations of the 
coil have afrequency of about 15 cycles per second. 
An alternating current of resonant frequency is sent 
through the coil, and this sets up a large vibration 
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Examples of the former will be given later when 


by reacting with the earth’s field. This vibration 
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is reduced to zero when the applied vertical field of 
the Helmholtz coil exactly annuls the earth’s 
magnetic vertical component. 

The measurements, by Messrs. C. E. Webb and 
L.. H. Ford, of the permeability and hyteresis of the 
very pure iron made by the Metallurgy Department, 
in tests of single rings, 3 cm. in diameter and 0-1 sq. 
cm. in cross-section, gave discordant values, though 
the iron was of uniform purity. The supposed 
differences between tests of bars by the yoke 
method, fitted with compensating auxiliary windings 
near the ends of the bar, and by the ring method, 
disappeared when both the bars and the rings were 
carefully annealed and very slowly cooled for, say, 
48 hours. The alteration of the magnetic properties 
of iron and steel by the application of mechanical 
stress, however, was found to be very real, especially 
in thin sheet material of high permeability. The 
mere binding of the sample with insulating tape, 
preparatory to winding search coils on rings or 
strips, might raise the value of H for a given value of 
B by 30 per cent. To prevent this, a ring sample 
may be enclosed in a thin-walled ebonite tube before 
winding on the search coil, or it may be placed 
between two ebonite tubes. Strips can be similarly 
protected, but when they are clamped with the 
sheets parallel to the clamp face and not bound 
together, the flux distribution is not uniform, the 
flux density in the centre strips being smaller than 
in the outer strips. The tests should, therefore, be 
made on small numbers of strips (six to ten), 
mounted edgeways in the clamps. 

Dielectrics.—Mr. L. Hartshorn’s precision measure- 
ments of the dielectric properties of pure benzene, 
made with the condenser which we illustrated on 
page 243 of our issue of August 19, 1927, have not 
yet enabled him to assign a definite value to benzene, 
which seems, on the whole, to be best suited to serve 
as a standard liquid dielectric. With drying by means 
of either phosphorus pentoxide or metallic sodium, 
the same values are approached, but final constancy 
is not reached, though the power factor of the 
purified material is almost too small for measure- 
ment. The absolute drying at which Brereton 
Baker and A. Smits aim, is not attempted in this 
work, of course, which must be based upon com- 
mercial purity. A report on the dielectric proper- 
ties of ebonite, also dealing with the deterioration 
of the material by exposure to the ultra-violet 
radiation from mercury arcs, has been presented 
to the British Electrical Research Association. 
Another report deals with the dielectric losses in 
varnished cloth, which is one of the materials 
following, within limits, Schweitzer’s rule as to the 
relation between capacity and frequency at different 
temperatures. The permeability and power factor 
diminished as the number of layers of the cloth 
was increased, but less than was expected. 

Valve Amplifiers and Frequency Standards.—The 
simple alternating-current potentiometer bridge ar- 
rangement for the testing of intervalve trans- 
formers, which Dr. Dye used two years ago, is 
being applied by Mr. T. I. Jones in measuring 
the relative phase and amplitude ratio of input and 
output voltages of amplifying systems, without 
interfering with the normal behaviour of the system 
and over large frequency ranges; it has been found 
convenient for this and other purposes. In this instru- 
‘ment, the input voltage is the potential difference 
across a resistance R in series with a variable 
resistance S and the primary of a variable mutual 
inductance, M. The in-phase component of the 
output voltage is balanced in the secondary circuit 
of M by the drop of votential across 8, and the 
quadrature component is balanced against the 
mutual inductance, so that the ratio of output to 
input voltage is equal to \/ M%@* + S,/R; the 
relative phase @ of output to input is found from 
tan @ = M/S. The detector (telephone or vibra- 
tion galvanometer) is automatically brought to 
earth potential by the use of a twin-wound secondary 
winding, one end of which is earthed outside the 
bridge, so that no auxiliary balancing is needed. 

Comparisons of the static frequency standards of 
the Laboratory and other countries, show a general 
agreement within 3 parts in 100,000. These measure- 
ments are made with piezo-electric quartz oscilla- 
tors, the mode of vibration of which is being 


studied by Dr. Dye, as we mentioned in our notice 
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of the Royal Society Conversazione on page 644 
of our issue of May 25 last. The bridge used for 
the effective-resistance measurements, for a fre- 
quency range from 100 to 1,500,000, is of the 
Schering type, with two equal resistance arms and 
two capacity arms. All the parts are shielded by a 
stout aluminium plate and by guard rings, and 
the cables are copper-covered. The bridge, made 
in the Laboratory, has also been used for deter- 
mining the power factory of the standard variable 
air condenser, being capable of detecting a capacity 
change of 1 part in 1,000,000. Such measure- 
ments have to be made at temperatures up to 100 
deg. C., in connection with the use of the instru- 
ments in hot climates. 

Wireless Work.—The work conducted in the 
Wireless Section, under Dr. R. L. Smith-Rose, 
according to the programme of the Radio Research 
Board, chiefly concerns the propagation of waves, 
directional wireless, and interference from trans- 
mitting stations and apparatus. The new apparatus 
for the study of the polarisation of long waves 
(above 2,000 m.) consists of two equal coils, rigidly 
fixed at right angles to one another, but capable 
of rotating as a whole. It was first used in investi- 
gating sunrise and sunset effects during the total 
eclipse of June 29, 1927, and showed the abnormal 
polarisation, though the locality was not actually 
within the totality cone. For medium wave-lengths 
(200 m. to 2,000 m.), observations on the relative 
intensities of the directly-propagated waves travel- 
ling along the ground and the descending waves 
reflected from the ionising layer, varied greatly 
with locality, season and time of day ; the estimates 
of the height of the ionising layer also vary for the 
same reason. 

As regards direction-finding, observations made 
during the whole of the eclipse week did not indicate 
any particular eclipse effect except on the day of 
the eclipse itself. The total eclipse seemed tem- 
porarily to restore the normal night properties of 
the Heaviside layer, but the eclipse occurred too 
soon after sunrise for easy distinction of the effects. 

A portable cathode-ray apparatus for studying 
wave form at high frequencies has been constructed 
by Mr. H. E. Thomas, and a valve wave meter, 
for a range of 10 m. to 20,000 m., by Mr. F. M. 
Colebrook, who is studying the theory of receivers 
together with Mr. R. M. Wilmotte. In the short- 
wave (2 m. to 30 m.) transmitter, for experimenta!} 
purposes, of Dr. Smith-Rose and Mr. J.S. McPetrie, 
two valves are cross-connected on the push-pull 
principle and coupled to a Lecher wire system which 
leads to an outside Hertzian antenna, consisting of 
two aluminium tubes, into which an aluminium 
rod can be telescoped for altering the frequency. 

A simple antenna is generally assumed to act as 
a transmission line having uniformly distributed 
inductance and capacity and negligible resistance. 
The current distribution should then be sinusoidal, 
apart from any inserted inductance and capacity, 
&c., and Fig. 12, due to Mr. Wilmotte, shows that 
this is practically so, except near the earth, where 
the capacity per unit length is greater than in the 
centre of the antenna. The diagram represents 
current measurements made on an aerial 11 m. 
long, suspended from a rope and made up of a 
cage, 11 cm. in diameter, of 16 copper wires, built 
up in sections of 1 m. length with ammeters 
between the sections. The foot of the antenna was 
level with a radial counterpoise, insulated from the 
earth. The abscisse mark the distances, in metres, 
from the top of the antenna. The curves became 
more and more straight lines as the wave length was 
raised to 80 m., and, in other experiments, to 
300 m. The pure sine curve corresponding to a 
wave-length of 15-6 m., also given in Fig. 12, was 
corrected for the self-inductance of the ammeters. 
The usual assumption that the natural wave-length 
of a simple antenna is about four times its length was 
confirmed. 

For the determination of the directional properties 
of antenne, experiments are made by aeroplanes 
flying over transmitters and recording the signal 
strength photographically. The study of beam 
transmission shows that the highest directional 
sharpness, for given overall dimensions, cannot be 
obtained by a parabolic system, and that,there 
is only one position for the reflector in which it 
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will be in phase with the transmitter. The tuned 
reflector should be 0:33 2% behind the transmitter 
to be in phase ; to be out of phase, in the opposite 
direction, the distance between the reflector and 
the transmitter should be 0-16 i. 


ELECTROTECHNICS. 

High-Voltage Laboratory.—The generating plant 
of the new laboratory, comprising motor-generators 
by the British Thomson-Houston Company, Limited, 
and three transformers supplied by Messrs. Ferranti, 
Limited, and Messrs. Emil Haefely and Company, 
of Bale, is installed in the large hall of the three- 
storey high-tension building, which is unobstructed 
from floor to roof and is served by a 3-ton travelling 
crane. The details of the equipment were worked 
out by Dr. E. H. Rayner, H.M. Office of Works, 
and the contractor. 

Connected in cascade, the transformers gave 
1,000,000 volt sparks, 9 ft. long, on the inspection 
day. The striking feature of the spacious hall, 
apart from the transformers, is the air condenser 
designed for working at 150,000 volts and upwards 
in the determination of dielectric losses. The 
condenser consists of three vertical plates of 
aluminium, two outer plates supported on steel 
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frames and an inner and larger plate, measuring 
14 ft. by 7 ft., suspended from the roof by a steel 
cable provided with insulating sections. The 
construction of these plates and the curvatures 
of their edges to minimise corona discharges were 
determined by immersing metal moulds into an 
electrolytic tank and observing the equipotential 
lines. The central plate is } in. thick, and is 
fitted on the edges with aluminium tubes. Each 
of the outer plates forms a flat box, built up of 
an inner and an outer plate, which are separated 
by an air gap of } in. along the edges. The travelling 
stands for these plates, built up of steel angles 
in the Metrology workshop, allow of varying the 
relative distances between the condenser plates, 
which can be used separately. 

The resistors for accurate high-voltage measure- 
ments have also involved special study. The resistor 
should be free from inductance and from earth and 
stray capacities. Each resistor unit is encased in 
metal, and the case is kept at approximately the 
resistor potential by connecting it with a secondary 
resistor; the surface condition of the metal con- 
tainers is important. It is further necessary to 
measure the temperature rise in the resistors, but 
the rise will be too small for ordinary methods 
of measurement. Comparative experiments have, 
therefore, been made with wire materials of the 
same diameter and insulation, but of higher tem- 
perature coefficients. Copper was chosen as the 
material, although its specific resistance is only 
one-twenty-fifth of that of suitable alloys; the 
temperature rise is deduced from potential and 
current measurements. 
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Standard Resistances.—The recalibration of the 
electrostatic wattmeter disclosed sources of con- 
siderable errors in such instruments. Much of the 
other research work has formed the subject of 
reports to the British Electrical and Allied Indus- 
tries Research Association and the Electricity 
Commissioners, and also to the British Scientific 
Instrument Association. This applies to the 
work on corona discharges from power-transmission 
lines, on power losses in alternating-current cables 
and their lead sheaths (by Gall’s co-ordinate 
pressure potentiometer), on the thermal resistivity 
and expansion of these cables, and on the earthing 
of electric circuits. Twenty-four standard resist- 
ances of ohmal have been made in values of 
1, 10, 100, 1,000 and 10,000 ohms. Such oil- 
immersed resistances should be sealed in, and 
the design adopted by Dr. Rayner for mounting 
the new resistances is illustrated in Figs. 13 and 14. 
The removable inner cylinder, 2} in. in diameter, 
is large, so that the wire is not strained in winding. 
The diameter of the case is 4 in., and the wire can 


Fig. 73. 
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easily be exchanged. The case is filled through a 
screwed stopper, and]there is a screwed joint at j 
and insulation at i. At a the diameter of the copper 
is reduced to increase the leakage-path area of 
the insulation, and at b the thin metal base is 
soldered on, after assembly. Ohmal has a negative 
temperature coefficient, and compensation is obtained 
by combining it with short sections of copper. 
Resistances of 10 ohms to 10,000 ohms contain 
about one-thousandth of their resistance as copper, 
so that the combination has the same resistance 
at 30 deg. as at 10 deg. C. The one-ohm coils 
are to be compensated by a shunt arrangement. 
For the measurements of large direct currents, up 
to 20,000 amperes, a low resistance, of 0-00002 ohm, 
has been constructed by connecting 40 water-cooled 
tubes of manganin in parallel between two copper 
plates, to which the connections are made. 

P. hotometr'y.—The International Commission on 
Illumination, of which Dr. J. W. T. Walsh is secre- 
tary, decided, at Bellagio in September, 1927, that 
comparisons should be made of glasses which, when 
used with a carbon-filament lamp operating at colour 
temperatures of 2,080 deg. K., give on the photo- 
meter screen light of the colour of a tungsten 
vacuum lamp operating at 2,360 deg. K., and also of 
gas-filled lamps operating at 15 lumens per watt. 
2 connection with this work, various lamps have 
n tested in three photometer integrators : 


a sphere of 1 m. diameter, a plain cube of 71 cm. 
sides, and the same cube having its corners filled in 
with cardboard in the form of equilateral triangles 
of 47 cm. sides. The greatest differences between 
the cubes were observed with gas-filled, ring-filament 
lamps. In general, the cube gave values of mean- 
spherical candle power 1 per cent. higher than the 
sphere, and 2 per cent. higher than the cube with 
filled-in corners. The gas-filled lamps are not yet 
quite equal to vacuum lamps in accuracy and repro- 
ducibility of candle power. As regards photo- 
electric cells, the colour sensitiveness in the blue 
of the rubidium and potassium cells differs from 
that of the eye; this can be corrected, with a loss 
by absorption, by using a liquid filter of an aqueous 
solution of naphthol yellow, or, better, by a Wratten 
K3 filter. 

The carbon-tube vacuum furnace, constructed 
in the Metrology Department for heterochromatic 
photometry, and illustrated in Fig. 15, has been 
operated at temperatures. up to 2,700 deg. K., and 
will probably withstand 3,000 deg. K. As the tem- 
perature is raised from 2,020 deg. K. to 2,610 deg. K., 
the current consumed rises from 380 to 535 amperes, 
and the power from 4-0 to 8-9 kw. The graphite 
tube A, thinned in its central portion, is jacketed 
by three concentric graphite cylinders B, held in 
place by the slotted Mabor discs C and graphite 
rings D; the inner annular spaces are packed 
with granular carborundum. The water-cooled 
copper tubes, coiled at G, convey the current to the 
brass electrode blocks F and to the spherical 
graphite bearings E, each of which consists of three 
pieces. These parts are insulated from the furnace 
case, which is a 9-in. pipe surrounded by a water 
jacket. A Hyvac pump maintains a vacuum of 
3 mm. of mercury at 2,600 deg. K. 

Reflectors.—Much further work has been done 
on glare, on sky light, and on surface reflection. 
The reference standard of reflection, a disc of 
ground opal glass, is also used in the new tests 
of the red rear reflectors for cycles and other 
vehicles. According to the regulations of the 
Ministry of Transport, the reflectors, not less than 
1} in. in diameter, shall be so constructed that, at 
100 ft. from a source of light throwing a beam of 
white light of 2,000 candles in the direction of the 
reflector, the reflector shall reflect a beam of red 
light of not less than 0-001 candle in any direction 
making an angle not greater than 3 deg. with the 
line connecting the reflector and the light. These 
reflectors, which avoid the necessity for rear lamps 
on cycles, are made in the form of a mirror or prism 
combined with a lens. 


(To be continued.) 








THE BritisH [npustRigs Farr.—As already announced 
in our columns, the next British Industries Fair (Birming- 
ham Section) is to be held in the Exhibition Buildings, 
Castle Bromwich, from February 18 to March 1, 1929. 
The Fair Council informed us recently that less than 
10,000 sq. ft. of space now remains to be allocated in 
the heavy section. In the interests of manufacturers 
who intend to participate and have not yet intimated 
their desire of doing so, the authorities have been 
obliged to put into operation the principle of limiting 
firms to a reasonable maximum of space, which allows 
them to make an adequate display of their products 
without taking up space merely for the purpose of 
ostentation. The Canadian Government is prominent 
among new exhibitors of the 1929 Fair, and the Dominion 
exhibit will occupy a space of 2,800 sq. ft. 





THe Lire aNnD WorK oF MATTHEW MurRRAyY.—The 
sixth volume of the ‘‘ Transactions of the Newcomen 
Society,’’ which was issued recently, contains a paper on 
the career of Matthew Murray, the Leeds inventor 
and one of the pioneer engineers of the beginning 
of the last century. Murray was born at Stockton-on- 
Tees in 1765, and died at Leeds in 1826. The Society 
has given permission for this contribution to be 
reprinted in booklet form, some additional notes, of 
special interest to readers in the North of England, 
being added. Copies of the book will be presented to 
subscribers to the Matthew Murray Memorial Fund, 
now being raised and for which Mr. G. S. Wainwright, 
5, Allerton-avenue, Leeds, has consented to act as 
Honorary Treasurer. In this way it is hoped to raise 
a substantial portion of the 500/. necessary for the 
complete memorial scheme. This will comprise the 
erection of three bronze tablets, namely, one on 
the site of Murray’s Works, the Round Foundry, 
Holbeck, Leeds, built in 1797, a second in the City 
Square or Town Hall, Leeds, and a third at the In- 
stitution of Mechanical Engineers, London. It is also 
intended to institute ‘‘ Matthew Murray ”’ Prizes at the 
Leeds Technical College. 











NOTES. 
RAILWAY OPENINGS IN MANCHURIA. 


We have on numerous occasions drawn attention 
to the great railway development which is taking 
place in China and, more particularly in Manchuria. 
During the past two or three years, five new railways 
have been built, or are approaching completion, in 
Manchuria. These comprise the Kirin-Hailung, 
which is some 200 miles in length, the Hulun- 
Hailun, 150 miles long, the Taonan-Tsitsihar, 
about 300 miles in length, the Ssupingkai-Taonan, 
some 300 miles long, and the Mukden-Hailung, 
250 miles in length. Unfortunately for the British 
steel industry, the rails for these lines, which, as 
will be seen, aggregate 1,200 miles, have been 
obtained from Continental and United States firms. 
From information supplied to us recently by 
Mr. G. W. Cockburn, M.I.Mech.E., of Shanghai, it 
would appear that British locomotives and rolling 
stock are also conspicuous by their absence. The 
proximity of the Japanese sphere of influence is no 
doubt responsible for the fact that Japanese loco- 
motives have been ordered by the administrations 
of three of the railways. While the Kirin-Hailung 
Railway has ordered some American, as well as 
Japanese, engines, the Hulun-Hailun and the 
Taonan-Tsitsihar Railways have placed their orders 
for locomotives entirely in Japan. The Ssupingkai- 
Taonan Railway is purchasing Austrian and Belgian 
engines and the Mukden-Hailung line, no doubt on 
the grounds of economy, is buying twelve British 
war-disposal locomotives together with a few new 
American engines. British material on these new 
railways is, in fact, practically non-existent ; such 
parts as the underframes of coaching and wagon 
stock are almost invariably of foreign manufacture. 
In one or two instances, however, British lighting 
equipment has been installed on passenger trains, 
this, apparently, being the only bright spot to 
relieve the general gloom in which British enterprise 
finds itself in this portion of the world. As Mr. 
Cockburn points out, now that an era of peace is 
believed to have been reached in China, it is highly 
probable that not only will other railways, already 
under contemplation, be laid, but plans will be 
prepared for further developments. The Chinese 
officials and merchants are fully alive to the benefits 
to be derived from an extensive and efficient railway 
transport system, and are turning their attention to 
this question to an increasing extent. There is no 
reason why British goods should not compete success- 
fully in these Far-Eastern markets, and British 
manufacturers would do well to give the matter 
their closest attention. 


THE MtNneraL WEALTH OF BritTIsSH COLUMBIA. 


The expansion of the mineral and metallurgical 
industry of British Columbia, during the past decade 
has been nothing short of remarkable. Since 
mining operations were commenced in the Province, 
in 1852, the value of the minerals produced, down 
to the end of 1927, is, in the aggregate, 1,049 million 
dols., and it is significant that over 50 per cent. of 
this huge total has been produced during the last 12 
years. The value of the output of minerals for 1926 
was 67,188,842 dols., the highest figure on record, 
and, according to the Annual Report of the Minister 
of Mines for British Columbia, the minerals extracted 
during the year ending December 31, 1927, were 
worth 60,729,358 dols. This apparent decrease is due 
rather to the lowering of metal prices than to de- 
creased outputs of minerals ; in fact, the tonnage of 
ore mined, namely, 5,416,021, constitutes an increase 
of about 641,000 tons over the figure for 1926. 
Furthermore, the 1927 output of metals, if valued 
on the basis of the prices ruling during the previous 
year, would, it is pointed out, surpass the 1926 total 
by approximately 1,000,000 dols. The 1927 produc- 
tion of lead, zinc, and coal showed appreciable in- 
creases compared with the previous year’s output ; 
on the other hand, the amounts of copper and 
silver smelted declined slightly, while substantial 
decreases occurred in the gold output. From the 
point of view of value, the most important mineral 
is lead, and the British Columbia production of this 
metal, aggregating 283,000,000 lb. during 1927, 
represented about 10 per cent. of the total world 





output of this commodity. Moreover, it is thought 
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THE VENTEX AIR FILTER. 


CONSTRUCTED BY MESSRS. STURTEVANT 
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that the present rate of production is likely to in- 
crease. Nearly 98 per cent. of the lead is extracted 
in the Fort Steele mining division, and production 
is chiefly centred in the Sullivan mine, Kimberley, 
East Kootenay district, of Messrs. The Consolidated 
Mining and Smelting Company of Canada. The 
Sullivan plant is mining and treating lead ore at the 
rate of 4,000 tons a day. This mine is also largely 
responsible for the increase which has taken place in 
the British Columbia zinc output, during the past 
three years. The production of the metal, for the 
whole province, totalled 98 million pounds during 
1925; this rose to 143 million pounds during 1926, and 
to 145 million pounds during 1927. The contribution 
of the Fort Steele mining division to the 1927 total 
was no less than 132,000,000 lb. The three chief 
copper-producing centres of the Province are the 
Hidden Creek mine, on Granby Bay in the north- 
west, the Britannia plant, on Howe Sound, near 
Vancouver, and the Copper Mountain mine, near 
Princeton in the south. The output of copper for 
the year 1927 amounted to just over 89,000,000 Ib. 
The production of coal, during the year under review 
totalled 2,453,830 tons, which constituted an in- 














crease of 123,790 tons over the figure for the previous 
year. The mines on Vancouver Island, and in the 
Crow’s-Nest Pass district of East Kootenay are the 
two chief producing centres. The greater portion 
of the fuel is consumed within the Dominion, but it 
is interesting to note that nearly 400,000 tons were 
exported to the United States during 1927. 








Minina INSTITUTE OF SCOTLAND.—The genera! meeting 
called for Saturday, August 11, at the Royal Technical 
College, Glasgow, has been cancelled. 





Busk STUDENTSHIP IN AERONAUTICS.—We are in- 
formed by Professor B. M. Jones, Aeronautical Depart- 
ment, Engineering Laboratory, Cambridge University, 
that the Trustees of the Busk Studentship, which was 
founded in memory of E. T. Busk, who lost his life in 
1914, whilst flying an experiment aeroplane, have awarded 
the studentship for the year 1928-29 to Mr. J. J. Green, 
of the Royal College ef Science, London. 





SoutH AFrRicaAN Ratmways ELEcTRIFICATION.—It is 
now reported that the suburban electrification of the 
South African Railways at Cape Town is now completed 
as far as Fish Hook, and that, after a series of successful 
trial runs, a service of passenger trains is now running. 
Of the automatic substations installed on the line, those 
in actual operation include Milnerton Junction, Claremont, 
Muizenberg and Diep River, all of which have been 
equipped with gear supplied by Messrs. The General 
Electric Company, Limited, Magnet House, Kingsway, 
London, W.C.2. 


LarGeE THERMAL POWER STATION, VANCOUVER.— 
Messrs. The British Columbia Power Corporation have 
awarded to Messrs. C. C. Moore and Company, of 
Vancouver and San Francisco, a contract for the con- 
struction of a steam electrical generating station, to 
be erected at a cost of over 500,000/., at Burrard 
Inlet, situated near the Second Narrows Bridge in 
Vancouver Harbour. The preliminary surveys are 
practically completed. The installation will be known 
as the Hastings steam plant, and it is expected that it 
will be completed by September 1, 1930. The contract 
provides for the installation of the first 20,000-kw. turbo- 
generating unit; it is intended that the station shall 
ultimately contain four such units, and the total capacity 
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THE VENTEX AIR FILTER. 


Apart from questions of health, and those of main- 
taining the decorations of domestic and public build- 
ings, the importance of a supply of clean air is becoming 
increasingly recognised. Where delicate apparatus is 
used or stored, such as in a telephone exchange, labora- 
tory, or factory stock room, the air filter is readily 
recognised as of great value, but its utility in many 
industrial processes is not so obvious. Yet a little 
thought will show that the elimination of dust-laden 
air, which may be greasy, sooty, or gritty, from such 
operations as the drying of photographic papers, films 
and plates ; the drying of paints, enamels and varnishes 
on finished work; printing; dyeing; laundry work ; 
the making of confectionery and other food products ; 
brewing, and the manufacture of drugs, may often 
have a great effect on the quality of the completed 
work. We illustrate in Figs. | and 2, above, a simple 
and effective apparatus for such air filtration, called the 
Ventex air filter, manufactured by Messrs. Sturtevant 
Engineering Company, Limited, 147, Queen Victoria- 
street, E.C.4. 

The principle of the apparatus is shown in Fig. 1, 
from which it will be seen that it consists of a series of 
diaphragms bent into ridges and set in a frame a 
short distance from one another, the space between 
any pair of diaphragms forming a tortuous passage 
through which the air to be filtered is drawn. The 
diaphragms are carried in frames about 18 in. square 
and 4 in. deep, for ease in handling, which frames are 
dipped in a viscous fluid before being placed in their 
containing unit, an example of which is shown in 
Fig. 2. The dust is intercepted in its passage through 
the filter by the air being caused to impinge upon 
the fluid-covered ridges. A test of one of these 
filters, made by Mr. A. H. Barker, M.Inst.C.E., 








showed that particles larger than 5u (0-0002 in.) in 





will reach 105,000 h.p, 


size could not be detected at all in samples taken! 
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from the filtered air at even the comparatively low 


speeds within the range of rates of flow, 300 ft. to 
650 ft. per minute used in the test. Smaller particles, 
which need a high-powered microscope for their detec- 
tion were removed to the extent of about 50 per cent. 
at least at a velocity of 600 ft. per minute. The 
efficiency would doubtless be increased at higher 
velocities of air. Tests carried out on the filtration for 
organic particles, such as mould and yeast spores, 
showed that although 63 colonies were obtained on a 
Petri dish exposed for one minute at the inlet of the 
filter, similar dishes at the outlet were sterile at 
4 minutes, and only showed two colonies of mould 
after 7 minutes exposure. ; 

The normal capacity of a standard frame 18-in. 
square is 800 cubic ft. of air per minute, but the 
capacity can be increased by 12} per cent. if the 
incoming air is fairly clean. There is no appreciable 
increase of air resistance as the filter becomes dirty. 
Cleaning is effected by immersing the frames in a strong 
soda solution, and agitating them whilst in it. They 
are then rinsed in clean water and allowed to dry 
before the coating of fluid is applied. Steam or hot 
water can be used for cleaning with advantage. The 
cleansing operation should be done on the average 
every 8 to 10 weeks, but it is clear that this largely 
depends on the nature of the air to be filtered. ‘Spare 
frames can, of course, be used, and the plant may be 
continuously run by their use. The viscous fluid 
employed is odourless, and does not contaminate the 
air supply or affect its humidity. 








CANADIAN Motor-Car Propuction.—Motor-cars to 
the number of 33,942 were produced in Canada during 
May last. This output, which constitutes a new high 
record, was 40 per cent. over the total for April, and 
32 per cent. greater than the previous high total of 
25,708 cars recorded for May, 1927. 
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ADMIRALTY FLOATING DOCKS.* 
By 8. V. Goopatt, M.I.N.A., R.C.N.C. 


Tue Admiralty is by no means young in its experi- 
ence of floating docks, as an Admiralty floating dock 
was built sixty years ago, being completed in 1869. 
It was towed across the Atlantic to Bermuda by two 
jronclads with an old paddle frigate, the Terrible, 
fastened astern to act as a rudder. A floating dock is 
a moored ship, which can be sunk by flooding until the 
vessel to be docked can be brought over it. 


is then stopped, the water is pumped out, the dock 
gradually rises, lifting the ship with it until the latter | 
is high and dry, when work can be done upon parts 
normally immersed. This old Bermuda dock was 
actually of ship form. In those days careening, the 





Flooding | 


| This limit governs the draught of the ship, which can 

| be docked, hence in all Admiralty docks which of 
necessity cater for damaged ships, which are conse- 
quently of deep draught, the height of the side walls is 
an important point. 

If the flooding water were allowed to wash from side 
to side, as the ship rises in the water and loses stability, 
the whole system would be unstable. To avoid this, 
the dock is built with a number of longitudinal or fore- 
and-aft bulkheads, and one of the first steps in the 


tions that the arrangements are such that unstable 
conditions shall never arise. 
calculations is indicated in Figs. 1 to 4. Assuming 
a small inclination, account is taken of the weight of 
the dock, weight of ship, mobility and weight of 


design stage is to ascertain by a long series of calcula- | 


The principle of these | 
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|ing to the machinery and working spaces, and the 
| dock would sink. This control is provided by manipu- 
lating the flooding valves to the various compartments 
| from a central station. There are watertight decks 
}inside the dock which ensure a certain amount of 
|reserve buoyancy, and sometimes the air-escape 
| pipes to the tanks are led down some distance below 
the top of the tank, so as to ensure that such tanks 
cannot be completely flooded. Further, most Ad- 
miralty docks have flap valves outside the flooding 
inlets which can be quickly lowered and the inrush 
of water thereby checked. In some localities where 
the rise and fall of tide is nil or small, the bottom of the 
sea is sufficiently close to the bottom of the dock to 
ensure that the tops of the walls are always above 
water, even when the dock is resting on the bottom. 
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old-fashioned practice for cleaning the bottoms of 
sailing ships of which we read in the pirate yarns of 
our youth, was more common than now, and the bottom 
of this dock was cleaned in that manner. The dock 
could take a vessel 370 ft. long, drawing 25 ft. 
; A modern dock is generally of the section shown 
in Figs. 1 to 4 above, with open ends, so that the 
~ can be deawn in between the side walls. The 
ro of the walls form the working quays when the 
tad is being brought in or taken out, and on them are 
shin — and bollards for the guys that prevent the 
> a rom yawing and striking the walls, and the 
Pr ‘ans that provide the means of hauling the ship 
the e The cangway giving communication between 

Ops of the two side walls is generally of the swing- 


ing bridge type. 


There must, of course, be a limit to 





Which the dock can be flooded and the walls submerged. 
ee sea 
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flooding water, all tending to upset the system, and 
the buoyancy of water on both deck and ship which 
provide a righting moment. This calculation is made 
for a number of waterlines, and it may be easily realised 
that the most critical condition occurs when the water is 
between the bottom of the ship and the working plat- 
form of the dock, which is termed the pontoon deck. 

The dock must also be capable of being trimmed, 
i.e., given for and aft inclination. It is consequently 
divided further by watertight athwartship bulkheads, 
and their disposition is an important factor in strength, 
as will be explained later. As in a ship, watertight 
subdivision provides for safety in the event of accident, 
such as collision. 

It will be obvious that when the dock is deeply 
submerged its control must be very complete, as in 
such a long wide ship with little freeboard small 
changes of inclination, either longitudinally or trans- 
versely, would result in submerging the top deck, in 
which case water would pour down the openings lead- 
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| The statement above Fig. 2 shows the potential 


| energy of thesystem before the dock pumps commence 
| todo their work, and the statement above Fig. 3, shows 
| the potential energy of the system when the ship has 
| been raised. Applying a factor for efficiency, the 
difference between the two gives the work that the 
pumps have to do, and, the required time for the 
operation being given, the pumping power to be 
installed can be calculated. It is evident that the 
disposition of the tanks can be arranged so as to 
keep this power down, but time of sinking must also 
be considered. 
| Perhaps in floating docks, the most interesting 
| problem is that of strength. It can readily be seen 
| from Figs. 5 to 8, annexed, that, for fore-and-aft 
| strength, a section such as that shown, provides a long 
| U-shaped girder that can be designed to be strong 
|} enough to resist the bending moment coming upon 
it by giving appropriate scantlings to the top deck, 
| side walls, a portion of the pontoon deck, bottom and 
| fore-and-aft bulkheads. But the distribution of 
| flooding water and load in the ship require careful 
analysis. Suppose, for example, with a heavy ship 
| where weight is extremely concentrated on account 
| of the disposition of turrets, the dock were completely 
| pumped out at the ends, these would contribute a 
| great bending moment, and although the dock might 
be able to stand it, the ship would suffer. 
| The problem to be treated is that of a flexible ship 
| with a certain distribution of weight, resting on three 
| lines, and at the ends on one line of blocks, themselves 
somewhatelastic, which are fixed to a flexible structure 
| upheld by a distribution of buoyancy which may vary ; 
what are the stresses in the dock and in the ship ? 
This subject is much too involved to touch upon here, 
and Admiralty practice in this respect has never 
been made public. Making reasonable assumptions 
regarding the action of the blocks, curves of shearing 
force and bending moment are obtained from which 
the scantlings of those portions of the dock contributing 
to fore-and-aft strength can be assigned. In consider- 
ing transverse strength, it is obvious that more difficult 
conditions exist. Owing to the open top of the dock, 
the transverse bending must be taken entirely by the 
structure between the pontoon deck and the bottom, 
and, for the sake of economy, it is desirable to keep the 
depth of this girder as small as possible consistent with 
the further requirement that it is preferable to provide 
for the maximum lift under the heaviest load. Also, 
instead of the load being distributed all along the dock, 
as is the case longitudinally, it may be concentrated 
at only one point in the centre of the dock, and at the 
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most at three points. Again, some assumption is made 
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regarding distribution of block pressure transversely, | 
and curves of shearing force and bending moment are | 
drawn from which the scantlings of material contri- 

buting to transverse strength are assigned. 





ADMIRALTY FLOATING DOCKS. 


Fig.9. CONNECTED UP FOR DOCKING SHIP 











Floating docks present problems of their own in 
regard to construction and maintenance. The launch- A 
ing of such a long ship is a problem, and most large | 
docks are built and launched in pieces and joined up | == =3 
Again, as a Linea B. = 











afterwards, as will be explained later. 
floating dock is a ship, and must, therefore, be docked, 
how is the dock docked? It has already been stated 
that the earliest docks were careened. The four 








Admiralty docks now to be described illustrate four 


A; 








different ways of dealing with this problem. 











Figs. 9 and 12, annexed, show in principle the 











present Admiralty floating dock at Bermuda. It is 

built in five separate pieces, viz., two continuous side 

walls, and the pontoon in three parts, which are attached 

to the walls by a series of fish-plates bolted on to 

brackets. If the pontoon were completely separated 

from the walls, these would not be stable alone, so the 

pontoon is divided into three separate sections. When 
one of the side walls has to be examined, the opposite 
side of the empty dock is flooded, and the wall is thus 
lifted clear above the surface of the water. Suppose ; 
it is desired to dock the centre portion of the pontoon. | 
With the dock floating at the lightest water line, the | 
joints attaching the centre section to the walls are 
unmade. The dock is then lowered by flooding until 
the connections on the centre pontoon are opposite 
tish-plate brackets at a higher level on the walls. The 
joints are then remade in this position, water is 
pumped out, and the centre section of the pontoon is 
lifted clear of the water into the position shown in 
Figs. 10 and 12. The dock is shown in greater detail 
in Figs. 13 to 15. It is moored to the shore by long 
booms. Bermuda is subject to hurricanes, and during 
the hurricane of 1926, when the wind velocity reached 
140 miles per hour, the topmasts and rigging of a 
ship in dock were carried away. It was the intention 
that the dock should be submerged during hurricanes, 
and this has actually been done, but while wind force 
on the dock is thereby avoided, the dock is still subject 
to the violence of the sea and twice during its history | 
it has broken adrift in a hurricane. In an exposed 
position this type of mooring is unsuitable, and the 
latest Admiralty practice is to moor the dock by heavy 


Fig. 13. ELEVATION. 
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Fig. 14. PLAN. 
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cables passing under the dock and anchored to the GIROER & GANGWAY he " 

bottom. Experience with this dock has shown that | $< 9 

at Bermuda these somewhat elaborate arrangements ieee MEN 15000, TON SHIP 

for self-docking are not really essential, and the = ileaeciiee 

Admiralty departed from the self-docking principle ae 

when the next two floating docks were built. \ WT NonWl WIT. a 

Figs. 1 to 4 show in principle one of the 32,000 ton PREY Byceenns reer I iat aaa >| ENGINEERING" 

floating docks built for the Admiralty shortly before 

the late war. It is a completely-riveted structure | damaged to stand the heavy up-thrust. When we | this compass compiled by engineers. Both the 
had done all we could she was still drawing 36 ft.|author and one of his collaborators, Mr. W. A. 


built more like a ship, and the centre portion of the 
bottom is inaccessible except to divers, the deteriora- | forward and about 15 ft. aft. I sent for the dock- 
tion possible in a dock which cannot be self-docked | master and said, ‘What is the maximum trim you 
was accepted in order to obtain a more rigid platform. | can give the dock?’ His reply was ‘ According to 
Actually, in English waters the marine growth on the | the regulations, sir, we must guard against syphoning 
bottom provides excellent protection against corrosion. | of water from one tank to another, so I should say 
During the late war these two docks rendered | the maximum trim is 5 ft.’ ‘ Right, trim her 25 ft.’ 
splendid service. Less than three weeks after the | Well, it was done, and when the ends got so low that 
outbreak of the war the dock at Portsmouth left its | you could step off a pulling boat on to the top of the 
moorings for Invergordon, and on September 9, 1914, | wall, and we had to lash up cranes and deck gear to 
it was ready to lift its first ship there. Lord Jellicoe | prevent them running down hill into the water, people 
has written, “It can be said with great emphasis | began to get nervous. To cut a long story short. 
that this floating dock was simply invaluable.” Later | The operation was successful, the ship was patched up, 
on the similar dock stationed in the Medway was | and sent south for complete repairs.” 
moved to Jarrow. Figs. 16 to 18 on page 179 show| Figs. 19 and 20 show another advantage of a float- 
two of the interesting jobs,done in these docks, which | ing dock. If a stone dock is too short to take a ship, 
could not possibly have been done in stone docks. At it is no good trying to squeeze that ship in, but this 
the battle of Jutland, H.M.S. Marlborough was tor- | is not true of a floating dock, and during the war, ships 
pedoed. As a vesult of the damage the ship was/|like the Courageous were safely docked with con- 
heeled and changed trim by the bow. In this condi- | siderable lengths sticking out at the ends. They 
tion she could not cross the bar at the mouth of the | afforded a comic but inspiring sight. 
Tyne, although there was plenty of water for her in ‘ 
the dock berth, so she was taken into the Humber Ceseceniont) 
where this list and trim were partly corrected by 
removing ammunition, &c., and she eventually reached 
Jarrow with a somewhat smaller list to starboard 
and still trimming by the bow. Then came the opera- 
tion which was only possible with a floating dock. 
The dock was held and trimmed until the plane of 
the blocks was parallel to the plane of the ship’s 
docking keels. The dock was carefully and correctly 
pumped out to maintain this relative position, and the 
ship was safely docked. 
The most interesting job performed at Invergordon 
was on a merchant ship. The story was told some- 
_ thing like this :—‘‘ We had news that this merchant 
ship was arriving with very extensive damage forward, 
having struck a mine. So far as the operation went, 
I would have docked her as she was, but the dock 
walls were insufficiently high so we had as a preliminary 
to take out as much trim as possible, and we found 
that if we pitched her on the forefoot as we should 
have been forced to do if only a stone dock were avail- 
able, we should break her up, as she was too badly 








NOTES ON NEW BOOKS. 


TuoveH thoroughly revised and now a volume of 


Radio Communication, by Professor John H. Morecroft, 
of Columbia College, New York. [New York: John 
Wiley and Son, Inc.; London: Chapman and Hall, 
Limited ; price 37s. 6d. net] remains restricted to the 
exposition of the principles of radio communication, 
and does not pretend to be a treatise on radio practice. 
The actual apparatus described is intended to explain 
the principles. That no attempt is made to give 
credit to the inventors of special devices will meet 
with the reader’s approval, particularly in view of 
the circumstance that important radio patents are at 
present under litigation. The reader would, however, 
sometimes like a change from what might briefly be 
characterised as the diagram style to the actual view 
style. There are plenty of diagrams of connections, 
curves and wave forms, but very few illustrations of 
the apparatus which one might look for in a volume of 





Curry, are professors of electrical engineering, and the 
other collaborator, Mr. A. Pinto, is connected with 
the Otis Elevator Company. As electrical engineers, 
they lay due stress upon the modifications in the 
conceptions of resistance, inductance, capacity, &c., 
which high radio frequencies have involved. But the 
language, in their introduction, might be more mindful 
of the fact that engineers do not begin their electrical 
studies with radio work. The statement that every 
atom of matter is “ charged” with minute particles 
of negative electricity, is not well worded, and the 
explanation of the electronic nature of current flow 
is a little homely, considering that a mathematical 
treatment had to be adopted in some parts, and is 
hardly given on the most modern lines. Subsequently 
we notice that beam transmission is not mentioned at 
all, and that the unreliability of radio direction finding 
does not receive adequate attention as to the variety 
of factors to be considered. The fault is not that non- 





1,001 pages, the second edition of The Principles of | Witten instead of being revised; the fi 


| 


American work has been overlooked, as one might 
| think in other cases, for American science has certainly 
| contributed its share to these problems, but the most 
'recent literature does not appear to have been con- 
| sulted. The book certainly has its good points, and 
|it would be better still, perhaps, if it had been re- 
rst edition 


appeared in 1921. 





To those who delight in mathematical analysis, 
and elasticians more particularly, the book of 
100 pages noticed below will be acceptable. To others 
not sufficiently well equipped it may be somewhat 
alarming. Prof. F. Takabeya, of the Imperial 
University of Hokkaido, Japan, deals at length in 
this brochure with fixed-ended beams under the 
title Etude des Pieces Encastrées aux deux Extrémiles 


(price 28 fr. +40 per cent.), published by Librairie 
Polytechnique Ch. Beranger, Paris and Liege. — Not 
content with the usual assumptions of positiv: fixity, 
where fixity is assumed, the author deals with = 


cases of fixity which are but partial, as affecting 
flexure of the piece, and also the longitudinal! stresses 





resulting from the immobility or otherwise of the ends. 
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Cases of loading, whether uniform and complete, and | apprentices, and also to mechanics generally who desire 
uniform but partial, and cases of concentrated load| to benefit by the accumulated experience of others. 
in varying positions, are dealt with, each for various| Although the machines dealt with are of American 


conditions of end restraint. 
complex, suited only to some readers, though the 
author concludes his labours with certain diagrams 
and tables intended to facilitate the application of 
his conclusions. Unfortunately, the utility of this 
effort, apart from its use as an academic exercise, is 
somewhat discounted by the impossibility of fore- 
casting, in the majority of cases, the particular degree 
of yield which may occur in actual work, compelling 
the designer, in the end, to rely largely upon his 
judgment. The conclusions reached should, however, 
be of value as a means of comparing the consequences 
incident to the various assumptions. 





_ The development of modern machine tools and the 
simultaneous increase in their cutting speeds neces- 
sarily demand increased knowledge on the part of 
the operator, if the machines are to be used at their 
greatest output and maintain their accuracy despite 
daily wear and tear. In some respects, the young 
machinist of to-day is beset with even greater 
difficulties than were his predecessors, and if he is 
to discharge his duties correctly and become master 
of the machine, rather than its mere attendant, he is 
called upon to study and understand clearly the 
principles upon which efficient operation depends. 
Although much has already been written on the 
management of machine tools, a subject of this nature 
does no: admit of finality, and readily lends itself to 
different manners of treatment, and to revision and 
extension as further progress is attained in the develop- 
ment of the machines. In The Care and Operation of 
Machine Tools, by J. W. Barritt [New York: John 
Wiley and Sons, Incorporated ; London: Chapman 
and Hall, Limited, 292 pp., 13s. 6d. net], a notable 
addition is made to the Wiley Trade Series of instruc- 
pape manuals, The book gives practical information 
or all concerned in the operation of machine tools, 
and should prove especially valuable to students and 


The whole study is 


pattern, the general information given is applicable to 
all makes of machines. The author emphasises the 
importance of lubrication by devoting the first chapter 
to this subject. The principal machines in the equip- 
ment of an engineering workshop, comprising the lathe, 
drill, planer, vertical and horizontal boring mill, shaper, 
milling machine, and the emery tool grinder are then 
described in detail, each being allocated a separate 
chapter which includes details of the actual tools or 
cutters in each case. The text is fully explained with 
the aid of numerous illustrations, in many instances 
commendable in clarity. A feature is made of questions 
and problems, following each chapter, and danger 
points, both to machine and operator, not always 
mentioned in workshop manuals, are described, and 
form a praiseworthy part of the work. A machine 
now commonly found in general engineering estab- 
lishments, and one to which only passing reference has 
been made, is the grinding machine, used in the 
production of accurately finished cylindrical surfaces, 
and in view of the inevitable and increasing call for 
narrower limits of error in modern engine practice, 
space might profitably have been found for a complete 
description of this type of machine and its operation. 
The hardening and tempering of tools, sometimes 
looked for in books on machine-tool operation, are not 
described, and automatic and other special machines 
have not been dealt with, as they do not come within 
the field contemplated by the author. Altogether the 
book is an attractive and useful addition to the 
literature on the subject. , 





The twelfth volume of the Handbuch fiir Hisenbeton, 
entitled Dachbauten, Schalen und Rippenkuppeln 
(Third edition, Berlin: Wilhelm Ernst & Sohn; price 
25.50 marks] is in many respects an excellent book. 
The editor of the handbook on reinforced concrete is 
Professor Emperger, of Vienna, and the authors of 





this part, which was formerly in charge of Pro- 





| fessor Mautner, are Mr. H. J. Kraus, chief engineer 


to the Allgemeine Hochbaugesellschaft A.-G., of 
Disseldorf, and Mr. F. Dischinger, of the engi- 
neering staff of Messrs. Dyckerhoff and Widmann, 
A.G., of Biebrich. Mr. Kraus deals with general roof 
structures of the truss, transverse bent, frame, saw 
tooth or shed, and arch types, and Mr. Dischinger with 
cupola roofs, which he classifies as of the whole shell 
type and the ribbed-shell type. Both the authors 
discuss general theoretical features at sufficient length 
for their purpose, and considerable space is occupied in 
describing and illustrating, by 600 text figures, diagrams 
and views, the essential features of a very large number 
of structures, giving the names of designers and con- 
tractors, dates, and literature references. The carefully 
compiled index helps to make this arrangement useful, 
but might be more detailed on the theoretical side. Most 
of the structures described are Continental, if not 
German ; we have noticed hardly any illustrations of 
English or American work. Yet the book gives a good 
idea, at any rate, of what is being done on the Continent 
in developing types of roofs for all kinds of industrial, 
public and private buildings. The development has 
been particularly important in cupolas and vaulted 
roofs, thin shells of reinforced concrete representing sur- 
faces of revolution on circular, elliptical and other bases. 
Mr. Dischinger devotes 130 pages, out of a total of 378, 
to their theoretical discussion. Together with Dr. 
Bauersfeld, of Messrs. Carl Zeiss, of Jena, he is respon- 
sible for the introduction of the vaulted roofs, which 
have become known under the name Zeiss-Dywidag 
Tonnengewélbe (barrel vaults), rectangular or polygonal 
in plan, in which the ring stresses are met, not by 
changes in curvature as in cupolas, but by stiffening 
the supporting walls. The Zeiss planetaria have cupola 
roofs. The largest of these, in Disseldorf, is a hemi- 
sphere, 30 m. in diameter; the whole cupola weighs 
only 13 tons, the reinforcement having a weight of 
9 kg. per square metre, which would be the weight 
of a steel sheet 1-1 mm. in thickness. The concrete 
used in these shells, so called Torkrete, is sprayed in 
under pressure. 
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SLOTTED WINGS AND THE AUTO- 
MATIC SLOT.* 
By F. Hanptey Pace, C.B.E., F.R.Aé.S. 
In the Wilbur Wright lectures we commemorate, and 


art of flying is founded, and it is only now that, carrying 
our minds back to those early days, we see how thorough 
were the methods which led to success. — In the original 
Wright aeroplane, as in all its successors of fixed wing 
area, the only means used for varying the lift was by 
alteration of the angle of incidence or of the camber of 
the wing, either by warping or by the equivalent use 
of ailerons. 


either for the purpose of varying the}speed of the 
aeroplane, or, applied to one portion of the wing 
surface only, for controlling the aircraft. 

In the development of flying which is taking place 
by the use of the slotted wing, we are extending those 
original angular limits within which aircraft may be 
safely flown and the original Wright control used, 


Such a variation in lift was, and is, used | 


[AuG. 10, 1928. ° 
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From these qualitative comparisons we turn to 
detailed wind-channel data, which is given for repre- | 
sentative medium and thick wing sections to add to that 
available for wings of thinner sections such as R.A.F.15. | 
It is a matter of interest to-day, when structural needs | 


pay our tribute to, that pioneer work upon which the | often call for thicker wing sections, that increases in 


lift can be obtained with thick wings comparable in | 
magnitude with those of the thinner sections. On thick | 
wing sections, or on any type of section fitted with a | 
forward slot, it is advantageous also to use the slot in | 
front of the aileron or flap. Fig. 3 shows the latest | 
results obtained on R.A.F.31 with a rear flap at 20°, | 
the test being taken with the rear slot closed as well | 
as open. It will be observed that the lift of the aerofoil | 
is increased from 0-92 to 1-03 with the rear flap only, | 
and, when the rear slot is used in front of the flap, 

the maximum lift is increased again to approximately | 
1-18, rather more than 100 per cent. over the oziginal | 


| unslotted section. | 


The use of the slotted rear flap in conjunction with | 


A typical modern section is R.A.F. 28, Fig. 4, o 
which tests have been carried out in our wind channe! 
with a large as well as a small type of forward aerofoil, 
type “A” having a chord one-sixth that of th 
main plane, and type ‘‘B” a chord one-eighth tha: 
of the main plane. The influence of chord width 
clearly shown in the results given in Fig. 5. With th: 
larger chord, an increase of over 100 per cent. in lift 
coefficient is obtained with the front slot only. The 
lower portion of the lift curve with a slotted section is 
shown dotted, as with the use of the automatic slot 
opening at the correct angle the slot is not open for 
the lower values of the lift curve. 

These results are typical of those obtainable with 
modern slotted-wing sections, the lift coefficient with 
forward slot and slotted flap increasing by as much as 
0-6, or, in some cases, 100 per cent., compared with 
the unslotted section. No longer is the designer limited 


|in choice of wing area by a landing speed associated 


with a maximum lift coefficient of 0°5 to 0-7, but can 


| the forward slot is of importance in applying slot design | choose the section best suited to top speed and climb. 








and further, are so improving the control as to make 
safe that range of stalled flight in which the original 
type of control was, and is, of no avail. The inherent 
and fundamental difficulty of the breakdown of air- 
flow over the upper surface of a wing section—known as 
‘**burbling ’’—has, due to the stalling of a normal 
unslotted wing, placed a lower safe limit on the flying 
speed of an aircraft, and has likewise set a lower limit, 
below which, owing to lack of increased lift with in- 
creased angle, the aircraft controls cease to respond to 
the control movements of the pilot. 

The increased range of angles at which lift can be 
obtained with the slot, is limited only in degree by the 
number of slots used. Its ultimate development must 
depend on mechanical considerations, and it may well 
be that, with further mechanical experience, which is 
gained but slowly, larger numbers of slots will be used 
in a wing. Two courses lie open to a designer in the 
application of the slot. The first, and most obvious, 
is to slot the wing throughout its span, and, as the 
range of angles is increased through which useful lift 
can be exerted upon the aircraft, to obtain a wider 
speed range and improved performance, provided that 
the mechanism added does not offset the advantage 
so gained. The second course is to apply the slot to a 
portion only of the lifting surfaces, and to use the device 
mainly to give that control at and beyond the stalling 
speed of the aircraft which is lacking with the ordinary 
wing. 

Let us turn first to the results which have been 
obtained in the wind channel and see in what way the 
aerodynamic characteristics of a wing section are 
altered by the slot. Photographs of air-flow in the 
wind channel show clearly the difference between the 


form of flow over the upper surface with the slotted | 


and unslotted plane at large angles of incidence. 


Figs. 1 and 2 are reproduced from photographs showing | 


the flow round an aerofoil of the Gottingen 426 section 
when moved through water on the surface of which 
light aluminium powder had been sprinkled. 


the slot was closed and the eddies over the leading edge | 


are clearly shown, while in Fig. 2, taken with the slot 
open, these eddies have disappeared. 
incidence was 26 deg. in both cases. There is but 
little difference in the flow with the slot open or closed 
at small angles of incidence. 








| increase of 0°62 over the unslotted section. 


Fia. 2. 


Fig.4. R.A.F. 28 SECTION FITTED 
WITH TWO TYPES OF FRONT SLOT. 
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to increase the speed range of an aircraft, as by this 
means an excessive angle of incidence at landing or 
taking off is avoided. For example, with R.A.F.31, the 
angle of incidence at which the maximum lift is ob- 
tained with the unslotted section is 12-3 deg., which 
is increased to 23-8 deg. with the front slot only, but 
decreased again to 18 deg. when the slotted flap is 
used, the latter angle being well within the range of 
commercial utilisation. 

The position of the hinge point of the rear slotted 
flap is important, and needs to be determined accurately 
to obtain the best result. On R.A.F. 31, due to varia- 
tions in the position of the nose-point of the rear flap, 
the maximum lift coefficient varies from 0°98 to 
1-18, according to the position of the flap—a maximum 
It would 
appear that one of the determining factors in this 
matter is the width of the gap at the upper slot opening. 

A further interesting result is a test carried out on the 
Udet high-lift thick wing section, used in a cantilever 
wing construction, the lift coefficient, with slot closed 
and rear flap normal, being 0°85. When this section was 
fitted with a forward slot and a slotted rear flap at 
20 deg., a lift coefficient of 1-42 was obtained, which, 
with the flap at 30 deg., was increased to 1-45—an 
increase of 0-6 over the unslotted section. Full-scale 
tests have clearly demonstrated that these high lift 


In Fig. 1, | coefficients with thick wing sections are not diminished 


due to scale effect, and that there is no falling off in 
lift as has been experienced with a high-lift wing 


The angle of | section such as R.A.F.19. Scale effect seems, however, 


| to vary with different types of slots. For example, 
with a plate type of forward aerofoil of small chord, 
| there was little change in maximum lift in full scale, 
| whereas on the cambered large-chord forward aerofoil 


* Wilbur Wright Memorial Lecture, read before the | the maximum lift in full scale was considerably more 


Royal Aéronautical Society, May 30, 1928. Abridged. 


than that of the model. 
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The choice of mechanism used will vary with the 
wing section selected, but it is probable that, for 
increasing the speed range of an aeroplane, the slotted 
flap will be associated with the forward slot to avoid the 
otherwise high angle of incidence reached. If a reduc- 
tion in area is required, it is preferable to reduce chord 
rather than span, so as not to increase the induced 
resistance. The change in profile drag will depend 
upon the type of slot selected, and still further research 
work is required on the factors affecting profile drag 
both for front and rear slots. 

Let us now turn from the wing completely slotted 
for its whole span and consider the effect of slotting @ 
portion only of the span. If this portion be that at the 
leading edge of the wing-tips opposite the ailerons. 
these parts of the wing will stall at a much larger, 
and therefore later, angle than the centre. As burbling 
starts at the centre of the wing and proceeds outwards. 
an aircraft so fitted can be flown with the centre 
section of its wings stalled and the outer tips under 
normal conditions of air flow. In this state, the aero- 
plane, if rolled, experiences a righting moment similar 





to that on an ordinary aeroplane flying under norma! 
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conditions, and, similarly too, the plane responds to | 
aileron movements as in normal flight. Such a} 
machine behaves, in fact, exactly similar to one having 
wings with an excessive ‘‘ wash-out.”’ As the control | 
surfaces of a normal aircraft are usually inadequate to | 
produce a sufficiently large angle of incidence also to 
stall the wing tips when so fitted, the use of the slot | 
in this manner extends the range of safe flying and | 
removes the danger arising from the involuntary | 
stall. 

Such a slot, if fixed open at all speeds, would cause 
increased resistance at the smaller angles of incidence | 
and reduced performance. In a similar manner, an | 
aircraft with an excessive ‘‘ wash-out ’ would have a 
reduced performance, due to the large negative angles | 
of the wing-tips at full speed. To avoid this disad- | 
vantage, it is essential that the slot should open only | 
as the stalling speed of the aircraft is reached, and | 
remain open so long as the aircraft is stalled. 

Let us examine the resultant forces acting upon the 


NON- PARALLEL LINK 
TYPE OF MECHANISM. 


Fig.6. DIRECTION OF RESULTANT 
FORGE ACTING ON AUXILIARY AERO- 
FOIL FOR DIFFERENT ANGLES OF 
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Fig.8. STRAIGHT LINE 
ROLLER TYPE MECHANISM 


Whilst the example has been taken of a two-link 
mechanism, the means whereby the slot may be made 
to move automatically are not limited to this type. 
Fig. 8 shows the way in which the forward aerofoil 
may be made to move on a sliding bar guided by 
rollers, the line of motion being at right angles to 
the line of action of the resultant forces on the forward 
aerofoil at the angle at which a change over from 
closed to open slot is to take place. Similarly, in 
Fig. 9, the forward aerofoil is shown hinged and swing- 


|ing forward to open the slot, the hinge line being 


parallel to the line of action of the resultant forces on 
the forward aerofoil at the angle of incidence at which 
the change is to take place. 

In the pressure diagrams, Fig. 6, the pressures 
were taken over the upper surface only, on the assump- 
tion that the forward aerofoil, when the slot was 
closed, fitted snugly against the main wing section, 


and that, in consequence, there was no pressure exerted | 


between the inner surfaces of the forward aerofoil 
and the main wing. In actual prac- 
tice, however, it is impossible’ to 
ensure that both leading and trailing 
edges of the aerofoil shall fit exactly 
on the main wing; the forward aero- 
edge or at the rear edge. In the 
additional suction exerted upon its 
inner surface, which tends to retard 
the opening, and, in the latter case, 
it receives a positive pressure tend- 
ing to accelerate the opening. In 


Fig.9. 
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“ENGINEERING 
forward aerofoil, and see the way in which this result 
is effected. Fig. 6 shows the directions of these re- 
sultant pressures for different angles of incidence, for 
slot open and slot closed, on R.A.F. 28 section. 
From an inspection of these, it is evident that a 
mechanism can be arranged to cause the slot to open 
at, say, 8 deg. angle of incidence, and to close, when 
Open, at a somewhat similar angle. There is, however, 
an important consideration that must be taken into 
account, and that is the manner in which the forward 
aerofoil proceeds from its closed position, when it is 
in contact with the main section, to the completely 


open State, 

Fig. 7 shows two different ways in which the for- 
ward acrofoil may be moved from the same closed 
to the same open positions, but with greatly different 
intermediate attitudes of the forward aerofoil. In 
the non-parallel link type, shown in the upper half 
of the illustration, the initial movement of the forward 
aerofoil is such as virtually to create, instead of sup- 
Press, ** burbling,” and, in consequence, to cause a force 
to act upon the forward aerofoil tending to close the 
slot. ‘This intermediate position is shown dotted, 


with an opening at the rear of the slot much greater 
than that at the lower entry. 

Pi however, the links be changed in length and in 
a n, the forward aerofoil can be made to proceed 
ee ‘losed to the open position so that a slot of 
f rect shape is, in all positions, formed between the 
‘orward acrofoil and the main section. The dotted 
eee ain shows the intermediate position of the 
arc cerofoil. The essential difference between the 

Mechanisms is evident. 
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consequence, with the addition of the pressures or suc- 
tions on the inner surface, there is a considerable change 
in the direction of the resultant pressures on the forward 
aevofoil. At an angle of incidence of 2 deg., the result- 
ant force acting upon the forward aerofoil changes 
round through practically 90 deg. when venting is taken 
into account. As the resultant pressures are such that, 
if no venting is taken into account, there is, as a rule, 
a tendency for the slot to open too early, it is prefer- 
able that the slot should be vented at the rear to 
ensure correct opening. 

If, instead of taking the position and direction of 
these resultant forces on the forward aerofoil, they 
be plotted as acting through a fixed pole, the magni- 
tude and direction of the resultant forces lie on a 
smooth curve. The change due to venting is again 
very evident, the change in magnitude as well as in the 
direction of the forces being very marked. It is note- 
worthy, too, that the magnitude of the forces on the 
unvented leading aerofoil is practically as great as 
that of the forces acting upon the aerofoil in the open 
position. 

To fit the automatic slot to a given section, data are 
essential as to the pressure distribution over the forward 
aerofoil, so that, from such information, correct mecha- 
nism can be designed to permit the forward aerofoil to 
start moving forward at the correct angle and to move 
to the correct position, and so to ensure that there 
results an adequate increase of lift and an adequate 
angular range through which lift is obtained. It is not 
sufficient to ensure that, in full scale, the slot opens at 
the correct angle, or to what appears to be a sufficient 
distance forward; it is essential that a slot shall be 


formed, when the aerofoil moves forward, so that the 
requisite lift conditions are present at the wing tips 
when the rest of the wing is stalled. In the application 
of the automatic slot for control purposes, the forward 
aerofoil is used for a portion of the wing span only. It 
need only also be fitted to the upper plane in‘a biplane 
arrangement. 

As, with the fitting of the slot to a portion only of the 
wing span, it by no means follows that what is correct 
for an auxiliary aerofoil of length equal to the wing 
span is correct when a portion only is used, questions 
are immediately raised in designer’s minds as to the 
proper chord, span and position of the forward aerofoil 
for best results. 

To obtain some data on these problems, a series 
of tests was carried out in our wind tunnel on a model 
36 in. by 6 in. of R.A.F. 28 section. For the purposes 
of this test, three sets of forward aerofoils were taken 
as follows :— 

1. Chord of aerofoil $th of main plane chord. 
of aerofoil 4th of the span. 

2. Chord of aerofoil 4 of the main chord. Span of 
aerofoil ? of the main span. 


Span 





foil either fits tightly on its front | 


first case, the forward aerofoil has an 


3. Chord of aerofoil 4 of the main chord. Span of 


aerofoil } of the main span. 

Measurements of lift coefficient gave little indication 
of the relative value of the different arrangements, but 
there were great differences in the values of rolling and 
| yawing moments with different aileron settings. ~ With 
| the first two arrangements, rolling and yawing moments 
were measured with the ailerons set at + 10 deg., and 
+ 20 deg., and these moments measured for three 
positions of the forward aerofoil, viz.: at the wing 
tips, with the outer edge 24 in. from the wing tips, and 
with the outer edge 5 in. from the wing tips. 

In the case of the large-span, large-chord forward 
aerofoil, the rolling and yawing moments were measured 
only at the midway position, namely, with the outer end 
of the forward aerofoil 2}-in. from the wing tip. In 
each case; measurements were taken: (1) with slots 
closed ; (2) with both slots open ; and (3) with one slot 
closed ; the last case being that in which a controlled 
type of forward aerofoil is used. 

The object of these tests was to determine whether 
improved results would follow from a larger size forward 
aerofoil than that now used, whether and how much 
increased control would be obtained from a controlled 
slot, and, further, whether, by placing the aerofoil 
more towards the centre of the wing, improved control 
would result. It may be argued that, as the breakdown 
of air flow starts at the central portion of the wing 
and proceeds outward to the tips, an aerofoil placed 
inboard from the tips would prevent the breakdown of 
the flow over a larger area of wing. 
| If we compare the results obtained in these tests, 
| we see that, as the forward aerofoil is moved inboard 
from the tips, the rolling and yawing movements 
improve from a control point of view, and show almost 
as good a result as the mechanically-operated auto- 
matic slot control where the one slot is closed by the 
upward movement of the aileron. With the long- 
span front aerofoil, the same comparison does not 
hold good, the controlled slot showing. a marked 
advantage. When the long-span aerofoils are directly 
compared with those of short span, the control 
seems worse with the larger span with both slots 
open, and there seems little to recommend the longer 
span with the mechanically-operated automatic slot 
with one slot closed. With the larger-chord aerofoil, 
there is, as was to be expected, again an increase in 
rolling moment with the ailerons at + 20 deg., but 
none with ailerons at + 10. The actual size of aerofoil 
chord decided upon, for any given design, will depend 
very largely upon the tail controls of the aeroplane 
for which the slot is required. Obviously, a machine 
which has much quicker controls and can be put into 
a much smaller circle will require more slot effect 
than one in which the machine can only be moved 
slowly. The main feature of the tests with both slots 
open is the improvement which results from fitting 
the forward aerofoil inboard from the main wing 
tips, and in this position the remarkable increase in 
rolling moment produced as compared with the 
unslotted section. 

It is obvious that the best improvement in control 
will, in all cases, be obtained with the arrangement 
in which the slot is closed or its effect neutralised 
on one side of the wings by the upward movement 
of the aileron. Such an arrangement gives, at large 
angles of incidence, a yawing moment of the right 
sign. 

An arrangement for interlinking the slot and aileron 
is shown in Fig. 10, but many variations are possible, 
notably by the movement of the link hinge point 
so that a closing torque is brought into action on the 
forward aerofoil. The objections to moving the 
forward aerofoil by hand and the complication of 
interconnected mechanism can be overcome by the 
use of an “interceptor” or “ spoiler” (see Fig. 11). 
The action of this small vertical plate is to cause 
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‘‘ burbling’ in the same manner as if the slot were 


closed. There is, with the interceptor, a great improve- 
ment in control over the case of both slots open and 
at the smaller angles, (say, up to 20 deg. angle of 
incidence) over the case of one slot closed. Beyond 
this angle, the rolling moments are not quite so large 
as with the one slot closed. 

A similar arrangement of interceptor has been 
tested for a complete model biplane fitted with slots 
along its whole span. Tested in full scale in free 
flight, the model results are fully borne out in practice, 
and the control is no different in feel to the ordinary 
aileron, and no heavier to operate. 

In the tests which have been described, and the 
results which have been given, the forward aerofoil 
has been shown as part of the original wing section, 
when the slot is closed. It is somewhat easier, in 
construction, to fit an additional forward aerofoil 
on the top of a normal section, in the way in which a 
plaster is fitted. Such a slot is somewhat easier to 
construct for a wing section already in being, and it is 
easier to adapt wings that are already made to this 
type. This variation has been developed by Mr. Bruce, 
of the Westland Company, and has been shown to be 
equally advantageous to the type of forward aerofoil 
forming part of the wing itself. From an esthetic 
point of view, it would appear preferable to adhere 
to the same wing section throughout the plane, which 
has been chosen for its aerodynamic qualities, but 
if practical use shows that the same results can be 
obtained in a cheaper manner by varying the wing 
section, it only shows how little we know about wing 
sections, and the remark sometimes made may be 
true that any one wing section is almost as good as 
another. Perhaps this may be so when the section 
is slotted. 

In the research work detailed above, certain salient 
features may be summarised : 

1. With thick wing sections an increase in lift 
coefficient can be obtained by the use of the slot 
equal in magnitude to that with thin wings. 

2. As the use of the slot for control purposes is 
dependent on the lift increase obtained, a similar 
result in stalled flight cun be obtained with both 
thick and thin sections. 

3. Where the aerofoil is used for a portion of the 
span only, the best result for control is obtained when 
the auxiliary aerofoil is fitted in an intermediate 
position between the tip and the centre of the wing. 

4. With a correctly designed and positioned auxiliary 
aerofoil opening and closing automatically, a very good 
control at and beyond the stall can be obtained 
without the added complication of control by the 
forward aerofoil. 

5. If increased control is required at and beyond 


the stall, particularly at very high angles of incidence, | 


the controlled slot or ‘ interceptor ’’ should be used. 


| types. 





Fia. 1. 


PORTABLE DOUBLE-ARM SACK 
PILER. 


WE illustrate above, and on the opposite page, a 
double-arm sack piler recently constructed by Messrs. 
Robert Boby, Limited, of Bury St. Edmunds, who are 
associated with Messrs. Vickers Limited. 
piler, the short arm is fixed, but the long arm can be 
raised to as high an inclination as 45 deg., or lowered 
to the horizontal. These positions are indicated in 
Fig. 4; the view reproduced‘in Fig. 1 shows the long 
arm only slightly raised. When the long arm is in 
its lowest position, the maximum height is 6 ft. 6 in. ; 


when in the highest position it is 28 ft. 6 in. The | 
length overall when the arm is down is just over 39 ft., | 
while this is reduced to 31 ft. 2 in. when delivering | 


to the greatest height. The arm is raised and lowered 
by a telescopic arm consisting of a wide lattice frame, 
as is best seen in Fig. 1. 
of ropes and winch, driven through worm gearing from 
a 5 h.p. motor on the carriage. This motor is provided 
with a series of clutches, and the one motor can 
be used to raise or lower the arm, drive the conveyor, 
or propel the machine from place to place. The motor 
will be seen to be arranged on the main carriage, built 
up of channels and angle bracing, the adjustable 
arm being hinged to the top of an ‘‘ A” frame sup- 
ported on the latter. The main frame is carried by 
four wheels, two. at the left hand end, in our illustra- 
tions, being castors, in swivel brackets. These are 
worked by a steering hand wheel and rodding which 
can be seen in Figs. 1 and 4. The wheels at the other 
end are drivers, operated by wormgearing from the 
motor. The motor starter will be noticed in Fig. 1 
above the motor on the side of the “* A” frame. 

The conveyor apron hoists at a rate of 50 ft. per 
minute, and has a capacity of 600 sacks per hour. 
The lowering rate is double this. The conveyor 


consists of two matched chains upon which are fitted | 


steel braces, the ends of which receive the grease- 
packed cast-iron rollers. The chains pass over a pair 
of sprockets at the end of each arm, the outer pair of 
sprockets, in each case, being carried in tensioning gear 
consisting of sliding blocks worked by an adjusting 
screw. The motor pinion is of raw hide, gearing 
with a cast-iron spur, the conveyor being worked by 
chain drive as indicated in Fig. 4. The machine 
is substantially built and designed to stand up to 
heavy work, the wearing parts being reduced to a 
minimum. 











CHEMICAL FIRE EXTINGUISHERS.—NMessrs. J. Blake- 
borough and Sons, Limited, of Woodhouse Works, 
Brighouse, Yorks, have recently developed the fire- 


appliance side of their business by taking up the manufac- | 


ture of chemical fire extinguishers. These appliances 
are of the soda-acid, foam and carbon-tetrachloride 


In this | 


This is operated by means | 





CATALOGUES. 


Electrical Apparatus.—Messrs. Korting and Mathiesen 
| Electrical, Limited, 711, Fulham-road, London, S.W.6, 
| have issued new priced lists of flood-light projectors, 


| hoarding reflectors, and small transformers for bells and 


| signals, 

Chain Saw.—A leaf catalogue illustrating a chain 

| saw for falling trees or cross-cutting logs is to hand from 

Mr. John T. Pickles, Hebden Bridge, Yorks. It is petrol- 
engine driven, is easily portable and cuts very close to the 
ground. 

Motor-Car Accessories.—Circulars explaining an electric 
lamp lock and a dashboard instrument for indicating 
and locating ignition faults, are to hand from the patentee 
and manufacturer, Mr. J. A. Brook, 24, John William- 
street, Huddersfield. 

Electrical Machinery.—Information oon _ tapping 
| switches, rack and adhesion locomotives, and battery 
| locomotives, is given in the April Review, issued by 
Messrs. Brown Boveri and Company, Limited, of Baden, 
Switzerland, whose London address is Trafalgar House. 
Waterloo-place, S.W.1. 

Chain Driving.—A further and much enlarged edition 
of their catalogue of standard designs of chain drives is 
to hand from Messrs. Hans Renold, Limited, Didsbury, 
Manchester. The list includes a great number of designs 
ranging from 1 h.p. to 100 h.p., and gives the fullest 
particulars of dimensions, speeds, prices, &c. 

Electrical Machinery.x—The A.E.G. Machinery and 
Apparatus Company, Limited, 131, Victoria-street, 
London, S.W.1, have sent us a copy of the April issue of 

| their periodical Progress, containing information on 
short-circuit risks in high-tension networks, fractional 
horse-power motors, mine locomotives, and other matters. 

Switches.—Messrs. Donovan and Company, 47, Corn- 
wall-street, Birmingham, have sent us a catalogue of 
switch plugs specially designed for portable electric 
machines in compliance with the Home Office regulations. 
These components are made in five sizes with capacities 
from 5 amps. to_100 amps., and in the double- or triple- 
pole types. 

Electrical Apparatus.—We have received catalogues 
of Harzemeyer electrical apparatus, including house- 
service fittings, dimmers and regulators for kinemsto- 
graph and theatrical purposes, and star-delta starters 
for squirrel-cage motors up to 10 h.p., from Mr. Alan 
Wright, 124, Chancery-lane, London, W.C.2., who repre- 
sents the makers, 








PropvuctIoN oF Pig IRoN AND STEEL.—The number of 
blast furnaces in operation at the end of June is given as 
141 in the monthly report of the National Federation o! 
Iron and Steel Manufacturers, Caxton House (East) 
Tothill-street, London, S.W.1. This figure constitutes & 
net decrease of 7 since the beginning of the month. 
The production of pig-iron amounted to 563,700 tons 
during June, compared with 591,500 tons during May; 
and 651,300 tons during June, 1927. The output of stee 
ingots and castings during June amounted to sgt 
tons, as against 752,700 tons during May, and 747,300 tons 
| during June, 1927. 
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PORTABLE DOUBLE-ARM SACK PILER. 
CONSTRUCTED BY MESSRS. ROBERT BOBY, LIMITED, ENGINEERS, BURY ST. EDMUNDS. 


(For Description, see opposite Page.) 


Fig.2. 
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BOILER EXPLOSION INQUIRIES. | was opened for working the fire. The cracking of the | tube in a water-tube boiler at a Birmingham works. 

| base led to the melting of a portion of the lead lining, | The accident was, it is thought, due to overheating of 

Iv accordance with the Boiler Explosions Acts, 1882 | thus allowing the liquid, which was inflammable, to | the tube, caused by scale adhering to the internal surface 
and 1890, preliminary inquiries have recently been | escape. The dangers attending the use of cast-iron | assisted by an accumulation of loose deposit. The 
conducted by Board of Trade officials into a number of | boilers in contact with flame have long been recognised | owners of the plant had realised the necessity for puri- 
explosions. Of some of these we give brief summaries | and, in the present case, the form of the casting was | fying the feed water, but the measures adopted did not 
below :— | not suitable. The almost flat bottom and sharp corner | go far enough, as considerable deposit was found in the 
ora ; ? . | at the circumference constituted an element of danger, | tubes. This, no doubt, accounted for the numerous 
Ps ed _——o co — | which would have been reduced by the adoption of a | renewals which had latterly taken place. The firm has 
8 | hemispherical base. | since, however, taken steps further to improve the 


the Berthlwyd Colliery, Gowerton, South Wales, | i i 
poate yan ak gabe ete: ani. The| Explosion from a Cast-Iron Steaming Boa.—The| treatment of the feed water before it enters the boilers. 


valve was of the type known as the parallel slide-gate | fracture of the hinged cast-iron door of a steaming box,| Explosion of the Main Boiler on a Steamer.—The 
valve and was of massive construction. The blow- | used for testing the colours on printed cotton goods in | failure of the starboard combustion-chamber bottom 
down valves were attached to the boilers by short |a Manchester works, was inquired into recently. The | plate of the boiler of the 224-ton cargo vessel Kelvin- 
elbows, and were connected to a common steel pipe | joint of the door was made by means of a narrow spigot | side, has been investigated. The boiler, in this case, 
by short pipes welded thereon, the whole arrangement | Pressing on a piece of packing inserted in a groove, | which was 25 years old, had from time to time received 
forming a semi-rigid structure transversely. Failure | the tightening pressure being put on by means of | extensive repairs, and electric welding had frequently 
was due to the expansion of the common steel pipe, | hinged bolts placed outside the jointing circle. The/| been resorted to. The condition of the boiler was poor 
brought about by the heated water when blowing down | failure of the door was attributed to the manner in| and the explosion was due to the fact that the plate 
the boilers, the valve being subjected to very ‘severe | Which a defect in the joint had been temporarily made | had become so seriously wasted that it was no longer 





stress owin: t tl * oe lit f the connections good. The arrangement caused a local thickening of | a ble to withstand the normal working pressure of the 
Failu r f a Cast-I ‘on Le d-L, ] = ve - : sntene | f A od 
re 0 ron a ved St Ul The i V re se € 
> une ¢ € were t gk ten d up, severe stresses were Si t up m th | Fracture oj a Safety-1 alve Chest.—The explosion of 


Sudden explosion of @ cast-iron, lead-lined still at the | cover itself, ultimately bringing about fracture. 


works, at Hendon, of a firm of manufacturing chemists, | a cast-iron safety-valve chest on board a ferryboat at 


has been the subject of investigation by a Board of Trade | Rupture of a Stop-Valve Chest on S.S. “Araguaya.”’ | Glasgow, formed the subject of an inquiry, held a short 
Surveyor. ‘Lhe still was a cylindrical cast-iron vessel, | —A recent inquiry dealt with the explosion of a cast-|time ago. The explosion was due to fatigue of the 
the bottom of which was dished; the metal had an | iron steam stop-valve chest on board the S8.S. Araguaya, metal, which was weakened at one part of its section 


average thickness of 144 in. The body of the still | while the vessel was lying off Bermuda. The accident | by a blow hole in the casting and by an area of spongy 
was furnished with a lead lining approximately 0-17 in. | WS due to the somewhat premature opening of the inter- | metal. The chest had, nevertheless, been in use for 
thick, The still was heated by a coal fire, and was | mediate stop valve when changing over the steam, to | 37 years, so that the weakness in the material at the 
employed for the purpose of making a distitinte tow use | the generators, from the auxiliary line to the direct line. | defective portion had developed but slowly. 

in the dycing industry ; about 150 gallons of mixture | The cause of the explosion was water hammer. The) prplosion from a Cast-Iron Pipe.—Another inquiry 
was charged into the still at a time. It is believed that | inclination of a portion of the range rendered it at all| has dealt with the failure of an eight-foot length of cast- 
the explosion was caused by the cracking of the base | times liable to the accumulation of water. In addi-| iron pipe which formed the end member of a long range 
of the still, probably from the effects of heat stresses, | tion, other lengths were inclined, owing to the trim | of steam piping supplying steam to a Lancashire soap 
Having reard to the material and thickness of the |°f the ship. The drains fitted were insufficient to| works. The bursting of the pipe, which was over 
base, and tie possibility of the lead lining not making | P?OVide for these complications in the range. Satis- | 39 years old, was brought about ‘by water-hammer 
good contact with the cast iron, it is probable that the | factory means for draining the system have since, how-| action. The drainage arrangements on the piping 
ae. l a da gate under working condi- | OVeRs been provided. _ | system were generally satisfactory ; the drain serving 
aa. 0 subjected, particularly near| zplosion of a Water-T'ube Boiler.—Another inquiry | this portion of the range had, however, become choked 
€, to sudden cooling effects when the fire door | has been held upon the subject of the rupture of a | and inoperative. 
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SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919, 


The number of views given in the Specification Drawings is stated 
in each case; where none is mentioned, the Specification is not 


in 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 


Copies of Specifications may be obtained at the Patent Office Sales | 
“Branch, Bo ; 4 


Southampton Buildings, Chancery-lane, W.C.2, at 

the uniform price of 18. 

The date of 

Speci fication is, in each case, given after the abstract, unless the 
Patent has been , when the word “ Sealed" is appended. 


—— may, ¢ d 

advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


283,334. White and Poppe, Limited, Coventry, 
and J. Milne, Coventry. Timing-Gear Mechanism. 
(1 Fig.) December 24, 1926.—The invention relates 
to the mounting of gears for use in timing the mechanism 
operating the valves of fluid-pressure engines. According 


to the invention, a timing-gear mechanism having two | 


shafts, 2, 4 operatively connected by gearing 3, 20 for 


SS 
Wl 


Vf, Ld 





We) 
AK, 





actuating the valves of a fluid-pressure engine, comprises 
two supporting bearings, 5, 6, for the shaft, one bearing 
6 being removable whilst the other 5 is mounted so that 
after the removal of the bearing 6 the shaft can be 
tilted about an axis 50 for disengagement and remeshing 
of the gear teeth without dismantling other parts of the 
mechanism. (Sealed.) 


283,363. J. Gardner, Patricroft, Manchester, 
and L. Gardner and Sons, Limited, Patricroft, 
Manchester. Pistons and Connecting Rods. (2 Figs.) 
February 23, 1927.—The invention relates to the joints 
of piston and connecting rods, comprising a gudgeon pin 
and a slot or elongated aperture therefor arranged so 
that there is a relative rolling movement between the 
parts. The improved means comprise a rectangular 
contact block @ inserted in a recess in the wall of the 
gudgeon-pin slot or aperture b of the connecting rod. 
The sides of the block a are square with, or at right angles 
to, the block end, but in the sides there are formed 


























Such 


grooves c, each 
tapered surfaces are shown by dotted lines in Fig. 1. 
The grooves c receive the extremities of screws d, the axes 
of which are normal to the tapered surfaces, the screws 


vith a tapered inner surface. 


fitting in the connecting-rod end, asillustrated. Upon the 
opposite side of the gudgeon-pin slot or aperture b to 
that having the block a secured therein, another bearing 


piece e, preferably consisting of a stud or bolt having its | 


end of a flanged or like form and adapted to provide the 
desired contact with the gudgeon pin f, is provided. The 


stud or bolt is retained in position by a nut abutting or | 


seating upon the conrecting-rod end. (Sealed.) 
MACHINE AND OTHER TOOLS, 
SHAFTING, &c. 


283,723. C. A. Ablett, King’s Lynn. Friction 
Clutches. (5 Figs.) December 29, 1926.—The inven- 
tion is particularly concerned with clutches in which 
the friction surfaces lie in planes other than those at 
right angles to the driving and driven shafts. 


advertisement of the acceptance of a Complete | 


at any time within two months from the date of 
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band, which it drives when the clutch is in engage- 
ment, and the blades or vanes are then carried by, or 
actually constitute, the arms of the spider. To enable 
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the air to have as direct access as possible to the heated 
| parts, the drum 10 is formed with a series of holes 18 
through which the air may pass. (Sealed.) 





RAILWAYS AND TRAMWAYS. 


280,305. Stothert and Pitt, Limited, Bath, and 
Cc. W. Presland, Shepperton. Coaling Locomotives. 
(4 Figs.) August 24, 1926.—The invention has reference 
| to conveying and delivering plant whereby coal can be 
| transferred from a supply hopper to a storage receptacle 

by an endless conveyor that is mounted to turn about a 
| horizontal axis so that, at starting, its delivery end 
can be supported only at a short distance above the 
base of the storage receptacle. As the height of the 
deposited coal gradually increases, the delivery end can 
be raised intermittently, so that the coal has at all times 
only to fall through a short distance, thus minimising 
the liability of its becoming broken up by shock. a is 
| a coal-supply hopper carried by a structure b and having 
a discharge outlet c at its bottom. d is an endless 
conveyor mounted on the structure 6 to turn about a 
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horizontal axis e, its receiving-end portion being arranged 
directly below the discharge outlet of the hopper c 
|and its discharging end being supported above the 
| central portion of the floor of an overhead storage bin 
| f by a rope g extending from a winch barrel h adapted 
to be actuated by a motor 7, for instance, an electric 
;motor. The delivery portion of the conveyor is more or 
|less counterbalanced by a weight k supported by a rope 
wound upon the winch barrel h. The storage recep- 
| tacle f is covered and has a slot in one wall through 
| which the conveyor d extends, and in which it can be 
raised and lowered as required by the rope g. The lower 
portion of the storage receptacle f is provided with 
discharge chutes n, by which coal can be discharged from 
the receptacle to the tender of a locomotive standing 
on a track extending under, jor to one side of, the 
receptacle. (Sealed.) 


STEAM ENGINES, BOILERS, 
EVAPORATORS, &c. 


283,424. G. and J. Weir, Limited, Cathcart, 
Glasgow, and A. C. Russell, Cathcart, Glasgow. 
Steam-Engine Valves. (1 /%g.) July 14, 1927.—The 
invention relates to valves intended for distributing 
steam to the cylinders of direct-acting steam-driven 
pumps. The invention consists of a valve arrangement 
| which includes a steam chest a, a main valve 6 and an 
auxiliary valve 3. The main valve b is moved for part of 
its travel by the piston 7 of the steam engine, and is then 
| quickly thrown over to the end of its travel by the 
|action of steam admitted to act on one of its ends. 
| During the piston-actuated portion of its motion, the 
main valve 6 acts to cut off steam from the engine 
| cylinder. The characteristic feature of the invention is 
the fact that the steam is cut off by the main valve. The 
operation is as follows :—The left hand ends of the cylin- 
| ders a and n will be referred to as the tops of the cylinders 
| and the right-hand ends as the bottoms of the cylinders. 
| Assume the parts at starting to be in the positions shown, 
with the main piston 7 and the piston valve 6 at the 
bottoms of their strokes. The bottom of the cylinder n 
is open to live steam by passage m, ports f, piston-valve 
passage s and steam ports e. The top of this cylinder 
is open to exhaust by passage k, ports d, piston-valve 
passage r and exhaust ports c. The upper end of the 


According | cylinder @ is open to live steam by way of the port x 


to the invention, in a clutch of the type described having | and passage 1, the lower end having been exhausted by 


a mechanism for positively engaging and disengaging its 
driving and driven members 10, 6, respectively, blades 
or vanes 16 are provided upon the driving member 10 
so as to cause the circulation of cooling air even when 
the clutch is definitely placed out of engagement. 
driving member 10 is conveniently formed as a drum 


or pulley mounted on a spider and encircled by a flexible | of the piston-valve spindle u abuts against the upper end 


way of port y and passage 2. The piston in the cylinder 
n now commences to move from the bottom to the top of 
the cylinder. The piston valve 6, however, does not 
move (against the steam pressure in the upper end of 


The | cylinder @) until the crosshead 6 comes into contact with 


the upper of the pair of stops 8, and the enlargement w 


[AUG. I0, 192%. 





of the enlargement in the piston-valve bore. The ari inge- 
ment is such that the piston valve commences to move at 
about half stroke, and cut-off takes place at about 
three-quarters stroke. The remainder of the stroke js 
completed by the expansion of the steam in the cylinder 
n. When the end of the stroke of the main piston j is 
reached, the crosshead 7 abuts against the lower of the 
stops 9 and operates the auxiliary valve 3 to admit live 
steam through the passage 2 and port y and to connect 
the passage 1 and port x to exhaust. The piston valve} 
is thereupon suddenly thrown to the upper end «! the 








7) (283.424) 
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cylinder a. It is prevented from hitting the end of the 
cylinder by reason of the fact that, just before it reaches 
the end of its travel, it closes the port x and entrapsa 
certain quantity of exhaust steam, which steam acts asa 
cushion. The upper end of the cylinder n is now open 
to live steam by way of the passage k, ports d, piston-valve 
passage s and steam ports e. The bottom of the cylinder 
is open to exhaust. The sequence of the operations on 
the down stroke is the same as that described with 
eference to the upstroke. (Sealed.) 


r 

285,249. John I. Thornycroft and Company, 
Limited, Westminster, London, and R. Mackie, 
Woolston. Water-Tube Boilers. (3 Figs.) February 
14, 1927.—The invention relates to water-tube boilers 
of the kind in which two groups of steam-generating tubes 
3 connecting an upper steam and water drum | to two 
lower water chambers 2 located at opposite sides of a 
combustion chamber 4, are arranged within a casing 6 
between which and the groups of steam-generating tubes 3 
are formed upwardly extending spaces or flues 10 through 
which the products of combustion can pass from the com- 
bustion chamber to the uptake 11 and in which are 
arranged tubes 12 through which air is passed and 
heated and then supplied to the combustion chamber, 
the arrangement forming tubular air heaters. The 


Fig.4 4 | 
































invention has for its object to provide an improved con- 
struction and arrangement of tubular air heaters. Accord- 
ing to the invention, the casing 6 at the outer side of each 
group of steam-generating tubes 3is adapted to form, i 
such group of tubes, two upwardly extending fiues 10, 
each communicating with the combustion chamber 4 
and with the uptake 11 of the boiler and each traversed 
by a group of air-heating tubes 12, the tubes in each 
group 12 being in communication at one end with the 
external atmosphere at 8 and at the other end with @ 
passage 13 or 13a communicating with the space below 
the grate of a coal-fired boiler, or with the burner 
boxes of an oil-fired boiler, or with both of these 








places. (Sealed.) 
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THE ALOUETTE LAKES DEVELOP- 
MENT, BRITISH COLUMBIA. 


Since the war, the supply of electricity and gas for 
lighting, power and traction purposes in the southern 
portion of Vancouver Island, and in the contiguous 
Pacific coast districts of the Province of British 
Columbia, have become concentrated in the hands 
of the British Columbia Electric Railway Company, 
Limited. Owing to the width of the intervening 
straits no electrical connection is possible between 
the island and the mainland, so that two distinct 
systems have been developed, that serving the 
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former being supplied from one steam and two | 
water-power stations, with an aggregate capacity of | 
22,700 kv.-a. On the main land the necessary | 
energy is obtained from four water-power stations | 
and one steam station (the latter being at Vancouver) 
With an aggregate capacity of 135,825 kv.-a. The! 
load on the mainland is increasing at the rate of 
about 10 per cent. per annum, and the output will | 
probably double itself every 7 or 8 years. In 1925, 
which is a convenient date for the purpose of this 
article, the electricity generated on the mainland 
Was 332,000,000 kw.-hours, or 11 per cent. in excess 
of that of the previous year. 

Adequate water-power resources are available on 
the south-west coast of the province for meeting this 
increased demand, and by 1934 it is expected that 


the installed capacity of the generating plant will be 
double the 1925 figure. It may be added that in the 
area under consideration the precipitation varies 
from 100 to 200 in. per annum. This is largely 
in the form of snow and occurs at altitudes, which 
maintain it in that form, or in that of glacial ice, for 
the greater part of the year, while dense forests on 
the lower watersheds effectively retard the run- 
off. Finally, the proximity of the mountains to the 
centres of population render power development 
simpler and more economical than is often the case 
elsewhere. 

One of the most interesting of the schemes of 





main dam, and building a new sluice dam across 
the channel about a quarter of a mile north-east of 
the rest of the works. A fully illustrated description 
of the details of this reconstruction, which contained 
several points of great interest, was given in ENGI- 
NEERING* some three years ago, and to it our readers 
may be referred for further information. 

After passing through the Stave Falls station the 
water traverses a rocky gorge, across the lower 
section of which, some 3} miles further down stream, 
it is proposed to construct another dam, and to form 
a reservoir some 700 acres in extent. This will be 
fed by the tail water from the Stave Falls station. 
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water-power development in this district is that 
centred on the Alouette and Stave group of lakes, 
the position of which in relation to the city of 
Vancouver is shown in Fig. 1. These lakes lie in 
narrow valleys about eight miles north of the Fraser 
river and about 25 miles east of Vancouver, as 
indicated in more detail in Fig. 2. The power here 
available was first utilised in 1911 by the Western 
Power Company of Canada, Limited, who con- 
structed a series of works at a point on the Stave 
River above the Stave Falls, where the stream 
separates into two channels. The intake dam, 
power house and tail race occupy the western of these 
two channels, while the main dam is built in the 
eastern channel. Still further east is a third channel 
at a higher level, which serves to carry away the 
flood overflow. The power station was originally 
designed to contain four 8,825-kv.-a. generating 
sets. These were subsequently reconstructed to 
give an output of 13,125 kv.-a., while a fifth 
unit of the same size was added, so that the total 
output of the station is now 65,625 kv.-a. This 
development was rendered possible by increasing 
the height of the intake dam, closing and raising 
the sluice dam to form what is now known as the 
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The ultimate capacity of the station which is to be 
erected here and which will be known as the Ruskin 
development will be 90,000 kv.-a. 

Between these two schemes in point of time 
comes the scheme on the Alouette lakes, the 
geographical position of which in relation to the 
Stave Falls is shown in Fig. 2. These lakes lie 
in a narrow valley, and are drained by the 
Alouette river. Though at low water there are 
two lakes, which are separated by a running 
stream, at high water they merge into one. The 
lakes are about 140 ft. above the Stave lake and 
about 370 ft. above mean sea level. 

The Alouette scheme, which we shall now proceed 
to describe in detail, consisted in raising the level of 
the lakes by building a dam at their outlet to the 
river, and thus providing a reservoir for storage 
and regulating purposes, the boring of a tunnel 
between the upper end of the lakes and the Stave 
lake, so that the water is diverted into the latter, 
and the erection of a generating station at the 
outlet of this tunnel. The water thus diverted 
will, therefore, eventually be used three times. 








* See ENGINEERING, vol. cxx, page 279, et seq (1925). 
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It will serve the Alouette station, then the Stave|at or near the outer slopes. Hydraulic nozzles 
Falls station and then the Ruskin station. The/| arranged at the top of the slopes were used for 
construction of the dam will provide a storage of| washing the material from the dumps inwards 
170,000 acre-feet, and mass diagrams, which have | towards the central pond, while similar nozzles 
been compiled from stream-flow records extending | mounted on a float in this pond played upon the 
from August 1, 1911, to September 15, 1924, indi-| inner face of the clay slopes, washing the finer 
cate that from 692 to 910 cub. ft. of water per| materials down into the pool, and leaving the 
second will be available. The average annual | coarser lumps on the slopes. These lumps proved 
flow for power purposes was taken as 700 cub. ft. | remarkably resistant to the action of the streams, 
per second, though the actual rate of discharge|and did not break up to any great extent. This 
can, of course, be varied to suit the operating | method enabled the amount of fines passing into 
requirements. the puddle to be limited, and at the same time 

The dam across the Alouette river is of the | afforded a means of draining the central puddle core. 








earthfill, semi-hydraulic type, and is shown in} The employment of nozzles for spreading the dump 
section in Fig. 4, annexed. A section of the| material was both effective and economical, and 
spillway is given in Fig. 7, while a plan is reproduced |had the added advantage that all the material | 


streams so effectively that all the coarse material 
was dropped at the edge of the pond. They con- 
sisted of 1-in. mesh wire backed with 6 in. by 6 in. 
reinforcing mesh mounted upon a light timber 
framework, which was supported and floated on 
two cedar logs. They were built up into units about 
40 ft. long by 10 ft. high and were arranged on 
each side of the floats, so that they could easily be 
used on either side of the pond. 

Owing to the fact that the clay material if allowed 
to dry tended to disintegrate, when subsequently 
wetted, a gravel cover 2 ft. thick, was laid over both 
slopes (Fig. 4) and the crest of the dam. This cover 
acts as a mulch and keeps the clay beneath it moist. 


| The entire upstream face of the dam is paved with 


rock, as in Fig. 5; the specified thickness of the facing 





in Fig. 3 which clearly indicates the layout of the | 
scheme. An enlarged detail of the logway, to which 


|incorporated in the dam was thoroughly worked | was 11 in. to 16 in., with an average of 12 in. Actu. 


}over. As pointed out by Mr. E. E. Carpenter, | ally, the average thickness is a good deal greater. 


reference is made below, is given in Fig. 6. As will be | Consulting Engineer of the British Columbia} A separate concrete lined spillway (Figs. 3 and 7) 
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seen from these drawings, the base of the dam is 
exceptionally broad. It is 65 ft. high from the 
lowest point of the river bed to the crest, and 
1,030}[ft. long on the crest. The spillway is 
concrete-lined. 

Preliminary investigations showed that the site 
chosen for the dam was by no means ideal. A 
profile taken along the axis disclosed a trough-like 
depression some 150 ft. wide and 35 ft. deep, through 
which the channel of the river ran. The banks rise 
sharply from the stream, and this trough is flanked 
on either side by gently rising terraces, which 
gradually merge into the lakes. The entire area is 
heavily wooded. The formation, indeed, has all the 
usual characteristics of a glacial outwash, clays, in- 


termingled with minor strata of silts, sands, gravels | 


and boulders being found, both in the river bed 
and the adjoining terraces. This clay formation 
is deeply eroded in the channel, particularly at the 
down-stream end of the site, where barely 10 ft. of 
it remain. Under it the stratum of fine sands, 
silts and gravels extend to a depth of over 100 ft. 
Tofmeet these conditions it was decided that it 
would be best to construct an earth fill dam with 
an exceptionally broad base, and to employ a 
separate spillway. The slopes of the dam (Fig. 5) 
are, therefore unusually flat, so that the base rein- 
forces and blankets the comparatively shallow layer 
of underlying clay. This design also facilitated the 
placing of the fill. 

The site of the dam was first cleared of timber 
and stumps, and the thick forest floor removed. In 
addition, the portion that was to be occupied by 
the core was completely stripped of top soil, so as 
to expose the clay. ‘Trenches were then excavated 


in this clay (see Fig. 5) so as to ensure close bonding | 


between it and the core material. 
Practically all the ma-erial for the embankment 
was obtained from the spillway excavation. As the 


preliminary survey had indicated that this excava- | 


tion would be clay containing a large proportion 


of fines, the semi-hydraulic method of filling was | 
employed as better control of the water, and of the | 


material deposited, could be thus obtained. If 


this material had been excavated hydraulically and | 
pumped into the fill, there would have been a risk 
of an excess of fines, which would have endangered | 


the stability, while the rate at which the embank- 
ment had to be constructed left no margin for shut- 
downs for draining out unconsolidated sections. 


All the material was therefore excavated with | 
steam shovels and drag line excavators, and was | 


brought to the dam in trucks where it was dumped 


Fig.7.  S€CTION ACROSS SPILLWAY 





Electric Railway Company, Limited, with the] carries the flood water round the western end of 
ordinary methods of semi-hydraulic filling, using | the dam, and discharges it into the river some 200 ft. 
dumping or dry spreading and employing hydraulic | below the downstream toe of the latter. This spill- 
action on the inside slopes only, a considerable | way is equipped with control gates and an over- 
portion of the fill is placed dry, and remains so/| flow weir, and is designed to deal with 30,000 
throughout the work, with the result that there are | cub. ft. of water per second. It may be added that 
often settlements and even cracking of the slopes. | the greatest flood yet recorded was one of 15,000 
|The method used at Alouette seems to be justified | cub. ft. per sec. for a short period, the normal dis- 
iby the fact that the settlements that have been | charge being from 6,000 to 7,000 cub. ft. per second. 
noticed, both during and subsequent to construc-|The design of the spillway was influenced by 
tion, have been remarkably small for work of|the fact that logs, and other forest products 
this class. Some difficulty was experienced, | have to be passed over it. The approach is also 
especially at the higher levels, in maintaining the | of ample proportions, so that the ensuing velocities 
core ponds within the specified limits as regards | will not damage the unlined portions by erosion. 
width. On the other hand, the perfect control | At places where the velocity increases, the sides and 
of the pond level, which was rendered possible by | bottom of both the entrance apron and the spillway 
the method used, was of material assistance in| proper are lined with concrete. The average 
regulating the width and consistency of the puddle | height of the side linings is 14 ft., that is, they extend 
mass. up the walls to a point about 2 ft. above the maxi- 

The sluicing pond level was regulated by pumping | mum water level. The fall of the water from the 
in through the dump nozzles and out through the | spillway level to the bed of the stream, a distance of 
floating pond nozzles, the latter being supple- | about 38 ft., takes place over an ogee section. The 
mented as required by a pump. The pond} excavation necessary for this purpose was shaped 
was usually from 7 to 8 ft. deep, so that all the|to the required form, and a reinforced concrete 
material in the core area was deposited under | cover, consisting of longitudinal and transverse ribs 
water and the voids in the coarser materials | and 15-in. slabs, was then placed directly on the exca- 
forming the slopes at the edges of the core were | vated surface of the clay. The protection of the 
well filled with fines. When the core had reached | foot of the ogee structure necessitated the adoption 
the normal high-water level of the reservoir, the | of special precautions, since at the lower levels the 
| pond ceased to be employed and the side embank- | capping of hard clay had been cut through and the 
/ments were then constructed by dumping and! material below, a mixture of fine sand and clay, 
sluicing in with the dump nozzles, all the water | was very susceptible to erosion. The flat discharge 
| being drained out continuously. The crest was | section at the end of the ogee structure was, there- 
topped with gravel to a depth of about 3 ft., this | fore, depressed below the river bed, so that at all 
material being dumped from a track laid along! stages of discharge the backwater forms a pool 
the centre of the crest. ‘and the water velocity is thus dissipated to a con- 

As the dam was built up and the pond thus / siderable extent. At the lower end a concrete cut- 
became narrower, some difficulty arose, owing to | off toe wall, 5 ft. to 7 ft. in thickness, was earriod 
the streams of water from the nozzles throwing large | down from 12 ft. to 15 ft. below the ogee floor. This 
fragments of broken-up clay over into the body | toe wall was also carried back under each side of the 
of the puddle. This was completely overcome by | ogee a distance of 19 ft., thus forming a U-shaped 
placing large vertical screens mounted on floats spigot for protecting the whole of the end of the 
|along the edge of the pond, and directly in front of | ogee structure. As a further protective measure, 








[the dump nozzles. These screens checked the | a flexible mattress 40 ft. long and from 120 ft. to 
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145 ft. in width, was placed beyond the toe wall. 
This mattress was formed of large boulders with a 
diameter of not less than 3 ft., in the top of which 
eyebolts were anchored. These boulders were then 
tied together by passing cables transversely and 
longitudinally through the eyes, the latter being 
securely clamped to the cables. A 12-in. slab of 
concrete, encasing both the cables and eyebolts, 
was next poured over the boulders, while beyond 
the mattress thus formed, a loose bed of heavy 
boulders was placed along the rising slope leading 
to the stream bed level. Temporary protection 
against undercutting was provided by sheet steel 
piling driven in at the sides. When the flow is 
30,000 cub. ft. per second, the water in the spillway 
will be approximately 12 ft. deep, and will flow at 
the rate of 20 ft. per second. 

The spillway is controlled by three crest-gates 
and one logway, supplemented by a free weir having 
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dealing with shingle bolts when the water is low. 
The log chute on the down-stream side of the log- 
way extends the full length of the spillway, and 
|has been formed by building a heavy reinforced- 
| concrete wall parallel to the eastern side of the 
latter, thus forming a V-shaped channel, 11 ft. wide 
at the top and 6 ft. deep, between the wall and the 
side lining of the spillway. Lumber can thus be 
passed from the lake to the river. 

The under-sluices are designed so that they inter- 
fere to the least possible extent with the flow of 
water over the weir crest. They are of the sliding- 
face, cast-iron type, with openings 6 ft. by 7 ft., 
and are provided with short stems which do not 
extend above the weir-crest level. It will be 
unnecessary to open these gates when water is 
passing over the weir, so that the operating head 
will never be more than 16 ft. above their sills. 
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They are raised and lowered by a portable capstan 
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UNLINED TUNNEL SECTION 
FOR 12!0°RIVETED STEEL PIPE. 


The spillway floor, which is 9-in. thick, was 
poured in alternate blocks, measuring about 20 ft. 
by 30ft. Expansion joints, consisting of }-in. sheets 
of asphalt and asbestos fibre, were placed between 
the blocks, and both the side and bottom linings 
were reinforced with 6 in. by 6 in. No. 5 welded 
wire mesh, this reinforcement being carried through 
the expansion joint. 

Coming now to the tunnel which, as already 
explained, is at the opposite end of the Alouette 
lakes from the dam, it may first be mentioned that 
this extends for 3,539 ft. in an easterly direction 
from the intake to the headgate of the short pipe 
line leading to the power house. Details of the 
latter portion are given in Figs. 9 to 12, and 
the pipe line is shown in Fig. 8. The intake, 
which is placed 19 ft. below the low water level 
of the lake to ensure full head under these con- 
ditions, is provided with screens and stop logs set 
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an effective crest length of 348 ft., in which there 
are 13 under-sluices to allow an increased flow of 
water, in order that logs may be dealt with when the 
level of the lake is low. The free weir is capable of 
dealing with a flood of the maximum dimensions 
mentioned above, and will be covered with 5 ft. 
of water when the lake level is a maximum. 
Under these conditions the combined capacity of the 
logway, crest-gates, and weir is about 30,000 cub. ft. 
per second. 
: The gates are of the Stoney roller type, and are 
20 ft. 6 in. wide by 18 ft. high. They are set between 
Concrete piers, while a steel superstructure supports 
the hoists by which they are raised and lowered. 
These hoists are normally electrically driven, but 
can be operated by hand in case of emergency. 
; The logway, an enlarged detail of which is given 
in Fig. 6, is 10 ft. wide and, as shown in Fig. 7, 
8 adjacent to the east abutment of the spillway. 
t is closed by heavy timber stop-logs, and its 
V-shaped bottom is 2 ft. lower than the sills of the 
Jacent roller gates. This V is extended upstream 


hoist, which runs on rails laid in the weir crest. 
A 36-in. steel pipe, which is set in concrete and 
is provided with a valve and structural steel opera- 
ting tower, has been arranged to supply water for 
domestic and agricultural purposes when the lake 
level is low. 

About 8,000 cub. yards of concrete were used in 
constructing the dam, the greater part of this being 
used for the spillway channel linings. The gravel 
employed was obtained from the same source as 
the material built into the dam facing. 

As shown in Fig. 7, the side linings of the spill- 
way are on a 1:1 slope and are, on the average, 
14 ft. high. To prevent the forms lifting, concrete 
ribs spaced 14 ft. 3 in. apart were first poured 
and allowed to set, the forms being subsequently 
anchored to them. These ribs were of inverted 
T-section, 12 in. deep and 14 in. wide, and included 
a 2-in. shoulder on either side to hold the slabs 
forming the lining. These slabs were 12 in. thick 
at the bottom, decreasing to 9 in. at the top, while 
the ribs were 12 in. deep throughout. Expansion 





through the crest-gate section apron, to facilitate 





joints were placed in alternate ribs. 





in a concrete structure. The intake gate shaft 
is 46 ft. from the tunnel mouth, its head being 
3 ft. above the extreme high-water level. The 
bottom of this shaft is closed by a Stoney roller 
gate, 18 ft. wide by 15 ft. high, which is operated 
by a hand-worked hoist in the gate tower. The 
shaft, entrance tunnel and intake, are lined with 
concrete, whose thickness varies from 9 in. to 15 in. 

The main tunnel is 3,485 ft. long, and is quite 
straight, being laid on a uniform gradient of about 
1 in 200. In section it is an arched rectangle 
16 ft. high by 16 ft. wide. For the most part the 
tunnel was driven through a solid granitic forma- 
tion, and though several water-bearing seams were 
encountered, these caused little delay or inconve- 
nience. The only exception was about 700 ft. 
from the Stave Lake portal, where mud was met 
with. This necessitated the erection of nearly 
100 ft. of permanent timbering, and a correspond- 
ing length of tunnel on each side of this was lined 
with concrete. The tunnel terminates in a 14 ft. 
by 15 ft. penstock gate shaft, which rises 85 ft. 
from the surge tank floor to the surface on the hill 
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side. The position of this tower is shown in Figs. 


8, page 187, and Fig. 18, page 189, while a photo- 
graph of it with the water overflowing from it is 
given in Fig. 19 also on the latter page. 

In order to gain access to the main tunnel at the 
Stave lake portal, an adit, 8 ft. by 10 ft. in section, 
was driven from the hillside to the gate shaft. This 
now serves as a bye-pass for draining the main tunnel, 
and for drawing water from the Alouette lakes into 
the Stave lake when the station is not in operation. 

The penstock headgate, beyond the surge shaft, is 
of the self-closing type, and has a clear opening of 
13 ft. by 14 ft. It is remotely controlled by an 
electrically-operated hoist. The maximum head 
above its sill is 88 ft. As shown in Fig. 8, a concrete 
gate tower surmounts the shaft and houses the hoist- 
ing equipment for the main and adit gates and for 
the screens. The surge chamber is a vertical tapered 
enlargement of the tunnel, an arrangement which 
ensures a differential action, since the area of the 
chamber increases as the water level falls, with, the 
result that when there is an increased demand for 
water, the water level in the surge chamber at first 
falls rapidly, accelerating the flow in the tunnel, 
and at the same time providing a proportionately 
greater reservoir of water to supply the deficiency 
in the penstock. It also allows water to be cut off 
from the turbine when on full load in 2} secs., 
without damage and without water overflowing 
from the top of the shaft for more than 30 secs. 
Similarly, the turbine can be started and put on full 
load in 75 sec. without seriously reducing the water 
level or causing dangerous surges. 

As shown in Figs. 8 to 12, page 187, the penstock 
is in the form of a tunnel 250 ft. long from the surge 
chamber to the power house. The upper portion 
is designed as a pressure conduit and is 13 ft. in 


Fig. 22. 





diameter, being lined with concrete 15 in. thick, 
which is reinforced to withstand the total head | 
including the pressure rise without stressing the steel | 
reinforcement beyond the elastic limit. This part | 
is shown in section ir. Fig. 12. At the lower end of | 
the pressure conduit the change in diameter from 
13 ft. to 12 ft. is accomplished in a transition section 
lined with reinforced concrete, while the lower section 
is a steel pipe line which is laid in open tunnel and | 
supported and anchored in concrete piers, sections 
of this part being given in Figs.9and11l. The pipe 
line is built up of -in. steel plates in parallel courses, 
and with triple riveted lap joints on the longitu- 
dinal and double riveted lap joints on the circular 
seams. 

A general view of the exterior of the power house | 
is given in Fig. 18 on page 189. As will be seen, it 
is a reinforced concrete structure. It measures 64 ft. | 
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Fig. 23. 


INTERIOR OF ALOUETTE STATION. 


by 41 ft. by 50 ft., and contains a single vertical | form made in halves, one of which is removable, so 
y 5 g | 


12,500 h.p. turbine, which is direct connected to | as to facilitate dismantling the runner. 


a 10,000 kv.-a. alternator and an exciter, together 
with step-up transformers and low tension switch- 


(Fig. 16, page 188). A view inside the station is given 
in Fig. 23, above, and of the switchboard in Fig. 20, 
on page 189. The general arrangement of the plant 
will be clear from Figs. 13 to 17. The high tension 


| switchgear is placed outside the station, as shown 
jin Figs. 18 and 21. 
| switches, house and potential transformers, storage 


The low tension isolating 


battery and charging equipment, and rheostats 
are contained in an annexe to the _ building. 


| Practically all the excavation for the building, 
| draught tube and machine foundations, were in the 


solid rock. 

The main turbine is of the Francis type and gives 
its effective rated output when running at 200 r.p.m. 
under a head of 125-5 ft. The portion of the draught 
tube adjacent to the runner is of cast-iron. Im- 
mediately below this is a steel plate section of conical 





| 


Below this 


| section again, the draught tube is of concrete, the 
| water falling straight down from the runner through 
gear. A 150 h.p. horizontal reaction turbine running | along straight trumpet-shaped tube into a spreading 
at 900 r.p.m. is provided for driving a spare exciter parabolic-shaped chamber. i 








A cylindrical balanced valve (Fig. 14) is provided 
to control the supply of water from the penstock 
to the turbine. This is 15 ft.long and has a maximum 
body diameter of 14 ft. 6 in., with inlet and outlet 
diameters of 12 ft. and 8 ft., respectively. It IS 
hydraulically operated and can be controlled either 
electrically from a distance or by hand. The 
governing system consists of an actuator with 
its servo-motor, both of which are placed on the 
main floor (Fig. 16), and of a main servo-motor lo- 
cated on the turbine room floor (Fig. 17.) The pump 
for generating the oil pressure is driven either by a 
turbine or an electric motor. The governing equ!p- 
ment is of the English Electric Company's pattern, 
and was fully described in a recent issue of ENGI 
NEERING.* 


* See ENGINEERING, Vol. oxxv, page 793, (1925). 
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The alternator supplies three-phase current at 
a¥pressure of 6,825/7,500 volts, a frequency of 
60, and power factor of 0-8 when running at 200 
y.p.m. Air brakes are provided to bring the set 
quickly to rest. Air for this purpose is supplied 
from an electrically-driven compressor. The main 
transformers are of the single phase water-cooled 
indoor type and are housed in cells in the main 
building. They are rated at 3,333 kv.-a. and are 
delta-star connected with the neutral on the high- 
tension side solidly earthed. They step up the 
generator current to 66,000 volts for transmission 
to the Stave Falls station 10-5 miles away, where 
the line is connected to the high tension ’bus-bars. 
The high tension, machine and house oil-circuit- 
breakers are electrically operated, the latter supply- 
ing 375 kv.-a. 7,500/110/220 volt transformers. 

The most interesting feature about the station 
is, however, that its operation is automatic, and it is 
indeed the largest station to be worked in this way 
in Canada. The equipment provided, which is 
shown diagrammatically in Fig. 22, is designed to 
perform all the operations of starting, running and 
shutting down usually effected by the attendants, 
and in addition to ensure complete protection from 
irregularities or faults. As is usual, the plant is 
arranged, so that it can also be operated manually. 

Without going into complicated detail it may be 
said that when it is desired to start the Alouette 
station, the operator at Stave Falls station closes the 
high-tension circuit- breaker at the inward end of the 
line connecting the two stations, thus energising the 
main and auxiliary transformers and a control trans- 
former at Alouette. The latter causes a master 
control contactor to start up, and to put a series of 
relays and devices into action. The main valve 
admitting water from the penstock to the turbine 
is then opened slightly, its movement being subse- 
quently checked, until the hydraulic pressure has 
built up in the turbine, after which it continues its 
movement until it is fully open. The lubricating 
pump is also started and the governor equipment 
comes into action. When the main yalve reaches 
its fully open position, provided the brakes have been 
released, a solenoid on the actuator is energised, 
thus causing the governor to open the turbine 
gates. The unit then starts and, as its speed 
increases, the exciter voltage is gradually built up. 
When this voltage reaches the correct figure, the 
appropriate circuit-breaker is closed, so that field 
current is supplied to the alternator. The voltage 
of the latter now builds up, being controlled by an 
automatic regulator, and, as it in turn reaches its 
normal figure, the automatic synchronising equip- 
ment comes into play. When synchronisation has 
been effected, the machine circuit-breaker is closed 
and the station is connected to the system. During 
operation, the voltage is controlled by an automatic 
regulator, the load carried being determined by the 
governor setting. 

To shut the station down, the circuit-breaker at 
the Stave Falls end of the line is opened, and the 
consequent momentary rise in voltage and frequency 
at Alouette causes over-voltage and over-frequency 
relays to operate. These relays open the machine 
circuit-breaker, switch off the field, de-energise the 
governor solenoid, shut down the oil pump motor and 
cause the main valve to begin to close, all these 
operat ions being effected simultaneously. When the 
main valve is fully closed, the governor oil valve is 
also closed, and, when the water pressure has dropped 
to about 10 1b. per square inch, the air brakes are 
applied, the unit being thus quickly brought to rest. 
As the main unit slows down, the motor-driven 
lubricating pump starts up and continues running 
until the main unit stops. The brakes are then 
released and the station is ready for starting up 
once more. 

The station is shut down automatically, if the 
governor pressure drops, if the lubricating oil supply 
fails, if bearings or windings heat unduly, if the 
8evernor driving belt breaks, if the brakes are 
accidentally applied, if the insulation breaks down, 
if the excitation fails, if overspeed develops, if 
reversal of power takes place, if sustained overload 
or underload occurs, or if the frequency falls below 
Ps pre-determined value. Certain of these con- 

tions result in only a temporary shut-down, 
°peration being resumed when conditions become 
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normal. In other cases the station will not start 
until the abnormal condition has been rectified. 
The station will not start if a line conductor is 
broken, if a phase reversal has occurred, if the 
brakes have failed to release, if the governor oil 
pressure is below a specified value, if the lubricating 
oil supply fails to build up within a specified time, 
if the proper operating sequence of the various 
devices is interrupted, or if synchronisation is not 
accomplished within a predetermined time. 

The Alouette station was started on May 23 
last and is, we understand, operating satisfactorily. 
On the average it is found that the complete opening 
of the main valve takes 70 seconds and that the 
unit begins to move in 90 seconds, after the switch 
at Stave Falls is closed. Synchronisation can be 
effected in 34 minutes and full load can be put 
on 10 minutes. The station can be shut down in 
2} minutes. 

The design of the Alouette project is due to Mr. 
K. E. Carpenter, consulting engineer of the British 
Columbia Electric Railway Company, Limited, and 
to Mr. C. W. Colvin, assistant electrical engineer, to 
whon, as also to Mr. W. G. Murrin, Vice-President, 
we are indebted for the information now given. The 
civil engineering work was carried out by the 
Burrard Power Company, Limited, while the station 
was built by the Northern Construction Company 
and J. W. Stewart. The hydraulic equipment, alter- 
nator and exciter were built by the English Electric 
Company, Limited, of London, and the trans- 
formers and switchgear were supplied by the Cana- 
dian General Electric Company, Limited. A good 
deal of the installation work was done by the 
Construction and Maintenance Branch of the 
British Columbia Electric Railway Company’s Elec- 
trical Operating Department. 
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Manual of Forest Engineering and Extraction. By J. F. 
Stewart. London: Chapman and Hall, Limited. 
1927. [Price 15s.] 
Many countries, to-day, possess Forestry Service 
Departments, the importance of which increases 
with the need for the conservation and economical 
utilisation of the world’s timber resources. As a 
calling, forestry possesses some of those advantages 
which Robert Louis Stevenson saw in the life of a 
civilengineer. It demands goods physique, activity 
of both mind and body, an aptitude for the manage 
ment of men and animals, and experience in the 
making of the best of life under various conditions. 
For some, there is no lure so strong as life in the 
open air, and the forestry officer is often fortunate 
in that his life is passed among surroundings of 
great grandeur. One aspect of the calling is 
represented in this Manual of Forest Engineering, 
by Mr. Stewart, a consulting forest engineer of wide 
experience. The value of the book is obvious of 
itself, but is further vouched for by Professor E. P. 
Stebbing of Edinburgh University, who, in an intro- 
duction, says that during his own service in India 
he often felt the need of such a reference book. 
In any forestry service, the forest officer has often 
to be his own engineer, except for such work as 
permanent structures, which clearly come under the 
province of the public works engineer. 
The subject is dealt with in some fifteen chapters, 
the greater part of which naturally treat of the 
various means of transporting the timber after 
felling, to the saw mill. There are, however, 
chapters on “cruising”—the initial inspection 
and estimation of the standing timber—prospecting 
and surveying. Valuable hints are given on 
travelling and camping, equipment and supplies, 
whether one is working in the frozen north or in 
the tropics, and on the avoidance of malaria, 
dysentry and snake bites. It is essential to keep 
oneself and one’s companions fit, and as regards 
preserving the decencies of life, the author suggests 
that ‘“‘ the clean white cloth for the table, serviettes, 
clean cutlery and glasses, all the civilized amenities 
of the table, are easily carried, and not only have a 
beneficial effect on one’s spirits but on actual phy- 
sical health.” Unlike work in many parts of the 
globe, there is little “roughing it” in India. ‘“‘ The 
country is not a new, unexplored one, but of a very 








old civilization, and for generations, officials and 








civilians have been used to a degree of comfort in 
travelling unknown to the writer anywhere else.” 

In a later chapter, Mr. Stewart deals again with 
the permanent home for those engaged in lumbering, 
and gives instructions for building log houses, 
such as are found in Newfoundland, grass camps 
for tropical Africa, the rondavels found in South 
Africa, and bungalows, whether of timber, iron, 
brick or rammed earth, it being the object of the 
writer to show what can be done with unskilled 
labour when properly directed. 

Timber is still mainly felled by axe and hand- 
saw, the modern axe being of steel throughout, 
heat treated. Axe makers have made use of the 
experience of the makers of armour plate. Various 
power saws have been tried, one of which was shown 
at work to Gladstone in Hyde Park. He approved 
the machine, remarking, however, that although it 
gave the human frame little exercise, it accomplished 
in three minutes what would take an axeman three 
hours ; yet, ‘‘ nothing,” says Mr. Stewart, “‘ has yet 
equalled the axe and saw wielded by competent 
fellers.”” When felled, the timber, however, is cut 
up by portable power saws. Trees can also be 
uprooted by the ingenious monkey winch, than 
which “there is no more useful appliance in the 
forest.’” With such a winch, an elm 60 ft. high can 
be completely uprooted in ten minutes, though with 
hand labour it would have taken three men three days. 

After felling, the task is to get the timber out of 
the forest, and the whole scheme of transportation 
should be well thought out. ‘No part of timber 
exploitation offers a greater element of profit and 
loss than handling and transport, while in any case, 
the cost of transport is usually the largest item in 
the whole operation of logging.” 

To the various means of transport the author 
devotes Chapters V to X, these respectively dealing 
with the operations immediately on the spot where 
the trees have been felled, and the later conveyance 
of the timber over long distances to the mills, the 
operations varying from the man-handling of logs 
to the towage of great rafts of timber in the open 
sea. In the transport of timber, mules, horses, 
oxen, buffaloes, elephants, wire rope railways, 
tractors, caterpillars, chutes, flumes and rivers are 
all utilised. One of the most rapid means of 
clearing a forest is the “high lead system,” of 
which the best known is that of Lidgerwood. It 
was in November, 1883, that Butters, of Ludington, 
Michigan, obtained the first patent for power log 
skidding ever issued in the United States, and 
Butters bought his first hoisting engine from the 
Lidgerwood Manufacturing Company, of Brooklyn, 
New York, by whose engineers the system was 
developed. The Lidgerwood Company, it may be 
remarked in passing, was the successor of the old 
Speedwell Iron Works, New Jersey, in which was 
made the engine fitted in the Savannah, for her 
voyage across the Atlantic in 1819. In the use of 
the “high lead system,” convenient trees are 
selected and left standing. These selected trees 
are topped and then firmly guyed. The skidding 
plant is placed at the foot of the principal tree, and 
by means of overhead wires and travelling carriages 
the fallen trees are lifted clear and conveyed easily 
over fallen timber, gullies, and gorges. The same 
system can be used for skidding logs up hill or down, 
and for dealing with timber felled in swamps, in 
which case the “ skidder ” is mounted on a wooden 
sledge or in a barge. 

Of all the methods of transport, one of the most 
exciting is that of “river driving.” Driving logs 
is usually seasonal work, owing to the varying 
amount of water in the rivers. In driving, logs 
are cut and banked at various points along the 
river. When all is ready, the logs are rolled into 
the river and start off on their journey, the work 
of the “‘ river driver” being to keep the logs on the 
move, and so to prevent jambs. In streams where 
there is a limited supply of water, dams are built, 
and the author gives sketches and instructions 
regarding the necessary cribwork, sluices, &c. The 
Chinese, we imagine, have floated timber down 
their great rivers for centuries, but it was in 1884 
that Leary, of Brooklyn, hit upon the idea of 
sending a huge raft of logs from Nova Scotia down 
to New York in charge of a tug. Off the coast of 
Massachusetts the tug went into harbour to coal, 
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and on her return failed to find the raft, the remains 
of which were washed up months afterwards on 
the coast of Norway. Rafts such as those seen on 
the west coast of America may be 700 ft. to 1,000 ft. 
long, having the displacement of a 10,000-ton ship, 
and these huge structures make the voyage of 1,000 
miles from the Columbia River to San Diego. 

Other methods of conveying logs, described by 
Mr. Stewart, involve the construction of chutes and 
flumes. The cost of operating a flume is compara- 
tively small, while the volume of timber it can deal 
with is large. The line however, has to be carefully 
surveyed, a good supply of water is essential, and the 
construction must besound. Roads, tramways, rail- 
ways, call for engineering work as much as flumes, 
and the author has much to say on these matters. 
Fuel for locomotives in forest railways may be 
wood, coal or oil; but coal is often too costly, wood 
is not very satisfactory, involving as it does much 
labour in preparation, and if oil can be obtained 
cheaply it is by far the best fuel from every point of 
view. 

It will thus be seen that Mr. Stewart deals with 
all the various sides of forestry engineering, and 
the value of his book is increased by the inclusion 
of some 160 illustrations, many of them enter- 
taining and instructive to the general reader, while 
a number of them are excellent constructional 
sketches. Anyone engaged in forestry work will 
find pleasure in this book, but it should prove of 
the greatest practical value to those forestry officers 
who are about to set out upon their career. If they 
cannot consult the author himself when they are up 
against a new problem, they can at least glean some 
advice from what he has to say here. 





The Design and Construction of Dams. By Epwarp 
Weeman, C.E., M.A.Soc.C.E. New York: John 
Wiley and Sons, Inc. London: Chapman and Hall, 
Limited. 8th edition. [Price 87s. 6d. net.] 

THE first edition of Mr. Wegman’s treatise was 

published in 1888, and rapidly acquired an inter- 

national reputation as the standard work on dam 
construction. Much has happened during the 

40 years which have since intervened. Not merely 

has there been a vast increase in the number of 

large dams built, but new types and novel methods 
of construction have been experimented with, and 
much attention has been given to the general theory 
of these structures. We have also had during the 
same period many dam disasters. In the Johnstown 
flood of 1889 it is believed that 3,500 lives were 

lost ; the Bouzey dam failure occurred in 1895, 

whilst only a few weeks ago we had to record the 

collapse of the St. Francis Dam at Los Angelos, 
with the consequent loss of some hundreds of lives. 

The cause of this latest catastrophe has now been 

fairly definitely determined as due to insufficient 

precaution being taken. Negligence was certainly 
responsible for both the other failures. Like Kipling’s 

“robust and brass bound ” mariner, those responsible 

for the design and maintenance of reservoir dams 

serve at “‘no easy cheated altars.” ‘You canna’ 
cheat water,” was the complaint of an old Scotch 
contractor, and every succeeding year merely serves 
to emphasise the truth of this adage. More than 
ten dam failures are described in Mr. Wegman’s 
treatise. In every case the catastrophe must be 
regarded as the fault of man rather than of what 
the law courts term the Act of God. Where the 
design has not been defective, the failure has arisen 
either from indifferent materials and workmanship, 
or from an inadequate examination of the nature of 
the ground below foundation level. Where funds 
are scarce there is a strong temptation to optimism 
in this regard, and un/ess bore holes are very closely 
spaced there is always a risk that pockets of bad 
ground may escape detection. Quite recently it has 
been necessary to make a drastic revision of the 
contract terms for the construction of a large dam in 

Ulster, owing to the belated discovery that it would 

be necessary to carry the foundations to a much 

deeper level than had been anticipated by those 
responsible for the original plans. The failure of the 

Bouzey dam led to a serious reconsideration of the 

strength of masonry dams dependent on their 

stability for security, and the general result was 
reassuring. Rankine’s rule that the line of pressure 
should be kept within the middle third of the 
section has been amply justified, and the only addi- 








tional precautions which have found favour, have 
been provisions against uplift due to seepage of 
water into or under the dam. The startling con- 
tentions of Professor Karl Pearson in 1904 proved 
on examination to be ill-founded, and his proposed 
method of determining stresses impracticable and un- 
reliable. This excursion of the pure mathematician 
into the practical field had, however, an important 
sequel in the model experiments of Wilson and Gore 
in 1908, which definitely established the sufficiency 
of the recognised methods of proportioning such 
structures, but showed that tensile stresses might 
be developed in the foundation near the inner toe. 
Mr. Wegman gives a very comprehensive historical 
account of the plans for fixing profiles, which have 
been advocated by various engineers, and three 
or four chapters of this treatise are devoted to a very 
complete discussion of the theory of gravity dams 
and to the development of convenient methods of 
computation. Possibly the author somewhat over- 
rates the drawbacks of trial and error methods, 
since the slide rule has robbed the arithmetic 
involved of much of its terrors. Mr. Wegman points 
out that the weight of masonry has often been 
seriously under-estimated. The earlier writers 
assumed a specific gravity of 2 instead of the true 
figure of 2-36 applicable to good rubble granite 
or limestone masonry. The error, of course, was 
on the side of safety. 

Of late years it has become the practice to make 
gravity dams curved in plan. Some additional 
stability is thus secured, but many engineers ignore 
this, and give the dam the full section that would 
be required were it straight. The curvature thus 
provides an additional but indeterminate safeguard, 
and this policy is that recommended by Mr. 
Wegman. : 

As is well known, Spanish engineers were the 
originators of masonry dams. Of these, one of the 
most interesting, though far from the largest, is the 
Almanza dam, built some time before 1586. This has 
stood intact for over three hundred years, thus show- 
ing that, even in the absence of Portland cement, 
masonry subjected to water pressure can carry safely 
a stress of 29,000 lb. per square foot. The highest 
of the Spanish dams is that of Alicanté, and a section 
of this structure is included amongst Mr. Wegman’s 
typical examples. As is well known, the design is 
very far from rational, the amount of masonry used 
being fully double of what would now be thought 
necessary in similar conditions. At the time of its 
construction, however, Spain possessed the wealth 
of the Indies, and could well afford a liberal inter- 
pretation of the motto that it is better to be safe than 
sorry. A very complete description of this structure 
and of the ingenious methods which have been 
adopted for getting rid of sediment is given by the 
author. Mr. Wegman notes that the earlier French 
masonry dams, though less extravagantly designed 
than those of their Spanish predecessors, were fully 
as irrational. In quite a number of them the water 
slope was made to project at its foot far into the 
reservoir, whilst the outer slope was either vertical 
or very steeply inclined. It was not till 1853 that 
M. de Zazilly inaugurated the rational design of this 
class of structure. 

An interesting account is given of the Assouan 
dam and other Egyptian works, inclusive of the 
Rosetta and Damietta barrages, which, started by 
Mougel Bey in 1842, were only brought into effective 
use in 1887-90, when the position held by the 
British in Egypt made it possible to ensure not 
merely that the works should be adequate in design, 
but that they should also be sound in execution. 
A special feature of the great Egyptian dams is the 
provision of the under-sluices, by which the silt- 
laden water is sent directly down the Nile, where it 
is required, whilst only clear water is impounded. 

Of late years a number of arched dams have been 
built in Australia, and have so far proved satisfac- 
tory, although mathematical analysis based on the 
usual assumptions of the elastician, indicate the 
existence of enormous tensile stresses on the up- 
stream face. The prototype of these dams was, 
however, the Bear Valley dam, built in California in 
1884. This, Mr. Wegman states, was replaced or 
rather supplemented in 1911 by a multiple-arch 
dam, constructed further down stream, which 
relieves the older structure of any serious load. 








The prototype of these multiple-arch dams is the 
Meer Allum dam, built near Hyderabad in 1800, 
The Sweetwater dam is another Californian arch 
dam. This was completed in 1888, and has proved 
so satisfactory that the high-water level was raised 
some years since by 5} ft. 

Mr. Wegman gives a very full description of the 
New Croton dam, which forms part of the New York 
waterworks. This is 297 ft. high at the central 
section, the base width being 206 ft. The author 
also discusses very adequately other types of dam, 
and in particular earthen dams, the design of 
which, he points out, must be governed entirely 
by past experience, without help or guidance from 
mathematics. 

Many forms of movable dam are also described in 
detail in this monumental work, where, in fact, 
sections are devoted to every type so far constructed, 
whether of masonry, wood, concrete, or steel, 
Even such temporary structures as coffer dams 
receive a full discussion, and in the appendix is 
included a most interesting description of the work 
of the pioneers of all dam builders, the beavers, 


some of whose structures were, it appears, no less © 


than 1,000 ft. long. These dams are built of saplings 
about 4 in. in diameter and of branches and brush, 
which are placed with the thick ends upstream 
so that the twigs interlace in all directions. When 
first constructed these dams leak badly. but they 
are soon rendered sufficiently watertight by the 
accumulation of water-borne drift. Whilst in 
general the beavers select trees not more than 4 in. 
in diameter, cases have been recorded of the felling 
of trees having a diameter of as much as 18 in. 

A valuable addition to the new volume is a section 
on the theory and construction of multiple-arch 
dams, which is due to Mr. F. A. Noetzli, D.Sc., of Los 
Angeles. In this discussion Mr. Noetzli neglects 
all deformations of the arch in planes which con- 
tain the axis of the arch, and, in fact, treats the 
structure as a series of independent arches simply 
laid one on top of the other. In some cases, at any 
rate, the calculated stresses due to curvature in these 
planes are very much higher than the arch stresses 
proper. The author’s procedure is, however, 
undoubtedly safe, in view of the maxim well 
established by experience, that a statically in- 
determinate structure, not subject to alternating 
stresses, is safe, if it appears safe under any plausible 
distribution of the stresses satisfying the conditions 
of external equilibrium. A more complete treatment 
of the problem would greatly increase the arith- 
metical difficulties, even if the obvious expedient 
were resorted to of effecting the calculation by 
successive approximations. 

Mr. Noetzli bases his treatment upon a paper by 
Professor W. Cain’s on “ The Circular Arch Under 
Normal Loads,” published in vol. Ixxxv of the 
Proc. Am. Soc. C.E. To facilitate the use of the 
method he has added a series of curves from which 
the values of certain of the functions involved can 
be read directly. In dealing with the design 
of the buttresses Mr. Noetzli says that “ Mohr and 
Cain have shown that in a gravity dam of triangular 
section the distribution of shear is triangular.” 
As a matter of fact this was pointed out in our 
columns by Professor Unwin as far back as 1905, 
and we believe this result had been obtained even 
earlier by Maurice Levy. 

No less than 111 plates are included in the 
volume. Many of these are folders showing full 
particulars of many of the more important works 
described in this most comprehensive treatise, 
whose standing as the classic work on its subject- 
matter will be still further enhanced by the issue 
of this new edition. 





Mechanics of Materials. By Professor GeorGE YOUNG, 
Jnr., and Assistant Professor HUBERT EUGENE BaxTER, 
of Cornhill University. New York: The MacMillan 
Company. London: Macmillan and Company, Ltd. 
[Price 17s. net]. 

THE new problems which are continually arising 

in the science of civil and structural engineering, are 

ever calling for new methods of investigation, and 
it is not possible to provide textbooks which will 
keep in advance of the developments which are 
taking place. There are, to-day, some problems 
of so complex a nature that mathematical or 
graphical solutions for them are impossible. The 
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pooks which appeal to the student are, therefore, 
those that help him to approach any problem, as 
far as possible, from basic principles, and the authors 
of this work have been successful in presenting 
their subject matter in a way that makes this 
possible. The student is informed that every struc- 
tural problem presents more or less a struggle to 
reconcile what is wanted with how it may be 
accomplished, and this work will go a long way to 
guide him in the required principles, while the 
economic factors attached to successful design 
have not been overlooked. The data usually sup- 
plied by steel makers have not been embodied 
in the text, and any of the tables given have been 
collected from the mathematical deductions which 
have been made during discussion of the problems. 

The introduction to the work contains some advice 
which a student might well bear in mind, such 
as the necessity for putting all computations down 
in a methodical manner so that he and others may 
be able to follow them at a later period, and the 
necessity for looking on all problems in a rational 
manner to see that the deductions from theory are 
reasonable. It is impressed upon readers that 
the object of the book is primarily to arouse interest, 
rather than to provide solutions for the various 
problems. 

Empirical methods are discussed, and it is indi- 
cated that these should be avoided wherever possible 
as they are largely built up on tradition with possibly 
only a few cautious departures from the original 
model. It should be realised, however, that even 
in this advanced age, the designs of all complex 
structures are built upon assumptions which 
cannot be tested by full scale experiments, because 
of the expense involved, and on that account it 
is not desirable to make wholesale departures from 
precedent. It is to be presumed, that the authors 
would not advocate designing a steel structure which 
only carries statical loads, up to the elastic limit 
of the steel. They state that principles may be 
combined and elaborated, but it must be remem- 
bered that they must be established through the 
senses—and also from experiments which take a 
lifetime to accumulate. 








THE STANDING WAVE. 
By J. H. Jonzs, A.M.Inst.C.E. 
(Continued from page 173.) 

BEFORE commencing an analysis of the general 
equation (5), page 173 ante, we may justifiably 
simplify it and our conceptions thus : 

Our coefficient F has been defined as the frictional 
drag per unit area of perimeter with unit velocity, 
but we can write instead 

we of 
a Fe? 





since, in the nature of things, we are dealing with a 
known and definite fluid, so that w, F, f and g 
are merely constants. 

Again, we are principally concerned with artificial 
channels, since natural channels where a standing 
wave occurs have probably not changed much for 
centuries, so that we rarely need to perform 
calculations concerning them. Most artificial 
channels are of very considerable breadth in com- 
parison with their depth, so that the hydraulic 
mean depth ro becomes very nearly the same 
as he Where this assumption is not permissible, 
equation (5) may be used as itstands, the arithmetical 
work being, of course, proportionately greater than 
if the above assumptions are made. 

Our equation thus becomes 


(1~ sons) 

dh _ .\" Sghé . 

—* “1. Vv) - (6) 
( 9 ») 

It " obvious from the structure of the equation 
that di, ™ay become equal to — #, which means 
— drop in the surface, or to zero, which 
ae me a8 surface parallel to the bed. As a third 
ri erative it may be equal to + o, a vertical 

Se m the surface (or standing wave), in addition, 





When = 0, in which case the surface has the 
same slope as the bed, we have normal, or uniform, 
flow, and 


eee 
rT ea ee 


It should be noted that the normal depth h 
from the equation (7) can only be equal to the 


unity, since both numerator and denominator of 
(6) become zero, we get yes = $ » an indeterminate 
quantity. 

It is to be inferred from this that a stream 
flowing at the critical depth is in a highly unstable 
condition, although it may be argued that, since 
our simple equation was evolved by omitting infini- 
tesimals of the second and higher orders, this in- 
ference is not rigidly justified. It is, however, borne 
out by actual observation. 

The form of equation (6) indicates that the 
surface profile depends upon two independently 
variable ratios, viz. :— 


72 


84 
and -—~. 
ae | 

We have already established the fact that a 
standing wave will occur only when an increasing 
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depth passes through the critical value, hence, we 
need only investigate the behaviour of a stream 
the depth of which, as shown in Fig. 4, on page 
172 ante, has been artificially reduced to less than 
the critical depth. 

We will consider the behaviour of such a stream 


9 
at . . : . 
when-. is, first, less than unity, as in Fig. 6, 


and, second, greater than unity, as in Fig. 7, since 
the case when it is equal to unity has already been 
discussed. 

Calling the reduced depth H,, and the normal 
depth H,, where H, < h < H,, equation (6) becomes 


(1~ 9x, 
a 9 Hy i) 
eS eee 
gH, 
Now, 7H is obviously greater than unity, and 
equals say, /, whence 
=e A) 
dH _ A ilies = . 
aa.” * @-B i. eae 


the denominator being essentially negative. 
Proceeding downstream, then, at first, both & 


and f ; are greater than unity, and both numerator 


- : dH. - 
and denominator are negative. Hence dL 18 Posi- 


tive, and greater than i, or, the depth increases 
downstream. 

Then, since, from continuity, V decreases, & also 
decreases, and the denominator, in consequence, 
disappears before the numerator, and when this 


occurs =o, the condition for a standing 


dl 
wave. 

Hence, at this point, the surface will suddenly 
rise, and, after experiencing one or two undulations 


normal depth H,, giving, as shown in Fig. 6, a true 
standing wave. 

If, however, we consider a similarly depressed 
stream of which the bed slope is such that 
ob unity, i.e., ‘i, 


H, < H,<h, then we see that the numerator of 
equation (7) vanishes before the denominator, 
dH 


< unity, with, consequently 


critical depth when - = unity. making 77 = 0. 
; v2 23 In other words, the depth increases steadily until 
But it should be noted also that when gh f ~ |it reaches the normal depth H,, and cannot under 


any circumstances, attain the critical depth. 

This formation, shown in Fig. 7, the writer has 
been accustomed to term a “‘ swell.” 

It is thus apparent, and cannot be too strongly 
emphasised, that, on a bed where the friction and the 


2% . - 
~~ > unity, a standing 


wave is impossible. . 

Having thus investigated the fundamental prin- 
ciples underlying the phenomenon, their practical 
importance may now be examined. This will be 
considered from the following aspects :— 

(1) The increased capacity of discharging devices 
which results from the formation of a standing wave. 

(2) The potentialities of the standing wave as a 
means of disposing of the surplus energy of a 
high-velocity discharge of waste water. 

(3) The occasionally harmful vibrations set up 
in sluice-gates due to peculiarities in the behaviour 
of a standing wave. 

(4) The design of bed slopes in sluice-ways to 
utilise the standing wave. 

(1) Sluice-Gate Discharge-—Consider a vertical 
gate of the usual type, as Figs. 6 and 7, closing a 
rectangular channel of small bed slope, and retain- 
ing water of a depth H,, upstream, the normal depth 
of flow in the downstream channel being Hg. 

It is usually accepted by sluice-gate designers that 
the discharge of such a gate is given by a formula 
of the type 

Q=C.B.DV(Hu—Hay - + + 
where 
C = normal coefficient of discharge for rectan- 
gular orifices, 


B = breadth of channel in feet, 
D = depth of opening in feet (less than Hq), 


slope are so related that 


and H,, and Hj are as defined above. 

When D is greater than Hg we usually find that 
the designer has calculated the discharge with fair 
accuracy, but, when D is less than Hg the calculated 
discharge usually falls very much below the actual. 

We then hear ponderous arguments as to the 
value of the coefficient to be adopted, most of them 
beginning, ‘‘ Well, on such and such a job we took 

. . «, ete.,” and the naive manner in which volu- 
minous tables of constants are used to develop 
argument is matter for amusement, when one 
considers the infinite variety of combinations of 
H,,, Hg and D. 

It goes without saying, that with ordinary flood 
gates, accuracy of discharge at small openings is 
of no importance, the primary object being that the 
gate, full open, shall be able to pass the maximum 
flood. 

With the steadily increasing value of water and 
the greater use of automatic gates, however, it is 
essential that we should know the actual discharge 
with any degree of opening to a far greater accuracy 
than is at present usual. The writer has lately met 
with a case, where, on the basis of a reputation 
built up by years of splendid work in the more 
rudimentary branches of hydraulic engineering, a 
design was accepted for an entirely new type of 
automatic gate, the discharge of which, under given 
heads, was to be 100 cusecs. + 33 per cent. He 
was able to show, however, by means of the 
following arguments, that the designed gate would 
have actually discharged 165 cusecs. 

Assume the channel, the characteristics of which 
are zand f, to be dry when the gate is closed, and let 
the gate then be lifted a small amount, say, D feet. 
Then the head causing discharge, since the depth 
at the vena contracta is cD, will be, very closely, 
H,,—c D, and since the cross-section of the stream 
is c D B, the discharge will be 


Q=B.cD./2g (Hy —¢D 
or, per foot of width, 








of course, to any intermediate value. 


of small depth, will settle down to flow at the 








qg=cDv/2g (Hy —cD) : 4 (9) 
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In order to pass this flow downstream we must 
have, from equation (7), 


E be : q 
=< —— where V = —-. 
Ha Ty erred Ha 
Whence 
3 fe 
He = V s5% 


.s- c= : = 

= V4 .c? D?, 29g (Hy — cD) 

R/EEPOR=D) . aw 
a 


It follows, then, since from (10) 


H@  f (Hu 
eb i (= -% ), 
that Hg will be greater than c D if 


Hy {+s 
> 21. 
cD~ ( a ) 
In the majority of sluice-ways such as those 


under consideration, *. is rarely greater than ,*,, 


hence Hg will be greater than c D (taking the average 
value of c as #?) when D < H,, that is, so long as 
there is any impounding of water above the gate, 
there is likely to be a depression in the free surface. | 

This may appear obvious, yet it is a matter 
which largely influences (in fact causes) the uncer- 
tainty in the minds of many engineers when attempt- 
ing to explain the wide choice of coefficients of 
discharge for such sluiceways. 

It is necessary now, for the case of small openings, 
to elicit the conditions under which this rise of sur- 
face from the vena contracta downstream shall be 
stable ; i.e., to find whether a swell, Fig. 7, or a 
standing wave, Fig. 6, or a roller, Fig. 8, will be 
formed. 

If the latter occurs, then our calculations for 
discharge no longer hold good, since the head causing 
discharge is now som thing between (H,, — cD) 
and (H,—Hg,), depending upon whether the 
upstream limit of the roller only just touches the 
back of the gate, or, on the other hand, drowns 
the orifice completely, so that the water in contact 
with the back of the gate is of depth practically 
equal to Hy. 

In discussing the surface slope of a stream, 
we made use of the fact, that, if we consider 
a length of the stream bounded by two imaginary 
vertical planes, then, with regular flow, the pressure 
plus momentum totals at the two planes differ 
only by the amount of frictional drag minus the 
resolved weight component parallel to the bed. 

In other words, the pressure plus momentum 
total of the downstream plane must be slightly 
less than that of the upstream plane, where the 
planes are reasonably near. It follows then, that if 
the P +- M for the downstream plane is equal to 
or greater than the P + M for the upstream plane, 
steady flow is no longer possible, hence we may 
take this as the condition for the formation of a 
roller. 

P\Thus steady flow will persist, with a rising 
downstream level, until, 


mf? op. ¢ 


3 ‘gHa 2 “gceD 
Let 
Ha = k.c.D, 
and 
q=c¢.D 2g (Hy —e Dy 
Then 
Be&D? 29.cD*(Hy—eD) oD? 
2° By .cfD rise 
_29.¢ D?(Hy'— eD) 
g.c.D 
whence 
4 (Hy — ¢D) £i(Hs — oD) 
ae oe 2s ‘2 
ithe k.cD ‘+ cD 
Calling 
4 (Hy, — cD) on 
cD Aiea 
then, from the above, 
B-—(A+1k+A=0 (11) 


a cubic the solution of which gives us the value of kf, 
and consequently of Hg, the minimum downstream 
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depth which can be permitted if free flow under 
a head of (Hu — c D) is required. 

From the foregoing, however, it is evident that 
had there been a head Hg against the back of 
the closed gate, and if this head were constrained 
| to remain constant even under discharge conditions, 
|(say when discharging into a very large reservoir), 
then the free flow condition would have been reached 
long before D became as great as Hg, and, in fact, 
as before mentioned, the formation of a standing 
wave under the actual conditions resulted in a 
discharge of 165 cusecs. where the use of equation 
(8) forecast only 100 cusecs. 

Weir Discharge-——Consider the flow over a 
Herschel-type weir, as shown in Fig. 9. 
| It is evident, that, so long as the downstream 
water surface is below the crest level, a standing 
wave is possible at some point beyond the foot of the 
weir, unless the value of Hg is such that its pressure 
and momentum conditions are in excess of those at 
| the shallowest section, h,, in which case a roller will 
form. 

The depth at the crest will be the critical for 


the discharge q, 
7 2 3 / ge 
He > Ve! = J q , 
g g 


 & unity, a stand- 





and since the slope is great, 
ing wave on the glacis is impossible, although a 
swell fmay form. The head causing discharge is 
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now approximately equal to H, which includes the 
head due to velocity of approach. If, now, at 
some point downstream, an obstruction be per- 
mitted to cause a progressive increase in Hg, the 
roller will gradually subside, and then suddenly 
change into a swell, but the discharge will remain 
constant so long as the crest depth is unaltered. 

A little consideration will show that this condition 
will persist long after the downstream surface is 
higher than the crest, as shown in Fig. 9. 

No useful purpose would be served by attempting 
to evolve a general equation for such drowned 
discharges, as it is evident, and is corroborated by 
the writer's experimental researches into the 
question by means of models, that the complexity 
of such an equation would defeat its own ends. 

Two further examples may be dealt with briefly. 

Fig. 10 represents a syphon spillway for flood 
discharge, a device which is at last beginning 
to receive the appreciation that it deserves. The 
dotted lines represent the normal or non-discharging 
water surfaces, and the full lines those of flood 
conditions. Since it is essential that the outlet of 
the syphon shall be submerged before discharge can 
commence, it is usual to build a low weir down- 
stream to form a basin as shown. Hence, to pass 
the discharge over this weir, the downstream level 
must rise, and if the weir is too close to the syphon 
mouth this rise in level will extend to the foot of 
the dam, the whole basin being in a state of turmoil, 
with discharge taking place due to the head H,. 

It will be evident, however, from our analysis, 
that if the weir be built downstream of that position 
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at which, if there were no weir, a standing wave 
would occur, then this standing wave will occur, 
and discharge will then take place due to the 
head H,. 

In the case of a big installation, the difference 
between H, and H, may amount to something very 
considerable, passing therefore a very much greater 
discharge with the same bore of syphon, or, alter. 
natively, the same discharge with a smaller, and 
consequently cheaper, syphon. 

The second example referred to of the practical 
utilisation of the phenomenon of the standing 
wave concerns water-power installations. During 
flood seasons, the surplus water must be passed 
to waste over spillways, and so into the tail- 
race. Consequently, the level of the tail water 
rises to a greater extent than that of the head 
water, and the net head available for power is 
reduced. If, however, we arrange that our waste 
water, which reaches the tail race at a high velocity, 
shall pass the mouth of the draught tube parallel 
to the water leaving the turbines, but at much 
higher velocity and at little or no greater depth, 
while we design our tail-race to arrange for the 
occurrence of a standing wave downstream, then the 
net head available for power may not be reduced, 
but may even be increased. 

An actual case for which the writer worked out 
a tail-race modification on these lines gave an 
increased power output of more than 10 per cent. 
The cost of the modification, moreover, was less 
than 10 per cent. of the original cost of the tail-race 
excavation work. 

(T'o be continued.) 








WATER POWER AND INDIAN 
AGRICULTURE. 


THE Royal Commission on Agriculture in India 
has recently reviewed lines of progress which might 
possibly be of advantage to the Indian villager, and 
among these has considered the natural reserves of 
water power available in the Himalayas, the Western 
Ghats and Nilgiris. The Himalayas, from the Indus 
to the Jumna, have been also thoroughly examined 
on behalf of the Punjab Government, and it has been 
shown that, from commercially practicable sites, 
power of about 1,770,000 kw. might be obtained, 
of which 830,000 kw. could be derived from one 
river, the Beas. The rainfall on the Western Ghats 
is unfailing, and many sites are available there. 
Apart from these and minor schemes, it would be 
possible to obtain power by utilising falls of a few 
feet on rivers in the plains, and by the construction 
of similar falls on canals. The late Sir Ganga Ram, 
who was a member of the Commission on Agriculture, 
though unfortunately his sound common-sense was 
not available to the end, has irrigated 80,000 acres 
by a 6-ft. fall on the Lower Bari Doab Canal. In new 
irrigation projects this possible source of power is 
not being overlooked. — 

The Agricultural Commission seems rather inclined 
to neglect the possibility of obtaining supplies of 
synthetic nitrogen from the air by the aid of water 
power. Whether such production would be unlikely 
to prove commercially practicable has certainly to 
be considered, but it is not easy to understand their 
remark that the power available would be insufficient. 
At present the chief trouble of the Punjab Hydro- 
Electric Department is that they cannot foresee the 
probability in the near future of the consumption 
of even a portion of the power from the Beas alone. 
Another important use to which the Commission 
consider the hydro-electric power might be applied 
in India is the driving of machinery, including pumps. 
For agricultural purposes alone, the opportunity for 
using power for pumping is unlimited, especially 
in the alluvial lands of Upper India. The Punjab 
Government, it may be stated, has already decided 
to examine the economics of tube-well irrigation, 
and has approved of a scheme for the installation 
of an experimental battery of 16 tube wells, operated 
by one prime mover, which will irrigate an area of 
6,400 acres. The problem of water-logging, which is 
serious in certain places, can be solved by pumping 
back the surplus into the canals and sending the 
extra supply to lands lower down. E 
In framing an estimate of probable consumption, 
Colonel Battye, Chief Engineer of the Punjab 
hydro-electric scheme, has rightly displayed a degree 
of caution, but there is little doubt that once power 
on a large scale becomes available, its use will not 
be confined to urban and industrial purposes. The 
people in the Punjab do not live on isolated farms, but 





are concentrated into villages, mainly of considerable 
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size, and small towns. There may be little prospect of 
the use of ploughing machinery, except by the big land- 
owners or where the co-operative movement is strong, 
but there should be a demand for running flour mills, 
sugar mills, chaff cutters, and the crushing of oil seeds 
of various kinds. 

With regard to the supply of manure, the Commission 
on Agriculture point out that bones from all parts 
of India are now taken to ports and crushed there. 
An average of 90,000 tons are exported, and only a 
fraction of the bonemeal is utilised on the fields of 
India. If it becomes possible to crush bones cheaply 
in the north with the aid of hydro-electric power, 
the use of the meal is more likely to spread. The 
Commission recommend that the cost of treating 
bones with the aid of hydro-electric power should 
be carefully examined. From the Punjab again, 
comes the suggestion that ammonium sulphate, 
a good sugar-cane manure, might be made with the aid 
of hydro-electric power using the abundant deposits 
of gypsum which are known to exist in accessible 
localities. 

The hydro-electric schemes at present to be found 
n India are almost entirely based on the demands 
of the industrial cities, and consequently the possible 
use of power in agriculture is a relatively new subject 
to the country. The Linlithgow Commission have 
recommended the establishment of a Central Bureau 
of Information for Irrigation, and suggest that this 
should also act as a clearing house for information 
on hydro-electric matters. It is undoubtedly true, 
as the Commission has suggested in regard to other 
schemes for the benefit of the Indian agriculturalist, 
that if the proper machinery is set up for stimulating 
constant research on the subject of power, steadily in- 
creasing advantages will accrue to both India and Great 
Britain. 


THE LATE DR. C. CHREE. 


Tue news of the death of Dr. Charles Chree, which 
occurred at Worthing on Sunday, August 12, in his 
69th year, will be received with sincere regret in wide 
circles. As superintendent, for thirty-two years, of 
Kew Observatory, and as an authority on terrestrial 
magnetism and geophysical matters generally, he was 
highly respected in the world of science, and his genial, 
unassuming, though somewhat shy, disposition at- 
tracted all who came in personal contact with him. 

Charles Chree was born on May 5, 1860, as second 
son of the Rev. Charles Chree, D.D., of Lintrathen, 
Forfarshire, and was educated in Aberdeen, at the 
Old Grammar School and at the University. When he 
took his degree there in 1879, he also obtained the gold 
medal which was awarded to the most distinguished 
graduate in arts of the year. Four years later, he was 
sixth Wrang!er at Cambridge, and was also given high 
honours in the mathematical tripos and the natural 
science tripos. In 1885, he was elected a Fellow of 
King’s College, and he was re-elected to a research 
fellowship in 1890. His degree of D.Sc. came from 
Cambridge in 1895, and that of LL.D. from Aberdeen in 
1898. In 1893, he was appointed superintendent of 
Kew Observatory, in succession to the late Mr. Whipple, 
ason of whom, Mr. F. J. W. Whipple, succeeded him 
at Kew when Dr. Chree retired in 1925. The National 
Physical Laboratory had, by this time, taken up the 
testing and standardisation of instruments, and Kew 
could devote itself entirely to the original observatory 
work in which it had become pre-eminent under Chree. 
He received the Watt Medal of the Institution of 
Civil Engineers in 1905, for a joint paper on the 
“Strength of Shafts Subject to Small Forces Rhyth- 
mically Applied.” 

His main work on terrestrial magnetism appeared in 
1912, and his analysis of the magnetic observations 
taken during Terra Nova Antarctic Expedition (1910 
to 1913) was published in 1921. He contributed 
to many discussions on geophysical phenomena, 
meteorology, earth currents, seismology, &c., and 
could be very critical, but was never involved in 
personal controversy. Last year he presided over 
the Section for Terrestrial Magnetism and Atmos- 
Pheric Electricity of the International Commission 
for Geodesy and Geophysics at Prague. The Physical 
Society of London, which he helped to found in 1874, 
elected him its president before the war. The Royal 
Society admitted him as a Fellow in 1897, and awarded 
him the Hughes Medal in 1919. 








THE LATE REAR-ADMIRAL T. B. S. 


ADAIR. 
> 1s not usual for naval officers to abandon their 
Professional careers to enter business, or to become 


Members of Parliament, though examples of both 
departures from ordinary practice are not unknown. 
“hcg however, be exceptional for one officer to 
alth € oth a business man and a Parliamentarian, 

tough this was the record of Rear-Admiral Thomas 


Benjamin Stratton Adair, whose death occurred on 
Sunday, August 12, at the age of 66. 

Admiral Adair was born at Gosport and entered the 
Navy in 1874. He became lieutenant in 1882, receiving 
three first-class certificates and the Goodenough Medal 
in the promotion examination for that rank. In the 
following year he was selected to specialise in gunnery, 
his subsequent naval and commercial careers being 
largely devoted to work in that subject. After a 
time at the gunnery school in H.M.S. Excellent, he 
proceeded to the Royal Naval College, Greenwich, 
where he won the 80l. prize offered to gunnery lieuten- 
ants. He served as gunnery officer on a number of 
ships and then became, in his turn, instructor on the 
Excellent. Later on he was employed in the Naval 
Ordnance Department, and as member of the Ordnance 
Committee for the Navy and Army at Woolwich, 
having been successively promoted, in the meantime, to 
the ranks of commander and captain. 

In 1904, he was appointed to command H.M.S. 
Montagu, and was still holding that post when, 
during the naval manceuvres in the spring of 1906, 
she grounded on Shutter Point, Lundy Island. There 
was a thick fog at the time, and Captain Adair 
himself was actually engaged in wireless telegraphy 
experiments, but at the subsequent court-martial he was 
found guilty of suffering the ship to be stranded. 

Shortly afterwards he retired from the active list 
and was appointed superintendent of the gun depart- 
ment at Messrs. W. Beardmore and Company’s 
Parkhead Steel Works, Glasgow, becoming rear-admiral 
on the retired list in 1908. His long experience of 
the practical side of gunnery and his technical know- 
ledge proved of great value when the Dreadnought 
class of battleships was being constructed, and were 
also utilised fully under more urgent conditions during 
the war. 

Admira] Adair was elected Coalition Unionist Member 
for the Shettleston Division of Glasgow in December, 
1918, but retired at the General Election of 1922. 


THE LATE MR. W. A. CHAMEN. 


Mr. Wittiam ASHCOMBE CHAMEN, who died at 
Cardiff on Monday after a long illness, was one of the 
pioneers of electric lighting and electricity supply in 
this country. His charm of manner and his helpful- 
ness to those with whom he came in contact, endeared 
him to the electrical profession generally, and there is 
no doubt that he will be greatly missed. 

Mr. Chamen was born in London in 1863, and, at the 
age of eighteen, entered the Chelmsford works of Messrs. 
Crompton and Company as an improver. He was soon 
placed in charge of the work of installing electric light 
at King’s Cross station, and after representing the 
firm in Germany and Italy, was responsible for erecting 
what was the first large incandescent electric lighting 
scheme, viz., at the Royal Courts of Justice, London. 
After being in charge of the electrical equipment of the 
Forth Bridge works, he was appointed the firm’s chief 
outdoor engineer, a position he held until he became chief 
engineer of the Glasgow Electricity Supply Undertaking 
in 1898. During the latter part of his time with 
Messrs. Crompton, Mr. Chamen was responsible for 
erecting a number of generating stations in various 
parts of the country, including those of the Kensington 
and Knightsbridge Company, that of the Westminster 
Electricity Supply Corporation, and those at Tilbury 
Docks, Northampton, Dewsbury, Yarmouth and Edin- 
burgh. 

He held the position of chief electrical engineer of the 
Corporation of Glasgow until 1905, when he joined the 
firm of Messrs. Bramwell and Harris, to assist them in 
the development of various power schemes with which 
they were connected as consulting engineers. During 
the seven years he was in Glasgow, he designed and 
superintended the construction of the Port Dundas 
and St. Andrew’s Cross power stations, and served as 
president of the Incorporated Municipal Electrical 
Association. 

In December, 1905, he became engineer and general 
manager of the South Wales Electrical Power Distribu- 
tion Company, and continued to hold that position 
until the end of last year, when he was appointed to 
a seat on the board. From very small, and somewhat 
disastrous, beginnings this undertaking developed under 
Mr. Chamen’s management until a feeder and distribu- 
tion system of a total length of 211 miles, of which 
102 miles are overhead, is now operated from a station 
near Treforest, the design of which has recently been 
modernised. Mr. Chamen also practised in Cardiff as 
a consulting engineer, acting in this capacity to the Swan- 
sea Harbour Trust and the Rhymney Iron Company. 
He served on the council of the Institution of Electrical 
Engineers, to which he was elected in 1884, as member 
and vice-president. He had also been chairman of the 
Glasgow Local Section, as well as twice chairman of 
what is now the Western Local Centre of the same 
body. He was a member of the Institution of 
Mechanical Engineers. 








THE SHORT ‘“ CALCUTTA’”’ 
ALL-METAL FLYING BOAT. 


Ir will’ be remembered that a remarkable flight 
from this country, across Africa and back along the 
west coast of that continent, was made by Sir Alan 
Cobham and Lady Cobham, with a crew of four persons, 
in a Short all-metal flying boat equipped with two 
Rolls-Royce Condor engines, the flight in which a 
distance of some 20,000 miles was covered, having 
been completed as recently as May 31 last. The 
machine used, named ‘‘ Singapore,” was designed by 
Messrs. Short Brothers (Rochester and Bedford), 
Limited, Rochester, mainly for naval work, and its 
performance during the flight referred to is ample 
evidence of its suitability for this service. A generally 
similar machine, named ‘Calcutta,’ has been de- 
signed by Messrs. Short Brothers for commercial 
work, the power plant in this case consisting of three 
Bristol Jupiter Series IX. geared aero-engines, each 
developing 485-h.p. at 2,000 r.p.m., or 525-h.p. at 
2,200r.p.m. Two of these machines have been ordered 
by the Air Ministry for operation by Messrs. Imperial 
Airways, Limited, and one of them, which was com- 
pleted and launched on February 13, last, has 
since then carried out a considerable number of trial 
and experimental flights over the Channel and else- 
where, during which, we understand, its performance 
has been entirely satisf ctory to all concerned. As 
we believe the “‘ Calcutt1”’ is the first all-metal flying 
boat of British design and construction to be com- 
pleted for commercial work, the particulars and 
illustrations of it, which, by the courtesy of Messrs. 
Short Brothers, we are able to give below, should be 
of considerable interest to engineers. 

Photographs of the machine, taken just before, and 
immediately after, the launch, are reproduced in 
Figs. 1 and 2, on page 196, and. from these a good 
idea of its appearance can be obtained. Figs. 3, 4 
and 5, on page 197, however, illustrate its general 
arrangement more clearly. Before commencing a 
detailed description of the machine we should, perhaps, 
first explain that the designer’s aim has been to 
produce an aircraft in which comfortable travelling 
conditions for the passengers are combined with the 
maximum degree of safety. As already stated, the 
machine is fitted with three engines, and as it is 
capable of flying easily with only two of these in 
operation, the possibility of a forced landing, with its 
attendant risks, is comparatively remote. The adop- 
tion of metal construction, giving, as it does, a more 
reliable and accurate structure, also tends to greater 
safety over a long period of service, as well as to 
increase the commercial efficiency by enabling a 
greater paying load to be carried for a given total 
weight. The flights so far carried out have shown 
the machine to be inherently stable in all directions, 
and have also demonstrated that it is easy and com- 
fortable to fly, all the control surfaces being balanced, 
and the ailerons being of the non-yawing type. We 
shall deal with the control arrangements later, but 
may now mention that the single rudder used is operated 
by a small trailing servo-rudder, visible in Figs. 2 and 4, 
which greatly reduces the effort required to operate 
that member, and tail-adjusting gear is provided, 
which enables the pilot to fly the machine with his 
hands off the control stick at all speeds within its 
flying range. 

The main dimensions of the machine are as follows :— 
Span of upper main plane, 93 ft.; span of lower 
main plane, 76 ft. 6 in.; chord of both planes, 
1l ft. 6 in.; overall length of machine, measured 
over servo-rudder, 64 ft. 9 in.; and height overall, 
22 ft. 3 in. The weight of the machine empty is 
12,404 lb., and the corresponding figure for the 
fully-loaded condition is 20,000 lb., so that the weight 
of the load carried is 7,596 lb. This includes 15 
passengers and a crew of three, with the necessary 
allowance for food, water and baggage, wireless and 
electrical equipment, instruments, cooking equipment, 
&c., together with 320 gallons of petrol and 30 gallons 
of oil. The quantity of petrol and oil mentioned is 
sufficient for a flight of 6-4 hours’ duration, or a 
distance of 500 miles, but the tanks provided are 
capable of holding 480 gallons of petrol and 45 gallons 
of oil, which would enable the machine to fly for 
10 hours and cover a distance of 760 miles. Its 
maximum speed at sea level is 125 m.p.h., and the 
cruising speed, also at sea level, is 100 m.p.h., while 
the landing speed is 57-5 m.p.h. The rate of climb 
at sea level is 730 ft. per minute, and the service 
ceiling is 12,650 ft. 

Including the ailerons, which have a total area of 
150 sq. ft., the area of the main planes is 1,825 sq. ft., 
so that the wing loading, in the fully-loaded condition, 
is 10 -95 lb. per square foot. The horse-power loading, 
when each engine is developing 525 h.p., is 12-7 Ib. 
per horse-power, under the same condition of loading. 
A particularly interesting feature of the design of the 
machine is the construction of the wings, for which 
Duralumin is mainly employed, although the spar 
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fittings are of stainless steel and the usual doped 
fabric covering is largely employed for the surfaces. 
In the case of the lc wer wing, however, the greater 
part of the centre section is covered with Duralumin 
sheet to provide a platform on which the crew can 
stand while attending to the engines, &c., and a 
walking way is also provided along the outer sections 
of this wing to enable the wing-tip floats to be reached. 
The wing, it may be added, is specially stiffened at 
these points to permit several men to stand upon its 
surface. Fig. 9, on Plate XV, shows one of the 
outer sections of the upper plane completed except 
for the fabric covering, and Fig. 10 on the same 
plate shows the construction of both wings to a 
smaller scale. It will be seen that a special type of 
spar, constructed of Duralumin plates, has been 
developed by the firm, who consider that this material 
offers many advantages over steel in this particular 
application. Even high-tensile steel, it is pointed 

















AIRCRAFT AFLOAT AFTER LAUNCHING. 


Fia. 2. 


out, has little or no advantage over Duralumin from 
the point of view of weight, while the latter material is 
easier to work, and is also less liable to local injury on 
account of the greater thickness necessarily employed. 

Sections of the spar are given in Figs. 11, 12 and 13 
on Plate XVI. They are built up of corrugated web 
plates with flanges of approximately semi-circular 
section, the flanges and webs being connected by 
riveting as shown. These plates are pressed to the 
required form, using metal-faced hardwood formers 
in a hand-operated screw press, and afterwards 
finished by rolling between form rollers. The number 
of plates used in the webs and flanges depends upon 
the bending moment to be resisted at any point in 
the length of the spar, but the plates used are all 
of No. 18 gauge thickness. Figs. 11, 12 and 13 show 
how the strength of the spar is varied according to 
requirements, Fig. 11 showing the section at the 
junction end of the wing, Fig. 12 that near the inter- 








plane strut, and Fig. 13 that near the outer end. 
The method of tapering off the outer end of the 
spar is illustrated in Figs. 14 to 16 on Plate XVI. 
This type of spar, it should be mentioned, 18 
sufficiently stable to require no internal diaphragms, 
and is also particularly strong in torsion. A photo- 
graph of a bending test on a spar is reproduced 
in Fig. 8 on page 198, which, it should be explained, 
is a ‘‘ phantom” photograph showing the spar both 
before and after the application of the load. In 
this test, the end of the spar at the left of the illus- 
tration was fixed, and the other end free, while loads 
were applied at each of the points at which the 
ribs are connected in the built-up wing. The loads 
from the interplane strut and the bracing wire were 
applied by means of a channel bar and a pair of stee 
strips, which can be seen near the top left-hand cornet 
of the figure, so that the arrangement of the loading 
was exactly similar to that to which the spar would 
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be subjected in service, although the magnitude of 
@ loads applied was actually five times that 


of the calculated 


load. Under these conditions the 


= ection’of the free end of the spar was 15 in., and 

signs of distress in the material could be detected. 
“ Pe mruction of the ribs can also be seen in Fig. 9 
te XV, but reference must be made to Figs. 17 to 


27 on Plate XVI 


in order to follow the details. The 


standard ribs are composed, as shown, of top and bottom 
ms of Duralumin tubing, with lattice bracing of the 


same material, 
sen from Fig. 17, 
af used only at 


Between the lattice bracing, it will be 


channel sections are fitted, but:these 
certain parts of the lower wings, 
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where walking ways'are provided, in order to prevent 
the booms from being distorted by the application of 
concentrated loads between the bracing points. The 
booms and bracing tubes are connected by clips and 
hollow rivets, as is perhaps most clearly shown in 
Figs. 24 and 25, but Figs. 20 to 23 show the methods 
of connecting the channel sections above referred to, 
while Figs. 18 and 19 illustrate the connection of the 
rib to the front and rear spars, respectively. Details 
of the trailing edges of the standard and short ribs, 
respectively, are illustrated in Figs. 26 and 27. One of 
the drag struts is clearly shown in Fig. 9 on Plate XV, 
and drawings of one of these members are given in Figs. 
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28 to 30, from which their construction will be clear. 
They are composed of two Duralumin plates bent and 
riveted along the flanges to form a tube of circular 
section, as shown in Fig. 30, tapered plates, of the same 
material, being riveted in at the ends to make the con- 
nections with the spars. The interplane struts are 
also formed of Duralumin tubing with fairings of the 
same material, but their construction does not call 
for any particular comment. 

The three engines are mounted in separate nacelles 
attached to the wing spar by three radial struts at 
each end, tangential struts being also inserted, as 
shown in Fig. 1, to take the torque. The nacelles can 
be seen in position on the structure, before the engines 
had been mounted, in Fig. 10 on Plate XV, and they 
are also shown separately in Fig. 56 on Plate XVII. 
In the latter illustration, the engine-mounting plates, 
which form the forward ends of the nacelles, can be 
seen in position, in the case of the nacelle in the fore- 
ground, and resting on the floor in front of the other 
two nacelles. Drawings of one of the nacelles are given 
in Figs. 31 and 32 on Plate XVI. The torpedo-shaped 
bodies are formed of Duralumin sheets with angle- 
shaped circumferential frames and longitudinal stiffeners 
of triangular-trough section. One of the frames is 
shown in section in Fig. 33, and this figure, together with 
Fig. 34, illustrates the method of riveting the stiffeners 
to the sheeting. Openings in the nacelle bodies are 
provided, as shown, so that all parts of the engine are 
readily accessible, and minor adjustments can be made 
on flight. The construction of the engine plates can 
be followed from Figs. 35 to 39, Plate XVI, with but 
little explanation. They are built up, as shown, 
of two 10 S.W.G. Duralumin plates, spaced at a 
distance of 1 in. apart and held together by channel 
sections round the outer edges, round the central 
opening, and also round the access holes. Sections 
through the inner and outer channels are given in 
Figs. 36 and 37, respectively, and Fig. 38 is a detail 
drawing showing the method of fixing the distance 
pieces which are located as shown in Fig. 35. Bosses 
are provided for the bolts by which the engine is fixed 
to the mounting plate, and details of one of these are 
given in Fig. 39. 

In connection with the engine installation it should 
be mentioned that a Bristol gas starter is fitted in the 
centre nacelle and connected to all three engines. The 
starting engine has been arranged to drive a bilge pump 
and an electric generator, which can be used for lighting 
and wireless services when the main engines are not 
running; in flight, the generator is driven by a small 
airscrew located in the slipstream. The oil tanks, 
which have an aggregate capacity of 45 gallons, are 
also fitted in the nacelles and connected up to external 
oil coolers. The petrol is carried in two tanks, each 
having a capacity of 240 gallons, fitted in the upper wing 
above the outer nacelles as indicated in Fig. 3, above. 
This arrangement enables the engines to be fed by 
gravity and obviates the necessity for employing petrol 
pumps. All three engines can be supplied from either 
of the tanks, and the petrol cocks on the engines, in both 
the “on” and “ off” positions, are controlled by the 
pilot. Emergency cocks are also fitted on the tanks 
and arranged so that they can be turned off by the pilot 
in the event of the breakage of a pip2. Four-bladed 
propellers, each consisting of a pair of twin two-bladed 
propellers, are fitted, this arrangement having been 
adopted in order to facilitate the carrying of spares ; 
the blades are sheathed with metal at the tips to 
protect them against damage by spray. 

Towards the outer ends of the lower wings, wing-tip 
floats are fitted, as usual, to prevent the machine from 
heeling over in a wind when at rest or travelling on the 
water. The floats can be seen in Figs. 1, 3 and 4, on 


page 196 and above, but their form is most clearly shown 
in the elevation and plan given in Figs. 41 and 42 
They are of Duralumin construction 


on Plate XVI. 








Their main 


throughout and are of the single-step type. 
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dimensions are: Length 11 ft. 6 in., width 3 ft., and depth 
2.ft.8in. Asection on the centre line of the float, showing 
the keelson, is given in Fig. 40, and;this, with the aid of 
the transverse section, Fig. 50, will enable its construc- 
tion to be followed ; single channel frames are employed 
with longitudinal stiffeners of Z section. Figs. 47, 48 
and 49, illustrate the method of riveting the keelson to 
the bottom sheeting and to the keel plate, and details 
of the construction of the step are given in Figs. 43 
to 46. Openings with covers are provided in the upper 
sheeting of the floats, as shown in Fig. 42, to enable the 
interior to be examined, and drain plugs are fitted in the 
the bottom to permit any water that may enter to 
escape. A watertight bulkhead is provided at the mid- 
section. 

Deferring for the moment our description of the hull 
structure and turning to the tail unit, we may first 
explain that the various members are of metal con- 
struction, generally similar to that of the wings 
described above, and they are also covered with doped 
fabric. The general arrangements can be followed by 
referring to Figs. 2, 4 and 5, on pages 196 and 197. It 
will be seen from these that the tail plane and elevators, 
which are 112 sq. ft. and 105 sq. ft., in area, respectively, 
are of the monoplane form, and the tail plane is braced 
to the hull by struts on each side. As the tail plane 
and elevators are located above the bottom of the fin, 
the latter has been made in two parts, to facilitate the 
removal of the tail plane. The angle of incidence of 
the latter, as already mentioned, can be adjusted in 
flight to suit the speed and loading, and the mechanism 
for effecting this adjustment is illustrated in Figs. 51 
to 53 on Plate XVI. The range of movement provided 
is 5 deg., and this is obtained by connecting the tail- 
plane struts to the tubular framework shown in Fig. 52, 
this framework sliding in vertical guides in the hull. 
Attached to the upper part of the frame is a screw on 
which works a nut, the outer part of which is formed 
as a sprocket wheel, as shown in Fig. 53. A chain 
from this passes round another sprocket, mounted on 
the upper end of a short shaft shown on the left of 
Fig. 51, and the lower end of this shaft carries a third 
sprocket operated by chain and cable from a handwheel 
in the cockpit. It will be clear that, with the mechanism 
described, the pilot can adjust the incidence of the 
tailplane as required by turning the handwheel. 

The fin is mounted on the hull as a cantilever, the 
rear fin post being almost identical in construction to 
the spars of the upper main plane. The area of the 
fin is 56 sq. ft., and that of the main rudder 49 sq. ft. 
As already mentioned, the latter is operated by a 
servo-rudder, the area of which is 7-6 sq. ft., mounted 
on spars to the rear of the main rudder. The servo- 
rudder has, of course, to be turned in the opposite 
direction to that in which it is required to move the 
main rudder, and, for this reason, the flexible cables 
operating the former must be crossed. The arrange- 
ment, we understand, has proved very satisfactory in 
service, very little effort being required to operate 
the rudder, and the pilot being consequently relieved 
of much of the strain involved in a flight of long 
duration. The connections for operating the whole 
of the control surfaces are collected together in the 
cockpit, whence they are led through troughs fitted 
with inspection covers to the top of the hull, where a 
duct is provided for their accommodation. The top 
cover of this duct is removable, to give easy access to 
the connections, for which rods are used in place of 
flexible cables wherever possible. 

The question of the seaworthiness of a flying boat is 
at least of equal importance to that of airworthiness, 
since an aircraft of this class spends a considerably 
greater part of its life in the water than in the air. It 
is necessary also to design the hull for the minimum 
water resistance, so that the aircraft may rapidly 
attain sufficient speed to rise, while at the same time 
the troublesome pitching phenomenon, known as 
‘* porpoising,” must be avoided, as also must be the 
production of too much spray. Fully realising all 
these requirements, Messrs. Short Brothers have given 
particular attention to the water performance of the 
hull, which is of the two-step type. Extensive research 
work on models was carried out in the firm’s own 
experimental tank, to determine the form which would 
be most efficient in all respects, and the results obtained 
in practice have amply demonstrated the value of this 
work. Similar experimental work, it may be added, 
was also carried out to assist in the design of the 
wing-tip floats already described. The hull, as already 
indicated, is constructed almost entirely of Duralumin, 
this material having been selected in preference to 
wood for several important reasons. Of these, we may 
mention that Duralumin has the advantage that its 
strength is known with much greater certainty than 
is that of wood, and the weight of a Duralumin hull 
can be made considerably less than that of a wooden 
hull of equal strength. Water soakage, which is a 
serious matter with wooden hulls, and may account for 
some 500 Ib. to 800 Ib. of added weight in service, is 
entirely eliminated in the metal hull, which can be 
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made so perfectly watertight that the bilge pump 
need only be used in an emergency. Metal hulls, 
moreover, have a longer life than wooden hulls -for 
a given amount of upkeep, and the former have the 
additional advantage that they are able to withstand 
a considerable amount of local damage without serious 
effects. Even if holed, they can be readily repaired by 
riveting on reinforcing plates, an operation which can 
be carried out anywhere by comparatively unskilled 
labour. The whole of the Duralumin used for the hull, 
and for all other parts of the aircraft, has been rendered 
corrosion-resisting by the anodic-oxidation process, 
which was fully described in ENGINEERING, vol. cxxii, 
page 724. 

The external form of the hull can be seen in the photo- 
graphic illustrations, Figs. 1 and 2, on page 196, Fig. 10, 
on Plate XV, and Fig. 57, on Plate XVII, as well as 
in the line drawings, Figs. 3,4 and 5, on page 197, 
while Figs. 54 and 55, on Plate XVII, are views of the 
interior, taken after the construction was completed, but 
before the internal fittings had been placed in position. 
The arrangement of the passenger accommodation and 
luggage compartment are shown in Figs. 6 and 7, on 
this page. The main dimensions of the hull are :— 
Length 60 ft. 6 in., breadth 10 ft., and depth 8 ft. 9 in., 
and it consists of a number of frames of the required 
shape to which the outer skin is riveted, the skin being 
strengthened between the frames by longitudinal 
stiffeners of triangular-trough section riveted on; the 
latter can be seen in Figs. 54 and 55, on Plate XVII. 
It should, perhaps, be mentioned that the local 
stiffening is considerably increased on the planing 
bottom, to resist the impact loads imposed by heavy 
landings. Thicker plating is also used for this part 
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of the skin, as well as in way of the two steps. A 
longitudinal section of the hull showing the thickness 
of the skin plating in different positions is given in 
Fig. 58, on page 199, while Figs. 59 to 63, on the same 
page, are sections of the various forms of frames em- 
ployed. Details of the keel are illustrated in Figs. 64 
and 65, and of the chine in Figs. 66 to 70. Of the latter, 
Fig. 66 shows the construction of the forward portion, 
to the left of frame 4 in Fig. 58, and Figs. 67 to 70 that 
of the portion between frame 4 and the after step. 
Specially strong frames are employed where the spars 
of the bottom main plane pass through the hull and 
also at the point of attachment of the tail unit. The 
joint between one of the vertical frames and the upper 
part of the curved chine plate is illustrated in Fig. 1, 
from which it will be seen that the joint is made with 
the aid of a shaped packing piece of solid Duralumin. 
The other detail illustrated in Figs. 72 and 73 shows the 
lap of the bottom plating at frame 26. It is of import- 
ance to mention that no watertight packing material 
is used between the joints of the outer skin, water- 
tightness being secured with a metal-to-metal joint 
by close riveting below the water line. Re 
As will be clear from Figs. 54 and 55, on Plate XVI, 
the interior of the hull is entirely free from obstructions, 
except for the depth of the frames, and no am 
water-tight bulkheads are fitted, although the floor 0 
the cabin is designed to form a double-bottom. r he 
two pilots are accommodated side by side in a —_ 
in the nose, from which position a clear view 1s obtainec 
in all directions, so that the engine instruments, 
which are fitted on to the struts supporting the nacelles, 
in order to avoid the use of long connecting ‘eé 
easily visible. Complete dual control is provide¢ 
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Fie. 10. ComMpLeTE AIRCRAFT IN CouRSE oF CoNSTRUCTION. 


ROCHESTER. 








(To face page 198.) 





er 4 i A 
“SYANAAAILS JO ONILLAAIY 





SPAY Puy 


77> 
(As) 





: Seay oe 

oo ,, 2 ~ : 2 i - 3 = 

, £2 O17 FOMSIA FieH > “oO Guy Wea Tt 
SYANFSIFIILS ONILLIS 410 GOHLIW : eke susuayng 


LO (669) 








‘Ez ag 


vv NOILIIS dig 
Of OV m vt WOO@ U3ddit ‘SWOOG WOLLOG ONY dOL OL 


ld. 
ONIXId FOGZI ONITIVYL Ls iaaed OININFILS¥4I IO GOHLIW 
Le Ory Jae | 
yh 





ON2 Tv 30 T1¥L30 ‘97 bg 








| yvdS wvay Lv 
: gig JO 11vLz0 

















AANOILIZS 
“SWOOE OL SIIVUT ONIXI4 JO TIVLIG *“SWOOG OL TINNVHD 30 ODNINFLSV4 INIMOHS T1130 
































whe Gann nnn nnn = nnn nnn z 
saspuay £005 11-2 L 


-(P-t04J) 9° 











SAY VU 28%, L1G! 
{ — OOO 
ncouaias it Seneaeee 















































$290-L--- + 








ONI Yvds 














AA NOILIIS 


(‘eg abvg aas ‘uoydisosaq 407) 





‘YGLISTHOOU ‘SUMANIDNY ‘GALINIT ‘(QHOddad GNVY UAUALSAHOOU) ‘SUAHLOUA LAYOHS ‘“SUSSHAW Ad AAILOIULSNOD 


“ADIAMHS WHONASSVd AOA LVOd ONIATA IVLAWN-TIV 





"8261 ‘LT tsn90y ‘ONIMAANIONS 
‘IAX GLVId 8661 LI VY ONIDUUNIONG 

















rye 669) 


i 
| 
| 
| 
| 


4 
S 











ee 
ee 
| 


7 
Yel b= 








S 
~~ 


~--------—-—-Z 

















tite 


“Ti 
i 


St ti 

















“hen 
NOS73IM JULNII ONILFIAIY 
HINOUHL NOILIIS 30 TvLza 


0g 627 ‘6b bry 


"X'X NO NOILIIS OM ante) 
‘Sp Ory x A awi30 
INILFJFHS WOLLOJ 
OL NOSTIIN 4AO ONILFIAIY 


‘Lp bay 


ONCNFINIOND. 


t 1 





pata | 
Syaany’ 

. ‘pG Orgy 
“SYANAAAILS JO ONILLIAAIY 





Sax mH pad 
raze aA 


ie 


"SMAAITIWVT TIIC OAS £4 itt CULM] PAwsI JI 


























ONIBAINION 


“VV NOJLIIS ATVH 


“‘V'VNONOILIOIS 

rita 
angst ees 
ae . 


Lut 
‘ES INONOILIIS 


“JNWeas 
LNOY4#F JO MAIA S10H 


ONISIINIONG. 









































SSO9 17109 
JO INIXIZ 











ma 
OPIN] FIUDISUT 








YINNI HONOYHL 


TINNVHI 
NOILIIS 














waste | 


DU APISING -6,.b.£——————-- -———--- . 





4 ’ = 
gre 1H, u : ch ' H 
: Be “4 Bim) (AS || 




















‘aaIg LYOG NO AQTIOUT, ONIHONOVYT AIAVHOVLAG ‘LO “DI ‘SHLVIG ONILNOOW GNV SATIGOVN ANIONG ‘9G “DIA 





DUT mite 12M 


(To face page 199.) 


ENGINEERING, Aveust 17, 1928. 














Liv ONIMOOT TIO dO WOIMHLINT “Ce ‘Oly *daVMUOT ONIMOOT TIO AO UOIMHINT “FG “OL 











<VIT. 


(‘eg ebog aae ‘uoydisos 7 40.7) 
‘UHLSAHOOU ‘SUMANIONA ‘CALINIT ‘(GuYOddad GNV AALSAHOOU) ‘SUAHLOUM LAHOHS ‘SUSSAN AM CALONULSNOD 


“ADIAMHS YWHONASSVd AOH LVOU ONIATA “IVLAWN-TIV 


PLATE 


es 




















AUG. 17, 1928.] 











sida 





N 


EERING. 








ALL-METAL FLYING BOAT FOR PASSENGER SERVICE. 
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that the second pilot, who acts as navigator and wireless 
operator, can relieve the first pilot when necessary. 
A small compartment immediately aft of the cockpit, 
> earthen it by a roller blind, is provided for 
‘He navigating and wireless work, and still farther aft 
gers’ cabin. This is 17 ft. in length, 6 ft. 
and 6 ft. 3 in. high, and has seating accom- 
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modation for 15 persons, as well as a steward, arranged 
as shown in Figs. 6 and 7 on page 198. 

The chairs are made of Duralumin tubes, with clip 
fittings, similar to those employed for the construction 
of the wing ribs, and can be readily removed if it is 
required to employ the aircraft for the transport of 
mails or goods. Aft of the passenger cabin, space is 
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provided for a buffet, cooking stove, lavatory and w.c. 
Finally there is a luggage compartment, of 200 cub. ft. 
capacity, provided with the necessary fastenings for 
preventing the movement of the packages. Access 
to the passenger cabin is alain by a specially- 
designed hatch at the forward end of the cabin, and 
arranged so that passengers can step directly from it 
to the quay to which the boat is moored. This hatch 
can be seen on the left of Fig. 10, Plate XV, in which 
illustration a plank is resting on the sill. A separate 
hatch is provided aft for the luggage, this hatch being 
shown open in Fig. 2, page 196, while the forward 
hatch is closed ; the luggage hatch is sufficiently large 
to enable a spare engine to be carried. Another hatch, 
also visible in Fig. 10, is provided in the extreme bow 
of the boat, to accommodate the ground anchor and 
rope, for use when the aircraft cannot be moored to a 
buoy. The necessary towing and mooring eyes are 
fitted on the bow, wing tips and stern of the hull. 

A complete'equipment of instruments is provided, and 
the wireless equipment includes a 500-watt transmitter 
and a five-valve receiver, the former having a range of 
from 300 to 400 miles for either telegraphy or tele- 
phony. In conclusion, we may briefly mention the 
detachable launching trolley employed by Messrs. 
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Short Brothers for the first time in launching the 
Calcutta. It is shown in position in Fig. 1, on page 
196, but is more clearly illustrated in Fig. 57, on 
Plate XVII. The usual wheeled trolleys, just visible 
in Fig. 57, are used at the after end of the hull, but the 
greater part of the weight is taken on a pair of pneu- 
matic-tyred wheels, one of which is attached by struts 
to the hull and lower main plane on each side of the 
hull. The struts are connected to the end fittings of the 
raking struts which transmit the load of the outer 
engine nacelles to the hull, as is perhaps most clearly 
shown in Fig. 1, the connections being made by pins 
which can ‘be withdrawn when the boat is floating in 
the water. The wheels and struts detached in this 
way are kept afloat by inflated rubber bags, so that 
they can be recovered after use. The same gear can 
be employed when it is required to draw the boat up 
a slipway, the detachable trolleys being taken out to the 
boat in any suitable floating craft and fixed in position 
by inserting the pins. 








LAUNCHES AND TRIAL TRIPS. 


“Hitpa Knupsen.’—Oil-tank motorship; twin- 
screw Burmeister and Wain Diesel engines. Trial trip, 
July 11. Main dimensions, 488 ft. 6 in. by 64 ft. 3 in. by 
35 ft. 4 in.; carrying capacity about 13,200 tons on a 
draught of about 27 ft. Built by Messrs. Nakskov 
Shipyard, Limited, Nakskov, Denmark, to the order of 
Messrs. Knut Knutsen, O.A.8., Haugesund. 


‘* BANGALORE.”’—Cargo steamer; single-screw quad- 
ruple-expansion engines. ‘Trial trip, August 8. Main 
dimensions, 435 ft. by 57 ft. 4 in. by 32 ft. 3 in. ; dead- 
weight carrying capacity, 9,400 tons. Built by Messrs. 
Barclay, Curle and Company, Limited, Scotstoun, for the 
Hain Steamship Company, Limited. 

“British Justice.”—Oil-tank motorship; _ single- 
screw Doxford Diesel engines. Trial trip, August 10. 
Designed to carry about 10,000 tons deadweight. Built 
by Messrs. Palmers Shipbuilding and Iron Company, 
Limited, at Hebburn, to the order of the British Tanker 
Company, Limited. 

“‘ FLoristan.”—Cargo steamer; single-screw triple- 
expansion engines. Trial trip, August 11. Main 
dimensions, 430 ft. by 54 ft. 3 in. by 30 ft. lin. Built 
by Messrs. John Readhead and Sons, Limited, South 
Shields, for Messrs Frank C. Strick and Company, 
Limited, London. 

“West Lynn.”—Cargo motorship;  single-screw 
Harland- B. and W. Diesel engine. Launch, August 14. 
Main dimensions, 400 ft. by 54 ft. } in. by 36 ft. 11 in. ; 
gross tonnage, about 4,550 tons, and deadweight 8,500 
tons. Built by Messrs. Napier and Miller, Limited, Old 
Kilpatrick, to the order of Messrs. Sir William Reardon 
Smith and Sons, Limited, Cardiff. 

“ British Piuck.”—Oil-tank motorship ; single-screw 
Neptune Polar Diesel engine. ‘Trial trip, August 14. 
Main dimensions, 240 ft. by 32 ft. 6 in. Designed for 
a deadweight of 1,000 tons on a draught of about 12 ft. 
Built by Messrs. Swan, Hunter and Wigham Richardson, 
Limited, at their Neptuno Works, Newcastle-on-Tyne, 
to the order of the British Tanker Company, Limited. 


MopEL ENGINEERS’ Exuisition.—The tenth Model 
Engineers’ Exhibition will be held at the Royal Horticul- 
tural Hall, Vincent-square, London, 8.W.1, from Sep- 
tember 15 to 22 next. Further information relative to 
the function may be obtained from the manager of the 
Exhibition, 11, Queen Victoria-street, London, E.C.4. 

THE MARKING OF ImMPpoRTED CuTLERY.—The Standing 
Committee (General Merchandise) appointed by the 
Board of Trade, have reported on their inquiry as 
to whether imported cutlery should be required to 
bear an indication of origin, under the Merchandise 
Marks Act, 1926. The report is obtainable from the 
Stationery Office, or through any bookseller, price 
2d. per copy. 

TENDERS.—We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
details and information relating to these may be obtained 
on application to the department at the above address, 
the reference number given below being quoted in each 
case.—The State Electricity Supply Works at Monte- 
video, Uruguay, are calling for tenders for the supply 
and delivery of 98,000 wrought-iron supports for over- 
head lines. Tenders to reach Montevideo by October 9. 
Local representation is essential. (Ref. No. A.X. 6672.) 
—The State Electricity Commission of Victoria invites 
tenders, to reach Melbourne by November 12, for the 
supply, delivery and erection of five steel chimneys 
complete with ladders and platforms, or combined with 
stationary dust eliminators. (Ref. No. A.X. 6679.)— 
The South African Railways and Harbours are calling 
for tenders, to reach Johannesburg by September 27, 
for the supply and delivery, only, of structural steelwork 
and bridgework. Local representation is essential. 
(Ref. No. A.X. 6686.)—The India Store Department, 
Simla, is inviting tenders for the supply and delivery of 
boring plant. Tenders to be received at Simla by 
September 4. (Ref. No. A.X. 6676.)—Tenders, to 
reach Buenos Ayres by October 5, are invited by the 
Argentine Department of Navigation and Ports for 
the supply of one electric transporter for moving blocks 
of 20 tons weight for Comodoro Rivadavia. (Ref. 
No. A.X. 6694.) 
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BOOKS RECEIVED. 


United States Bureau of Mines. Mineral Resources of 
the United States. I: 16. Secondary Metals in 1916. 
By J. P. Duntor. [Price 5 cents.} I: 17. Gold, 
Silver, Copper, Lead, and Zinc in California and Oregon 
in 1926. Mine Report. By J. M. Hitw. [Price 
10 cents.) I: 18. Lead in 1926 (Smelter Report). 
By A. Srott. [Price 5 cents.] II: 25. Sand and 
Gravel in 1926. By E. R. Pumures. [Price 5 cents.] 
Washington : Government Printing Office. 

The Institution of Gas Engineers. Transactions, 1926-27. 
Edited by Watter T. Dunn. London: Offices of 
the Institution. [Price 25s. net.] 

University of Illinois. Engineering Experiment Station. 
Bulletin No. 152.—An Investigation of the Fatigue of 
Metals. [Price 50 cents.] Urbana: University of 
Illinois. 

Department of Scientific and Industrial Research. Forest 
Products Research. Bulletin No. 1. Dry-Rot in Wood. 
London: His Majesty’s Stationery Office. [Price 
ls. 6d. net.] 

Department of Scientific and Industrial Research. Forest 
Products Research. The Uses of Home-Grown Timbers. 
London: His Majesty’s Stationery Office. [Price 
ls. net. ] 

United States Bureau of Standards. Technologic Papers. 
No. 368. Soil Corrosion Studies. I. Soils, Materials 
and Results of Early Observation. By K. H. Logan 
and others. [Price 50 cents.] Washington: Govern- 
ment Printing Office. 

Egypt. Ministry of Public Works. Physical Department. 
Meteorological Report for the Year 1922. Cairo: 
Government Press. [Price P.T. 40.] 

The Sales Engineer. Some Commercial Aspects of Metal- 
lurgical and Chemical Engineering. By GILBERT Riae. 
London: Mining Publications Limited. [Price 10s. 
net. ] 

Gentlemen Prefer Aeroplanes. By E. F. SPANNER. 
London: E. F. Spanner. [Price 35s. net.] 

Lunge and Keane’s Technical Methods of Chemical 
Analysis. Vol. II. Edited by CHartes A. KEANE 
and P.C. L. Toorne. London: Gurney and Jackson. 
[Price 31. 3s. net. ] 

The Elements of Hydrology. By AvotrH F. MEYER. 
Second edition, revised. New York: John Wiley and 
Sons, Inc. London: Chapman and Hall, Limited. 
[Price 25s. net. ] 

Report of the Geological Survey of the Anglo-Egyptian 
Sudan for the year 1926. Khartoum: Sudan Govern- 
ment Education Department. [Price P.T. 5 or 1s.] 

Department of Scientific and Industrial Research. Memoirs 
of the Geological Survey. England. Wells and Springs 
of Warwickshire. By L. RicHarpson. London: 
His Majesty’s Stationery Office. [Price 5s. net.] 

Canada. Dominion Water Power and Reclamation Service 
Water Resources Paper No. 54. Surface Water 
Supply of Canada. Arctic and Western Hudson Bay 
Drainage (and Mississippi Drainage in Canada) in 
Alberta, Saskatchewan, Manitoba and Western Ontario, 
1925-26. Ottawa: Dominion Water Power and 
Reclamation Service. 

Aeronautical Research Committee. Reports and Memor- 
anda. No. 1146. Full Scale and Model Measurements 
of Lift and Drag of a Bristol Fighter fitted with R.A.F. 34 
Wings. By J. K. Harpy and A. §S. HartsHorn. 
[Price 9d. net.] No. 1147. Wind Tunnel Tests of 
Aerofoil R.A.F. 36. By T. B. BrapFietp. [Price 
6d. net.] London: His Majesty’s Stationery Office. 

Department of Overseas Trade. Report on Economic 
Conditions in Turkey. May, 1928. By Cor. H. 
Woops. London: His Majesty’s Stationery Office. 
[Price ls. net.] 

Note on Composite Index Numbers for Indian Railways. 
By W. G. Barnett. Calcutta: Government of India 
Central Publication Branch. [Price As. 4 or 6d.] 

Department of Scientific and Industrial Research. 
Engineering Research. Special Report No. 9. Re- 
searches on Springs, 3. Torsional Fatigue Tests on 
Spring Steels. By G. A. Hanxrys. London: His 
Majesty’s Stationery Office. [Price ls. net.] 

The New High-Level Bridge and its Origin. By T. H. 
WEBSTER. Newcastle-on-Tyne: R. Ward and Sons. 
[Price 6d. net.] 

Rating of Machinery and Plant in England and Wales, 
July, 1928. By Jonn Scotr HENDERSON. London : 
“Rating and Income Tax.”’ [Price 5s. net.] 








NicKEL RrsEARCH DatTa.—We have received from 
Messrs. the Mond Nickel Company, Limited, Vic- 
toria Station House, Victoria-street, London, S.W.1, 
a loose-leaf binder containing a series of technical 
publications issued by the Research and Development 
Department of the company. The folder is divided 
up, by means of index cards, into eight sections, 
respectively dealing with general questions regarding 
the use of nickel, the metallurgy of nickel, electro- 
deposition, nickel-copper alloys, nickel-chromium alloys, 
carbon-free nickel-iron alloys, nickel steels, and sundry 
alloys. Six papers are included in the folder, each of 
which is devoted to one particular aspect of the 
metallurgy of nickel and of its alloys. ther memo- 
randa, we understand, will be issued by the Department 
from time to time. The company is also issuing a 
monthly publication, designated The Mond Nickel 
Bulletin, which contains abstracts of all references to 
nickel of technical interest appearing in current publi- 
cations. Information regarding other articles, patent 
specifications and published matter generally of possible 
value to users of the metal is also included. A leading 


article dealing with some aspect of the metallurgy of 
nickel and of its alloys is contained in each issue. Two 
numbers of the Bulletin have so far been published— 





the first for July and the second for August, 1928. 








ENGINEERING TRAINING AND 
_ EDUCATION. 

The Institution of Heating and Ventilating Engineers, 
—Examinations for admission as graduates and 
associate members of the Institution are held at suit- 
able centres in January, May and September each 
year. Membership applications forms, and all further 
particulars may be obtained from the secretary of 
the Institution, 12, Russell-square, London, W.C.1, 
The Institution was established in 1897, and associate 
members and graduates sections are in existence in 
London and Manchester, and are being formed in 
other centres, so that members of these grades may 
have the advantage of frequent meetings. : 








NOTES FROM THE SOUTH-WEST. 


CarbDIFF, Wednesday. 

The Coal Trade.—Some revival of export activity 
has been in evidence at the Welsh coal ports this week. 
There were considerable arrivals of engaged steamers, 
and at Cardiff and Swansea, in particular, a number 
of vessels were temporarily unable to secure loading 
berths. Loading was also retarded through a shortage 
of an unusual kind, following slack working on 
the part of the miners immediately after the holidays. 
Miners in a number of cases did not resume work 
until Monday, but outputs have increased sufficiently 
to meet the daily needs, and it is expected that, by 
the end of the week, requirements will be duly provided 
for. Colliery owners report that they are better booked 
over the remainder of August than for some time past, 
but the improvement is not likely to be on a sufficiently 
heavy scale to call for the re-opening of closed collieries. 
Towards the end of July, pits were closed employing 
something like 10,000 men. All requirements appear 
likely to be met by a little more regularity in working 
at the pits still in operation. There has been no 
material movement in prices. Here and there buyers 
have had to pay a small premium to secure spot supplies, 
but few have been willing to pay over the stabilisation 
figures. The stabilisation minimum seems to have 
become the maximum price. It is reported that the 
Egyptian State Railways contract quantity, for delivery 
during the ensuing three months, has been cut down 
from 140,000 metric tons to 90,000 metric tons, in 
consequence of the difficulties of taking delivery over 
the harvesting period. The Egyptians will call for 
fresh tenders for 110,000 metric tons in December. 
The contract for the 90,000 metric tons is understood 
to have been placed, for Welsh list coals at 27s. ld. 
per metric ton c.i.f. Alexandria, with Messrs. T. Beynon 
and Company, Limited, Cardiff. Offers of Northumber- 
land coal at 22s. 4d. and Yorkshire coal at 24s. were 
rejected. The Danish State Railways have booked 
10,000 tons of Welsh locomotive coal. In the past week 
exports were affected by the holidays, and only amounted 
to 282,050 tons compared with 303,420 tons for the 
corresponding week of last year. The principal 
customers were: France 84,980 tons, Italy 38,880 tons, 
Egypt 23,850 tons, Argentina 22,900 tons, Brazil 
19,250 tons, and Canada 19,050 tons. These figures 
in all cases compare unfavourably with previous totals. 

Colliery Mergers.—Reference has been made in recent 
weeks to negotiations for important colliery mergers. 
It is understood that these are still in progress, and 
while no official information is obtainable at the moment, 
some important announcements are expected in the 
near future. 

Iron and Steel.—Exports of iron and steel goods in 
the past week totalled 15,863 tons, compared with 
14,949 tons in the previous week. Shipments of tinplates 
declined from 7,383 tons to 6,872 tons, blackplates 
from 710 tons to 581 tons, and other goods from 
6,027 tons to 5,921 tons. Galvanised sheets, however, 
increased from 829 to 2,488 tons. 


Contracts.—An important contract for Riley stokers 
for the Pedro Mendoza station at Buenos Ayres, has 
been secured by Messrs. Riley Stoker Company, Limited, 
of 9, Bridge-street, London, S.W.1, acting as sub- 
contractors to Messrs. Babcock and Wilcox, Limited.— 
The Stanton Ironworks Company, Limited, near Notting- 
ham, have obtained the contract for 10,000 tons of cast- 
iron pipes for the Buenos Ayres water undertaking. 





PErRsonaL.—Owing to the expansion of business, 
Messrs. George Green and Company, electrical engineers 
and manufacturers, have found it necessary to erect & 
new factory, the address being, ‘‘' The Gee-Gee W orks, 
Chapel-road, West Norwood, S8.E.27, to which all com- 
munications should now be sent.—We are informed that 
the address of the Western Society of Engineers 1s now : 
205, West Wacker Drive, Room 1200, The Engineering 
Building, Chicago, Ill.—Owing to the growth of business, 
the partnership of Messrs. The Equipment and Engineer- 
ing Company, 2 and 3, Norfolk-street, Strand, W.C.-, 
has been transferred, as from July 1, 1928, to a private 
limited company, The Equipment and Engineering 
Company, Limited. The partners, Messrs. E. E. 
Daglish and W. L. Lorkin, will remain in the business as 
joint managing directors, while Messrs. W. T. ee 
A. Vickers and P. V. Fearon, late of the Brush Electrica 
Engineering Company, Limited, have been elected to the 
board of directors.—Reference has been made in these 
columns to the Foster Wheeler Corporation of N ew Y ork. 
The associated British company of this firm is Messrs. 
Foster Wheeler, Limited, formerly the Power Specialty 





Company, Limited, Aldwych House, Aldwych, W.C.2. 
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SHEFFIELD, Wednesday. 

Tron and Steel.—While some of the reorganised works 
are able to show substantial order books after two years’ 
almost continuous operations, they represent the excep- 
tion in the heavy trades. More orders are needed in 
both basic and acid steel. Monthly production in this 
area is in the neighbourhood of 90,000 to 100,000 tons, 
but is below the level of last year, and the maintenance of 
disengaged, plant constitutes a heavy charge. The 
absence of forward buying is the most discouraging 
feature. Quotations, which show little variation, are as 
follow :—Siemens’ acid billets, 10J. per ton, hard basic 
billets, 77. 2s. 6d. and 7J. 12s. 6d., soft basic billets, 67. 5s., 
Derbyshire foundry pig iron, 60s., Derbyshire forge iron, 
58s., Lincolnshire foundry iron, 59s. to 60s., Lincolnshire 
basic iron, 59s., Crown iron bars, 10/. 10s., iron hoops, 
121. 10s., steel hoops, 97. Some of the rolling mills are 
rather better placed than a week ago, and for a short 
period expect to run full time. Foundry work is good 
in parts, but the big forges feel the easement in heavy 
engineering. Extended tyre plants have difficulty in 
attracting sufficient orders to keep running regularly. 
The heavy machinery trades are gradually emerging 
from a difficult period, though the regaining of connec- 
tions that were lost to the Continent during the last coal 
strike proves a slow process. Some nice orders are in 
hand on transport account. Sheffield is contributing 
largely to motor ’bus and railway carriage construction. 
Wherever possible metals are being used in place of wood, 
those of the stainless variety being in growing demand for 
fittings. Slow progress is made in ship steel, upon which 
many of the heavy engineering departments in Sheffield 
are largely dependent, while trade in colliery plant has 
received a definite setback. Steel buffers and dredging 
appliances are active lines of manufacture. Quiet condi- 
tions are reported in most of the tool-making sections. 
The demand for electricians’ tools is probably as great 
as any. 

South Yorkshire Coal Trade.—More activity is expected 
in house coal following the announced intention to raise 
pit prices 1s. per ton from September. The recent state 
of trade in this branch has been quieter than had ever 
been experienced by some of the oldest producers and 
agents. London buying is only moderate, though rather 
more inquiries are reported for best qualities. With the 
resumption of the heavy steel trades, business on indus- 
trial account shows more life. Export business appears 
to be slowly strengthening, at firm prices. Furnace and 
foundry coke are steady. Quotations: Best hand- 
picked branch, 26s. to 27s. 6d.; Derbyshire best bright 
house, 19s. 6d. to 20s. 6d.; best house coal, 18s. 6d. to 20s. ; 
screened house coal, 16s. to 17s.: screened house nuts, 14s. 
to 15s. 6d.; Yorkshire hards. and Derbyshire-hards, 14s. 
to 16s. each; rough slacks, 8s. 6d. to 9s. 6d.; nutty slacks, 
5s. to 68.; smalls, 3s. to 4s. 6d. 





PanaMA CANAL ExTENSION WorkS.—The Department 
of Overseas Trade informs us that certain Panama Canal 
extension works have been sanctioned by the United 
States Congress. These works, which have long been 
recognised as necessary, are intended to provide for 
additional storage of water in order that a reserve might 
be available in the event of a long dry season. It is 
proposed to construct a dam at Alhajuela, and recent 
topographical surveys have shown that it is feasible to 
build a dam, about 170 ft. in height, which will create a 
reservoir of about 22 square miles, and provide storage 
space for approximately 22 billion cubic ft. of water. 
In addition, the reservoir will be the means of controlling 
the Chagres river during floods. An initial appropriation 
of 250,000 dols. has now been made ; it will be spent in 
making preliminary surveys and maps and in constructing 
4 portion of the road, 14 miles in length, from Summit to 
Alhajuela. It is anticipated that the surveys will take 
about two years to complete. ‘The construction of the 
dam and its auxiliaries will probably take three years, 
thus making a total of five years for the completion of 
the whole project. The work is expected to cost 
12,000,000 dols. 





GLAsGow CoRPORATION TRAMWAYS DEPARTMENT.— 
The result of the operation of the Glasgow Corporation 
Tramways, for the twelve months ending May 31, 1928, 
shows that the ordinary income amounted to 2,385,928/., 
and the working expenses to 1,660,055/., thus leaving 
& net revenue of 725,873/. After adding interest on 
vestments, the net revenue amounted to 811,7491. 
After deducting all charges, and paying the loss on the 
Glasgow District Subway and on the omnibuses, there 


remained a surplus on the year’s working of 19,7541. 
The mileage of tramway route open to traffic comprises 
131 miles of double track and 44 miles of single track ; 
the total revenue, per car mile, according to the annual 
report, tor 1927-28, of the Glasgow Corporation Tram- 
ways Committee, was 16-46d., and the working expenses, 
per car toile including power-works cost and the amount 
expended on permanent-way renewals, was 12-196d. 
The mileage of route served by the omnibuses has been 


inoreased during the year from 10-16 (in May, 1927) 
© 24-49; furthermore the traffic revenue per ’bus mile 


has been increased from 9-008d. to 11-893d., while the 
veneng expenses have been reduced from 11-344d. to 
; 644d. _The year’s working nevertheless shows a 
Geficit of 9961. “Similar progress has also been made in 


the case of the Subway section. The average traffic 
i per car-mile, which last year was 19-472d., had 
— on May 31 last, to 20-398d. The average working 
yeaa ag car-mile declined from 22-229d. to 20-156d. 
all che the same period. Nevertheless, after deducting 
21,0000 the deficit on the Subway amounted to nearly 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The situation as regards 
Cleveland pig iron shows little change. Restricted 
output is well taken up, chiefly for local use, and stocks 
remain low, so that makers’ statistical position is still a 
strong one, and enables them to resist customers’ persistent 
pressure for price concessions. New business is extremely 
limited, the quantity of iron available for disposal in 
the open market being very small. Producers’ own 
foundries and steelworks absorb the bulk of the make, 
deliveries to home and overseas firms being light. Fixed 
quotations remain :—No. 1 grade of iron is 68s. 6d. ; 
No. 3 g.m.b., 66s.; No. 4 foundry, 65s.; and No. 4 
forge, 64s. 6d. 

Hematite.—The small production of East Coast 
hematite is little, if any more, than sufficient to meet 
current needs, but stocks are rather heavy, and producers 
are still accepting orders at well below cost. Terms on 
which business is put through vary from 68s. to 7ls., 
according to analysis of the iron. 

Blast-Furnace to Re-start.—After next week’s local race 
holidays, Messrs. Dorman, Long and Company, Limited, 
intend to re-light two idle blast-furnaces—one to pro- 
duce hematite, and the other ferro iron. This will 
increase the number of blast-furnaces in operation in 
this district to 31 out of the 95 erected. In pre-war 
normal times between 60 and 70 furnaces were in blast, 
but the output per furnace then was considerably below 
that of to-day. 

Foreign Ore.—Consumers of foreign ore continue to 
hold off the market, but values are well upheld, merchants 
being still confident that supply will be inadequate 
when buying movement sets in. Best rubio remains at 
22s. 6d. c.i.f. Tees. 

Blast-Furnace Coke-—Local demand for Durham 
blast-furnace coke is light, and prices are inclined to ease. 
Good average kinds are on sale at 17s. 6d. delivered to 
works in this area. 

Manufactured Iron and Steel.—New business in finished 
iron and steel matures very slowly, and in some branches 
orders are much needed. In other departments, however, 
quite a lot of work .has yet to be turned out. Rail pro- 
ducers are likely to be busier, and constructional-steel 
firms have good contracts arranged. Again, sheet manufac- 
turers are heavily sold to the end of the year, but pro- 
ducers of ship-building requisites would welcome freer dis- 
tribution of specifications. Common iron barsare 101. 5s. ; 
best bars, 10/. 10s. ; double best bars, 107. 15s.; treble 
best bars, 11/.; iron rivets, 11l. 5s.; packing (parallel), 
7l. 10s.; packing (tapered), 10/.; steel billets (soft), 
6l. 15s. ; steel billets (medium), 7/. 2s, 6d.; steel billets 
(hard); 71. 12s. 6d. ; steel rivets, 111. ; steel ship plates, 
81. 7s. 6d.,; steel angles, 7/. 17s. 6d.; steel joists, 
7l. 17s. 6d. ; heavy sections of steel rails, 82. 10s. ; black 
sheets (No. 24 gauge), 10/.; and galvanised corrugated 
sheets (No. 24 gauge), 131. 10s. 








Luoyp’s REGISTER OF SuHIPPING.—We have just 
received the two bulky volumes which constitute the 
1928-29 edition of Lloyd’s Register of Shipping. The 
Register Book contains, as usual, complete particulars 
of all sea-going vessels of the world, of 100 tons and 
upwards, and, in addition, data regarding the steel and 
iron vessels trading on the Great Lakes of North America. 
A record of some 32,800 steamships, motorships, and 
sailing vessels is contained in the register. Many lists 
of great practical value to the shipping community are 
to be found in the volumes. These include, signal 
letters assigned to all sea-going vessels; shipbuilders 
and marine engineers in all countries; telegraphic and 
postal addresses of firms connected with shipping in all 
parts of the world; particulars of dry and wet docks, 
ports and harbours at home and abroad; information 
regarding speeds of merchant vessels capable of develop- 
ing 12 knots; particulars of deadweight and cubic 
capacities of cargo steamers and motor vessels; and 
lists of bulk oil carriers and of shipowners and managers. 
According to figures given, the total world tonnage in 
existence at the end of June, 1928, was 66,954,659. Out 
of this total steamers and motorships represented 
65,159,413 tons, of which 19,754,001 tons flew the British 
flag. In 1914, some 41-6 per cent. of the world’s steam 
and motor tonnage was owned in Great Britain and 
Ireland. Owing, however, to the great increase which has 
taken place, since 1914, in the tonnage owned abroad, this 
percentage has now fallen to 30-3. The great develop- 
ment which has taken place in the utilisation of steam 
turbine engines and of internal-combustion engines 
is fully brought out. There are, at the present time, 
1,418 steamers of 9,682,063 tons furnished with turbine 
engines, and 2,933 vessels of 5,432,302 tons, fitted with 
internal-combustion engines, as compared with 730,000 
tons and 220,000 tons, respectively, in 1914. The book 
is issued to subscribers, and the rate of subscription for 
marine insurance companies and public establishments is 
12 guineas per annum, for a single copy, and 6 guineas 
per annum for each additional copy. If the copies are 
periodically posted with additions and corrections in 
type, the subscription for each copy is 20 guineas per 
annum. For other subscribers the charge is 10 guineas 
per annum for each copy which is kept posted throughout 
the year, and 6 guineas for copies not so posted. Supple- 
ments containing the necessary additions and corrections 
are issued at intervals, and are supplied to subscribers 
not resident in London and not having their copies 
regularly posted, In this manner the information in 
the Register Book is maintained correct at all times, 
a feature which greatly enhances its utility. The 
office of Lloyd’s Register of Shipping is at 71, Fenchurch- 
street, London, E.C.3. 





NOTICE OF MEETING. 





NortH oF Enetanp INstiTuTE OF MINING AND 
MECHANICAL ENGINEERING.—Saturday, August 18, 
2.30 p.m. Lecture Theatre of the Institute, Newcastle- 
on-Tyne. Annual General Meeting. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Scottish Steel Trade.—In the steel trade of Scotland 
the position has changed very little during the week, 
and makers are not too well supplied with work. The 
outlook has improved to some extent by the new selling 
arrangement for overseas business. The inauguration 
of this policy has been found necessary in order to try 
and regain some of the foreign markets which have been 
lost since the outbreak of the great war. In forme? 
days a very large percentage of the output of our heavy 
steel works went overseas, but since the war we have not 
managed to recapture much of what we lost during the 
years 1914 to 1918, when little could be exported. It is 
hoped that the new move will prove successful and will 
bring back to the home steel. trade many of its old 
markets. The scheme will not interfere with the 
business which is already being carried on so successfully 
by the merchants, as producers recognise the able services 
which the former can render to the industry through 
their established connection in many of the overseas 
markets. The black-sheet trade is well supplied with 
orders for the lighter gauges, and the makers are well 
booked ahead, but conditions are not nearly so good as 
regards the heavier gauges. The demand for galvanised 
sorts has also improved of late. Home prices are un- 
changed, and are ag follows :—Boiler plates, 107. 10s. per 
ton ; ship plates, 8/. 7s. 6d. per ton ; sections, 7/. 17s. 6d. 
per ton; black sheets, } in., 8/. 15s. per ton; galvanised 
corrugated sheets, 24 b.g., 137. 10s. per ton, all delivered 
Glasgow stations. 

Malleable-Iron Trade.—The West of Scotland malleable- 
iron trade is in as unsatisfactory a state as ever. Orders 
are still extremely difficult to pick up, and the demand 
continues very much on day-to-day lines. The steel 
re-rolling branch of the industry is not much better 
than it was, but the prospects look a little better as some 
good inquiries were lately on the market, and should 
these materialise, a steady run is assured. Current prices 
are as follow :—‘‘ Crown” bars, 10/. 5s. per ton, and 
re-rolled steel bars, 71. 7s. 6d. to 71. 10s. per ton, delivered 
Glasgow stations. For export lots, the quotations are 
91. 15s. per ton and 7/, 2s. 6d. per ton, respectively. 

Scottish Pig-Iron Trade.—In the Scottish pig-iron trade 
a dull tone prevails and output generally is on a small 
scale. From overseas the demand has not improved. 
Prices are unchanged, and are named as under :— 
Hematite, 74s. per ton, delivered at the steel works ; 
foundry iron, No. 1, 75s. to 76s. per ton ; and No. 3, 70s. 
to 71s. per ton, both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
Saturday last, August 11, amounted to 405 tons. Of the 
total 375 tons went overseas and 30 tons  coastwise. 
For the corresponding week of last year the figures were 
425 tons overseas and 70 tons coastwise, making a total 
shipment of 495 tons. 

Locomotive Contracts.—An order for 18 locomotives 
of an exceptionally heavy class, for the Bombay, Baroda 
and Central India Railway, has been secured by the 
North-British Locomotive Company, Limited, Spring- 
burn. Glasgow. These engines are to be of the four- 
cylinder type. 


ASSOCIATION OF PusLic LIGHTING ENGINEERS.—The 
next annual meeting and conference of the Association of 
Public Lighting Engineers, 68, Victoria-street, London, 
S.W.1, will be held at Bournemouth in September, 1929. 





SoutHamptTon Docxs.—In connection with the exten- 
sive dock extensions at present being carried out at 
Southampton, on the western shore of the Test, by the 
Southern Railway Company, an important contract has 
been placed with Messrs. Sir Robert MacAlpine and Sons, 
of London, for the construction of 3,800 ft. of deep-water 
quay wall. A length of 1,000 ft. will be ready for service 
in two years, while the complete quay is to be finished 
in four years. . 





British STANDARD SPECIFICATION FOR THE ELEC- 
TRICAL PERFORMANCE OF TRACTION Morors.—The 
revision of the old B.S. Specification No. 72 for Electrical 
Machinery was completed some months ago by the issue 
of the B.S. Specification for Rotary Converters, No. 
172-1927, and the B.S. Rules for Declaring Efficiency, 
No. 269-1927, there now being a series of seven specifi- 
cations, which, taken together, replace the old specifica- 
tion No. 72. Some of these newer specifications have 
already. reached the revision stage, the latest to be 
revised being that for the Electrical Performance of 
Direct-Current Series-Wound Traction Motors, No. 173- 
1928,. which ‘has just been issued by the British Engi- 
neering Standards Association. An important change 
relates. to the method of determining the temperature 
rise, the resistance method being specified wherever 
possible. The tests are dealt with in greater detail, 
and the latest recommendations of the International 
Electrotechnical Commission have been adopted, in so 
far as they are applicable to service conditions in this 
country. Copies of this specification may be obtained 
from the Publication Department of the B.E.S.A., 28, 
Victorja-street,, London, S.W.1, price 2s. 2d., post free, 
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PRESTWOOD PUMPING STATION; SOUTH STAFFORDSHIRE WATERWORKS. 


MR. F. J. DIXON, M.INST.C.E., ENGINEER-IN-CHIEF. pi 


(For Description, see Page 211.) and 








rh 


“ F 
news‘ 
stalls. 
free, : 
in adi 

Fo! 

Fo! 





Fo! 


Fo 
plete 
comn 
the a; 

Ww! 
Orde! 


Th 
Head 
Tend 
or ul 
The | 
ment 
inch. 
advel 
guara 
the w 
on a] 
wide, 
Seria 
able 
guara 


TIN 














Fia. 5. Matin Motor anp Force Pump. Ae 


curr 
later 
sequ 
earls 
for s 
10 de 


All 
Cheq: 
Bank 
Orde: 
Stran 





AUSTE 
B 

N 

Q 

M 
BELGI 
CANAL 
Li 
DENM. 
EDINB 
FRANC 
GERM! 
W 
GLASG 

C 

Hous 

Invi, 





ITALy 
al 
JAPAN 
LIVER 
MAncy 
NEw 
A 
Norw. 








Fic. 7.. Pitan View or FounpatTion FRAME. Fic. 8. BorEHOLE Pump. 





AuG. 17, 1928.] 


ENGINEERING. 





203 











ENGINEERING. 


Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 


We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 

TELEGRAPHIC | “ ENGINEERING,” WESTRAND, 

ADDRESS LONDON. 
TELEPHONE NUMBERS—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 














“ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 


For the United Kingdom........................ £3 5 0 
For Canada— 
Thin paper copies .....................+ £218 6 
Thick paper copies _ .................... £3 3 0 
For all other places abroad— 
Thin paper Copies ..................0000 £3 3 0 
Thick paper copies ................. £3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 


When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 








The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed, 


TIME FOR RECEIPT OF ADVERTISEMENTS. 








Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, alterations 
for standing advertisements should be received 
10 days previous to the day of publication. 


Allaccounts are payable to “‘ ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 


AGENTS FOR “ ENGINEERING.” 


AUSTRALIA : Gordon and Gotch, Limited, Melbourne ; Sydney ; 
Brisbane, Perth. Angus and Robertson, Limited, Sydney ; 
N.S.W. T. Willmett and Company, Townsville, North 
Queensland. W. C. Rigby, Adelaide, South Australia. 
Melville and Mullen, Melbourne, Victoria. 

BELGIUM, Brussels: E. F. Satchell, 86, Rue du Tabellion. 

Canapa, Toronto, 2, Ont.: Wm. Dawson Subscription Service, 
Limited, 91-93, Queen-street, East. 

DENMARK, Copenhagen : Kaat-Jensen & Co., Godsbanegade 1. 

EDINBURGH : John Menzies and Company, Limited, Rose-street. 

FRANCE, Paris: Ricour, Chevillet et Cie, 22, Rue de la Banque. 

es : Hermann H. Fromm, Liitzowstrasse, 84, Berlin, 

00. 














GLASGOW : William Love, 221, Argyle-street. John Menzies and 
Company, Limited, West Nile-street. 
HOLLAND, Rotterdam; H. A. Kramer and Son, Limited. 


INDIA, Calcutta: Thacker, Spink and Company. 
I Bombay : Thacker and Company, Limited. 
TALY: U. Hoepli, Milan. Anonima Libraria Italiana, Torino, 


and any post office. 
’ APAN, Tokio: Maruzen Company, Limited, and all branches. 
ee : Mrs. Taylor, Landing Stages. 
meer John Heywood, Limited, 143, Deansgate. 
. “EALAND: Gordon and Gotch, Limited, Welli 
Auckland and Christchurch. ; nares 


MORAY, Oslo : Cammermeyer’s Boghandel, Carl Johans Gade, 
Ba nag A: Central News Agency, Limited. Head Office— 
oe sburg; and Pretoria, Cape Town, Port Elizabeth, 
emiontein, Durban and various’ branches and book- 


rae throughout South Africa. Wm. Dawson and Sons 
Tas uth Atrica), Limited, 29, Long-street, Capetown. 
eae Gordon and Gotch, Limited, Launceston, Hobart. 
2 News Comece be Pw nn, Fhe International 
- y> , Varick-street. For advertisements, 
J. 8. Allan, 30, Church-street. 


CONTENTS. 


PAG 

The Alouette Lakes Development, British Columbia 
(Zilus.) 
Literature——Manual of Forest Engineering and 
Extraction. The Design and Construction of 
Dams. Mechanics of Materials 
The Standing Wave (ZUs.)............cssscscscecscsssesseseseers 193 
Water Power and Indian Agriculture........................ 194 


OU Tiee am rs Gra Noam nacidgc aces devicaceedvedcdaderécisexce 195 
The Late Rear-Admiral T. B. S. Adair.................... 195 
The Late Me..W. Ax Ciameth -..nccc iii cccBacsiccncccictcte 195 


The Short ‘‘ Calcutta’? All-Metal Flying Boat 
(Illus.) 19 

Launches and Trial Trips 

RRM INI RUOGR WO ass, ses eda sscazan scape ev anc cnedniusevercvaqd 





Engineering Training and Education........................ 200 
Notes from the South-West.....0..........:ccccsesescseseteeees 200 
Notes from South Yorkshire .....0............cccscssesessesees 201 
Notes from Cleveland and the Northern Counties.... 201 
INGIGRGC OR TRON 5a cs esse <ccnanseczscesandseccxtesacrecceenss 201 
Notes frome: Gier mene 5.5 5i.<.sccsnosccecassesovsocooseescessetes 201 
PIOMGOR  TSWNIG > PIOREIY. 55s ccisscd es ccscinssssessnasaareseassavedorns 203 
State-Aided: Hesearell. ..........0:ssiecosssseccesossectssaseeansesente 204 
Hungarian Industry and Trade .................cceeeeeeees 205 
The National Physical Laboratory (Zllus.)  ............ 205 


Chilean Public Works 

The Ceramic Society..................... 

INOUE OEE IN GW DIODES iscsi cccevesscassasieaieivesccsecoueectscaces 

The Collin System of Dry Coke-Cooling.................... 

MRR IR sca Lokeincvascesce ccncaastinasssdnasvdeceee tayo 

The Prestwood Pumping Station of the South 
Staffordshire Waterworks Company (Jllus.)........ 





211 
Admiralty Floating Docks (Illus.).......0..0c:cccceeee 213 


Dust in Mine Air on the Witwatersrand.................... 215 

5-ft. Shaping Machine with Boring and Milling 
WRCHGLO ME: CEDAR ooo. occ nccctec se sewccoctavassastdececcsacteeeees 217 

ENGINEERING Patent Record (Illus.).......0.....:0:0000+ 218 

Two One-Page Plates and One Two-Page Plate-—ALL- 
METAL FLYING-BOAT FOR PASSENGER 
SERVICE. 


ENGINEERING 


FRIDAY, AUGUST 17, 1928. 











PIONEER BRIDGE DESIGN. 


In his charming volume of autobiography, the 
late Sir Francis Fox makes mention of the interesting 
fact that no provision whatever was made for the 
thermal expansion of certain wrought-iron girders, 
913 ft. long, incorporated into that portion of the 
Grosvenor Bridge, formerly known as the Victoria 
Bridge, Pimlico, which carries across the Thames, 
what was then the London, Chatham & Dover 
Railway. It is, of course, a common place that even 
to-day structural engineers are not entirely happy in 
dealing with temperature stresses, about which the 
best that can be said is that experience seems to 
indicate that they appear in practice to be very much 
less serious than calculation would indicate. Never- 
theless, the length of a 900 ft. girder will vary by 
some 44 inches with the range between summer and 
winter temperatures usual in this country, and it is 
worthy of note that this could, without danger, be 
suppressed in a structure which has had to carry loads 
far in excess of those contemplated by its designer. 
It appeared, therefore, that it might be of some 
interest to discover how it was that girders of 
such unusual length came to be employed, and 
also to ascertain their position in the bridge, 
which, to the casual observer, appears to consist 
simply of four quite ordinary metal arches, having 
a span of 175 ft. and a rise of 17 ft. 6in. Inquiry 
revealed the fact that the work in question was 
described in detail in a paper read before the 
Institution of Civil Engineers, on December 3, 1867, 
by Mr. C. D. Fox. A very full discussion followed 
the reading of the paper, and a perusal of this throws 
a very interesting light on the then state of the bridge 
builders’ art. 

It was originally intended to make the work in 
question a bridge entirely independent of that con- 
structed by Sir John Fowler in 1859-60 for the joint 
use of the London, Brighton & South Coast Rail- 
way, the London, Chatham & Dover Company, and 
the Great Western. At that time, all the railways 
approaching the Metropolis from the south had their 





termini on the southern side of the river, and the 


consequent inconvenience and delay, was such that 
Parliament, in sanctioning the South Eastern Rail- 


E | way Bill, made it a condition that the terminus must 
| be at Charing Cross. 


Although the conditions of 
the three other companies named were very 
different, it is of interest to recall this, in view of 
the possibility that the Charing Cross terminus may 
before long be transferred to the other bank. Inthe 
case of the Brighton line, the terminal station was 
in Battersea Fields, and the decision to transfer 
it across the Thames to a new structure erected on 
the site of the then existing Grosvenor Canal and 


5 | Basin involved some very heavy work. The viaduct 


by which the Thames was crossed appears to have 
been the first in which a series of wrought-iron arches 
of fairly large span was employed. 

The transfer of the terminus to Victoria led to 
such a development of traffic that an additional 
line was called for, and the Act authorising the 
new works provided, accordingly, that the new 
bridge of the London, Chatham & Dover Company 
should constitute a widening of the existing 
structure. This provision raised the question as to 
how the foundations were to be got in without 
risk of disturbing the masonry already in place, 
and it was finally decided to support the piers 
on four cast-iron cylinders, 21 ft. in diameter, which 
were carried down 13 ft. into the London clay. The 
visible portion of the bridge had, of course, to 
correspond in appearance with the old work, and 
this fixed the rise and span of the arches. The 
cylinder foundations necessary, as stated, to avoid 
risk to the completed work, appeared to be less 
capable of taking side thrust than the rectangular 
piers used by Sir John Fowler, and the engineer for 
the new work, Sir Charles Fox, felt it desirable to 
make special provision against the risk of the piers 
being overturned by unbalanced thrusts due to un- 
equal loadings of adjacent spans, the more particu- 
larly as the ratio of live to dead load was materially 
greater in the new work than in the old. 

He adopted, accordingly, the expedient of carrying 
a plate girder, 4 ft. 6 in. deep and 1 ft. 6 in. wide, 
over the arches from one end of the bridge to the 
other. These girders were riveted to, or rather 
incorporated into, the arch ribs at the crown, making 
the depth there 4 ft. 6 in., and the extreme ends only 
of the girder were free to expand. Since there are 
eight arch ribs in each span, there are eight of 
these girders. A very solid and enduring bridge 
was undoubtedly the result, but, as was pointed out 
by Sir Benjamin Baker in the discussion on Mr. Fox’s 
paper, these girders took only about ;'; of the total 
load, the observed deflection at mid-span of a fully 
loaded arch being only jin. As noted, the object of 
these girders was to secure the piers against over- 
turning, and the decision to omit all provision for 
expansion was based on careful observation of the 
existing bridge. This also had a horizontal girder over 
each arch rib and firmly connected to it at the 
crown, but an expansion joint was provided, at each 
pier, where opposing ends of consecutive girders were 
fished together with what was meant to be an elastic 
joint, which it was hoped to obtain by the use of 
rubber washers. Meticulous study of these joints 
for over a year showed that there was absolutely 
no motion whatever, at any one, and it was 
apparently this result which decided Sir Charles 
Fox to make his girders continuous from end to end. 
Measurements made, after the completion of the 
widening, are stated to have shown that expansion 
took place at the free ends of the land arch girders 
only, the suppression of the. expansion throughout 
the rest of the girder giving rise to a stress of 
4 tons per square inch as a maximum, acording to 
the calculations of the designer. 

Curious as is the construction described, the 
methods of calculating the stresses in the structure 
were even more original, and illustrate once again 
the truth of the adage that a wrought-iron or steel 
structure, if found to be safe under any plausible dis- 
tribution of stress, will probably be so in actuality. 
The stresses in the widened bridge were calculated 
on the hypothesis that the combination of arch ribs 
and horizontal girder formed a continuous beam 
of varying cross-section. It would seem, therefore, 
that the horizontal reactions at the piers were 
ignored. As an alternative, each span was also 





calculated on the hypothesis that it might be 
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regarded as consisting of two equal cantilevers, 
supporting a central girder, 75 ft. long. 

The discussion which followed the reading of the 
papers'turned largely on the relative merits of cast- 
iron and wrought iron as a material for arches. 
Particulars were given of a cast-iron arch of 200 ft. 
span and 20-ft. rise, which had recently been con- 
structed across the Severn for the Severn Valley 
Railway by Sir John Fowler, the design being 
subsequent to that of the same engineer’s Victoria 
Bridge. At that date, cast iron cost 8/. 10s. a ton, 
and wrought iron 14/. a ton, and the cheaper 
metal was claimed to provide a stronger arch. 
On the other hand, the use of wrought-iron was 
stated to hasten construction, because pattern- 
making occupied much time, and much fitting of the 
castings was required. In the case of the Victoria 
Bridges, both the engineers concerned seem to have 
adopted wrought-iron because they were a little 
afraid of serious deflection of the piers when adjacent 
spans were unequally loaded, and, moreover, Sir 
Charles Fox said that he had noted that it was 
impossible, in practice, to fracture wrought-iron by 
temperature stresses, whereas cast-iron could not 
always accommodate itself, without failure, to nor- 
mal temperature changes. Another point raised in 
the discussion was whether it was advisable to provide 
hinges at the abutments. This is still a vexed 
question, but it may be noted that many reinforced- 
concrete bridges of considerable span have been made 
monolithic with their abutments and no trouble has 
ensued. Of course, the elastic modulus of concrete is 
low, whilst its temperature coefficient is comparable 
with that of steel, but, on the other hand, both its 
tensile and compressive strengths are also very small 
when compared with those of the metal. Hence 
such arches may fairly be regarded as comparable 
with equivalent structures of steel. The ribs, 
both of the Severn Bridge, above referred to, and of 
the original Victoria Bridge, were rounded at the 
ends and were bedded in rounded sockets, but this 
was done merely to facilitate erection, and no 
motion occurred at these joints once the structure 
was completed. In the widened portion of the 
bridge, Sir Charles Fox used flat-ended ribs, but in 
a cast-iron bridge at Manchester, he had used, he 
said, ribs with rounded ends bearing on flat skew- 
backs, so that a certain rolling motion was possible. 
He expressed, however, a preference for the flat 
bearing. 

In some further remarks, he showed that even at 
that date the practical engineer was bothered by 
theoreticians who maintained that the utility of a 
material was fixed solely by its elastic limit. Thus, 
one inspecting engineer told him that he would 
reject any bridge which took a permanent set under 
its test load, and also any iron bar which showed 
permanent set when subjected to a proof load of 
10 tons per square inch; the latter difficulty was 
got over by subjecting the bars to a load of 11 tons 
per sq. in. before making the proof test. Incident- 
ally, Sir Charles noted that every one of the 
numberless cast-iron girders forming the framework 
of the Crystal Palace, was subjected to a proof 
load before being accepted for use. There were, it 
appears, quite a number of rejections. 








STATE-AIDED RESEARCH. 


TEN years ago, the first Research Association 
was formed under the scheme of the Department 
of Scientific and Industrial Research, and it was 
followed by others at intervals until 1926. Most 
of these associations received from the Department 
annual grants for five }ears to an extent equal to the 
amount they subscribec themselves. The industrial 
prosperity of the period when these associations 
began to be formed lasted only a short time, and 
the depression which followed it raised grave 
difficulties in the way of obtaining funds from the 
constituent firms of the industry. Moreover, 
the time occupied in organising research associa- 
tions and in procuring, and sometimes training, 
research workers was longer, in most instances, than 
had been expected. Although, therefore, the de- 
partmental grants had been put forward expressly 
as a temporary measure, and it had been understood 
that when they came to an end the industry would 
finance its research for itself in the future, in almost 


all cases applications were made for the renewal of 
the grants for a further term. The renewals 
were made at rates which decreased annually, and 
the extended terms are now beginning to run out. 

Of those which have special interest to the engi- 
neering trades, four expire next year, three the 
year after, and two more in the following two years. 
There is no reasonable prospect that most, if 
any, of the industries in question will be able to 
carry on their research work adequately on their 
own account without assistance, and, accordingly, 
a deputation representing nineteen of the more 
important research associations recently waited on 
Lord Balfour, who, as Lord President of the Council, 
is the head of the Research Department, in order 
to ask that the Department’s grants to research 
associations should be renewed on their expiration 
on the same terms as those on which they were 
granted originally. Lord Balfour announced that 
the Government had decided to make a further offer 
of grants through the Department on a pound for 
pound basis in respect of subscription income in 
excess of certain minimum figures and up to certain 
maximumamounts. Ineachinstance, the minimum 
subscription income below which grants would not 
be given, as well as the maximum up to which they 
would run, were to be fixed on the advice of the 
Department’s Advisory Council, a body recruited 
outside the public service from men of scientific 
and technical eminence. The grants would be 
given, in the first instance, for a period of five years, 
and would be renewable, presumably also subject 
to the same advice, for a further five years. 

When account is taken of the persistence with 
which the need for economy is pressed upon the 
Government from every quarter, it must be admitted 
that the decision to renew these grants shows a 
liberality on the part of the Treasury which 
it would probably be impossible to extend to most 
applications. Nevertheless, in the circumstances 
of industry, no other decision could have been 
reached prudently. It is common ground that, 
at the present time, most, if not all, industries 
have to meet serious attacks on their markets, 
with the prospect of even more serious attacks. It 
is known equally that in all countries the use of 
scientific research is being invoked to improve the 
quality of technical products, and lower the cost 
at which they can be manufactured. This country 
has no sort of lead in its natural resources, and it is 
only by improving the use it makes of them that 
it will be possible for its standard of prosperity 
to be maintained, much less to be improved. 

The more effective use of natural resources requires 
increased knowledge, which can only be obtained 
by trained workers. The necessary force of such 
workers cannot be improvised ; neither can the right 
class of men be attracted to the work unless the 
demand for it is put on to such a footing as will 
give workers the prospect of continued employ- 
ment in a career appropriate to their abilities. 
There seems to be no question that, in the quality of 
men available, as well as in the thoroughness of 
the training they undergo, this country is at least 
not inferior to any other. In the numbers, on 
the other hand, in which such men are attracted 
to research as a profession, and in the prospects 
which the industries hold out to attract larger 
numbers, other countries are better off. It has 
been stated, on authentic authority, that in the 
United States about 15,000,000/. is spent annually 
on industrial research, and in the largest research 
laboratories maintained by a private firm—those 
of the Bell Telephone Laboratories in conjunction 
with those of the American Telephone and Telegraph 
Company—not far short of 3,000,000/. per annum 
is spent. Exactly corresponding figures for this 
country do not seem to be available, but the 
difference in their order of magnitude may be ima- 
gined from the fact that the annual expenditure on 
research by members of the British Electrical and 
Allied Manufacturers’ Association is stated to be 
some 250,000/. in the aggregate, and that the 
entire budget of the Department of Scientific and 
Industrial Research, which has to cover the enor- 
mous variety and volume of its activities, is only 
of the order of 500,000/. a year. The amount 
spent by the British Electrical and Allied Industries 





Research Association, including grants from the 





Department, the British Electrical Allied Manu- 
facturers’ Association, the Cable Makers’ Associa- 
tion, the Institution of Electrical Engineers, and 
the electrical supply companies, is about 16,000/. 
a year. 

This relatively small expenditure on research 
in the electrical industries is the more remarkable 
because of the considerable success which has 
already attended it. Research must often be a 
roundabout process, and though experience shows 
that if pursued with sufficient persistence remunera- 
tive results will be obtained ultimately, they are 
not to be expected as a matter of course in a short 
time. Nevertheless, it is estimated that the results 
obtained by the investigations into the loading of 
buried cables, instituted by the British Electrical 
Research Association, have already added a capital 
value to existing cables of about 4,000,000/., and, in 
addition, have diminished risk of failure of supply 
and of damage. When account is taken of the results 
already obtained by other investigations instituted 
by the same body, it is estimated that the supply 
industry alone will make an annual saving of over 
a million pounds, at least a third of which has 
already accrued. 

Savings such as these cannot, indeed, be a 
matter of indifference to the Government, but it 
does not seem unreasonable that it should insist, as 
the decision announced by Lord Balfour seems to 
imply, that in the first instance they are of import- 
ance to the industries themselves, and are most 
likely to be turned to account if the industries are 
interested directly in the research operations by 
which it is hoped to produce them. Accordingly, 
the Government’s decision does not seem unfair 
in principle to the industries in question, and it is 
earnestly to be hoped that the fullest advantage 
will be taken of it. Its utility, indeed, must 
depend, in some measure, on the discretion with 
which the maximum and minimum figures are 
fixed. Some industries, of which foundry work 
may be taken as a type, are largely conducted in 
units of very variable size, scattered all over the 
country as suits the convenience of the trades the 
serve. To organise such industries for co-operative 
action in a matter, such as research, from which 
many of them can see no immediate prospect except 
that of an expense they are unable to face, may be 
a matter of considerable difficulty, especially in 
times when capital is hard to come by. It must 
be remembered, moreover, that, according to most 
experience, the results which a works takes over 
from an outside source cannot usually be applied 
to their full advantage unless the works is able to 
make some amount of research on its own account 
into the manner of applying them, and the expendi- 
ture of a firm on research will therefore not end with 
its subscription to the co-operative research associa- 
tion. For that matter, on the other hand, neither 
will their benefit end with what they get from the 
results so imported ; rather, it is likely to extend to 
raising the technical efficiency of the entire establish- 
ment. How far the resources of all firms will enable 
them to join in the work is another matter, and it 
cannot be doubted that, in this respect, various 
industries will stand in very different positions, and 
may call for differnet treatment when the minimum 
subscriptions to qualify for the Department's grant 
are being assessed. 

It is, however, to be hoped that means will be 
found to enable the several industries to make the 
fullest possible use of the present offer. For the 
time being, public opinion is well disposed to 
appreciate the value of scientific and industrial 
research, and to approve the State grants by which 
it is proposed to assist industries in adopting it. 
As a consequence, an opportunity now offers for 
obtaining State assistance to work which, in another 
temper of public opinion, might be held to be the 
business not of the State but of individual indus- 
tries. The industries will be well advised to make 
the most of their opportunity while they have it. 
To those who have not followed the course of 
industrial history, it may be tempting to let other 
countries make the running, in the hope of sharing 
the results with them when their discoveries ar 
ripe for practical application. The objection to 
this policy does not lie merely in its lack of magn 





nimity. Common experience shows that technical 
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practice never stands still, and that alterations 
in it take time to apply. Other things equal, 
the advantage of improvements or of new dis- 
coveries is, therefore, taken in the first instance, 
by the countries in which they were made, and by 
the time competitors have caught up, the reason- 
able prospect is that the leading countries will have 
gone still farther ahead, and have confirmed their 
hold on the markets they have gained. In the 
competition which lies ahead of all industries, and 
in pa rticular of those associated with the engineering 
trades, the prizes will be taken by those countries 
which are in the van of progress. British industries 
need to be there, not to gratify a Chauvinist national 
pride, but in order to satisfy the economic conditions 
under which alone they can be prosperous. 








HUNGARIAN INDUSTRY AND TRADE. 


As a sequel to the stabilisation of the currency and 
the balancing of the national budget, Hungarian 
trade is improving and the prosperity of the people 
is gradually returning. It is true that purchasing 
capacity has not yet reached the pre-war level, as is 
only to be expected for some time after the ending 
ofinflation. Considerable progress is being made in 
industry, where steady work is being done, although 
the wage rates of the men are low. There was, in 
fact, what might be termed a small boom in the iron 
and steel trades, the building industries, and in 
textiles towards the end of the year 1927. The 
present position may be judged from information 
given in a Report on the Economic Situation in 
Hungary, which was prepared by Mr. H. N. 
Sturrock for the Department of Overseas Trade, 
and has recently been published, at 1s. 6s. net, by 
His Majesty’s Stationery Office. From statements 
made in this, it is clearly indicated that the 
collections of taxes were good, indicating a great 
improvement in business and in general prosperity. 
National expenditure has also increased in recent 
years. The reasons for this are many and varied. 
Amongst the chief causes were the needs for road 
construction and improvements of public works. 
Another item of importance was due to the indem- 
nities paid to civil servants discharged under a 
national economy scheme. Surplus revenue and 
extra profits from the state railways, the post 
office and other productive government organi- 
sations, are being set aside for expenditure on 
permanent productive works, such as harbours, 
land drainage, road-making and the like. 

The imports rose from 821 to 997 million gold 
crowns from 1926 to 1927. These figures are given 
in the old currency, in which the British sovereign 
was the equivalent of 24-02 gold crowns. To-day, 
the pengo is the unit of the financial system, and at 
parity the conversion value is 27-82 pengo to the 
British pound. The imports from the United 
Kingdom for the year 1927 showed an increase over 
previous years, and amounted in value to 1,390,0001. 
This was 710,000/. in excess of their exports to 
Britain. Textile materials proved to be the most im- 
portant items of import from the United Kingdom, 
followed by machinery, mainly for the textile and 
electrical industries. 

The coal production of Hungary, 7,000,000 metric 
tons, was practically 90 per cent. lignite. An addi- 
tional million tons, mainly bituminous coal, was 
obtained from Poland and Czechoslovakia. Foundry 
coke is mainly imported, and its amount may be 
regarded as an index of the production of the 
iron and steel industries. In 1927, the importation 
was 390,834 tons, as compared with 268,896 tons 
for the preceding year. Lack of specialisation 
has always been characteristic of the engineering 
works of Hungary, but the need for it is at last being 
appreciated by the owners. Amalgamation schemes 
are being arranged to economise efforts and to 
ensure a more rational basis of production. Already 
good results have been obtained by this means in 
the manufacture of agricultural machinery, and 
: the motor-car and wagon-building industries. 
Some progress is shown in the production of elec- 
- motors, transformers and cables, and the local 
actories are expected to be kept busy for some time 

ers for supplies for a large electric power 
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ducers. Crude oil is imported from Roumania, 
Poland and Russia, and refined in local plants, 
where the admixture of the ten per cent. of alcohol 
to all petrol used in the country is also carried out. 

The railways, generally, have benefited by the 
more prosperous condition of the country. An 
enterprise, in which the state railways own a half 
interest, has been started in association with the 
other railways, the motor carriers and omnibus 
owners, for the linking up of the transport organi- 
zations throughout the country, to improve the 
facilities for villages and rural districts. All the 
vehicles to be used, on the roads as well as on rail, 
will be of Hungarian manufacture. One feature of 
great interest in the railway world is the proposal to 
electrify the main Vienna line as far as Hegyeshalom, 
on the frontier, and then gradually to extend the 
system. Steam locomotives require imported coal, 
but the large power stations are able to utilise the 
cheapest local fuel. The scheme is, therefore, one 
of great importance to the country. Motor traffic 
has increased from year to year, but the British 
position in the market, except in motor cycles, is 
quite insignificant. 








THE NATIONAL PHYSICAL 
LABORATORY. 


(Continued from page 175.) 
MertrRoLoGy DEPARTMENT. 


Standards and Gauges.—The absolute determina- 
tions of the electric units also involve a redeter- 
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mination of the value of g at Teddington, which is 
carried out by comparative pendulum observations 
there, at Cambridge and at Greenwich, and for 
which Mr. J. E. Sears (Superintendent) is making 
observations with a Kater pendulum. The verifi- 
cation of the primary Laboratory yard standard, 
the nickel bar No. 184, shows an agreement with 
the measurements of 1922 within 1 part in 10,000,000. 
The now accepted ratio of the yard and metre 
is given by 1 m. = 39-370147 in. The new stan- 
dards of Dr. Guillaume’s aged Invar of 1924 have 
grown by 1-3 part in a million per annum, and are 
not yet quite stable, though improved. The 
standard Invar surveying tapes and wires show 
a satisfactory constancy; the numbers of these 
standards presented for verificatuion in 1926 was 
61, as compared with 26 in 1926. 

While satisfactory progress has been made with 
the construction of apparatus for a wave-length 
standard of light, the question of the relative relia- 
bilities of optical and mechanical methods of 
measuring end gauges has required further study by 
Messrs. Sears, S. W. Attwell, and F. H. Rolt. 
Interferometer measurements are made by sup- 
porting the gauge of length G between the plates 
of a Fabry-Perot étalon of slightly greater length, 
as indicated in the diagram, Fig. 16. If this 
distance is L, and the optical gaps between the 
ends of the gauge and the plates are /, and I,, then 
the optical length O of the gauge is O = L — (1,+1,). 
L is determined indirectly in terms of wave- 
lengths, and J, and I, are measured in the same 
unit by counting the interference fringes. The 
reflection of light in air at a metallic surface, how- 
ever, involves a phase loss @, such that O = G —2¢, 
and changes with the wave-length. In the 
mechanical standardisation, the quantity measured 
is the geometric length G augmented by the thick- 
ness f' of the wringing film between two lapped 
surfaces, so that the length found by the mechanical 





contract, which they will-share with British pro- 








standardisation is M = G+ #= 0+ (26+ #); it 


| 
is M which should be determined in wavelengths. 
The Laboratory values of ¢ and # do not quite 
agree with those of Pérard and Maudet, but they 
appear to be more reliable, and the outcome of these 
investigations is that the O value of a 4-in. gauge is, 
by 0-000002 (or 3) in., smaller than the M valfie. 
The discrepancy remains almost the same when 
shorter gauges, down to 1 in. and }in., are measured. 
The error is, therefore, more probably optical than 
mechanical, and this conclusion would be in accord 
with the observation, made particularly on block 
gauges, that the flat end faces become slightly 
convex in the course of time; this would shorten 
the distance between the glass plates in contact. 
Experiments are in progress to dispense with this 
wringing of glass plates on to the gauge faces. The 
changes just mentioned, nearly always increases 
in the lengths of the block gauges which were 
acquired in 1922, are a little disquieting. In some 
of the 1 in., 2-in., 3-in., and 4-in. gauges, the growth 
in four years possibly amounts to several (up to 
4-6) units of 10-5 in. 

The 50-m. base, on which the tape measurements 
are made, continues to expand, apparently at a 
diminishing rate, owing to secular changes in the 
brickwork and foundations. The results of length 
measurements taken since 1909, with the exception 
of the war years, and since 1921 with the aid of 
sag wires of Invar, on a length of 100 ft. of the bench, 
and of temperature observations are given in Fig. 17. 
The whole growth amounts only to 0-014 ft. in 19 
years. Some tests on concrete, completely exposed 
to weather conditions, on the other hand, show no 
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permanent changes, contrary to the usual experience, 
owing possibly to some peculiarity of the concrete. 

Cohesion Phenomena.—When, in the measurement 
of end standards, two steel surfaces are brought into 
contact under apparently light pressures, the 
contact pressures are really high owing to the small 
areas actually concerned, and strong cohesion forces 
come into play which, Mr. G. A. Tomlinson suggests, 
are appreciable at distances of several times the 
diameter of the molecule. The breaking of the 
contact then causes some disintegration and rusting 
of the fine particles of iron torn off. It required a 
force of 30 lb. per square inch to separate two gauges 
immediately after wringing them together, and a 
force of 80 lb. an hour later. There must also, 
however, be forces of repulsion between the molecules 
to produce statical equilibrium with the cohesive 
attraction. Mr. Tomlinson’s experiments with 
adhering quartz fibres show these forces of repulsion 
to have a smaller range of action and a greater rate 
of change than the attraction forces, and he has 
developed a molecular theory of dry friction on these 
lines which he has confirmed in various ways. The 
coefficients of sliding and rolling friction should be 
interrelated. For bodies in contact having an 
oscillatory motion, the friction should diminish 
substantially as the amplitude is reduced, and the 
friction between two materials should be related 
to their elastic constants; the last conclusion is 
supported by the determination of 55 different 
coefficients of friction. 

Measurement of Quartz Fibres.—We described, 
last year, Mr. Tomlinson’s indirect method of 
determining the diameters (of the order of ly) of 
quartz fibres by the measurement of their elastic 
extension. His other optical method, which is very 
convenient for testing the uniformity of thickness of 
such fibres, is illustrated in Fig. 18. The fibre F 
(shown in section) is illuminated by the arc A and 
lens L, and seen by the eye E, brilliantly coloured by 
diffraction. When the fibre is displaced along its 
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axis, which is normal to the plane of the paper, 
while the observation angle 6 is kept constant, the 
colour will be found to change frequently, indicating 
a change in the thickness of the diameter, since all 
other factors have remained unaltered. A change 
from blue to green would indicate an increase in 
diameter. Other series of colour changes are 
observed when A is varied, while the fibre is kept 
stationary. From these changes, the diameter is 
deduced as in spectroscopic experiments with slits of 
different widths. Ready comparison, however, can 
also be made with a standard wire of known diameter, 
and any want of uniformity of fibre diameter is at 
once recognised ; the diameters should, however, 
not be less than 2 for this diffraction test. 
Testing Periodic Errors in Motion.—Articles on 
the testing in the Engineering and Metrology 
Departments, of the accuracy of large hob-cut 
helical gears, were contributed by Mr. Tomlinson 
in our issues of April 21, May 4 and May 11 last 
(pages 465, 532 and 598). His simple device, 
illustrated in Figs. 19 to 21, for testing periodic 
error in motion transmitted by any kinematic pair, 
e.g., the table motion of a gear-hobbing machine or 
a lathe-tool holder and spindle may be taken as 
supplementing these. Two electromagnetic markers, 


between the primary and the working Fortin stan- 
dard barometer. The hemispherical glass cup R, 
open at the top, is sealed at S to a short neck N 
and to the glass sheath T which embraces and holds 
the ‘platinum wire P, which is not sealed in; the 
lateral tip O or T is sealed after calibration of the 
reservoir. The mercury in R forms an adjustable 
reference level, and the distance between this level 
and P is measured before sealing. The determina- 
tion of the actual barometric height between L and 
J is thus reduced to the measurement of the vertical 
distance between R and the open limb J, which is 
effected by means of the bent-stem micrometer 
sliding on the brass pillars W, and the divided 
head X. The two electrical contact points of this 
micrometer, A and B, are rounded to a diameter of 














Accuracy of Standard Clock and Watches.—A 
Shortt master-and-slave pendulum clock has been 
installed by the Synchronome Company in a 
constant temperature room, and it has been found 
that a rise of temperature of 1 deg. C. corresponds 
to a loss in the rate of 0-007 second a day, and an 
increase of 1 mm. in the air pressure (about 760 mm.) 
to a loss of 0-006 second a day. The best watch 
performance, 96-2 marks, was again obtained by 
the Zenith Watch Company, of Le Locle, which 
jlast year had secured the highest marks ever 
recorded, viz., 97:2. 

Diffraction Gratings.—Natural diamonds | fre- 
quently prove unsatisfactory for ruling diffraction 
gratings, but experiments made with commercially 
polished diamonds have also not given particular 
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Fig. 19, are connected in series through a lamp|0-01 in., like P. The larger 2-in. micrometer, also 
on to the mains, with a tapping key in the circuit. | shown, is rigidly connected with the stem of the 


smoked plate records attached to two components 
of the pair. The record may be a circle or a straight 
line, and in Fig. 20 each ridge represents a key tap- 
ping. The markers were made from old telephone 
receivers by fixing a soft-iron armature A to the 
case B; the marking needle C is at the end of the 
flexible steel strip D attached to the armature. If 
one marker produces displacements x, and the other 
displacements y, then x should vary as Ay if there 
were no errors, and (Ay — 2) measures the error. 
d can be found by actual measurements of x and y, 
or it may be calculated from several x/y values taken 
at the end of a cycle of revolutions, as the periodic 


error will recur after each revolution of the worm ; | 


° | 
The magnets produce simultaneous marks on/|other by the bracket C. 


To take a reading, R is 
| filled with the standard weight of mercury, and 
|B and A are raised above the liquid. By means of 
| the plunger of stainless steel Q, moving in the 
steel tube H, 1} in. in diameter, contact is made at 
P, then at J, with the aid of the bent-stem micro- 
meter, and finally at B, by lowering the 2-in. 
micrometer. Measurements can be effected correct 
to within less than +0-0005 in. The glass- 
work is heated for 30 hours in vacuo at 400 deg. C., 
and then filled with mercury three times distilled at 
|a low pressure (1 in.), and finally redistilled in 
| vacuo. The whole barometer is immersed in a water 
| bath. 

Glassware.—In testing the standard 100 milli- 








the radius r of the circular record must be known. | litre flask, and other volumetric glass standards, 
The periodic error of a lathe saddle relative to the | Mr. V. Stott observed that the measurement of the 
uniform motion of the work spindle is shown in| flask filled to the graduation mark indicated a 
Fig. 21; the periodic error of about + 0-0006 in. | smaller capacity than the weight test. The dis- 
was, in that case, combined with complications | crepancy was finally traced to a difference in the 
arising possibly from the train of change-speed gears. | curvature of the meniscus with the two modes of 

Barometers.—In order to obtain barostatic control | filling. In the weight test, the flask is filled to a 
of the pressure in the barometer testing chamber, | few millimetres above the mark, but care is taken to 
a control barometer is made to operate, through a | avoid wetting the glass above that mark, the water 
relay, two valves governing the passage of air out | excess being afterwards removed by the aid of 
from or into the vacuum chamber. Experiments /|a glass capillary. In the other method of filling, 
with this device, due to Mr. F. A. Gould, are being | the wall of the flask is wetted by the jet of water. 
continued, and Mr. Gould has also constructed a| From the difference in the meniscus curvature, the 
portable secondary standard barometer, illustrated | surface tension of the water has been calculated ; 
by the diagram, Fig. 22, to serve as an intermediary | this tension also affects hydrometer tests. 


satisfaction. In the construction of a new ruling 
engine, now completed, a method of spot-grinding 
was adopted in the Metrology workshop, for lapping 
the two bars which support the grating carriage. 
The bars are 2 in. in diameter, and 14 in. long, with 
a sunk flat, about 3 in. wide, running along the 
full length. The bar was mounted, with the flat 
upwards, in a cradle at A, Fig. 23, and propelled 
to and fro on a selected portion of an accurate 
surface plate, 6 in. wide and 6 ft. long, by a screw 
directly coupled to the lower of the two small 
motors. The motion was automatically reversed 
at the end of each stroke by the switch B, and 
the cradle was constrained sideways by guides 
clamped to the surface plate. A vertical spindle, 
rotated by the upper motor, had a small screwed 
extension at its lower end, to which the laps of 
different materials (including pitch) were attached. 
The steel housing D of the spindle contained a ball 
journal at the top and a hardened lapped bearing- 
and-thrust face at the bottom. The housing was 4 
close fit in the solid casting C, into which it was 
lowered for applying the cut or feed, the amount of 
cut being controlled by means of a flange on 

and by block gauges. The spindle was set vertical 
at its top with the aid of a small perforated aluml- 
nium plate supporting a sensitive level; by dis- 
engaging the driving pin, this adjustment could be 
checked in a few minutes at any time during the 
lapping. The arrangement proved very successful, 
as the bar was found to have copied the small 





errors (of the order of 0-00001 in.) in the surface 
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plate. A finished bar is shown in Fig. 23, resting 
on the flange of the surface plate. 


Puysics DEPARTMENT. 


Heat-T'emperature Scales.—In the international 
specification for the realisation of a scale of tempera- 
ture agreeing, as far as possible, with the thermo- 
dynamic Centigrade scale, the range of temperature 
has been divided into three regions: from 190 deg. 
and 660 deg. C. (to be measured by platinum- 
resistance thermometers) ; from 660 deg. to 1,100 
deg. C. (by thermocouples of platinum and platinum- 
rhodium); and above 1,100 deg. C. (by optical 
pyrometers). For the highest range, exact deter- 
mination of the melting point of palladium (known 
to be about 200 deg. lower than that of platinum, 
1,755 deg. C.) is wanted, in addition to the melting 
point of gold (1,063 deg.), silver (960-5 deg.), and 
other materials, and the preliminary work on suitable 
black-body radiators is being done on nickel with 
the aid of two types of furnaces. One is of the 
type used by Meissner and Hoffmann in 1919, 
in which a cylinder of thin platinum foil, directly 
heated by a current, surrounds a thin-walled crucible 
containing the metal. The other is a_ spark- 
controlled valve-oscillator, high-frequency induction 
furnace, due to Mr. G. Eric Bell. Two silica valves, 
for 16-kv-a. maximum, are connected on a Hartley 
circuit with the centre-tapped inductance, which 
surrounds the vertical silica furnace tube, having 
an internal diameter of 6 in. for crucible charges of 
2kg. The crucible is surrounded, inside the tube, 
by refractory powder and asbestos. <A frequency 
of 800 to 1,000 kilocycles per second has been found 
most suitable, and the current supply is obtained 
from a 20-kv-a. oil-cooled transformer; mica 
condensers are used. 

When Mr. H. A. Schofield melted 1,200 grammes 
of palladium in a nitrogen atmosphere, the thin- 
walled refractory crucible cracked as the metal 
solidified. Another refractory material, of Messrs. 
Johnson, Matthey and Company, was then tried in 
a vacuum; it did not contaminate the melt, and 
did not crack, but the observed melting point 
was somewhat low. As regards thermocouples, 
the agreement of the Laboratory standards with 
those of the United States Bureau of Standards and 
of the Reichsanstalt is very close. Two new 
resistance thermometers, one of Pyrex glass, and 
the other of fused silica, have been made, and 
they are compared with the Tonnelot-Baudin 
mercury-in-verre dur standards up to 100 deg. C. 

Thermal and Electrical Conductivity of Liquids and 
Solids.—Dr. G. W. C. Kaye (superintendent of the 
Department) and Mr. W. F. Higgins have been 
determining the thermal conductivity of some com- 
mon liquids by maintaining a downward heat 
gradient through a layer of the liquid, 0-5 mm. in 
thickness, between two blocks of aluminium, 5 cm. 
in diameter; the upper hot block is heated by a 
coil, and the lower cold block provided with radiating 
fins. Above the hot block, and separated from 
it by an air film, is mounted an auxiliary hot 
guard plate, to prevent upward heat losses. The 
thermal conductivities, at 20 deg. C., decreased in 
the order: Water, glycerin, castor oil, aniline, olive 
oil, cylinder oil, transformer oil, medicinal paraffin, 
paraffin oil, from 0-0014 for water down to 0000298 
for paraffin oil. The temperature coefficient decreased 
(within the ranges used, up to 200 deg.) in about 
the same order for all the materials, and was negative 
except for water and glycerin, which have positive 
temperature coefficients. The substances were 
pure, but absolute drying of the glycerin, which 
would probably be impossible without risking 
decomposition, was not attempted. : 

The relations between the thermal conductivity 
k and electrical conductivity A of metals and alloys 
have been studied by Dr. E. Griffiths, partly in 
conjunction with Mr. Schofield. According to the 
law of Wiedemann-Franz (1853), the ratio is constant 
for pure metals, and the quotient &£/2AT (where T 
1s the absolute temperature) is known as the Lorenz 
constant. Dr. Griffiths found the thermal conduc- 
tivity of a single crystal of aluminium high, but 
: the same order as that of the extruded metal ; 

e Lorenz constant was 5-46 x 10-%. Aluminium 
alloys and bronzes were tested, for the Aeronautical 

search Committee, in two groups; one group 


was rich in aluminium, the other metals being | dredging operations are included in the scheme, as 
nickel, magnesium, iron, zinc, manganese, or silver ; | fegards Valdivia, which is situated some distance from 
the bronze group was rich in copper, the other | the sea on the River Valdivia, to enable ocean-going 
metals being tin, zinc, or aluminium. The thermal pi 8 to ye 9 -_ — “——- ee of 
2 unioadin: a Orrall. snou perhaps, > men- 
conductivity of the first group was about 70 per | tioned re the port of Iquique ‘oo — oiled: tn 
cent. or 80 per cent. of that of aluminium, that of | the original list of 1910. 

the second group about one-fifth of that of copper.| As regards the railways, the outstanding feature of 
A trace of phosphorus lowered the bronze thermal | the present programme is the construction of two further 
conductivity very considerably. The addition to|Transandine lines, one in the north, connecting 
a bronze of 10 per cent. of aluminium or of tin | North-West Argentina with the Pacific Ocean, through 








lowered the thermal conductivity by the same 
amount. All the alloys differed from pure metals 
by becoming better conductors at higher tempera- 
tures. All the bronzes obeyed the Lorenz law 
within the range 80 deg. to 300 deg. C.; two of the 
aluminium alloys, however, did not conform to the 
law. 

Materials of variable moisture content have to be 
tested in sealed samples. The cell containing the 
material is a frame of teak, with two faces of sheet 
aluminium and wax joints, and the hot plate is 
backed on one side by a sheet of cork and on the 
other by the specimen. In the high-temperature 
tests of refractories and powders a Silit furnace 
and a special flow calorimeter are used. Two 
heat insulators should be mentioned. Wood fibres, 
in the form of fluffy wool, weighing 2-6 lb. per 
cubic foot, and a sample of baked granulated cork 
have given, at ordinary room temperature, therma 
conductivities of 0-000095 and 0-000087, which 
are nearly as low as that of air, viz., 0-00006. 


(To be continued.) 








CHILEAN PUBLIC WORKS. 


Durine the next six years, a very important pro- 
gramme of public-works construction, which includes 
the building of railways and roads, dredging and irriga- 
tion, housing schemes and the improvement of harbours, 
is to be carried out by the Chilean Government. The 
Republic of Chile, as is well known, occupies a large 
part of the Pacific coast of South America; in fact, 
it possesses a coast-line of approximately 2,700 miles, 
although the average width of the country is only 100 
miles. To the north is Peru, and the eastern frontier 
borders on Bolivia and the Argentine Republic; the 
Andes range of mountains runs throughout the entire 
length of the country, making the cost of construction 
and maintenance of transport facilities much heavier 
than in neighbouring countries over similar distances. 
Notwithstanding her natural handicaps, however, 
Chile has always been the pioneer in public works 
construction amongst the South American Republics. 
In railway construction, in particular, she led the way 
by the building of a short line between Copiapé and 
Puerto Caldera in the middle of the last century, which 
was shortly followed by a line from Valparaiso to 
Santiago. Thus, although the present scheme is con- 
siderably more ambitious than any of its predecessors, 
it may be regarded as a perfectly legitimate and further 
stage in the country’s development, under the guidance 
of a series of Governments that have recognised the im- 
portance of carrying out works of public utility. Inci- 
dentally, it may be mentioned that 94 per cent. of the 
expenditure is borne by the national exchequer, leaving 
only a comparatively small sum to be met by the 
municipalities concerned. 

According to the third quarterly issue, for 1928, of 
the Chilean Review, the works to be carried out in the 
next six years, which should be of great interest to 
many British firms in view of the material required, 
involves the expenditure of 1,575,000,000 pesos, or 
nearly 40,000,000/., to be obtained by the issue of 
a yearly series of loans. Out of this total approxi- 
mately 7,000,000/. have been assigned to port works, 
4,500,0001. to railways, 4,000,000/. to irrigation projects, 
10,500,0001. to building and housing schemes, 3,000,000/. 
to the provision of water supplies and drainage, and 
10,000,0001. to various other works. 

Chile suffers from the drawback that none of her 
ports, except Talcahuano, the naval base, affords any 
natural protection for shipping, and until 1910 no 
artificial harbour works were undertaken. In that 
year,{a ports commission was formed, which, after care- 
ful consideration, recommended that approximately 


5,500,0001. should be spent on improving the harbour | 


facilities at Valparaiso, 3,750,0001. at Antofagasta, 
1,500,000/. at Arica, 1,375,0U0/. at San Antonio, and 
1,000,000/7. at Lebu, Valdivia, and Constitucion. At 
the moment the expenditure in this direction has been 
about 7,500,0001., or slightly more than the sum allotted 
under the present scheme, the work at Valparaiso 
being carried out by Messrs. S. Pearson and Son, Limited, 


10, Victoria-street, London, S.W.1, while that at | 
Antofagasta has been entrusted to the Chilean firm of | 


Sefiores Baburizza, Lagarrique y Cia. Considerable 


the port of Antofagasta, and the other in the south, to 
| give Chile direct communication with the Atlantic, 
through the port of Bahia Blanca. Work will be 
commenced on the former line in 1930. The projected 
|line has a length of 170 km., running from the station 
|of Baquedano, on the Northern Longitudinal Rail- 
| way, almost directly eastward to the Cordillera, and 
joining the Argentine system at Huaitiquina. The 
| southern line will start at Caracautin and will cross 
|the Andes via Lonquimai; the constructional work 
|on it will be started in 1931. Other railway work 
to be carried out in the next six years consists 
principally in the building of branch lines from the 
|main line of the central arterial railway. Little 
|information is available regarding road construction ; 
|it appears, however, that about 125,000/. is to be 
'spent on the completion of the new road between 
| Valparaiso and Casablanca, and about 100,000/. on 
|a road from Santiago to San Bernardo. By the 
|irrigation schemes in hand, it is expected that the 
| cultivable area will be increased by at least 25 per 
| cent., and approximately 3,000,000/. is to be spent 
|on the installation and improvement of the water 
| supply and drainage systems, &c., of a large number 
| of towns. 


THE CERAMIC SOCIETY. 


| Av the Spring Meeting of the Refractory Materials 
| Section of the Ceramic:Society, some time ago at New- 
| quay, among several papers presented was one read by 
|Mr. G. M. Gill on “ New Developments in Gasworks 
Carbonising Plant, with Special Reference to Refractory 
Materials.” 

Mr. Gill thought facts pointed to the probability 
that in this country contracts for new installations of 
carbonising plant were likely to range between con- 
tinuous vertical retorts and intermittent vertical 
retorts, and, to a smaller extent, horizontal retorts and 
horizontal ovens. The two vertical systems possessed 
features which gave advantage over their competitors, 
and it was practically certain that most gas engineers 
in the future would employ a system of bulk carbonisa- 
tion in new installations. 

Intermittent vertical ovens (comparatively new in 
England), Mr. Gill said, were merely an extension of 
the Dessau system of vertical retorts, which never 
came into general use in England, though very largely 
used on the Continent, the ovens being built much 
larger in all dimensions except height, and it was of 
vital importance that the height should not exceed 
about 17 ft. There was very little reason to fear that 
the intermittent vertical ovens would make no more 
headway than the old Dessau vertical retort. The 
intermittent vertical oven mostly contained a charge 
of 1-35 to 5-0 tons of coal with a 12- to 24-hour car- 
bonising period. The coal was charged by a travelling 
coal wagon into two openings at the top of the oven, 
and the coke was discharged by opening the door at 
the bottom of the oven. 

The problem of making a durable plant was chiefly 
confined to the design of the bottom door and its 
maintenance in a gastight condition for a sufficient 
number of years. The difficulties had been overcome. 
The heating of the ovens was by means of producer 
gas burnt in the lower portions of the ovens, the hot 
gases passing upwards and round the ovens, then 
descending through recuperators, and finally through a 
waste-heat boiler. 

The advantages claimed for the vertical intermittent 
oven system were: (1) It was suitable for any kind of 
coal. (2) It required a minimum of ground area. (3) It 
accommodated itself to the sites of stop-end horizontal 
retort houses. (4) It could be operated with a minimum 
of labour, and if desired on two 8-hour shifts per 24 
hours. (5) The charge could be steamed satisfactorily. 
(6) The coke would compare favourably with that pro- 
duced from the same coal in other systems, and would 
contain a minimum of breeze. (7) It did, and should, 
produce satisfactory yields of gas, coke, tar, and 
|ammonia from the coal. (8) It was adaptable to the 
smaller works—on the Continent there were many 
works with installations making from 100,000 to 
750,000 cub. ft. per 24 hours—while the small cost of 
plant to operate the ovens was a distinct advantage. 
(9) The capital cost of the plant and its maintenance 
costs should compare well with other systems. 

It might be added, bearing on No. 8, that an instal- 
lation of 100,000 cub. ft. per 24 hours, would, in this 
country, be of a size to supply a small town with a 
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population of 5,000 to 10,000. All requirements of 
steam were produced in the waste-heat boiler, which was 
now fitted to these installations. 

Pure coal gas had a calorific value of about 500 
B.Th.U, per cub. ft., while water gas, made by steaming 
hot coke, had a value of about 300 B.Th.U., and so by 
steaming the charge (usually for about three hours) 
before discharging the coke, the coal gas could be diluted 
to give a mixed gas of 475 to 500 B.Th.U., as was often 
desired for consumers. Contrary to expectation, this 
did not impair the quality of the coke, the steaming 
reaction being a surface one, and the ash (released 
as the surface carbon burnt) dropped off to mix with 
the coke dust. The system of intermittent vertical 
ovens originated in Germany. Three firms in England 
had used them successfully. 

Refractory materials for such installations were 
but little different from those required for other 
systems, in all of which high-class silica material was 
essential for the walls of the ovens and retorts and the 
combustion chambers. No other material was now 
being used in such parts of modern carbonising plant 
as installed by the leading builders in England, the 
United States, and Germany. The best quality of 
silica had virtually no permanent expansion, or so 
little that it could be disregarded in the design and 
construction, and jointing material which caused no 
fluxing action and became as permanent as the silica 
material itself, was equally necessary. 

For the lower portion of vertical retorts (both con- 
tinuous and intermittent) the material had to resist a 
high temperature under load, and while being heavily 
steamed. The lower portion of the retorts or ovens in 
the two vertical systems should be as durable as possible, 
as repairs were difficult and expensive. For producer 
linings the toughest hard-burnt fire-brick, or other 
material of equal or better quality, was essential, 
as the keeping of retorts or ovens at work often 
depended on the lasting qualities of such linings. 
For the recuperators used with modern carbonising 
plant, the material should have mechanical strength 
with resistance to cracking, and be close-grained, and 
as nearly air-tight as possible, as well as of uniform 
size and shape and accurate finish. Partly owing to 
the difficulty of meeting all these requirements, modern 
design tended to the extraction of waste heat in boilers 
after providing for partial recuperation only. The 
superior designs of English waste-heat boilers encouraged 
this tendency. 

As regards the firebrick material, which had no 
severe conditions to withstand, the only point which 
needed special attention was uniformity of shapes and 
sizes. Insulating bricks were of increasing importance, 
and vertical installations lent themselves very readily to 
the use of insulating material—more so than horizontal 
settings or coke ovens. Improved insulation would 
render possible the economical variation of carbonising 
plant to suit fluctuating demands for gas, enabling gas 
companies to avoid shutting down carbonising plant 
for the summer months. 

Mr. Gill pointed out that, for the burning of silica 
bricks in Germany, tunnel kilns were used, fired with 
producer gas from mechanical producers using small 
coke and breeze, temperatures in the hottest part being 
controlled by sensitive draught regulators and pyro- 
meters. By such means, the percentage of defective 
material was kept very small. 

Another paper read was by Professor D. A. Moulton. 
on “‘ Refractory Material used as Mortar for Laying Up 
Refractories.” In this, the author stated that refrac- 
tory mortars had usually beensupplied as pulverised fire- 
clay of a chemical composition similar to that of the re- 
fractories. Refractories were, at present, being laid with 
a cement composec of ground grog or calcined fireclay, 
and some bonding material to cause hardening of the 
mortar. An early commercial cement contained water- 
glass (sodium silicate), and another commercial high- 
temperature cement consisted of 80 per cent. fine grog, 
14-4 per cent. silica flour, 4 per cent. powdered glass, 
and about 1-6 per cent. starch, the latter serving to 
set the grog until it became hardened by heating, 
and the powdered glass being used to lower the vitrifi- 
cation range of the grog, and thus cause hardening at a 
lower temperature. Th’s joint would be stronger than 
the firebrick. The screen analysis of a fine-grained grog 
cement showed nearly 75 per cent. through 150-mesh 
screen, and only 35 per cent. on screens of 60-mesh and 
larger sizes. A coarse-grained carborundum cement had 
only about 38 per cent. through 150-mesh, and about 
45 per cent. on 60-mesh and larger mesh screens. 

Most of the commercial high-temperature cements 
settled rapidly when mixed to the consistency of 
cream. Bentonite had been found excellent for 
floating this inert material and also for. bonding it into 
a firm, strong mass when dry. From 3 per cent. to 


6 per cent. of bentonite in grog gave excellent mortars 
with good working qualities, the fusion range being 
only lowered from about cone 30 to cone 28, and even 
10 per cent. bentonite only lowered it to cone 27. Such 
mortars (of grog and bentonite) did not need frequent 





stirring to keep ready for use. Results of tests showed 
that the bond was sufficient to support any height of 
refractories used in walls and any ordinary load imposed 
on the refractory lining. ‘‘ Aquacryptite,” another 
colloidal material similar to bentonite, had been used 
as a bonding material with similar results. 

As to setting time of this refractory mortar, it was 
simply a question of drying, and, on firebricks having 
an absorption of 8 per cent. to 12 per cent., it was found 
to have an initial set in one and a-half to two hours, and 
a final set in four or five hours, the test being made as 
for Portland cement. Such high-temperature cement 
might be made from either calcined fireclays or clean 
scrap refractories of the same chemical composition 
as the refractories used. The addition of a colloidal 
material like bentonite or aquacryptite gave a suit- 
able refractory mortar at the minimum cost. This 
high-temperature cement might be mixed with coarse 
grog to make a monolithic lining in various types of 
furnaces. 








NOTES ON NEW BOOKS. 


THE methods of science are very far from popular 
with those who direct political journals, whose chief 
anxiety is invariably to discover what can be said rather 
than what ought to be thought, and in which the 
invariable practice is to suppress, so far as practicable, 
facts adverse to party contentions, rather than to lay 
bare the truth, the whole truth, and nothing but the 
truth. It is somewhat curious, therefore, to note that 
apparently most of the excellent popular exposition 
of modern scientific views and hypotheses, published 
under the title of Science for You, appeared originally 
in two well-known party journals. The explanation 
probably lies in the fact that, as Col. Ingersoll observed 
many years ago, even those who object to the appli- 
cation of the methods of science to their own fields of 
activity, find it necessary, nevertheless, to keep within 
protesting distance. In the volume under notice the 
author, Mr. J. G. Crowther, covers a very wide field, in- 
cluding the nature of thunderstorms, the constitution of 
the stars, supermagnetic fields and cosmic rays. The 
series concludes with a chapter entitled ‘ Opinions,” 
in which although the author rightly emphasises the 
view that it is the methods rather than the facts of 
science which are of importance, he himself frankly 
abandons the scientific outlook for the political, and 
asserts that our mine managers are chosen not for 
their technical competence but for their bullying 
capacities. Exactly how matters stand to-day we are 
not in a position to affirm, but some twenty years 
ago a leading professor of mining engineering, who 
had just returned from a study of coal-mining opera- 
tions in Belgium and Germany, stated that, so far as 
the underground work was concerned, this country 
held a very long lead. On the other hand, owing 
to the dirtiness of most Continental coal, great pro- 
gress had, he said, been made there in the design 
of washing plant. Mr. Crowther gives an interesting 
account of the Cavendish laboratory, and Dr. Kapitza’s 
method of obtaining intense magnetic fields is briefly, 
but quite intelligibly, described. The book is published 
by Messrs. G. Routledge and Sons, Limited, at 5s. net, 
and may fairly be classed as a very successful work of 
popularisation. 





Even in these days of expensive publications, one 
cannot but look at a book like the Dizionario di 
Sinonimi e Composti Chimici (Milano: Ulrico Hoepli; 
price 35 lire) with a little astonishment. The com- 
pletion of the title, Con Relative Formole e Pesi Mole- 
colari ele Terminologie, Chimica-Farmaceutica-Alchimis- 
tica, describes the whole contents. The author, Pro- 
fessor Calistro Craveri, well known for his studies 
of medicinal and pharmaceutical chemicals, and 
particularly of vegetable oils and essences and their 
sources, merely gives the name, its synonym (in 
Italian), the formula relating to it, and sometimes a 
very brief explanation of general terms. There are, 
for instance, a few words on dissociation, but, in this 
connection, ions are not mentioned ; neither are they 
explained. The formule are written as in C!H", after 
the French notation, and not C,)H,,, and the book 
is simply a strictly Italian list of chemical names, in 
three parts, general, organic and inorganic chemistry. 
Nothing is said about properties and modes of prepara- 
tion. ale 

Four classes of work are now recognised by the United 
States Coastand Geodetic Survey. In first-ordersurveys, 
the triangles must close with anaverage error not exceed- 
ing one secondof are. In second-order work, the corre- 
sponding error is limited to three seconds, and in third- 
order surveys to 5”, whilst surveys carried out by stadia 
and ordinary transit theodolites, and surveyor’s tapes or 
wheels are classed as fourth-order work. A Manual of 
First-Order Traverse has recently been published by 
the Department, the price of issue being but 30 cents. 
The authors are Messrs. C. M. Durgin and W. D. Sut- 





cliffe, and the handbook summarises the methods used 





by the Department in executing first-order traverses, 
The book is designed primarily for the engineers and 
mathematicians of the Bureau who are engaged in this 
class of work. Since 1916, some 3,500 miles of first-order 
traverse have been run in the United States. In general, 
the lines of the railways are followed. The hints and 
instructions given range from the organisation of the 
field party to the number of the measurements. In 
regard to organisation, it is stated that two small 
independent field parties are to be preferred to one large 
party, the work being carried out more cheaply and 
more rapidly. It may be noted that, in order to avoid 
an accumulation of errors in azimuth, it is recom- 
mended that, in working along a railway line, the sights 
should zig-zag across the track, since the temperature 
over the rails may differ from that alongside, and the 
consequent difference in refraction may displace the 
line of sight. Various checks are described in detail. 
About one-half the volume is devoted to field work 
and the remainder to office computations, to facilitate 
which a series of useful tables is added. The treatise 
should prove of very great service to all interested in 
high-class surveying work. 





In June, 1926, the Deutsche Dampfkesselausschuss 
adopted new regulations concerning the materials 
and the construction of stationary steam boilers. 
These regulations became optionally valid with the 
day of their publication, and acquired, together with 
the supplementary rules of March, 1927, legal force 
on and after January 1, 1928, also in the case of 
renewed certificates for old boilers. A pamphlet 
D.L.N. 1851/1852, dated January 1, 1928, on Werkstoj- 
und Bauvorschriften fiir Landkessel nebst Erliuterungen 
(Berlin 8.14; Beuth-Verlag), of 85 pages, reproduces 
these rules, together with explanatory notes on the 
application of them, as also of tests, and diagrams, 
&e. One side of each leaf is left blank for comments 
and additional notes. The authors of the pamphlet 
are the members of the Explanatory Committee of 
the Boiler Commission. =e 


There is a freshness about Mr. F. Dyson’s Principles 
of Mechanism which should make it attractive to those 
for whom it is primarily intended, viz., students 
studying for an engineering degree, and for those 
studying under the joint scheme for National Certifi- 
cates and Diplomas. The author is lecturer in mech- 
anical engineering at the City and Guilds Engineering 
College, Imperial College of Science and Technology, and 
he has been successful in arranging his subject matter 
in a clear and comprehensive manner. Actual examples 
of problems in connection with mechanism, acceleration, 
tooth gear wheels, belts and ropes, fly wheels, governors. 
balancing, &c., are given, and these, in conjunction 
with nearly 300 pages of text and 148 clear illustrations, 
should enable the student to select the problems which 
are of special interest to him. The book is published 
in the Oxford University Press Series, by Humphrey 
Milford, at 12s. net. 


A series of popular text-books, of handy pocket-size, 
on technical questions and on subjects of more general 
interest, is being issued by the Librairie Armand Colin, 
103, Boulevard St. Michel, Paris, for the use and con- 
venience of scholars and young men, to aid them in 
their studies or in their professions. They appeal also, 
as books of reference, to a wide circle of men in all 
stations. The publications have all been compiled by 
well-known specialists in the various subjects. We 
have received copies of two works forming part of 
the collection. One, No. 99 of the Physics Section, 
by Lieut.-Colonel Jules Raibaud, entitled Appareils 
et Méthodes de Mesures Mécaniques, covers time, 
velocity, acceleration, mass, force, pressure, work, ke., 
explains these terms, enters into their import, describes 
the means taken and the instruments used for their 
measurement or for recording their effects, and gives 
formule applicable in each particular case. The other 
book, No. 101, also of the Physics Section, by Professor 
Charles Fabry, has for its title Eléments de Thermo- 
dynamique. It is particularly addressed to scholars 
who are entering upon a course of thermodynamics, and 
comprises an exposition of the principles upon which 
the study of this branch of physics should be based. 
It contains, also, a discussion of the theory of the dia- 
grams with which such students have to make ong 
selves familiar, and an exposition of the properties 0 
the fluids which are utilised in heat engines. The wens 
are carefully printed and illustrated, and the price © 
each is 9 fr. in paper covers, and 10-25 fr. bound. 





A series of tables on the Properties of Steam “ 
Other Vapours, compiled by Mr. J. B. Peace, M.A. : 
Emmanuel College, Cambridge, has recently been pu 
lished, at 1s. net, by Messrs. Deighton, Bell and Company 
Limited. In the case of steam, the main tables dea 
solely with dry saturated steam, the range cOveret 
being from 0-2 Ib. per square inch up to 225 Ib. pe 





square inch. There is a corresponding table in which 
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the argument is the temperature in Centigrade degrees. 
Some short supplementary tables are added for the 
calculation of the total heat of superheated steam. 
The other vapours dealt with are ammonia and carbon- 
dioxide. 





When a person or a country arrives at a cross-roads, 
figuratively speaking, it implies that a critical period 
has been reached, when it is difficult for that person 
or country to make adecision. According toa German 
professor, a@ retired Government Surveyor of Works, 
Dr. Engineer W. Miiller, England’s industries are 
at the cross-roads, or were in that difficult situation 
in November, 1927, at the time he wrote his book 
entitled England’s Industrie am Scheidewege, a ‘‘ social 
and politico-economical sketch,” compiled by him 
subsequent to a visit to this country, and following 
upon also his perusal of numerous British blue books 
and reports of commissions. That our industries are 
not in a very satisfactory position is unfortunately the 
fact; the economic problems with which we have 
been struggling since the war are of a stupendous 
order, but we have not given up the struggle yet by any 
means, and, except for a few extremists, all classes of 
the population are now realising that ‘‘ peace in indus- 
try”? is the one policy which, if honestly followed, 
will greatly contribute to our pulling through. The 
German author lays stress upon the urgent need in 
this country for modern plant in many factories. In 
this he is doubtless right, and if all our old installations 
could be renovated at a moderate cost, the process 
would be an easy one to carry out; but better 
collaboration in trading methods than are now followed 
here are also a very necessary concomitant. The 
successful experiments made on such lines in other 
countries, and to some of which the book calls attention, 
might with advantage be followed by us. There are 
two other measures which might be adopted with 
advantage ; if they were, our economics would improve 
immensely. The first is purely domestic, and con- 
cerns unemployment relief. If this were on a low 
scale and distributed with greater care, there would 
be a greater incentive to find work. The second, on 
the other hand, concerns several of our foreign com- 
petitors. If they were to refrain from imitating 
British marks on goods manufactured by them, our 
own trade in such lines would greatly improve. The 
book, as a whole, is a comparison of the economical 
situation of England with that of Germany and the 
United States, showing the lead which both countries 
now have. It is issued in Berlin by the publishers of 
the Zeitschrift des Vereines deutscher Ingenieure. 





The idea of the rotary pump is one that has engaged 
the attention of engineers and others for several cen- 
turies, a practical form, that of two gear wheels meshing 
externally, being in common use to-day. In setting 
such wheels or rotors to mesh one with the other, 
however, difficulties have arisen with regard to the 
shape and number of the teeth, due chiefly to a lack 
of complete understanding of the geometrical principles 
involved, and pumps of this type have been constructed 
in which the running clearances necessary, on account 
of incorrectly shaped rotors, have been such as to 
lower greatly the hydraulic efficiency, and thus render 
the proposition impracticable. In Kinematics of 
Gerotors, second edition, anillustrated volume of 44 pages 
(The Peter Reilly Company, Philadelphia) by Myron 
F. Hill, an effort is made to determine the geometry 
involved when two internally-meshed rotors are turned 
and the surfaces in contact reach the ideal form, 
u.., When they are mutually generative. From these 
desired outlines the author derives the term “ gerotors.” 
All the machines considered are of the form having 
n teeth in the inner rotor and n++1 teeth or depressions 
in the outer, and following the introductory remarks, 
Separate chapters are devoted to each of three such 
mechanisms which are shown to be impracticable or 
inefficient. Error is made, however, in stating, with 
reference to the 3 : 4 arrangement described, that these 
machines died an early death, as pumps of this form 
are being manufactured for high duties in this country 
at the present time. The remainder of the book deals 
with a description of true gerotors, and the geometry of 
the rotor outlinesin theory and practice. In addition, the 
8overning laws for gerotors are defined. The geometry 
Proves to be extremely interesting, no less so for its being 
Presented in a simple manner. The accompanying dia- 
grams lack something of the precision and clarity one 
looks for in illustrating this subject. A system of nomen- 
clature has been devised in describing the various curves 
comprising the tooth forms of the rotors, and brief 
indications are given, amplification of which would be 
Welcome, as to how the outlines are to be generated in 
pain. The ultimate aim of all such work must be, 
f Course, the realisation of a practical machine suitable 
or everyday use, and it is shown that mutually 
Senerated surfaces can be obtained which could not be 
om in an actual machine by reason of weakness of 
Shape, or undue friction in working. On the other 





hand, it is clear that a machine of the type under con- 
sideration must have the essential curves of its rotors 
of mutually generated form if it is to be used for the 
searching duty of air compressing, for example, which 
appears to be what the author has in mind in endeavour- 
ing to attain perfection in the rotor outlines. Further 
editions of the book are promised giving other divisions 
of the geometry of gerotors. 





The attempt to review in the same column two books 
on the same subject, artificial-silk manufacture, treated, 
moreover, broadly from thesame practical standpoint, 
may appear to riskinvidious comparison; the one book, 
however, is English, and the other German. The two 
differ in scope, and while they have many features, and 
even some illustrations, in common, one volume exem- 
plifies mainly German practice and machinery, and the 
other British. If they appeal to the same reader, it will 
be partly because chemists and engineers of the two 
countries will be glad of this opportunity of acquaint- 
ing themselves with the equivalents of the peculiar 
technical terms of artificial-silk manufacture in the 
two languages. We notice the German book first, as 
it was published first. The author of Die Viskose 
Kunstseidefabrik, thre Maschinen und A pparate (Leipzig : 
Otto Spamer ; price 6 marks) Mr. E. Wurtz, chief engi- 
neer to the Diisseldorf-Ratinger Maschinen-und Appara- 
tenbau, A.G., deals exclusively with silk manufacture 
by the viscose process, and devotes only a few pages 
to the bleaching and dyeing of the silk. He takes the 
reader straight into the factory and explains, in plain 
words and with the aid of views and diagrams of 
machinery, how the cellulose pulp is converted into 
cellulose xanthate and viscose, and how the viscose is 
spun and turned into silk. His illustrations are by no 
means limited to German types. Mr. E. Wheeler, of 
Harrow, the author of the English book on The Manu- 
facture of Artificial Silk with Special Reference to the 
Viscose Process (London: Chapman and Hall, price 
12s. 6d. net) does not confine himself solely to this 
process, and has more to say on the chemistry and the 
properties of artificial silk and its testing than Mr. 
Wurtz, who, indeed, simply relates what is being done in 
the works. Mr. Wheeler also writes as a chemical 
technologist, whilst Mr. Wurtz writes as an engineer. 
The German volume belongs to the Monographien zur 
Chemischen Apparaten edited by B. Block; the English 
book is volume one of the Monographs on Applied 
Chemistry, edited by Dr. E. Howard Tripp. The two 
volumes are both likely to prove useful. 








Tue South Mancnuria Rarway.—We learn from 
The Chinese Economic Bulletin that the profits of the 
South Manchuria Railway Company, for the fiscal year 
ending March 31, 1928, amounted to 36,274,323 yen. 
The receipts of the company from all services were 
230,558,323 yen, and the expenditure 194,284,000 yen. 





Roap-Buitpine IN Cuina.—A short report on the 
activity in road-building at present being displayed in 
South China, has been prepared by the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1, 
from information furnished by the commercial secretary 
at Shanghai, and issued to firms whose names are entered 
on the special register. United Kingdom firms desirous 
of receiving a copy, should communicate with the Depart- 
ment at the above address, quoting reference number 
A.X. 6643. 





New Hypro-Etectric Stations In Vicror1a.—The 
basins of the Rubicon and Royston Rivers, in the State of 
Victoria, are well suited naturally to hydro-electric develop- 
ment, and plans, with this object in view, were first ad- 
vanced some twenty yearsago. Thetworivers flowfor some 
distance in approximately parallel directions, ultimately 
joining at a point where the recently completed Rubicon 
power station is situated. The upper waters of the 
Royston River are collected in a reservoir situated 
more than 3,020 ft. above sea level, from which a con- 
siderable head of water is obtained and led to the Royston 
power station, the first of the series. The discharge from 
the Royston power station, which is further increased 
by a considerable volume of water tapped from the 
Rubicon river, is lead through a channel, about three 
miles in length, to the head of the pipe-line leading to 
the Rubicon power station, where the head of water 
thus obtained is nearly 1,500 ft. This second main 
station in the chain is equipped, at present, with two 
turbo-generators, each having a capacity of 6,000 h.p. 
From the Rubicon power station, the water is again 
led by means of an open channel and pipe-line to the 
third and last of the main stations in the group, the 
Lower Rubicon power station, which has a total capa- 
city of nearly 5,000 h.p. A little distance to the west 
of the head of the pipe-line leading to the Rubicon power 
station, a smaller station of 400 h.p., has been erected 
at the Rubicon Falls, while a further station, of approxi- 
mately 2,000 h.p., is to be constructed on Snobs Creek, 
to the north-east of the present system. The current 
from this group of hydro-electric stations, which have 
been designed to work in conjunction with the main 
station shortly to be completed at the Sugarloaf dam, is 
stepped up from 6,600 volts to 66,000 volts, and fed 
into the main transmission-line system of the State 
Electricity Commission. 


THE COLLIN SYSTEM OF DRY 
COKE-COOLING. 


In 1925, Messrs. Collin, of Dortmund, erected an 
experimental plant for the dry cooling of coke in their 
Prosper colliery. When the Henrichshiitte, at Hat- 
tingen, in the Ruhr district, was rebuilt soon after 
that, a Collin coke-quenching plant was added to the 
new works early in 1927. According to Director E. 
Arnold, of the Hattingenwerk, this plant was expected 
to pay for itself within two years, and it appears to give 
every promise of doing so. The Collin system was 
described by Mr. J. P. Leather at the 1927 meeting of 
the Institution of Gas Engineers (see ENGINEERING, 
June 24, 1927, page 778), as used at Kiel and at 
Hattingen, and Mr. Arnold gives further particulars in 
Stahl und Eisen, of July 5 last. There is one coke- 
cooling chamber for every three of the fifty carbonising 
chambers, making 17 cooling chambers altogether. 
These cooling chambers are provided with water- 
sealed doors at the top and bottom, and the coke 
wagons are so fitted with lateral doors that any of the 
three chambers of a group may discharge its coke 
into the same cooling chamber, which is arranged as 
a cast-iron step grate. The gas, being drawn through 
the interstices in the grates, is kept circulating by 
a fan through the chambers, superheaters, boilers 
and preheaters and back. Two gas flues run under the 
whole length of the battery and are connected with 
the cooling chambers by sand-sealed valves. Each 
cooling chamber is recharged every eight hours, and the 
17 chambers are connected in series thermally, so that 
they pass in regular sequence through their cooling 
cycle, from 750 deg. C. down to 220 deg. C. The mean 
temperature in the hot flue is about 500 deg. C. 
Attempts to determine the composition of the gases at 
various stages have met with little success, because the 
gas is a mixture of gases coming from 17 grates at 
different temperatures. How much of the coke is 
burnt by the circulating gas is, therefore, uncertain, 
but the percentage must be small. Explosions were 
considered possible, and explosion flap valves were 
provided; but they have never operated so far. 

The coke obtained has been tested in various ways 
and has been found to be at least as good as coke 
quenched by water. Mr. Arnold does not mention 
the coke dust trouble, however, which has been con- 
sidered serious in some dry coke-cooling plants. He 
does mention that the lining of the cooling chambers, 
made in Kiel of pressed bricks, had not given satisfaction, 
whilst the Steele bricks had not caused any trouble at 
Hattingen, but the brick arches of the flues had to be 
replaced by cast-iron arches. As regards the economy 
of the system, it is noteworthy that a great deal of 
steam is required at the Hattingen iron works, and that a 
ton of coke produces about 400 kg. of steam. Condi- 
tions would be different at collieries where the inferior 
coal mined has to be burnt for steam raising, since rail 
transport of that coal would not pay. In districts 
where gas is being supplied through long-distance mains, 
hing are doubtful. 


Royat Instrrute or British ARcuHITEcts.—The 
conditions for the R.I.B.A. competition for the design of 
a garage in the theatre area of London, the prize money 
for which has been presented by Mr. H. 8. Horne, of 74, 
Park-street, London, W.1, have now been issued, and 
copies may be obtained free, by intending competitors, on 
application to the office of the R.I.B.A., 9, Conduit-street, 
London, W.1. Candidates must be of British nationality, 
and the first prize is a sum of 350/., in addition to which 
the sum of 140/. will be divided, at the discretion of the 
assessors, between competitors whose designs are con- 
sidered especially meritorious. 





Supsect InpDEx TO PeERIOpICALS.—A copy has 
recently come to hand of the volume for 1926 of the 
Subject Index to Periodicals. This work was begun 
in 1915, the object in view being to make available, 
by means of a general index, the ever-increasing mass 
of modern literature and other works, reference to which 
was becoming more and more complex. The form 
originally adopted was that of class lists with an annual 
consolidated volume. At the end of 1916, the volume 
for 1915 and the class lists for 1916 were combined 
in a single volume, which covered over 530 periodicals, and 
contained about 29,000 entries, with an index to authors 
of about 14,000 names. During the years 1917-22, 
however, class lists only were issued, the consolidated 
volume being discontinued. Unfortunately, the publica- 
tion of the Subject Index became much in arrear, and 
while the volumes for 1923 to 1925 were being prepared, 
it was decided to publish the volume for 1926 first. 
This volume is a highly commendable work, and should 
prove to be invaluable to public libraries, and to those 
who make constant reference to literary works of all 
descriptions. The contents are now arranged alphabetic- 
ally by subjects, the number of periodicals indexed 
remaining about 600, and the number of entries is 
approximately 21,000. The work is issued by the 
Library Association, and the subscription rate is 3l. 10s. 
per annum, while single class lists and prices will be 
supplied on application to Messrs. Grafton and Com- 





pany, 51, Great Russell-street, London, W.C.1. 
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LABOUR NOTES. 


At their meeting in London, on Thursday last week, 
the delegates of the National Union of Railwaymen 
approved the provisional agreement with the railway 
companies to reduce wages, salaries, and emoluments 
by 24 per cent. The majority was 74, on a total vote 
of 80. On the following day, the National Railway 
Shopmen’s Council, on which the N.U.R. is represented 
as well as the craft unions, also approved the agreement, 
but with the reservation, it is understood, that the 
reduction does not apply to the shopmen employed 
by the Great Central and Cheshire Line’s sections of 
the London and North Eastern Railway group, who 
are not in receipt of the 6s. 6d. per week war bonus. 
The Railway Clerks’ Association considered the matter 
at a meeting in London on Sunday, and by an over- 
whelming majority approved the agreement. All the 
interests concerned having endorsed the bargain, the 
“cut” is now in operation, and will continue to be 
effective for twelve months. The saving to the railway 
companies will be, it is estimated, about 3,000,000I. 





One or two minor organisations of employees are, 
as was to be expected, raising difficulties in connection 
with the agreement. The Railway Supervisors’ and 
Foremen’s Association, for example, have passed a 
resolution in which they declare that ‘‘ while not 
opposed to the 2} per cent. reduction,’ they will 
withold the signatures of their representatives ‘‘ until 
our rights are assured, both at conferences, such as 
were held in July last, and at the railway staff con- 
ferences, when railway supervisors’ wages and condi- 
tions of service are to be dealt with.” ‘‘ At present,” 
it is added, ‘‘ we stand on the agreements of 1920 and 
1921, and any alteration to the wages of our members 
until we have signed the agreement of July 27, 1928, 
will be considered illegal and irregular.” 





At a conference in Glasgow last week, between repre- 
sentatives of the National Light Castings Association 
and representatives of the trade unions which have 
members employed in the industry, a provisional 
agreement on the wages question was reached. Origi- 
nally the employers asked for a reduction of 10s. per 
week in the bonus paid to pieceworkers, and a corre- 
sponding revision in the rate paid to workers under 
21 years of age. For time-workers it was proposed 
that the reduction should be at the rate of 10 per cent. 
on the present scales, and that labourers should accept 
a reduction of 2s. 6d. per week. Under the terms of 
the provisional agreement there is to be a reduction of 
2s. 6d. per week in the money bonus paid to piece- 
workers 21 years of age and over; a reduction of 
1s. 6d. per week in the rates of time-workers 21 years 
of age and over; a reduction of 1s. per week from the 
wages of labourers, and a pro rata reduction from the 
wages paid to youths and boys under 21 years of age. 
If the ballot is in favour of acceptance, the reductions 
will take effect as from September 3. 


The Indian Government proposes to introduce, in the 
Simla session of the Legislature, a Trade Disputes Bill. 
Two kinds of tribunals are to be set up under this for 
the investigation and settlement of disputes, viz., 
Courts of Inquiry and Boards of Conciliation. The 
Courts of Inquiry will be composed of persons having 
no direct interest in the disputes investigated, and 
they will adjudicate and report on references submitted 
to them. The Boards of Conciliation will include 
representatives of the parties to the disputes investi- 
gated, and their function will be to secure settlements. 
Both tribunals will have power to enforce the atten- 
dance of witnesses and to call for the production of 
documents. 





The measure further seeks to provide that persons 
employed on monthly wages in public utility services 
shall be liable to imprisonment and a fine for wilful 
stoppage of work without a month’s notice in writing. 
Penalties will also be provided for instigators of such 
strikes ; but none of the provisions of this section is to 
be applied to railway services unless their extension is 
specifically ordered. Following the practice laid down 
in the Act passed here a year ago, persons fostering 
strikes or lock-outs to coerce the Government, and 
having any object other than or in addition to the 
furtherance of the trade dispute within the trade or 
industry in which the strikers or employers locking out 
are engaged, are to be penalised. The participants will 
be deprived of the protection afforded by the Trade 
Unions Act, while persons refusing to participate will 
be protected. eae 

In July, the home branch membership of the Amal. | 
gamated Engineering Union decreased from 191,337 | 
to 191,034, and the Colonial branch membership 
increased from 28,238 to 28,302. The number of 
members in receipt of donation benefit increased from 





10,041 to 10,050, the number in receipt of sick benefit 
from 5,177 to 5,197, and the number in receipt of 
superannuation benefit from 10,171 to 10,276. The 
total number of unemployed members increased from 
13,463 to 13,627. 


Mr. Brownlie, the president of the Amalgamated 
Engineering Union, states in his monthly report. to 
members that recently the Executive Council raised a 
question of the interpretation of the Internal Combustion 
Engine Agreement with the Engineering and Allied 
Employers National Federation. The Executive 
Council have now received, he says, the following letter 
from the employers :—‘‘ With further reference to 
your letter of the 14th June, 1928, we have to advise 
you that we have given very careful consideration to 
the main principles involved, and, as a result, the 
Federation is prepared to extend the agreement of 
5th April, 1927, to cover land engines of a type analogous 
to the main propelling engines for which that agreement 
legislates.”’ 





A long account is given in the latest issue of the 
A.E.U. Monthly Journal, of a conference, which recently 
took place between the Executive Council of the 
Amalgamated Engineering Union and representatives 
of Imperial Chemical Industries Limited. At the 
meeting Lord Melchett, who presided, explained the 
Labour Scheme adopted by Imperial Chemical Indus- 
tries Limited, and subsequently, numerous questions 
were asked by the union’s representatives which Lord 
Melchett said he could not, at the moment, answer. 
Eventually, it was agreed that the union should prepare 
a memorandum setting forth the views of the union on 
the various issues raised. The Executive Council of 
the Amalgamated Engineering Union have also, it 
may be added, discussed the new Labour Scheme with 
representatives of the Transport Workers, Building 
Trades and Workers’ Union. 





An editorial note in the August issue of the A.#.U. 
Monthly Journal deals with the question of unemploy- 
ment. ‘* Unfortunately,” the writer says, “as is often 
the custom in this country, we have got to wait until 
disaster threatens us before preventive steps are taken. 
We recognise that changes have taken, and are taking, 
place with respect to industry over which no political 
party has any control. . . . There are, of course, other 
changes which have helped to bring about the present 
state of affairs, many of which might have been foreseen 
and an effort made to mitigate the evils arising there- 
from. The Government have at last realised the 
seriousness of the situation and are taking certain steps 
to deal with the problem. We have no intention of 
raising any objection to their action in moving un- 
employed persons to places where work is obtainable ; 
that, however, ought not to be their full quota towards 
a remedy. In our view, the question is becoming 
international in character, and some day it will have 
to be faced from that point of view. The solution 
suggested some time ago of more and cheaper production 
might, we think, be countered by a full and impartial 
inquiry as to whether, having regard to the vastly 
improved methods of production, the time has not 
arrived when a shorter working week should be recom- 
mended not only on this but also for other countries.” 





In the report of the General Federation of Trade 
Unions for the second quarter of the current year, 
Mr. Appleton, the secretary, states that a number of 
the affiliated unions return increased memberships. 
‘‘There is no doubt,’ he says, ‘‘ that the organising 
campaign set on foot by the Federation six years ago, 
allowed by a mistaken spirit of deference to lapse, and 
revived at the beginning of 1927, has had much to do 
with checking the flow from the unions. It is regret- 
able to have to state that more might have been 
accomplished if the jealous obstruction of other groups 
had been less in evidence. Mr. George Bell has worked 
indefatigably, and he has, in all areas, received excellent 
support from men and women who believe in the need 
for Trade Unionism, and are prepared to work for the 
spreading of the faith they hold. Folly and misrepre- 
sentation from within the movement have made the 
tasks of the Trade Union revivialists harder, but their 
courage and sincerity are such as to beget hope and, 
perhaps, to command success.” 





“While discussing this question of organisation,” 
Mr. Appleton goes on to say, ‘it is necessary to call 
attention to the poaching by some of the big general 





unions, who, by promising, though not necessarily 
paying, large benefits for small contributions, secure 
transferences from the craft unions, or direct admis- 
sions, as members, of men and women whose skill 
and trade standing mark them out for membership, 
with the craft unions. Actually, the two unions who, 
this quarter, report a loss in membership, if given the 





members allocated to them by industrial right and by 
the old Trades Union Congress resolutions and regu- 
lations, would have been able to tell a pleasanter story, 
Unfortunately, for them and for some others, amalga. 
mation and the one big union idea have captured, not 
imagination, but direction, and the unions built upon 
a craft and actuarily-designed basis are made to suffer,” 





The number of trade unions affiliated to the General 
Federation is now 100, and of these 66 are on the 
higher scale, 31 on the lower scale, and three on both 
scales. The total number of members on which 
contributions are paid is 554,693, of whom 327,422 
are on the higher scale, 216,118 on the lower scale, and 
11,153 on both scales. The gross membership jis 
567,018. 





Industrial News, the weekly official organ of fthe 
Trades Union Congress General Council, states that 
the question of the legal position of Irish Free State 
members of Trade Unions having their head offices 
registered in Great Britain and Northern Ireland has 
been under consideration. The Irish Free State 
Government is considering new legislation relating to 
such unions on the grounds that the system of “ record- 
ing ’’ under the Trade Union Act is no longer operative 
in the Irish Free State, and that, therefore, Trade 
Unions registered in Great Britain, including those 
registered there and recorded in the Irish Free State 
before the Treaty, must now be regarded as unregistered 
trade unions in the Irish Free State. Moreover, with 
reference to Trade Unions registered in Great Britain, 
it is difficult to see how it is practicable for the Irish 
Free State Registrar to carry out the provisions in the 
Trade Union Act, 1913, for the application of trade 
union funds to political objects, since that Act con- 
templates proceedings by a single Registrar with 
reference to the funds as a whole. In these circum- 
stances, the General Council has circularised the 
Unions, asking for any information they can supply 
on this question, before sending a deputation to the 
Irish Trade Union Congress. It is possible that, later, 
the deputation may seek an interview with the Minister 
of Industry and Commerce in the Irish Free State. 





According to Mr. H. B. Betterton, Parliamentary 
Secretary to the Ministry of Labour, the total amount 
paid out of the Unemployment Fund in respect of 
unemployment benefit from January, 1913, to March 31, 
1928, was approximately 331,000,000/. In addition, 
out-of-work donation amounting to about 62,500,000/. 
was paid out of the Exchequer during the years 
1918 to 1922. 


Moror-VEHICLE REGISTRATIONS IN CEYLON.—The 
following figures are given in statistics showing the number 
of motor vehicles in use in Ceylon on April 30, 1928, 
which have been received from His Majesty’s Senior 
Trade Commissioner in India: motor-cars, 9,823; 
motor cabs, 1,388; omnibuses, 2,176; lorries and vans, 
2,038; tractors, 21; trailers, 77. 





British STANDARD SPECIFICATION FOR Sutps’ Boat 
Davits AND StowaGE.—A new specification, No. 3009— 
1928, has recently been issued by the British Engineering 
Standards Association, covering all the gear required for 
the purpose of stowing and lowering boats, the adoption 
of which should mean a saving in the initial cost of fitting 
out cargo ships. An interesting point in connection 
with the specification is that the Board of Trade, at 
the request of the committee which drew it up, has 
amended the Life Saving Appliances Rules so that the 
same blocks and falls, used for lowering a 27-ft. boat from 
a passenger ship, may now be used for lowering a 30-ft 
boat fromacargo ship. This change affects all the smaller- 
sized ships in a like manner. Copies of the specification 
may be obtained from the Publications Department, 
B.E.S.A., 28, Victoria-street, London, S.W.1, price 
2s, 2d., post free. 





AUSTRALIAN CONSTRUCTIONAL-INDUSTRY ENTERPRISE. 
—We have recently received from Australia a well illus- 
trated book dealing with ‘Forty Years of W underlich 
Industry.” This describes the industry built up by 
Ernest Wunderlich, who arrived in Australia in the year 
1885 to start business as agent for European manw- 
facturers. He was fortunate to discover a considerable 
demand for stamped zine window frames, etc., and thi 
event is regarded as the birth of the Wunderlich business. 
The first metal ceiling, covering an area of 2,500 pe 
yards, was put up in 1888 in the Sydney Town Hall, an 
is still in perfect condition. In 1890, the firm's gene 
tions had expanded to all the Australian States por 
New Zealand, and in 1893 the business was i 
into a limited liability company, under the name 0 
the Wunderlich Patent Ceiling and Roofing Company; 
Limited. At the present time the Wunderlich indus 
consist of art metal ceilings, architectural metal — 
of all kinds, and architectural terra cotta. The eene 
now possesses offices and works in each State OF : 
Commonwealth, besides sub-branches at Launceston 
Tasmania, and Newcastle, N.S.W. The permanent a 
numbers about 1,100, and the business holds the pom 
able record of never having experienced serious industri 
trouble. 
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PRESTWOOD PUMPING STATION. 
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Fic. 9. ASSEMBLED StaGes oF Force Pump. 











Fig. 10. SrnetE Stace or Force Pump. 


THE PRESTWOOD PUMPING STATION | ‘© 2 pressure of 440 volts by means of two 1,200 kv.-a. 


transformers, each of which is of sufficient capacity to 
= THE SOUTH STAFFORDSHIRE | deal with both pumping units running at full load. 
ATERWORKS COMPANY. The pumps were specified to fulfil the following duties : 


(Continued from page 104.) | pam unit, when running singly, was to be capable of 





: pumping a net quantity of 2,084 gallons per minute 
THE main pumping plant consists of a borehole pump | (three million gallons per day) from any depth down to 
and a force pump in series for each of the two boreholes. | 150 ft. below basement level at the station, and 
Both pumps are of the centrifugal type, and are driven delivering same through approximately 7 miles of new 
Y &@ common vertical shaft, connected through a | 24-in. internal diameter steel delivery main, against a 
flexible coupling to a vertical-spindle induction motor. | static head of 563 ft. above basement level at the 
e of the motors can be seen in Fig. 4, page 103, ante, | station, and an estimated friction head of 20 ft., making 
& Separate view being given in Fig. 5, page 202. Various |a total inclusive head of 733 ft. The two units, when 
= of the pumps are given in Figs. 6 to 13, on page | pumping simultaneously in parallel, were to be capable 
702, on this page, and on page 212. |of pumping twice the above quantity of water under 
I agp is provided with a speed-regulating set, | the same conditions, except that the estimated friction 
ible in Figs. 3 and 4, page 10%, ante, designed for | head was to be 70 ft., making a total inclusive head of 
rh saga Correction and sub-synchronous speed | 783 ft. 
, ’uion. ‘The motors will be referred to in detail,| In addition to the foregoing duties, each motor and 
t, Asalready stated, the power supply is three phase, | all parts of the borehole pumps were to be suitable for 
Periods, 11,000 volts, and this is transformed down | dealing with the extra load involved in the event of it 





pumps to pump from a depth of 200 ft. below basement 
level, due to a permanent fall of the water level in the 
boreholes. All water taken from the borehole-pump 
delivery mains and used for water lubricating, cooling, 
or other purposes, is discharged to waste, and only 
the actual water pumped to the reservoir, as measured 
by the Electroflo meter fixed in the delivery main, 
was taken into account when determining the output 
and efficiency of the plant. 

The borehole pump, shown in Figs. 8 and 13, pages 
202 and 212, has seven stages, and is provided with a 
14-in. bore steel suction pipe, bronze fitted foot valve, 
and perforated copper strainer. The impellers, shown 
in section in the upper part of Fig. 13, are of the single- 
inlet type, made in bronze, each impeller being securely 
keyed to the pump shaft. The guide wheels are also 
of bronze, and the pump casings are of cast iron. The 
pump is built up in sections, each impeller, with its guide 
wheel and casing, forming one section. The suction 
and delivery ends are separate castings, and the whole 
is secured together by means of through bolts which 
pass through bosses in the suction and delivery ends. 
The bolts do not actually pass through each stage of the 
pump, but lie in recesses formed in the casings, as clearly 
shown in Fig. 8 on page 202. The guide wheels all fit into 
machined recesses in the casings, which, in turn, are 
spigoted into each other to secure accurate alignment. 

In both the suction and delivery ends of the pump, 
a shaft bearing is fitted, consisting of a bronze bush 
lined with lignum vite. These bearings are lubricated 
by filtered water. The pipes from which the borehole 
pumps are suspended, and which form the delivery 
main to the force pumps, are constructed in mild steel, 
fitted with riveted flanges. The pipes are each about 
8 ft. 3 in long, and the flanges are recessed. An 
annular guide shaft bearing is fitted at each joint, 
spigoted into both flanges to secure accurate alignment. 
The flange of the guide is recessed on each side to 
receive jointing material. The actual shaft bearing 
consists of a bronze bush, carried in the centre boss of 
the annular guide, which is connected to its flange by 
radial ribs. The bronze bush is fitted with a lignum- 
vite lining, having water grooves cut in it to allow for 
efficient lubrication. The portion of the driving shaft 
which runs in the bearing is fitted with a renewable 
bronze sleeve, so that, when wear eventually takes 
place, only the lignum-vite linings and the bronze 
sleeves require renewal to restore the shafting and 
bearings to the norma! condition. 

The steel driving shafting is made up in sections of 
the same length as the suspension pipes, and the shaft 
couplings are placed immediately above each flange 
joint. The shafts are coned at each end, and are 
provided with sunk keys to transmit the drive. The 
couplings are of steel, and are bored with a double 
taper to receive the coned ends of the shafts; they are 
provided at each end with gunmetal screwed coupling 
nuts and with lock nuts. From the shaft bearing in the 
suction cover of the force pump, down to the shaft 
bearing in the delivery head of the borehole pump, 
each length of shafting runs in a protecting steel tube, 
provided with bronze securing and lock nuts. Each 
length of protecting tube reaches from the underside of 
one bearing down to the upper side of the next lower 
bearing, and the grooves in the lignum-vitae bearing 
provide the passage for the filtered water used for 
lubrication down to the next length of shafting. The 
filtered water, after leaving the last bearing, is returned 
to the suction inlet of the pump. The water for this 
lubricating system is taken from the suction side of the 
force pump. The water is at -a positive pressure, 
sufficient to ensure its passage through the filter, from 
which it is taken to the protecting tube to lubricate 
the shaft bearings. The filter consists of a casing 
with the water inlet at the side. The water first passes 
through a bed of small coke carried between two perfo- 
rated plates. It then passes through a cloth of fine 
texture, which fits round a strainer, and the filtered 
water is drawn from the inside of the strainer. A drain 
is provided for removing any sand which settles in the 
bottom of the casing, and a cover can be readily 
removed to give access to the cloth-covered strainer. 
This system of shaft lubrication ensures the absolute 
protection of the driving shafting and bearings from 
contact with the water being pumped, which may carry 
in suspension sand or other material of an abrasive 
character, liable to do damage, and at the same time 
an ample supply of filtered water is provided to lubricate 
the bearings efficiently, thus tending to reduce wear 
to a minimum. 

At the top of the borehole, as shown in Figs. 7 and 
12, a substantial cast iron foundation frame or base is 
provided, having an accurately machined spherical 
seating on its top side. The casing of the force pump 
has its base flange machined to suit this spherical 
seating, and rests in it. If the borehole should happen 
to be slightly out of line when the pumps are erected, 





it is thus possible to hang them clear in the borehole, 
and as all parts, from the borehole pump at the bottom 





212 


ENGINEERING. [AuG. 17, 1928. 











to the motor on the top, are spigotted into each other, 
the alignment of the complete set is not affected. 
The cast-steel suction cover is provided with a 14-in. 
diameter suction branch, and has embodied in it the 
top transmission shaft bearing, which is lined with 
lignum vitae. 

The force pump, shown in Figs. 5, 6, 9 10 and 12, 
is of the four-stage type, the casing and guide passages , 
being of cast iron. The impellers are of the single-inlet 
type, made of bronze, and the guide wheels are also 
of bronze. The neckrings are of cast iron. The delivery 
branch of the force pump is taken off the side of the 
casing, and the delivery cover is provided with a 
suitable stuffing box and gland. 

On the top of the force pump, as shown in Fig. 12, is 
mounted a substantial cast-iron stool, in which is 
embodied a Michell bearing of ample proportions to 
sustain the weight of the driving shafting and to take 
the hydraulic thrust of the pumps. The Michell bearing | 
is provided with automatic oil lubrication and the oil 
is water cooled. 

The vertical-spindle induction motor, shown in 
Fig. 5, is mounted on the stool, and the drive between 
the motor and the pump shafting is by means of a 
shrouded flexible coupling of the rubber-buffer type. 
On the delivery branch of each pump, a 14-in. non- 
return valve and 14-in. sluice valve are fitted, each of 
which is provided with a by-pass for priming the bore- 
hole pumps; 14-in. steel delivery pipes connect to 
the 24-in. steel delivery main which runs from the 
pumping station to a new reinforced-concrete reservoir 
at Shavers End, Dudley. 

On the 24-in. delivery main, and just outside the 
pump-house, a 24-in. non-return valve is fitted, in 
order to relieve the pumps from any undue stresses in 
case of failure of the plant, or of any interruption of the 
power supply. A relief valve is also fitted on the 
delivery main on the reservoir side of the 24-in. non- 
return valve, to relieve any excess pressure which may 
be set up, due either to a sudden stoppage of the plant 
or to interference with valves on the main. 

The quantity of water pumped to the reservoir is 
measured by means of an Electroflo meter, the panel 
being placed in the engine-house and the diaphragm 
and meter body about 90 yards away from the 
pumping station. The necessary cables between the 
meter body and the panel are placed underground. 
The panel consists of three units. The top dial shows 
the rate of flow at any moment, whilst the middle instru- 
ment is an integrator registering the total quantity 
pumped. The bottom instrument is a recorder pro- 
vided with a seven-day chart, which continuously re- 
cords the rate of flow. Mounted on the pump-house 
wall by the side of the Electroflo meter panel is a gauge 
board, fitted with the usual gauges and _ recorders. 
All controls are operated from the switchboard floor 
level, and the sluice valve on each pump delivery is 
provided with an extension spindle, pillar, and hand- 
wheel, the latter being located directly in front of the 
gauge board. This arrangement considerably facili- | 
tates the easy and efficient handling of the plant. | 
The most efficient speed has been determined by | 
actual tests for various outputs, and after the plant is | 
started up and the speed adjusted, the actual rate of | 
discharge can be controlled, whilst the attendant has | 
the whole of the instruments and gauges directly under 
his observation. 

The borehole water-level recorder is operated by 
means of compressed air supplied by a foot pump which 
delivers into a steel receiver. All control valves are of 
the needle type. A small-bore pipe, connected to the | 
recorder and receiver, is taken down the borehole to the 
150-ft. level, terminating in an air bell shown in Fig. 11. 
If the water was down to this level, the recorder 
would show zer>. As the water level is continuously 
higher, when the air is admitted to the pipe it dis- 
charges until the air pressure balances the head of 
water above the pipe, and this is recorded on the chart 
as the depth below pump-house floor level. 


(To be continued.) 











City AND GuILDs oF LONDON INstTITUTE.—The council 
of the City and Guilds of London Institute have conferred 
the distinction of Fellow of the Institute upon Messrs. 
A. B. Buckley, M.Inst.C.E., A. C. Cookson, M.Inst.C.E., 
C. V. Drysdale, M.Ins+.C.E., M. Solomon, M.I.E.E., and 
G. W. Tripp, M.I.Mech.E. 

THE SLOANE AUTOMATIC TELEPHONE EXCHANGE.— 
The third automatic telephone exchange to be put into 
service by the General Post Office in the London area, is 
that in Sedding-street, off Sloane-square, designated the 
Sloane Exchange. In general, the equipment at Sloane 
is similar to those already installed and put into operation 
during the last few months at Holborn and Bishopsgate. 
An illustrated description of the former exchange will be 
found on page 854 of our issue of December 30, 1927. 
The Sloane exchange is, at present, equipped for 8,400 
subscribers; its ultimate capacity, however, is 10,000 
lines. The equipment has been manufactured and 
installed by Messrs. Standard Telephones and Cables, 
Limited, Connaught House, Aldwych, London, W.C.2. 































PRESTWOOD PUMPING STATION. 


MR. F. J. DIXON, M.INST.C.E., ENGINEER-IN-CHIEF. 








Fie. 11. Ark BELL OF WaTER-LEVEL RECORDER. 
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ADMIRALTY FLOATING DOCKS. 
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Fig. 24. PLAN AT PONTOON DECK. 
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ADMIRALTY FLOATING DOCKS.* 


By S. V. Goopatt, M.I.N.A., R.C.N.C. 
(Concluded from page 178.) 

THE next Admiralty dock has a curious history. 
Part of it was taken over as reparation from Germany 
after the Armistice. Its design is extremely interest- 
ing, and is indicated in principle in Fig. 5, page 177, 
ante, which shows the dock as reconstructed for British 
Service. It was built in six sections, the sections 
being riveted together by stout straps which do not 
extend down below the light water line. Hence each 
section can be constructed separately, floated, and then 
Joined to the next section without any underwater 
— In order to dock a section, it is necessary to 
a the rivets out of the joints, turn the section 
aan 90 deg. and place it on the remaining portion 
ol e dock; later, after undocking, the riveted joints 
— - be re-made. This, of course, is a long and 
poo y ‘gee but the system lends itself to low first 
whine without entirely giving up the principle of 
ti idity ing, affords the advantages of moderate 
tie y at the joints for all ordinary docking opera- 

ns. The type of joint is shown in Figs. 21 to 26. 
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There are riveted butt straps at the sides and decks 
and riveted connections of the fore and aft bulkheads 
in the gaps between the sections. 

When this dock was taken over and surveyed 
by Admiralty officers, it was concluded that it was 
not strong enough to take the heaviest ships then 
contemplated, and it was decided to cut it in two, 
design and construct a new central section with 
sufficient strength for all probable developments in 
the size and weight of warships, and connect up the 
two portions of the old dock, one at each end. The 
new central section was made deeper than the old 
dock, as shown in Fig. 5, so that more buoyancy 
could be obtained under the concentrated midship 
loads, and the fore and aft and athwartship strength 
bulkheads were also made stronger. The new section 
was built at Chatham Dockyard. It was desired to part 
the old dock and join up the new section at Malta, 
where the dock was to be stationed, so that the difficult 
question arose, ‘‘ Was the old dock strong enough 
to stand the voyage to the Mediterranean?” The 
Director of Naval Construction had to take the heavy 
responsibility of answering this question. Before 
coming to a decision, a model of the dock was tried 
in waves set up in the Experiment Tank at Haslar. 
The Bay of Biscay, true to tradition, reproduced 





these waves full size, and the dock had a trying voyage, 














H.M.S. “ Royat Oak” In Froatine Dock at MALTa. 


but reached Malta safely. The extension piece, being 
smaller and stronger, experienced an easier tow. 
The old dock was parted during the summer of 
1925. The joining up of the new section was a ticklish 
operation. You can easily imagine that when two 
structures of this size are made at the same time, 
and in the same shipyard, it is a work of great 
exactness to get them to fit well. Much more difficult 
is such a task when one piece is made in Germany, 
another in England years afterwards, and both have 
been subjected to the strains incidental to an ocean 
voyage. Further, the work was done in a crowded 
harbour, where ships were continually passing and 
setting up water motion, and where the Mediterranean 
calm can be rudely disturbed; in fact it settled 
down into a fight against time. The fine weather 
usually breaks at the end of September, and if the 
joining-up had been incomplete when the first storm 
came, serious delay would have been involved and 
the difficulties would have been greatly increased. 
Actually the work was finished two days before the 
first gale. Fig. 27, on this page, shows the completed 
dock after raising its first ship, H.M.S. Royal Oak. 
The Admiralty dock now completing, which is to 
be stationed at Singapore, was designed by Sir W. 
Berry. Two special considerations governed its 
design. First, on account of the properties of the 
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SECTIONAL ELEVATION. 
Fig. 28. 
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tropical waters of Singapore, it was desirable to | 
provide for self-docking. Secondly, it had to be} 
capable of transport from England to the East ; 
and, experience in towing the Malta dock across the | 
Bay of Biscay, showed that more rigidity at the | 
joints than the Malta dock possessed was desirable. | 
Accordingly, the dock is designed in seven sections, | 
the pontoons of the central sections being deeper 

and stronger in order to deal with the heavy central 

load of the docked ship, as shown in Figs. 28 and 29, 

on this page. For the journey out, the dock joints 

will be broken on each side of this strong section | 
and the two ends joined together. The shortened | 
dock will form one tow, and the central section will | 
be taken out separately, the joining-up being done | 
at Singapore. It is evident that the utmost accuracy | 
in construction has been necessary, and it is a pleasure | 
to say that, in this respect, the builders of the dock, | 
Messrs. Swan, Hunter, and Wigham Richardson, 
Limited, have accomplished a splendid job. 

The dock is really a miniature dockyard, so that, in 
addition to the machinery and equipment necessary for 
docking operations, it is a small power station for 
supplying the docked ship, a factory for dealing with 
repairs and accommodating the staff, and a residence 
for the dockmaster and crew. Each of the two sections 
containing the main generating machinery is self- 
contained, so that when one of these sections is dis- 
connected for self-docking, the other section can supply 
all the requisite power. Another interesting and 
essential feature of floating-dock machinery is that it 
must be capable of working efficiently at light draught 
when the engine room is high up above the water, and 
at deep draught when it is practically submerged. 

Power is generated by oil-fired water-tube boilers. 
The steam generate! drives three turbo-alternators. 
The turbines exhaust into condensers, but they can 
also work on atmospkeric exhaust. These alternators 





drive the main pump motors and two 500-kw. motor | 


generators which produce direct current. There is also 
a Diesel-driven dynamo, water-making apparatus in 
two sets, and a certain amount of domestic machinery, 
including an ammonia ice-making machine, and also 
boilers, &c., to supply steam for cooking appliances and 
general purposes, and pumps for the salt and fresh- 
water services. 


used for general work, and for the dock, as a workshop, 


there are electrically-driven air compressors to supply | 


pneumatic power, four cranes and a fair number of 
power-driven shop machines. 
The main pumps are situated low down below the 


CAPSTAN 
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For moving a ship in and out, there | 
are eight 16-ton electric capstans, which can also be | 
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motors, from which they are driven by vertical shafting. 
Along the starboard side of the dock are a main suction 
and flood connections to the sea, to each pump and to 
each watertight compartment and joint chamber. The 
pumps can be operated by switches in the control 
| house, from which also all the distributing valves, 
isolation valves and inlet valves can be worked by the 
Westinghouse electro-pneumatic system that has been 
installed. 

In the control house there are trim and heel recorders, 
indicators for the depth of water above the blocks 
at each corner of the dock, pneumatic indicators giving 
the depth of water in each compartment, and a sighting 
telescope by which the level of each section of the 
dock can be sighted. The condition of each unit is | 
thus continually known in the control house, and 
means required to deal with the situation are there 
centralised. 

The lifting requirement was for a ship of 50,000 tons 
weight to be raised in four hours. To do this, in the 
extreme case of a badly-damaged ship, 82,000 tons of 
water must be pumped out, and as the total pumping 
capacity is 30,000 tons per hour, the operation should 
require appreciably less time than the stipulated four 
hours. The four electrically-driven fire and drainage 
pumps, with a capacity of 600 tons per hour, are avail- 
able to clear residuary water from the tanks. 

The dock, in section, is constructed as shown in Fig. 
31, in which one-half indicates the deeper stronger 
| centre, and the other half the end sections. In fixing 
| the scantlings, besides the considerations given to the 
| load of the heaviest possible ship to be docked, local 
strength against water pressure has been specially 
investigated in view of the great depth to which the 
dock must be sunk to take a. badly-damaged ship. A 
good margin has also been provided against wastage of 
| material with time. 
| Fig. 30 shows how any one of the sections can be 


| 








| docked in the remaining portion of the dock. The 


joints at each end of the section are broken, all the 
pumping pipes, electric wires, &c., are disconnected, 
and the section turned through 90 deg. and placed in 
the dock. ‘ 

Admiralty floating docks form a fleet of which their 
creators and users, the Royal Corps of Naval Construc- 
tors, may well be proud, and include the largest floating 
dock in the world. ; 








WATERWORKS FOR MUKDEN.—We learn that the 
establishment of a modern waterworks installation at 
Mukden, Manchuria, is under contemplation. The 
Provincial authorities have been approached and are 
discussing the matter. 





Lonpon Meta Works ExtEenston.—We are informed 
that Messrs. G. A. Harvey and Company (London), 
Limited, of Woolwich-road, §S.E.7, have found it 
necessary to make considerable extensions to their works. 
This firm are producers of mild-steel plate work of every 
description, decorative metal work, woven wire, tanks, 
steel equipment for offices and works, &c. The new 
building is 500 ft. long, 250 ft. wide and 38 ft. high, and 
the floor area is divided into four bays equipped with 
electric cranes ranging from 5 to 10 tons in lifting capacity. 





THE DetRort-WINDSOR INTERNATIONAL BriwGE.—On 
page 357 of our issue of March 23 last, we gave particulars 
of a large suspension bridge for highway traffic, which was 
to be erected across the Detroit River, between Windsor, 
Ontario, Canada and Detroit, Michigan, U.S.A. The 
High Commissioner for Canada in London now informs 
us that work on the structure is proceeding with suc 
rapidity that there is every likelihood of its being finish : 
and ready for traffic by November, 1929, the date on whic 
Messrs. The McClintock-Marshal Company have under 
taken to complete it. The promoters of the bridge, which, 
together with the Detroit-Windsor Tunnel, will do _ 
to solve the traffic difficulties of the Canadian and Unite 
States cities on each side of the border, are Messt® 
The International Bridge Company. 
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DUST IN MINE AIR ON THE 
WITWATERSRAND. 


It is, of course, well known that certain occupations 
and industries cause, or are conducive to, disease. One 
of the most notable of these diseases of occupation is 
miners’ phthisis, which is caused by breathing air 
containing silica dust in fine suspension, and results 
in silicosis of the lungs. The disease has been known 
for a very long time, being referred to in the works of 
ancient writers, but it did not attain alarming dimen- 
sions until the introduction of a comparatively modern 
invention—the rock-drill—which, although an efficient 
Jabour-saving device, proved, indirectly, for many years, 
to be destructive of human life. A number of years 
passed before these results become noticeable, and a 
further period elapsed before it was recognised that 
some action must be taken to combat the evil. Then, 
in 1902, a Royal Commission was appointed to enquire 
into the health of miners in Cornwall. In the ensuing 
report it was stated that the death rate from disease 
of the lungs had greatly increased during recent years, 
and was attributable, in the great majority of cases, to 
the effects of rock-drill work abroad, but particularly 
in the Transvaal. In the same year, a Commission 
was appointed in South Africa by Lord Milner to 
investigate the prevalence of the same disease in the 
Transvaal. This resulted in the first estimations of 
dust in the air of the mines on the Rand being made, 
and was followed by other investigations at various 
intervals. The East Rand Proprietary Mines, in 
1910, found as much as 1,500 mg. per cubic metre of 
airina drive. The following year systematic examina- 
tion of mine air was commenced by the Consolidated 
Goldfields. 

A number of methods have been employed from time 
to time for estimating the amount of dust in mine air. 
Although these have received some attention in 
technical institutions, we believe that no paper hitherto 
published has summarised the methods in the same 
way as has been done recently by Mr. James Boyd, who 
was formerly on the Miners’ Phthisis Prevention 
Committee and joined the staff of the South African 
Chamber of Mines in 1914. The paper to which we 
refer was read in February, before the South African 
Institute of Engineers. 

One of the first methods of estimating dust in air, 
which is described by Haldane, was to pass a known 
volume of air through a pad of cotton wool, which 
was afterwards ignited and the residue weighed. 
A method used in the Transvaal was to aspirate the 
air through a wash bottle, the water being then 
evaporated and the residue weighed. In 1886, a 
method was described by Franklin for determining 
bacteria in air, which involved the use of a tube } in. 
in diameter containing sugar. This principle was 
employed by Soper, in 1905-07, for investigating the air 
in New York subways, and he was probably the first 
to use a sugar tube for estimating dust in air. Its 
use in the Transvaal was apparently first suggested 
by W. H. Jollyman in 1907, and was thoroughly tested, 
in 1911-12, for the Consolidated Goldfields, by A. Mc- 
Arthur Johnston. The use of the sugar tube was 
adopted by the Miners’ Phthisis Prevention Committee 
in 1912, and all the gravimetric estimations of dust for 
this committee, were carried out by this method, 
which consists essentially in a known volume of air 
being drawn through a narrow column of pure sugar. 
Afterwards the sugar is dissolved in hot water, filtered, 
and the residue of the dust caught in the filter paper, 
which is then ignited and weighed. 

After undergoing several modifications the sugar 
tube now consists of a piece of thick-walled glass tubing 
5in. in length by 1} in. in diameter, fitted with a solid 
tubber cork at the top, and at the bottom with a rubber 
cork through which passes a piece of }-in. glass tubirg. 
A small piece of cotton wool is placed at the bottom of 
the sugar tube, resting on the }-in. tubing, to prevent 
the sugar being drawn through the latter. The tube 
is charged with 40 grains of pure crystal sugar, of such 
8ize as to pass a 10-mesh but not a 20-mesh sieve. 

In the early days it had been assumed that all dust 
Was injurious, but the results of research work by 
Dr. John McCrae demonstrated that the dust found 
in the lungs was extremely minute, ranging from 12 
microns to 1 micron and less, a micron being 553555 in. 
The realisation of this fact, that only the very fine 
dust particles reach the lungs, completely altered the 
question of analysis of mine air, and since various 
Sizes are obtained in the dust samples, it became 
necessary to find a method of separating the large 
from the small. This was done by Dr. J. Moir by 
allowing the dust which has been taken up with water, 
and is in suspension, to settle for a period of time 
eoutated from the size of the particles and the rate 
Re of quartz particles when suspended in water. 

e formula used by Dr. Moir is as follows :— 


1) ag 


V = 100,000" 











where V = velocity of fall in cm. per second. 
D = diameter in microns. 

In practice, in settling out dust over 12 microns in 
size, the solution was allowed to settle for four minutes 
for each centimetre of height of the liquid, the super- 
natant liquid, containing the fine dust, being syphoned 
off. The residual liquid was then made up to its original 
bulk, and again allowed to settle for two minutes for 
each centimetre of height, syphoned off and the two 
syphoned off liquids added together, filtered and the 
dust estimated. 

This method is obviously too delicate and too slow 
for routine work. Consequently, a more mechanical 
method was devised, which consisted in filtering the 
dust suspension through the finest screening obtain- 
able, containing 350 holes to the linear inch, or 122,500 
to the square inch. The bottom of a truncated cone 
is fitted with a circular piece of this screening, the 
dissolved sugar containing the dust sample is filtered, 
and the large particles separated. 

Below the truncated cone containing the screening, 
a funnel, containing a Whatman No. 42, 15-cm. filter 
paper, is placed. The sugaris washed out with boiling 
distilled water from the sugar tube into the cone, 
and continued until dissolved. The large particles of 
dust, together with any extraneous matter, are caught 
on the screening, and the fine dust passing the screen- 
ing is caught on the filter paper. ‘The filter paper is 
ignited in a platinum or silica crucible, which is then 
cooled in a dessicator and weighed. An allowance, 
however, must be made tor the inorganic dust con- 
tained in the sugar, which is ascertained by taking the 
average of a number of unused sugar tube analyses, 
and is usually about 0°7 mg. per 40 gm. of sugar, 
including the weight of the ash of the filter paper. 

The Konimeter, an instrument for estimating the 
number of partieles of dust in air, was invented by 
Sir Robert Kotze, Chairman of the Miners’ Phthisis 
Prevention Committee, in 1916. This instrument 
forces about 5 or 10 ce. of air at high velocity through 
a narrow jet on to a glass slide covered with an 
adhesive which catches the dust. This spot of dust is 
then examined under the microscope, and the dust 
particles counted. A more recent pattern is the so- 
called Circular Konimeter. The instrument consists 
essentially of a valveless cylindrical suction pump, 
the piston of which is operated by a spring, and, when 
depressed, is held down by a catch with trigger release. 
The action of the piston sucks in 5 c.c. of air through the 
nozzle, which is tapered, smoothly bored, and has 
an internal diameter of 0°6 mm. at the small end. 
The glass slide on which the air stream impinges is 
placed 0-5 mm. from the nozzle, and is made by 
cutting a standard English microscope slide in half, 
being held in position by means of a spring. Several 
samples may be taken on the same slide, by merely 
moving it into different positions; after the samples 
have been taken the slide is removed and placed in 
a special holder. The velocity given to the air by the 
spring should be not less than 30 or more than 80 metres 
per second at the impinging end of the nozzle, and the 
time of the stroke should be about } second. 

Vaseline was used originally as the adhesive on the 
slides, but more recently has been replaced by glycerine 
jelly. The adhesive must be applied as sparingly as 
possible, and the slides very carefully cleaned before 
it is applied. It has, however, been found that if the air 
which is sampled contains moisture, no adhesive is neces- 
sary. This was discovered by accident, and is accounted 
for by the dust particles adhering by means of the 
condensed water which is then evaporated leaving the 
dust behind. But, as has been pointed out by Dr. 
Mavrogordato, all instruments delivering air at a high 
velocity through a narrow jet are subject to the con- 
densation principle, so that the spots are not only 
precipitation but also condensation spots. Thus, if 
the water in the air contains soluble substances they 
will materialise as visible particles, which are, in appear- 
ance, indistinguishable from particles of silica. As this 
was not at first realised it led to considerable errors in 
sampling with the Konimeter. Water used under- 
ground for allaying dust generally contains a number of 
salts in solution, and as this water becomes vaporised, 
it is natural that the Konimeter samples should be found 
to contain crystals of these soluble salts. 

Experiments demonstrated that most of the soluble 
particles could be removed by the action of hydro- 
chloric-acid vapour, leaving the silica untouched, which 
could then be counted. Another source of trouble was 
caused by the presence of carbon particles, which are 
very prevalent in development drives, owing to the 
large use of acetylene lamps in South African mines. 
In the absence of any known solvent for carbon, an 
attempt was made to burn off the carbon, using a 
slide made of clear silica instead of glass. Although 
not entirely unsuccessful, this method had the disadvan- 
tage that it was not always possible to obtain silica 
plates which were sufficiently transparent. 

McEwen and Thompson, of the Chamber of Mines 
Dust Sampling Staff, after conducting experiments over 





a considerable period, then tried immersing the whole 
plate with the spots in a dilute solution of hydrochloric 
acid, washing in distilled water, and then examining 
in the microscope. They naturally expected to find 
that the spots would have disappeared completely, and 
were, consequently, extremely astonished to find that 
the silica particles remained bright and clear, whereas 
the carbon and soluble particles had been removed. 
The explanation which Mr. Boyd offers for this is the 
assumption that the carbon particles, being much lighter 
than silica, float away, whilst the soluble particles are, 
of course, dissolved by the acid. It was found, as the 
result of a large number of experiments, that, except in 
the cases of samples taken in excessively moist air, the 
process worked satisfactorily. Comparisons of this 
method with the previous one using acid fumes, showed 
that, in some cases, the number of particles counted was 
greater with the new process, presumably because the 
removal of the carbon unmasked hitherto hidden 
particles of silica. The method has been in use for 
a year and the percentage of failures is very small. 

The dust problem is, of course, not by any means 
confined to South Africa, but has also been closely 
studied in England, the U.S.A., and Australia. In 
the United States, a number of investigations have 
been carried out during recent years by the Bureau 
of Mines, some of which have already been referred 
to in these columns. The Palmer method which is 
one of the most widely used in the United States, 
resembles, in principle, that of the commercial air 
washer. The air is bubbled through a glass vessel 
containing water, and the dust caught by the water is 
determined gravimetrically or counted in a cell. It is 
claimed that this method is as efficient as the sugar 
tube. The most recent of the methods devised in 
America is that known as the Impinger (see ENGINEER- 
ING, vol. cxxv, page 290), in which the dust-laden air 
is made to impinge under water at a high velocity 
against a plate. The dust is arrested by the wet plate, 
the air bubbles are washed with water to remove any 
dust which remains in them. Comparisons with other 
methods gave the following results, on a basis of weight 
of dust determined :—Impinger 2-01, thimble 1-5, 
sugar tube 1-6, and on the basis of number of particles 
determined, impinger 5 and sugar tube 2-1. 

As a result of attempts which have been made to 
determine the number of particles equivalent to a milli- 
gram of dust, it was shown by the Miners’ Phthisis 
Committee, that while the number of particles varies 
with the diameter of the particle, one milligram of 
dust per cubic metre should correspond to 140 particles 
per cubic centimetre if the average diameter of the 
particle be 2-6 microns. According to a table pre- 
pared by Dr. Mavrogordato, compiled from the results 
of some 12,000 samples both Gravimetric and Koni- 
metric, taken by the Dust Sampling Department in 
1921, one milligram of dust corresponds to from 70 to 
150 particles per cubic centimetre according to the 
source of the dust. 

The Miners’ Phthisis Prevention Committee was 
appointed in 1912, and consisted of representatives of 
the industry, the employees, and the Mines Department. 
It carried out extensive research work, and in the 
period December, 1913, to April, 1914, made the 
first systematic survey of dust in mine air on the Rand, 
during which all mines were visited and 443 samples 
were taken. The average weight of dust per cubic 
metre of air for various working places, travelling ways, 
&c., was 5-4 mg. The importance of this investigation 
was so well realised that the consulting engineers of the 
industry recommended to the Chamber of Mines the 
establishment of a department to undertake the work. 
As a result, the department was started in May, 1914, 
with a staff of three in charge of Mr. James Boyd. 

Since then, systematic dust surveys have been 
made continuously, and during the period 1914 to 1927, 
68,623 dust samples were taken by the Chamber’s dust 
inspectors. During the first two years’, two surveys 
per annum were made, and it was then considered that 
5 mg. was the maximum which should be allowed, 
anything above this figure being regarded as very bad. 
It is both interesting and instructive to compare the 
results of the first two years with that of last year: 
in 1915 no less than 27 per cent. of the samples collected 
contained 5 mg. and over of dust per cubic metre of air, 
whereas in 1927 this had been reduced to 1-4 per cent. ; 
or otherwise stated, in the survey of July-August, 
1916, 61 sections of mines were above 5 mg., while in 
the June-October, 1927, survey, only one section was 
above 4 mg., and 164 out of 167 were below 3 mg. 
These figures speak for themselves. 

Notwithstanding the limitations of the gravimetric 
method, the fact that it has now been in use in South 
Africa for nearly fifteen years makes it possible to 
compare the first results with those of to-day and to 
form an accurate judgment of the improvements which 
have been effected in reducing the amount of dust in 
mine air during that period. The principal factors 
which have contributed to these improved conditions 
are the following :—The introduction of water-fed 
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drills, the use of an extra hose in collaring holes, the 
wetting of all broken rock, the washing down of the 
hanging wall in all travelling ways, and last, but not 
least, increased attention to the problem of efficient 
ventilation. 

Besides the routine sampling of the mine air, a large 
amount of research work has been carried out, and 


VERTICAL MILLING. Fie. 3. 


Facer MILLING. 


important results obtained, one or two of which may 
here be mentioned. It was found, for example, 
that the use of dirty water for spraying to allay 
the dust had the effect of increasing the dust in the 
atmosphere. It was the usual practice in the early 
days to collect water which had already been used 
in sumps and to use it again without filtering. Drives 


Fic. 4. Toot Box ror OutwaRD CUTTING. 


where water-fed drills were in use were frequently 
thick with fog owing to leaky machines. This was not 
considered dangerous, but tests in a drive with two drills 
working showed that this foggy atmosphere contain 
46°5 milligrams of dust, and, with one drill working; 
52-8 milligrams of dust per cubic metre of air. 

In 1918, a series of special tests was made to compare 














Al 





the rel 
of mai 
dust p 
reason 
water 


with t 
much 
which 
certail 
the h« 
produ 
the pc 
hole b 
the ho 
The s 
prevel 
to tes 
differe 
Tun al 
samp 
with ] 
favou 
pistor 
again: 
piston 
was | 
sinkir 

Alt 
his pa 
one o! 
the ki 
been 
under 
of exc 


Ta 
work: 
the n 
build 
place 
Butl 
were | 
illusti 
In ad 
ing, | 
be cls 
cross 
is 9 
mach 
of wl 
as ty] 





AUG. 17, 1928.] 


ENGINEERING. 


217 





5-FT. SHAPING MACHINE WITH BORING AND MILLING MOTIONS. 


CONSTRUCTED BY MESSRS. THE BUTLER MACHINE TOOL COMPANY, LIMITED, 





Fie. 5. Orr-Set Cutter HEap. 


the relative amount of dust produced by different types | 


of machines. The results obtained indicated that the 


dust produced by any type of drill may be kept within | 


reasonable limits provided that care in the use of 
water be exercised. 

In 1923, important experiments were carried out 
with the Leyner type of drill, in connection with the 
much discussed question as to the amount of dust 
which is produced by a rock-drill which allows a 
certain amount of air to pass along with the water down 
the hollow drill steel. This mixture of air and water 
produces a certain amount of fog, and, further, there is 
the possibility that a bubble of air may pass into the 
hole being drilled, collect dust, and, rising to the top of 
the hole, burst and spread the dust into the atmosphere. 
The so-called long-piston type of drill was intended to 
prevent the passage of air into the hole, and, in order 
to test it, development ends were selected in fifteen 
different mines where long, and short, piston drills were 
tun alternately a week at a time. A large number of 
samples were taken (some 5,000 gravimetric and 10,000 
with Konimeter), which showed a decided advantage in 
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| the keyways in large flywheels and other work of a 
| similar character. 

The machine is particularly easy to load, as the work 
is carried on a separate table, which may be of any 
convenient form, by the side of the main bed, as shown 
in Fig. 1. In exceptional cases, the shaper may even 
be brought up to the work, as it is entirely self-con- 
tained, and the underside of the bed is machined for 
bolting to any works floor plate. The bed is a heavy 
ribbed casting with tee slots along the sides, as shown 
in Fig. 1. The column is secured to the bed by square 
| gibs, and is mounted on roller bearings, the rollers 
| being 7 in. in diameter; they are fitted with heavy- 
duty Hoffman ball bearings. The faces of the bed are 
chilled, and securing pins are fitted to the rollers after 
adjustment. The ram headstock is also secured to the 
column by square gibs, and is balanced by weights 
suspended inside the column, and sliding on guide bars 
to prevent side movement. The balance weights are 
| supported on chains, which pass over pulleys of large 
| diameter, as shown in Fig.1. The shaping bar, or ram, 
| is a hard-steel forging. It is 10 in. square, and the 








CYLINDER-BortInGc EQuIPMENT. 


each case. The milling and boring motions are driven 
from a separate vertical shaft, coupled to the main 
motor through bevel gearing, and a special three-speed 
gear box is mounted on the rear end of the ram. This 
box can be seen in Fig. 1, and, by employing it in 
conjunction with the speed variation obtainable from 
the motor, a continuous speed range for boring or milling 
can be obtained from 2} to 140 r.p.m. 

The machine is normally intended for use with a draw 
cut. The tool head is of steel, and is screwed to the 
ram end. It is made to swivel for planing angles, a 
scale being provided for accurate setting. The main 
advantage of the draw cut is well known; the ram 
being in tension, reduces the tendency to chatter. 
It may also be pointed out that the operator can more 
readily work to marking-off lines when shaping, as 
these can be on the outer face of the casting. 

The additional tool equipment includes a pair of 
cylinder chucks for carrying cylinders ranging in bore 





favour of the long-piston drill. The average for short- | faces are brought up to an accurate finish by grinding. 
piston drills was 1-6 milligrams and 690 particles, | The bearings in the main saddle are chilled to provide 
against 0-8 milligram and 450 particles for long- | hard close-grained wearing surfaces for the ram. The 
piston drills. As a result, the use of short-piston drills | latter #* bored to receive a revolving spindle, which is 
was prohibited in development ends, excluding shaft |employed in milling or boring operations. The body 





sinking and winzes. 

Although, as Mr. Boyd remarks at the conclusion of | 
his paper, scientific accuracy cannot be claimed for any | 
one of the methods of dust determination, nevertheless, | 
the knowledge gained by the use of these methods has | 
been such as to indicate ways and means of improving | 
underground conditions and preventing the production | 
of excessive amounts of dust. 








5-FT. SHAPING MACHINE WITH 
BORING AND MILLING MOTIONS. 


ThE decision was reached in 1925 to provide new 
sttahops for the New Zealand State Railways, with 
b oe modern equipment for locomotive and wagon 

ie ng. Large orders for the necessary plant were 
a with British firms, and amongst these, the 
ied Machine Tool Company, Limited, of Halifax, 
Rentees eee in securing the order for the large shaper 
In ‘ane in Figs, 1 to 6, on this and the opposite pages. 
ioe se ona to shaping, the machine is equipped for mill- | 

es and drilling operations, and may, therefore, 

pty. ~ cca general-purpose tool. The vertical and | 

is 9 te Verses are each 5 ft., and the horizontal traverse 

akan so that the machine can be used for all the | 

aw ry operations on a variety of large castings, 
ich a locomotive-cylinder block may be taken 

[t is equally suitable, however, for shaping | 


a8 typical, 


| of the spindle is 5 in. in diameter, the front end, where 
the diameter is increased to 7} in., being supported 
on a double-cone taper bearing to take both journal 
and end-thrust loads. The end of the ram is screwed 
on the outside to receive a back plate or grip ring for 
the various forms of too] head used, and the spindle is 
bored out to a Morse taper to take a cutter or boring 
bar. . Fig. 3 shows an inserted-tooth milling cutter in 
position. 

The machine is driven by a 15 brake horse-power 
reversible motor, capable of giving a range of cutting 


| speeds between 16 ft. and 60 ft. per minute. The motor 


is mounted on a bracket behind the column, and is 
supported on the main bed. It drives through a vertical 


| shaft fitted with bevel and single-helical gearing. The 


wheel which operates the ram is divided to clear a 
thrust strip, 3 in. wide, which is inserted at the centre 
of the ram, and ground after the teeth forming the 
rack are cut. A fibre pinion is fitted on the motor 


shaft. The first reduction gear wheels are of cast iron, | 


and the remaining gears of steel. 

The feeds are operated by a separate 3-brake horse- 
power motor located on the saddle, and clearly visible in 
Fig. 1. This motor has a 3 to 1 speed variation, and, in 


| conjunction with a four-speed gear box, gives a con- 


tinuous range of feeds from 4-in. to 30 in. per minute. 


| A quick power traverse is provided for the vertical 


motion of the saddle and the horizontal motion of the 
column, slow adjustment being also available in 


from 16 in. to36in. The chucks are of the self-centring 
type, with three jaws, and are fitted to supporting 
brackets mounted on a base plate. One of the brackets 
is fitted with a rack and pinion motion for length 
adjustments, and both chucks may be revolved to bring 
the different cylinder faces into position for machining. 
A self-acting boring bar, shown in Fig. 6, is also 
provided, with an outer bearing bracket. The bar 
fits into the tapered hole in the end of the ram, and is 
clamped with a steel cap. A vertical adjustment of 
5 ft. is available on the supporting bracket, and the 
latter has a horizontal adjustment on the slotted bed 
of 2 ft. 6 in. Both column and base are fitted with 
steel scales, corresponding to similar scales on the 
shaper, to facilitate setting. The boring bar is 
equipped with a 10-in. diameter head with inserted 
cutters, and a self-acting facing arm, to face up to 
24 in. in diameter, is also provided. Other auxiliary 
apparatus includes a vertical milling and drilling 
attachment, illustrated in Fig. 2. The spindle is 
bored taper to carry cutters for port-hole milling and 
similar work, the headstock being screwed and clamped 
to the end of the ram. As it is not always possible to 
employ a draw cut owing to projections at the outer 
end of the work, a tool box of ordinary type, shown in 
Fig. 4, is supplied for cutting on the outward stroke. 
; A modified form of box illustrated in Fig. 5, for cutting 
| on the same stroke, enables the tool to be off-set from 
the centre of the ram. 

The length of the machine bed is 18 ft., and the 
maximum height of the ram above the floor is 7 ft. 8 in. 
The total height of the machine is 14 ft. 6 in., and the 
floor space required is 19 ft. by 18 ft. As shown 
in Fig. 1, a jib crane is provided, bolted to slots in the 
column, for convenience in handling the work. The 
crane is fitted with a self-sustaining block and ball- 
bearing trolley. 
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GAS ENGINES, PRODUCERS, HOLDERS, &c. 


284, 359. Armstrong-Siddeley Motors, Limited, 
Coventry, and J. C. Briggs, Coventry. Internal- 
Combustion Engines. (4 Figs.) July 28, 1926.— 
The invention relates to internal-combustion engines of 
the kind having stationary radially-arranged cylinders 
with T-heads and valves in side pockets, the inlet 
valves actuated by a set of valve-operating gear at one 
end of the engine and the exhaust valves actuated by 
a further set of valve gear at the other end of the engine. 
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The invention comprises the combination with station- 
ary T-headed cylinders 2, 3, radially arranged around a 
common crankshaft and valves 14, 15 in side pockets 
to the cylinders, of a valve-operating gear 12 or 13 at 
each end of the engine, of which one, 13, actuates all 
the inlet valves 15, and the other, 12, actuates all the 
exhaust valves 14, and a centrally-arranged mixture 
supply passage 25 and branches 26 communicating there- 
with arranged symmetrically to connect with the inlet of 
each of the cylinders. (Sealed.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


284,148. John I. Thornycroft and Company, 
Limited, Westminster, London, and H. Jerome, 
Southampton. Profiling Apparatus. (3 Figs.) 
July 22, 1927.—The invention has for its object to 
provide profiling apparatus adapted to produce, at 












































one operation and by the aid of a rotary cylindrical 
milling cutter, the finished profile of the tapered portion 
of the back of a turbine blade. For this purpose, there 
is associated with a rotary cylindrical milling cutter a, 
a blade holder 6 adapted to be turned about a longi- 





tudinal axis in a head or carrier c, with which are 


holder in such manner as to cause a turbine blade 
carried by the holder to move towards and from the 
rotary cutter, and simultaneously to cause the blade 
to become inclined lengthways to varying degrees 
in relation to the length of the cutter. The head c 
is adapted to slide to and fro in a groove d in a bed e. 
The latter is adapted to rotate in a circular guideway f in 
a stationary baseplate g, so that it can be turned about 
a vertical axis and move the blade holder 6 together 
with a turbine blade A carried thereby, from a position 
parallel to the rotary cutter a@ to varying positions 
inclined to the length of the cutter. h is a camshaft 
mounted in a head 7 fixed to the rotary bed e. The 
blade holder 6 and camshaft h are provided, respectively, 
with worm wheels 6! and hl, in gear with worms 
b? and h2 on a spindle k. The worm 6? is feathered 
to the spindle k, so that it can slide thereon but must 
rotate therewith. The worm A? is fixed to the spindle. 
Fixed to the shaft h is a cam n having a peripheral 
profile corresponding to that to be given to the back 
of the turbine blade. The cam is arranged to act against 
a lateral projection c? on the head c and, during part 
of its rotation, to move the head, with blade holder b 
and turbine blade A, in the bed in a direction away 
from the rotary cutter a and against the action of 
springs o carried by the bed. The springs act to 
move the head, blade holder and blade in the opposite 
direction during a succeeding portion of the rotation 
of the cam n, so that a profile corresponding to that 
of the cam will be imparted by the cutter to the back 
of the blade A. To the shaft h is also fixed a blade 
tapering cam r, arranged toact against a roller s carried 
by the upper end of a standard ¢ fixed to the baseplate g. 
u is @ lever arm fixed to the rotary bed e at one side 
of the centre thereof, and connected by a chain v to 
a weight w that tends to turn the bed e with the heads c 
and ¢ about a vertical axis and cause the cam r to bear 
constantly against the roller s. The arrangement is 
such that during the turning of the profiling cam n 
for profiling the back of the turbine blade A, the 
weight w will act to turn the bed e about a vertical 
axis to varying degrees under the control of the cam 7, 
so as to cause the turbine blade A to become inclined 
lengthways to varying degrees to the rotary cutter a, 
and thus enable the latter to impart a tapered formation 
to the said blade. (Sealed.) 


MINING, METALLURGY AND METAL 
WORKING. 


281,372. A. W. Manton, Guildford, C. G. Price, 
Tavistock, and R. J. Fisher, Walton-on-Thames. 
Tunnelling Shields. (5 Figs.) August 30, 1926.— 
The invention relates to tunnelling shields. In accordance 
with the invention, the tail of the shield is constructed in 
any usual or convenient manner, and at least one pipe 
or nozzle for filling or grouting in rear of the shield is 
located externally and longitudinally of the wall of the 
shield, terminating at or near the rear end thereof. 1 is 
the wall or skin of a tunnelling shield, against the rear 
portion of which the tunnel lining 2 is located and secured 
in position in accordance with usual practice. An 
aperture 3 is formed in the wall 1 between the ram box or 
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(281,372) 


segment (not shown) and the rear end of the shield, and 
around this aperture is detachably secured a plate 6. 
An elbow 7 is secured in the plate 6. One end of the 
elbow extends within the shield and serves for the 
attachment of a supply pipe 10, while the other end 
extends externally of the shield towards the rear end 
thereof. A pipe 11, of flexible material, is secured at one 
end to the rigid elbow 7, and, at the other end, where it 
terminates adjacent the rear end of the shield, is provided 
with a nozzle 12. A hood, consisting of a substantially 
channel-shaped plate 13, is secured upon the exterior 
of the shield around the pipe 11 so as to protect the latter 
from injury. Any convenient number of apertures 3 
may be provided in the wall 1 of the shield for the 
attachment of devices as described. (Sealed.) 


283,646. J. L. Holman, Camborne, and A. T. 
Holman, Camborne. Fluid-Operated Rock Drills. 
2 Figs.) October 14, 1926.—The invention relates to 
valve mechanism for fluid-operated rock drills of the 
kind in which there is a cylinder, a reciprocating piston 
therein, inlet ports for the driving fluid leading respec- 
tively to opposite ends of the cylinder, and a valve for 
controlling the admission of driving fluid alternately to 
the ports mentioned. The type of valve to which the 


invention relates is a flap valve, which is hinged at or near 
one end and operates by oscillatory movement about its 
hinge to control, by its opposite faces, respectively,the two 
inlet ports which lead to the opposite ends of the working 
cylinder. 


According to the invention, in a fluid-operated 








of the type specified, there is provided means to admit 
pressure fluid to the face of the valve 15, which is closed 
against its corresponding inlet port so as to balance, or 
partially balance, the pressure of the driving fluid acting 
to hold the valve closed. When the pressure of the 
driving fluid is reduced by the exhaust to below that of 
the pressure fluid, the latter will act to move the valve 





40 15 41 
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to close the other of the two inlet passages. Conveniently, 
the means to admit pressure fluid to the closing face of the 
valve are constituted by a through-way aperture or aper- 
tures 41 leading from one face of the valve to another. 
Preferably, one face of the valve seats on to the outer wall 
of the cylinder, and the valve face is recessed at 40 to 
form a cavity or cavities with which the throughway 
apertures 41 in the valve communicate. (Sealed.) 


RAILWAYS AND TRAMWAYS. 


285,214. Stothert and Pitt, Limited, Bath, and 
Cc. W. Presland, Dumsey Eyot, Shepperton. Lifting 
and Lowering Railway-Track Sections. (8 Figs.) 
January 4, 1927.—The invention provides mechanism 
to enable the lowering and lifting of a movable track 
section to be effected. a, b are the two rails of the mov- 
able track section, fixed upon longitudinal girders, c, d, 
respectively, braced together to form a table. This table 
is provided at each end with a roller f arranged to rise 
and fall in stationary guides g arranged in pairs at the 
opposite ends of the pit h into and from which the table 
is lowered and raised. The upper portion of each guide 
is vertical and the lower portion curved to one side as 
shown, so that when the table is being lowered and raised 
it is moved sideways. The movements of the table are 
effected by links or struts ¢ and #1, articulated to the table 
so as to form therewith a parallel-motion system that 
acts after the manner of a toggle. To facilitate displace- 
ment of the links or struts, which may be called toggle 
links, each toggle link 7, i1 is made of two parallel lengths 
of metal, Fig. 2, jointed at one end to the table and 
at the other end to a pair of trunnions r or 71 fitted with 
rollers m or ml arranged to run on a transversely arranged 
barn. Through the trunnions r, rl extends a horizontal 
screw-threaded shaft u, mounted to rotate but not to 
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move endways. ‘The screw-threaded shaft is actuated 
from a motor z. The motor drives simultaneously the 
two screw-threaded shafts at the two ends of the pit. 
The arrangement is such that when the table c, d is 
in its normal raised position, the toggle links i and # 
are in a vertical position directly below the movable 
rail sections a and 6, and, acting through their lower 
rollers m and m1 on the transverse tracks n, serve as struts 
to support the table with rail section firmly in position. 
By rotating the two screw shafts u in one direction, the 
lower ends of the toggle links ¢ and i will be displaced to 
one side of the pit A, and the table and rail sections will 
be lowered and moved sideways and finally be support 
upon the bottom of the pit. Upon afterwards rotating 
the screw shaft u in the opposite direction, the lower ends 
of the toggle links ¢ and 71 will be drawn towards the 
centre of the pit and the other ends of the toggle links 
will force the table to rise, its rollers f travelling up the 
guides g, the table moving sideways during the ! 
portion of its upward movement to bring the rail sections 
a and b thereon into the same vertical planes as the rails 
of the permanent track, and then rising truly vertically 
until it assumes its normal upper position, in which it 
will be held by the toggle links with the sections @ and| 
of rail on the table in alignment with the rails of the 
permanent track. (Sealed.) 
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HEAT BALANCE IN ROTARY CEMENT 


KILNS. 


By Henry Pootey, Jun., B.Se., Assoc.M. Inst. C.E., 

i A.M.I.Mech.E. 

Tue largest single item in the cost of production 
of Portland cement is the fuel consumed in the 
rotary kiln. In a wet process plant, where the 
rotary kiln is not operating in connection with a 
waste-heat boiler, the quantity of fuel burned will 
be anything from 22 per cent. to 30 per cent., or 
more, of the clinker produced, depending upon 
various factors such as the percentage of water in 
the slurry and how it is fed to the kiln, the nature 
of the raw material, fineness of grinding, size 
of the kiln, and so forth. With a kiln 200 ft. long 
of 9 ft. diameter inside the lining in the firing zone, 
working on natural draught and with no special 
slurry-feeding device or means of drying out the 
water, and assuming this water content is 38 per cent. 
and that the raw materials are hard limestone and 
clay ground to a fineness of say 8 per cent. residue on 
the 180 by 180 sieve, and that standard coal of 
12,600 B.Th.U. per lb. ground to say 10 per cent. 
residue on the 180 by 180 sieve is used, about 1,100 
tons of good clinker will be produced per week, and 
about 28 tons of coal will be used for every 100 tons 
of clinker. With modern machinery throughout the 
whole works and a proper arrangement and layout 
of the plant, the cost of production of finished cement 
in bags, including management, labour and office 
staff, all fuel for the kiln and for power production, 
gypsum, oil and other supplies, repairs and renewals, 
depreciation, selling charges and directors’ fees, 
should not exceed 26s. per ton for a works producing 
cement at the rate of about 100,000 tons per annum, 
assuming that coal costs not more than 1/. per ton 
delivered to the works. Of this cost of 26s. per ton, 
the cost of coal to be consumed in the kiln will 
amount to about 5s. 74d. per ton of cement, or 
roughly 214 per cent. of the total cost of production. 

It is evident that a close watch must be kept 
upon this large item, and it is necessary to know 
how the heat from this coal is utilised, and if it is 
being used to the best advantage with a minimum 
ofloss. A certain portion of the heat is doing useful 
work, but considerable quantities go to waste with 
the exit gases, in the clinker coming from the system, 
in radiation, and so forth. By keeping a proper 
and regular check upon these and other items 
directly connected with the operation of the kiln, 
it is possible to arrive at a close approximation as 
to how the heat from the coal is being used, and 
whether certain uses cannot be improved or losses 
avoided. 

Although by no means the greatest, one of the 
sources of loss of heat most frequently found is 
due to the amount of air used for combustion. 
Things would be much simpler if exactly the correct 
theoretical amount of air necessary for combustion 
could be regularly introduced into the kiln. If this 
is done, however, owing to the conditions prevailing 
in the kiln, some of the fuel will pass through the 
firing zone unburned, with the result that carbon- 
monoxide will form, and there is a possibility of 
secondary combustion either higher up the kiln or 
even in the flues or dust chamber at the upper end 
of the kiln; consequently a large percentage of 
coal is uselessly expended. It is therefore necessary 
to introduce a little more air than is theoretically 
needed. The loss of fuel due to a small percentage 
of excess air in the flue gases is not nearly so great 
as the loss occasioned when a similar percentage of 
carbon-monoxide is present in these gases. It can 
be readily understood, therefore, that the tendency 
18 to keep on the safe side, and to maintain more than 
a slight excess of air, with the result that too much 
ar may be introduced and too much coal required 
to heat it up. This is a detail which can be regulated 
by frequent flue-gas analysis, as will be seen later. 
A source of loss is the heat carried away by the flue 
gases. In the kiln under consideration, whtn normal 
burning is taking place, the temperature of these 
gases will be in the neighbourhood of 800 deg. F. 
If a recording pyrometer is used and a continuous 
record of this temperature kept, matters can be easily 
Fee quickly adjusted if the temperature becomes too 
Pi " ve, 4 time. Without a record, however, much 
; may be needlessly wasted. At this tempera- 

ure something in the neighbourhood of 20 per cent. 





of the heat supplied to the kiln is going to waste, and 
it is this great loss which manufacturers are at 
present trying to minimise, as was pointed out ina 
previous article in ENGINEERING.* The water in the 
slurry must be evaporated and, in the present case, 
some 40 per cent. of the heat supplied is absorbed 
by this item. Thus it can be readily understood 
why manufacturers are looking for some means of 
reducing the quantity of wafer necessary, possibly 
by means of filtration, or by obtaining a better 
method of drying out the water in the kiln itself, 
all of which is bound up with the temperature of the 
flue gases. The clinker itself takes away some heat, 
while loss occurs by radiation from the kiln shell. 
Assuming that the kiln under consideration is not 
insulated, the radiation loss may amount to about 
9 per cent. or more, while if the clinker leaves the 
system at say 600 deg. F., it will carry away about 
3 per cent. of the heat introduced. 

To reduce all these figures to a convenient 
form, it is usual to balance the heat introduced 
into the system against the heat used up in various 
ways, and from such a heat balance a fair idea can 
be formed of the distribution of heat between the 
various operations in a given kiln; it is thus possible 
to indicate whether any of the losses can be avoided. 
But before entering upon further detail, it must be 
clearly understood that, at the present time, such a 
heat balance is approximate only. In this connec- 
tion, and to show that the balance will be by no 
means exact, two items will be considered, namely, 
the quantity of heat liberated by the exothermic 
reaction which takes place when clinker is formed, 
and secondly, the question of radiation loss from 
the kiln shell. The heat liberated by the forma- 
tion of clinker has been variously estimated by 
different authorities, from laboratory experiments. 
One well known authority places this figure at 
200 B.Th.U. per pound of clinker, while others use 
a figure of 180 B.Th.U. Recent investigations 
in Germany would indicate that the heat liberated 
is only about 36 B.Th.U. per pound, or even less, 
and the truth is that the quantity of heat liberated 
is not definitely known. 

The radiation loss is usually based uponexperimental 
data which, although accurate as regards a stationary 
vertical plate, must be modified when dealing with a 
rotating cylindrical body such as a cement kiln, the 
surface of which may be more or less covered by oxide 
and clinker dust. Radiation loss calculations are 
nearly always based upon the results obtained by 
C. R. Darling of the heat radiated from a heated 
vertical iron plate in a still atmosphere.t Darling’s 
figures are subject to modification for a rotating 
kiln, coated with paint and dust. For example, 
the radiation losses from a horizontal plate are 
stated to be 22 per cent. greater than from a vertical 
plate, while wind may increase the loss by as much 
as 30 per cent., and wind and rain together by 70 
per cent. It will be seen, therefore, that any 
calculation based on measurements of the tempera- 
ture of the kiln shell can be only approximate. 
Darling estimates the radiation loss from a vertical 
surface coated with oxide at 70 per cent. of the loss 
from a corresponding ‘ black body” or perfect 
radiator. In allowing for the cylindrical shape 
of the kiln and the fact that it is moving, and 
assuming that there is protection from the rain, 
the addition of about 15 per cent. to the loss given 
for a painted vertical surface might be near the 
truth. This percentage would, no doubt, vary at 
different temperatures, but within the limits of 
temperature found on the surface of a cement kiln 
and cooler, say between 60 deg. F. and 450 deg. F., 
the variation would be small. The fact remains, 
however, that the measured radiation loss from the 
kiln is an approximation. 

When considering the heat balance, the following 
main items must be taken into account. Heat is 
supplied to the system from the combustion of 
the fuel, from the exothermic reaction due to the 
formation of clinker, and it is brought in by the 
air for combustion, by the slurry and the fuel 
introduced into the kiln. Heat is used up in eva- 
porating the water from the slurry, in decomposing 
the carbonates in the raw material, and is lost 
in the escaping flue gases, in the clinker leaving 





* See ENGINEERING, vol. cxxv, page 497 (1928). 
+ See ENGINEERING, vol. xcvi, page 643 (1913). 





the kiln, and in radiation from the shell. An equa- 
tion may be formed with the heat supplied to the 
system on one side, and the heat used and lost on 
the other, and any difference will be due to experi- 
mental errors and approximate assumptions. 

The heat supplied to the system by the fuel 
may be determined by measuring the quantity 
of coal used per ton of clinker by calibrating the 
coal feed hopper, or better by actual weighing, 
and by ascertaining the heating value of the coal 
by means of a calorimeter or by calculation 
from the analysis. Heat from the exothermic 
reaction has already been mentioned, and should 
probably be calculated on the approximate basis 
of 36 B.Th.U. per pound of clinker formed. To 
find the heat brought in by the air used for 
combustion, the weight of air theoretically necessary 
for combustion must be determined from the coal 
analysis, and added to the weight of excess air 
used, which can be calculated from the flue-gas 
analysis, as will be shown. The total air introduced 
can, and should, be checked by actual measurement 
in the pipes and ducts leading to the kiln by the 
pitot tube method, but there may be air leakage 
between the kiln and kiln hood which must also 
be taken into consideration. Also the tem- 
perature of the air on introduction to the kiln 
must be known and its specific heat, and from 
these figures the heat brought into the system 
can be readily determined. The sensible heat 
brought in by the coal per ton of clinker is, of 
course, determined by multiplying the weight of 
coal used per ton of clinker by its specific heat, 
and by the difference in temperature of the fuel 
on entering the kiln and whatever figure has been 
decided upon as a base, say 32 deg. F. The heat 
introduced by the slurry is the sum of the heat 
from the raw material and the water of which the 
slurry is composed, and is determined by the 
same method as used for the coal. <A careful 
check on the quantity of slurry fed to the kiln 
is necessary, and is best determined by a calibration 
of the slurry-feed tank. The percentage of water 
in the slurry must also be carefully checked at 
intervals during the test. 

The heat to evaporate the slurry water is the 
sum of the heat required to raise the water to 
212 deg. F., and that necessary to convert it into 
steam at that temperature. The heat required 
to decompose the carbonates has been determined 
in the laboratory by various authorities with 
varying results, and here is another place where 
there is a possibility of slight error. The heat 
required to decompose calcium carbonate is esti- 
mated at figures ranging from about 760 B.Th.U. 
to 784 B.Th.U. per pound of material, but a usual 
figure is 779 B.Th.U. Theconditionsare similar with 
regard to magnesium carbonate, and a fairly reliable 
figure in this case will probably be about 619 
B.Th.U. per pound. From the flue-gas analysis, 
a determination can be made of the quantities 
of oxygen, nitrogen, carbon dioxide, &c., present 
by weight. From these weights and from the 
specific heats of these gases, and from a knowledge 
of the temperature at which they are leaving the 
kiln, the quantity of heat carried out can be 
determined. To this must be added the heat 
carried out by the water vapour from the 
evaporation of the water in the slurry. The 
temperature at which the clinker is leaving the 
kiln and the quantity must be found, and, knowing 
its specific heat, the amount of heat being carried 
out by the clinker can be calculated. At say 
600 deg. F., the specific heat of clinker is about 
0-237, and here it is necessary to remark that the 
specific heat of clinker varies considerably with 
the temperature. While at about 900 deg. C. 
it is 0-28, at about 200 deg. C. it is no more than 
0-22. Finally, the radiation loss is determined 
from a knowledge of the temperature of the shell 
at a number of points along the kiln and cooler, 
the area from which radiation is taking place, 
and from an application of Darling’s figures 
corrected for a rotating cylinder in the manner 
mentioned above. 

The table given below will serve as an example 
of the type of heat-balance sheet which might be 
expected in connection with what could be termed 
an average wet-process, uninsulated cement kiln. 
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The kiln and cooler are treated as one unit, the 
former being, as before, 200 ft. long and 9 ft. in 
diameter inside the lining in the firing zone. The 
output of clinker is assumed to be at the rate of 1,100 
tons per week. The slurry contains 38 per cent. of 
moisture, and is ground to a fineness of about 8 per 
cent. residue on the 180 by 180 sieve. The tem- 
perature of the flue gases is 800 deg. F., while that 
of the clinker leaving the system is 600 deg. F. 
The consumption of standard coal, of 12,600 B.Th.U. 
per pound, ground to a fineness of about 10 per cent. 
residue on the 180 by 180 sieve, is assumed to be 
28 per cent. of the clinker produced. It must be 
clearly understood that these figures do not repre- 
sent an actual, or even an ideal, test, being hypo- 
thetical, but they may be taken as typical of what 
might very well be the state of affairs in this case, 
and are given in round figures as percentages. 
Temperatures are assumed as measured from a base 
of 32 deg. F., and the exothermic reaction, based 
on 180 B.Th.U. per pound of clinker formed, has 
been somewhat exaggerated, perhaps, but this is 
for the sake of emphasis :— 


Heat introduced— 





Per cent. 
From the coal se sae ees om 92 
From the exothermic reaction sas tas 4} 
From the sensible heat, 
(a) in air for combustion poe os 1? 
(6) in the slurry ... a vas ae 1} 
(c) in the coal : ee pe + 
Total oS see <1 | SnOD 
Heat expended— 
Per cent. 
In evaporating slurry water and super- 
heating - me “ae ce aaa 40 
In decomposing carbonates... = ae 244 
In gases leaving the kiln... oe =< 20 
In clinker leaving the kiln ... 3 
In radiation ... eee — oak tae 9 
Unaccounted for... ne ae sot 34 
Total us soe <3 00 


In connection with any particular kiln, when a 
series of reasonably accurate heat balances has 
been obtained, it should be possible to indicate 
directions in which improvements in running may be 
effected, unless the conditions are found to be ideal, 
which is not often the case. Mention has already 
been made of the regulation of the supply of air 
to the kiln for combustion, and it will be found that 
regular analysis of the flue gases will enable the 
regulation of the proper amount. It might be 
mentioned that the excess of air over that theo- 
retically required for combustion is shown by the 
percentage of oxygen in the flue-gas analysis. The 
nitrogen equivalent to this amount of oxygen is 
calculated by multiplying the percentage of oxygen 
by 3-78, and this gives the total nitrogen brought 
in by the excess air by volume. If this amount of 
nitrogen is then subtracted from the total percen- 
tage of nitrogen in the flue gases (that from the coal 
itself is small enough to be neglected for ordinary 
purposes), the result gives the amount of nitrogen 
in the air actually needed for combustion. From 
these figures, both the amount of air actually needed 
for combustion and the amount of excess air are 
easily determined. From experience it has been 
found that the best percentage of oxygen in the 
flue gases is from just over 1 per cent. to 2 per 
cent. Beyond this, too great a loss of fuel will be 
occasioned in heating the excess air up to the 
temperature of the flue gases. Each single per cent. 
of oxygen above this figure will result in the 
unnecessary consumption of from 10 to 11 tons of 
coal per week in the typical case considered above. 
But, on the other hand, a deficiency of air, and the 
consequent presence of carbon-monoxide in the 
flue gases, will result in the needless consumption of 
far more fuel than this. 

As indicated earlies, the flue-gas temperature 
must be continually watched, and when the per- 
centage of water in the slurry and other conditions 
in connection with the materials are constant, an 
increase in temperature will mean that too much 
coal is being used, and the heat balance will show an 
increase in the quantity of heat wasted in the flue 
gases. An increase in the percentage of water in 
the slurry will show in the heat balance by an 
increase in the heat needed to evaporate this water. 
Naturally this percentage must be maintained as 
Icw as possible consistent with the pumping and 
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handling of the slurry efficiently. The loss of heat 
in the clinker may be reduced by introducing more 
effective cooling arrangements, but there is no 
good purpose to be served in attempting to cool the 
clinker below a certain minimum, partly owing to 
its reduced specific heat at low temperatures and 
partly on account of the increased cooling arrange- 
ments needed, and possible increased radiation loss. 
When clinker is cooled to about 200 deg. to 
300 deg. F., all the heat that matters will have 
been reclaimed for re-introduction into the kiln. 
The only way to reduce the loss of heat due to 
radiation, provided the kiln is operating under 
cover from rain and excessive draughts, is by 
insulation, and a layer of efficient insulating material 
between the firebrick lining of the kiln and its shell 
would probably result in a reduction in loss from this 
source from 9 per cent. of the heat expended to 5 per 
cent. or less, in the case considered above. 

Before concluding, some mention might be made 
of two points bearing upon fuel consumption, 
sometimes overlooked, in connection with the coal 
itself. The method of drying the coal should be 
carefully considered, and in connection with a 
cement kiln at any rate, the best method is to re- 
move the water dried out of the coal in the form 
of steam before the coal is injected into the kiln. 
If this steam is introduced with the coal, there 
will be a corresponding lowering of the flame 
temperature, and, in any case, the extra vapour 
must be brought up to the clinkering temperature, 
and an increase in coal consumption will result. 
Therefore the moisture in the coal should be removed 
at an earlier stage, and not introduced into the 
kiln. The other point is in connection with ash. 
Ash in coal has always been looked upon as detri- 
mental, but there seems to be no doubt that it assists 
materially in the transference of heat in the burning 
zone. Heat is transferred in this place partly by 
radiation, and the particles of ash become incan- 
descent and assist in this transference. It will be 
remembered that the heat required per ton of 
clinker is greater when burning with oil or gas, 
and it is possible that the presence of ash in the 
coal may account for this fact. There is naturally 
a low limit to the useful percentage of ash in coal, 
but it is possible that, in a particular case, some 
improvement might be effected by using a coal 
with a slightly higher ash content. These two 
points about the coal itself are selected for mention 
in passing, as they are frequently overlooked when 
considering fuel consumption in a cement kiln. 

It is not claimed that all the deductions to be 
obtained from a consideration of the heat balance 
of a cement kiln, or to be learned from regular 
records, which will help to improve the fuel economy, 
have been emphasised in the foregoing. It has 
been the author’s intention merely to indicate the 
methods which can be used to obtain better fuel 
consumption, and to stress the importance of 
accurate and continuous records, which items are 
frequently neglected. The cost of kiln coal looms 
so large in the cost of production of cement that it 
is necessary that every effort should be made to 
reduce the coal bill, even if it is only by a small 
amount. 


THE APULIAN AQUEDUCT. 
(Continued from page 130). 

Apart from the tunnels, with which we dealt 
in our last article, the most important works on 
the principal canal are undoubtedly the bridges, 
many of which are of considerable length. Bridges 
were always adopted in preference to syphons when 
their cost, as compared with the latter, was not too 
high, or, in other words, when the employment of 
syphons was not dictated by economic reasons. 
The bridges are, for the most part, of masonry, and 
in general, the span of the arches does not exceed 
15m. The foundations for the piers were invariably 
carried down to the rock. Where the stone 
available was unsuitable for masonry, reinforced- 
concrete bridges were used, with masonry piers. 
There are, in all, five such bridges, and with this 
type of construction, somewhat larger spans were 
employed, the bridge over the Tragino torrent, 
for example, having spans of 22 m. 

The most important masonry bridges are those 
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over the Fiumara di Atella, with a length of 376 m, 
(1233 ft.), illustrated in Figs. 40 to 42, 45 and 46, 
opposite and on Plate XVIII, and that over the 
Bradano, with a length of 202 m. (662 ft.), illustrated 
in Figs. 43, 44, 47 and 48, page 222 and Plate 
XVIII. In addition, mention should be made of the 
bridge over the torrente Vonchia, with a length of 
148 m., a height of 12 m., and made up of 10 arches 
with a minimum span of 10 m. Shorter bridges, 
many having only one arch, are very numerous, 
and hardly call for special comment. A typical 
example, that over the fosso Marchese, is illustrated 
in Fig. 49, Plate XIX. 

Two points to which careful attention were given 
in the design of the masonry bridges were those of 
the expansion of the concrete in the summer heat, 
and of the possible increase in the temperature of 
the water as it passed over a bridge. A typical 
section, which applies to the majority of the bridges 
of this type, with suitable modification in the dimen- 
sions, is given in Fig. 53, page 223. From this it will 
be seen that the actual channel in which the water 
runs is independent of the bridge proper. The 
channel is formed in concrete with a high proportion 
of cement, and is separated from the main structure 
by a bitumen facing. It rests on an asphalt bed 
0:05 m. in thickness. In the first instance, flex- 
ible sheet-zine joints were introduced at suitable 
intervals to permit of expansion and contraction, 
but these were later found to be unnecessary if 
the work was confined to the cold months. The 
channel is protected from the summer heat by a 
layer of earth at the top, and by air chambers, 
formed by the introduction of a wall of hollow 
bricks in the concrete of the main structure, at 
each side. These bricks can be clearly seen in 
Fig. 50, Plate XIX, which shows the bridge over the 
Bosco d’Ambrosio in course of construction. It will 
be noticed from Fig. 53 that the layer of earth is 
utilised to form the service road, the latter being 
protected on each side by a concrete wall, capped 
with stone. 

The leading dimensions of the bridge over the 
Fiumara di Atella are given in Figs. 40 to 42, from 
which it will be seen that it is made up of 29 arches, 
of which one has a span of 20 m., while the remainder 
are all of 10 m. It will be noticed from Fig. 40 that 
every fourth pier throughout the main length is 
increased in thickness, the actual dimensions being 
3-68 m. at the base, tapering to 3 m. at the top, 
while the intermediate piers are 2-7 m. at the base, 
tapering to 2 m. at the top. The bridge is about 
38 km. from the source, at a point shortly before the 
canal enters the Croce del Monaco tunnel. It will 
be seen from Table II, annexed, that the maximum 
capacity of the canal in this section is 6-3 cub. m. 
per second. The cross section of the water channel 
over the bridge is of the form shown in Fig. 53, but 
with a height of 2-85 m. As already explained, the 
slope over the bridge is increased to 0-5 per cent 
to compensate for the reduced section, as compared 
with the canal at each end, with the object of 
reducing the amount of masonry work involved in 
the construction. 

The bridge over the Bradano is made up of 
fourteen arches, each having a span of 12 m., the 
maximum height above the river bed being 33-25 m. 
It will be noticed from Fig. 43 that every third pier 
is increased in thickness, as in the case of the fourth 
piers in the bridge over the Fiumara di Atella, 
which it closely resembles. It is situated about 
34 km. from the source, and the dimensions of the 
channel are practically the same as those of the 
Atella bridge, the height being 2-9 m. 

All the reinforced-concrete bridges, with one 
exception, are in the first section of the canal between 
Caposele and the Foggia branch. The most 
important is that over the torrente Tragino, already 
referred to, and illustrated in Figs. 51, 54 and 55, 
Plate XIX and page 223. It will be seen from 
Fig. 54 that the same means, as in the masonry 
bridges, are provided to avoid an appreciable rise 
in temperature of the water as it passes over the 
bridge, the side air chambers being in this case 
formed in the concrete. The bridge forms a con- 
tinuous beam, having a total length of 101-80 m.. 
made up of four 22-m. spans, and two abutments 
of 6-9 m. The piers are of masonry, and the beam 
is given freedom to expand and contract by being 
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expensive, and tend to give rise to leakage, in| ments are provided to record the water level in the 
addition to requiring periodic attention. In general, | pressure chamber, or, in other words, the head on 
work on the syphons was confined to the months | the syphon. 

between October and April, in order to avoid difficul- | The syphon proper consists of two pipes, which 
ties arising from the high summer temperature. | 


distance between the centres of the two pipes is 
6-4m., with the exception of a short length at the end 
adjacent to the pressure chamber, where it is made 
4-2 m., as shown in Fig. 67. Inspection traps are 


TABLE III.—Princrpat Sypoons, ExcLuDING THE LECCESE SYPHON. 





With this precaution, combined with the employ- | 








ment of a concrete mixture with a low coefficient of | re siecle | er eR | ras | adabais 
: ° ee PRES OIGTE: . . eal nee | No.o ength, nt. dia. | Max.head, Oss 0 ‘apacity, 
expansion, no serious trouble was experienced, Number, | Location. | pipes a vat | head, m. | cub. m. 
such cracks as appeared being of a minor nature, | __ | | ne 
‘ ing h 2»mselves sa dilw oO . : 
and lending themselves readily to permanent | A. Aono Pumorpas Canat aerwaex Vanora | | 
sealing. | AND LE MURGE (REINFORCED CONCRETE). | | 
Aci section was ac od for a 2 SV s 1. Under Calcarai river os ee oe! 2 469 | 1:70 32 1:50 | 4,500 
A circular sectic hearahr lopte 5 for all the y phon 2. Under Venosa river ae one | 2 699 1°60 42 | 1-80 4,500 
on the principal canal, the thickness of the pipe 3. | Across plain of Palazzo 8. Gervasio 2 4,361 | 1-65 24 1-80 | 4,590 
ing in general proportional to the load. The 4. Across valley of Locone 2 1,088 1-50 56 1-50 | 4,500 
—_ - 6 - * = P ce V : loa hick 5. Across valley of Scopparella 2 406 | 1:35 30 0-65 | 2,900 
syphon over the Fiumara di Venosa, of which 6. ‘Across valley of Carve | @ | 885 1°35 2 | 0-56 | 2,900 
particulars are given in Table IV, may be taken as | e | | | | 
° . . B. IN THE PRINCIPAL FOGGIA BRANCH. | | | 
typical of all others, except that on the plain of | (STEEL). | | | | | 
Palazzo S. Gervasio, which will be referred to in | 1. | Over Venosa river | 2 | 1,187 | 0-75 96 | 4:83 1,290 
‘ a Over Ofanto river es ra | 2 | 5,865 | 0-70 161 30-75 | 1,290 
more detail later. 3. Across valley of Posta Carrera | 2 | 13317 | 0-65 91 | 10-36 | 1,290 
| | | | 


Various views of the Fiumara di Venosa syphon | __ 








are given in Figs. 56, 57, 58, 66 to 70, page 223, 
Plate XX, and page 234, the first three showing 


TABLE IV.—Fiumara pI VENOSA SYPHON. 





the syphon in course of construction. As will be | ~~ 
clear from Figs. 66 and 67, the pressure chamber is of Section 
rectangular form, with a length of 9-7 m. and a width | - aaa eecamnne been ann ecmemaced oP 


Thickness, m. Hydrostatic Press, m. 


of | Supporting Rings. 





| 









of 6-7 m. It is provided with an outlet chamber, Ba | Normal for each aid | ; ; 
with a length of 0-7 m., to which the reinforced- Actual. Calculated. — plue 50 —— Length | No. a. No —_ 
concrete pipes are connected. Gratings are fitted | per cent. cme, of pipe. | | 
to prevent the pessage of floating material into the ———-~— — . Se ee eres 
pipe line, and the outlet chamber can be isolated 0-1 | 15 | 2-25 1-8 100 | 7 | « | we 7 5 
from the pressure chamber by two sluice gates, 0-1 |; 350 | 5-25 4-20 1:08 | 9 | Ss | 84 5 
° 7 be Ff I % li 0-1 5-50 8-25 6-60 0-95 | 8 | 10 34 6 
enabling the water to be shut off from the pipe line | 0-1 7-50 11-25 9-00 1-04 | 12 | 10 34 6 
in the event of damage, or when the line is under 0-12 9°50 14-25 11-40 | O-94 | 14 | 10 | 384 7 
. ee é " ; sa dil 0-14 11-50 17-25 13-80 1:02 | 18 | 10 | 34 7 
repair. In these circumstances the water is dis- 0-16 13-50 90-95 16.20 0.975 14 1 «|CtOSh 7 
charged through a subsidiary channel, placed ahead 0-18 15-50 23-25 18-60 0-97 146 | 12 ‘| ~~ 84 7 
essure ck t " show in left i 0-18 17-50 26-25 21-00 1-00 18 2 34 8 
of the pressure chamber. Ass 1own to the left in 0-20 19-50 5 23-40 1-05 16 14 34 8 
Fig. 66, the approach to this channel is effected 0-22 21-50 5 95-80 0-95 1 «d|(C(‘« | a oe 
by a gradual lowerinz of the bottom of the main Ree | RS 8 
: <i 0-24 0-235 23-50 35-25 28-20 0-98 18 mu | 42 {3 
canal. The channel so formed tapers towards the | | 20 i 
discharge sluice, as shown in Fig. 67, so that the 0-26 0-255 25°50 38-25 30-60 0-92 | 14 16 {3 18 
cross section of the channel at this point is con- 0-28 0-275 27-50 41-95 33-00 0-09 6«=«|«a6 | 16 | {2 43 
siderably less than that of the main canal. This : i : | ie 9 
Rae ie d Sire Te : 0-30 0-295 29-50 44-25 35-40 1-02 18 16 13 {3 
permits a sluice valve to be fitted which is sufficiently | 22 \3 
small to be easily handled, the lowering of the 0-32 0-315 31-00 47-25 37-80 0-96 18 | 16 {35 19 
floor of the channel increasing the head of water 0-15 5-mm. sheet | 37:00 | _ -- — 6 | 84 5 
0-18 7-mm. sheet 42-00 _ — — 7 6 34 ) 


sufficiently to discharge the total flow through the 








reduced orifice. The head of water in the pressure 
chamber is limited by means of an overflow syphon, 
shown in plan in Fig. 67, from which the excess | have an internal diameter of 1-6 m., and are of vary- 
water passes into the main discharge channel. The ing thickness as shown in Table IV. Particulars 
latter terminates in the bed of the river below the | of the reinforcement are given in this table, while 
syphon pipes. Automatically-registering instru- | Fig. 56 shows the wire being put into position. The 


Internal diameter of pipe after lining = 1-6 m. 


located at convenient points along the length of the 
pipe line, to give access for inspection and repair. One 
of these traps is shown in Figs. 71 to 73, from w hich 
it will be seen that each trap is covered by a small 
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Fig. 61. Die ix Catcaral SypHon TO River BeEp. Fic. 62. Pree ConsTRUCTION IN VALLEY BoTToM. 




















Fic. 63. BripGe CARRYING SYPHON OVER R. VENOSA. 








Fic. 64. Virnw SHowina GirDER CONSTRUCTION OF BRIDGE. Fig. 65. Locone SYPHON IN CoURSE OF CONSTRUCTION. 
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THE APULIAN AQUEDUCT, SOUTHERN ITALY. 
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Fia. 56. REINFORCEMENT FOR 


masonry structure. The figures are self-explanatory. 
The syphon crosses the river bed, at the lowest 
point in the valley, in a heavy concrete encase- 
ment, to protect the pipes from the winter flood 
waters. An early stage in the construction of this 
encasement is shown in Fig. 57, Plate XX, while it 
is shown nearing completion in Fig. 58. The con- 
crete extends for a length of 40 m. and a width 
of 15 m., and is made up of eight transverse ribs, 
each of 1 m. thick, at 5-m. centres. The pipes 
are carried over these ribs, and are protected at 








FIuMARA DI VENOSA SYPHON. 


the top by a reinforced-concrete platform 0-3 m. 
in thickness, and at the sides by concrete walls 
0-5 m. in thickness, carried down to the rock to 
prevent the subsoil being scoured away. The flood 
water is directed over the encasement by a wing 
wall at each end, and the pump house for emptying 
the syphon is located at the back of one of the 
walls, as shown to the left in Fig. 58. The pump, 
which is motor driven, is only of small size, as the 
bulk of the water in the pipes can be drawn off 





by gravity through suitable side-valves. 


The discharge chamber for the syphon is shown 
in Figs. 68 to 70, from which it will be seen that 
it is generally similar to the charging chamber, the 
main difference being that no overflow syphon is 
necessary at this point. Sluice gates are provided 
to isolate the succeeding section of the canal in 
the event of damage to the syphon pipes, and this 
chamber is also fitted with automatically-registering 
instruments for recording the level of the water 
in the chamber. 

The description given of the Fiumara di Venosa 
syphon applies equally to the other important 
syphons on the principal canal, with the exception, 
as already stated, of that on the plain of Palazzo 
S. Gervasio. Three views of the Calcaraisyphon are 
given in Figs. 59, 61 and 62, Plates XX and XXI, 
while a view showing the Locone syphon in course 
of construction is given in Fig. 65. The latter is 
interesting as showing the formation of the concrete 
protection in the river bed. 

The Palazzo S. Gervasio syphon is illustrated in 
Fig. 60. It will be noticed from Table III that 
this syphon is characterised by an exceptional 
length and a low head, and on the latter account, 
in conjunction with the exceptional yielding 
nature of the ground traversed, it was decided to 
adopt a reinforced-concrete pipe, of circular section, 
with external ribbing on the sides. The pipe has 
a constant thickness of 0-1 m., and the ribs are at 
0-4 m. centres. They have a thickness of 0-125 m. 
where they join the pipe, and taper to 0-105 m. 
at the tip. They project 0-15 m. at the centre. 
The design of the pipe line was due to Professor 
Guidi, of the Royal Polytechnic of Turin. Space 
does not permit of our entering into the theory on 
which the design is based, but full particulars will 
be found in a paper by Professor Guidi embodied 
in the Giornale Genio Civile for 1912. Each pipe is 
carried on a continuous shoe of reinforced concrete, 
as shown in Fig. 60. This shoe has a width of 
2-5m., and the complete syphon is covered with a 
layer of rubble and earth to a depth of not less 
than 2 m. 
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To ensure that all air is withdrawn from the pipes, |grabs and trolleys, of which the Temperley grab | 
five towers are provided, one at each change of|was an early and successful example, have been | 
level of the syphon. Each tower supports a branch | developed. One of the latest designs is the Barnard | 
pipe from the top of the syphon, 0°25 m. in diameter, | transporter grab and trolley (Figs. 24 to 26). 
terminating in an air vent at the level of the! grab used in this case is of the simple four-rope | 
The towers are made up of | type and contains, within itself, no automatic fea- 


hydraulic gradient. 


three reinforced-concrete legs stiffened at intervals | 
by triangular platforms, the whole being made up| brackets, two suspension studs ¢, t, whilst, from the | 


in reinforced concrete. The top of the pipe is 
protected by a metallic cap with slotted side 
windows. The base of the tower is enclosed to 
form an inspection chamber for the syphon. 

In general, the syphons in steel piping on the 
Foggia branch hardly call for detail description. 
The two over the Venosa and Ofanto rivers are 
carried on bridges. The bridge over the Venosa river 
is wholly of reinforced concrete, as will be clear from 
the illustrations, Figs. 63 and 64, Plate XXI. It is 
made up of continuous girders carried by light 
diagonally braced bents as shown. Each syphon 
pipe is carried on a series of transverse beams at 2 m. 
centres. The bridge over the Ofanto river is shown 
in Fig. 52, Plate XIX. It has seven arches of 25-m. 
span, and is constructed in reinforced concrete 
with the exception of the piers, which are of 
masonry. The lateral walls of the bridge are of 
light construction, so that they will readily be 
carried away should one of the syphon pipes burst, 
thus avoiding damage of a more serious nature. 


(To be continued.) 


GRABS. 
By E. G. Freeruen, M.I.Mech.E. 
(Concluded from page 158.) 


Grabs for Transporters and Telphers.—The develop- 
ment of telpherage has been largely associated 


TRANSPORTER GRAB. 





















































‘tures. The head-framing of the grab supports, on 


| crosshead of the grab, two links project, upwards, 
| carrying at their apex a third suspension pin wu. 


| Now, if the studs ¢, ¢ are held, whilst the pin w is | 
The mechanism pro- | 


| released, the grab will open. 
vided performs these functions automatically. The 
grab is supported by a four-wheel trolley, which 
runs upon rails fixed to the usual cantilever trans- 
porter structure. Traversing is accomplished by a 
wire rope, secured to each end of the trolley and 
actuated by a traversing winch in the usual manner. 
The opening ropes v are attached to the head of the 
grab, and pass over sheaves w on the trolley to the 
opening barrel located at the rear of the fixed canti- 
lever structure. A constant torque is exerted upon 
the opening barrel, sufficient to take up the slack of 
these ropes when the grab is hoisted or traversed. 
This torque is usually provided by a wire rope coiled, 
in the opposite direction, upon an extension of the 
| barrel and upon which a constant tension is exerted 
| by a falling weight, with multiplying sheaves if 
|mecessary. The closing ropes are also anchored to 
| the head of the grab, at x, and after passing around, 
|the usual purchase sheaves emerge from the grab 
and pass, via sheaves y on the trolley, to the closing 
| barrel. This barrel is also provided with means for 





| maintaining a suitable tension upon the ropes, as | 


\above. Suitable mechanism is provided for driving 
|and braking both the opening and the closin 
| drums, under the control of the driver. 


| We may now consider the automatic features | 





The | 
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the suspension hooks, as described above. Tension 
springs tend to keep the vertical control-bar in the 
raised position in each case, but the control bar 
may be depressed by a skid-bar, suitably placed 
above the trolley, for engagement during traversing. 

For a hook to swing out of engagement, the 
pin on its tail must descend. When a control bar 
is in its raised position, free of the skid, the pin 
can only descend by extending the tension spring; 
consequently this tension is available for forcing 
the hook into engagement with the correspond- 
ing grab suspension pin and retaining it there 
against the counterbalancing weight of its tail. 
On the other hand, when a control-bar has been 
depressed by its corresponding skid-bar, the pin has 
freedom of movement, uncontrolled now by the 
springs. Under these circumstances the heavy tail 
will swing the hook out of engagement whenever it 
is unloaded. 

In a two-station transporter arrangement, a 
skid-bar is provided at each station, one of which 
is arranged to depress the control bar and release 


ENGINBERING” 


| the central hook, whilst the other will release the 


outer hooks from spring control by depressing 





with the use of grabs, of which the Barnard type | provided. Below the trolley are pivoted three 


the other control bar associated with them. The 
skid bars are usually lengths of angle bars with 


/ramped ends and more than two stations may be 


“-—------—-------------~---—-7 2/9" ~--- 





may be considered the pioneer, and of automatic 
discharging skips, which are specially suitable for 
this service. In most cases, grabs of normal con- 
struction are suitable, and for these the use of twin 
suspension has become popular, since it enables the 
height of the grab to be materially reduced, and 
this saving of height has effect upon all the sup- 
porting trestles and bents supporting the track. On 
long runs an appreciable economy in steelwork may 
be thus realised. An incidental advantage of the 
twin suspension, when arranged longitudinally as is 
usual, is that it minimises swinging of the grab at 
high travelling speed and acceleration. 

For the types of transporters which are used in 
discharging ships to wagons alongside, where the 
run is straight and comparatively short, special 


| suspension hooks. Two of these, z,2z, are coupled | arranged, either for discharge or grabbing at any 
| together by a shaft to act in unison, and are one station. 

| arranged to engage the studs ¢, t, on the grab. The Assuming grabbing to take place at the outer 
| centre hook a’ swings free on the same shaft, and | station, with discharge, say, into a hopper, at the 
|is adapted to engage the pin u connected to the| inner station, the cycle of operations will be as 
_crosshead of the grab. All three catches are pro- | follows: The trolley and suspended open grab, 
vided with heavy tails, to swing them out of} with the two outer hooks in engagement with their 
engagement with the pins when required. Spring pins, is traversed to the outer end of the run, where 
| pressure is also provided, to force them into engage- | the control bar for the outer hooks comes under a 
/ment when necessary, in the following manner. 'skid-bar, the other control bar being unaffected. 
| A short pin projects laterally from the tail of the) The grab is now hoisted slightly by the opening 
|central hook a’ and from the tail of one of the! barrel, and as soon as the outer hooks are relieved 
| coupled hooks, and these engage two vertical control | of its weight they swing outwards owing to the 
| bars 6’, b’, provided with rollers at their upper ends | preponderating weight of their tails, since the 
| and sliding in guides provided upon the trolley, their depression of their control bar has freed them from 
| lower ends being bent round to engage the pins in spring restraint. The grab may now be lowered 
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on to the material. The grab is next closed by 
hoisting on the closing lines, and lifted up to the 
trolley. The outer hooks are still swung clear by 
gravity and will not engage their pins, but the 
centre-hook is still under spring control and will slip 
over and engage with the central suspension pin w. 
The hoisting gear is thus relieved of the weight of 
the grab, and the trolley with the loaded grab may 
now be traversed to the discharging station, without 
incurring heavy hoisting-rope friction. During the 
traversing movement the take-up gear keeps a light 
tension on all grab-ropes. On arrival at the dis- 
charge station, the control-bar for the central hook 
comes under its skid, and this hook is consequently 
freed to operate by gravity. On the other hand, 
the outer hooks have been brought under spring 
control as soon as they left the outer skid bar and 
have closed upon their corresponding grabsuspension 
ins. 

' Upon hoisting slightly with the closing barrel, the 
central hook is relieved from load and swings 
outwards by gravity. The closing barrel is now 
driven in the lowering direction, the weight of the 
grab is taken by the outer hooks and the grab 
opens, discharging its contents. On again travel- 
ling outwards, as soon as the control-bar for the 
central hook runs free from its skid, it rises, and the 
hook once more returns to its “in” position under 
spring control. 

The method of controlling the suspension hooks in 
this design will be recognised as similar to that 
adopted in the Barnard self-dumping grab. It 
will be clear that the lateral location of the skid 
bars determines whether the station is to be one for 
grabbing or discharging, also that alternative 
stations, for either operation may be arranged at 
suitable points, any of which may be used at will, 
since the mechanism passes unaffected past a skid 
bar not selected for use, the only effect being the 
rise and fall of the corresponding control bar, 
without influence on the security of the grab. 

The positive suspension enables fine clearances to 
be safely adopted and minimises detrimental 
swinging. The traversing efficiency is greatly 
improved, owing to the fact that the weight of the 
grab is not borne by the grab-ropes during this 
operation, and, of course, the wear on these ropes is 
consequently decreased. 

Automatic Coiling Drums.—These are largely 
used in conjunction with direct-acting grabs for 
coiling-up and putting a slight tension upon the 
opening line, and are fitted with brakes to sustain 
the weight of the grab whilst discharging. The 
necessary torque is provided by a clock-type 
spring connected to the barrel by multiplying 
gearings, all totally enclosed. When the brake is 
applied, on paying out the closing rope the grab will 
open due to its own weight and that of its contents. 
This operation may be performed at any height, but 
since the grab buckets descend slightly during the 
process, opening cannot be effected with the grab in 
contact with the heap, with a view to avoiding dust, 
for the buckets would not clear the surface of the 
material. To do this the opening drum must be 
power-driven to raise the head of the grab, whilst 
the closing line is paid out. 

An alternative to the coiling drum is the auxiliary 
barrel, Fig. 27. This is frictionally driven from the 
main hoisting (or closing) barrel and is provided 
with an independent brake. A third alternative is 
the steady tension provided by a falling weight as 
described above. In this arrangement a drum must 
be incorporated so that the line may be braked. 
Che utility of the first and last methods is limited 
to lifts of about 40 ft., but an auxiliary barrel may 
be arranged for any height of lift. In no case must 
the tension on the opening rope greatly exceed that 
required for taking up slack, for it will be evident 


that this pull reduces the closing power of the grab. | 








InstiTUTE oF British FouNDRYMEN.—It is announced 
by the Lancashire Branch, Junior Section, of the Institute 
of British Foundrymen that the results of the John 
Wilkinson Medal examination, which was held in 
May, are as follow :—First place and medal, Mr. J. E. 
Garside, of Messrs. Metropolitan-Vickers Electrical Com- 
pany, Limited ; and second prize, Mr. H. Morris, of 
Messrs. the National Gas Engine Company, Limited, 
Manchester. 


by the opening barrel, free of the suspension hooks, 





CORROSION IN THE SOIL. 


In 1911, the United States Bureau of Standards, 
as a member of the American Committee on Electro- 
lysis, entered upon a study of the effects of stray 
electric currents in the soil. The examination of 
underground structures not infrequently revealed 
abnormal corrosion, sometimes too severe, sometimes 
unexpectedly mild for the apparent local electric 
conditions. The Bureau, therefore, resolved in 1921 
to study the relations of soil to corrosion, and a large 
number of technical institutions, manufacturers and 
public organisations offered their co-operation. The 
materials to be studied—in the first instance, metals 
and their protective coverings—were to be buried 
in and near cities all over the country at depths 
conforming to practice, in soils of all kinds selected 
from lists compiled with the aid of the Bureau of 
Soils, which is attached to the Government Depart- 
ment of Agriculture. The Bureau of Soils, which 
classifies soils as gravels, sand, loams, clays, silts, 
muck, peat and tidal-marsh soils, with many sub- 
divisions, undertook the examination of the soils. 
Operations began in 1922, the field work being so 
planned that specimens were to be removed at interva!s 
of two years for a period of ten years. Of the specimens 
buried, one-seventh have, so far, been removed for 
examination, and a preliminary report—a pamphlet 
of 108 pages—has been issued as Technologic Paper 
No. 368 of the Bureau of Standards, under the title 
‘* Bureau of Standards Soil-Corrosion Studies ” 
(price 50 cents). The authors are Messrs. K. H. 
Logan, S. P. Ewing and C. D. Yeomans. General 
conclusions are not yet drawn, but a great many 
data are tabulated and discussed in the report. 


The pipe and other specimens buried in 1922 and 
later, in about 46 soils, were of steel and iron, copper, 
brass, zinc, lead, aluminium, &c., selected from com- 
mercial stock, in the form of pipe sections, fittings or 
sheets, unprotected, or protected with other metals or 
bituminous coatings, tar dips, &c. The unprotected pipe 
specimens were 6 in. long, and up to 6 in. in diameter. 
Cleaned of dirt and grease before weighing, they were 
buried 1 ft. apart in earth free from stray electric 
currents, on both sides of trenches, so as to stand 
on end. They were filled with soil inside, in order 
to reduce the effects of position, aeration and drainage 
on horizontally-laid pipes. By 1924, the welded-iron 
pipes and the steel pipes differed little as to the extent 
of pitting and loss of weight; cast iron was severely 
pitted only in a few locations, and the pitting was 
always of the graphitic type, showing a little graphite 
in much iron oxide. Soils differed, of course, in their 
corrosive action, but by 1926 most rolled materials 
showed a similar appearance in any soil. The average 
pitting factor in 1924, was 25-5, and, in 1926, only 
12 -2, indicating a tendency towards uniform corrosion. 
In the initial stages, the ground would contain relatively 
more air and would be less compact than later, and 
conclusions as to the life of materials should therefore 
not be drawn from early observations. Severe corrosion 
undoubtedly occurred in the absence of stray electric 
fields, and the character of the soil seemed, on the 
whole, to be more important in the first years than 
the nature of the iron. Distinct relations between 
the hydrogen ion concentration of a soil, its resistivity, 
salt contents, and the corrosion could not be traced. 


The problem ot protecting specimens by means of 
galvanising, lead sheathing, calorising, asphalt and 
coal-tar dip, and in other ways, at once brings up 
questions of thickness of coating and method and skill 
of application, which render comparison more difficult. 
Galvanised-sheet specimens, 6 in. wide by 12 in. long, 
were placed on edge in the trench, all cut edges being 
protected by asphalt. Sometimes the corrosion worked | 
its way under this asphalt coating. Alkali sulphates, 
vegetable waste and acid silt loams proved particularly | 
corrosive, and galvanised iron did not always last | 
longer than the bare metal. Lead coatings corroded 
slowly, and the pitting of aluminium coatings was 
shallow, even when severe. Bituminous coatings, 
though generally useful, failed in an unexpectedly large 
number of cases, and the observations were not in 
accord with the experience gained on coated pipe-lines 
which, it should be remembered, are further exposed 
to the mechanical effects (expansion movements) of 
changes in temperature and vibration. Thin bitu- 
minous coatings deteriorated in many soils; some pitch 
coatings became friable and were scraped off the pipes, 
and thick pitch coatings tended to creep and flow. 
Wrapping the pitched pipe with loose fabric impreg- 
nated with pitch improved matters, but some soils 
corroded such fabrics. Lead sheaths for cables were 
tested as made both of commercial lead and of anti- 
monial lead. The lead and the alloy did not differ 
much in the first two years, but, after four years, the 
rate of corrosion for the commercial lead seemed to be 
decreasing. In the case of some Parkway cables, i.e., 
lead-sheathed cables protected by impregnated-jute 
wrappings and spiral iron armour for direct burial in| 








the ground, the metal armouring disappeared, but the 
lead remained in good condition. Various brass fittings, 
some containing enough tin to pass as bronzes, be- 
haved nearly alike, independently of their composition. 
The short sections of lead pipe to which they were 
connected, for water and gas services, were much more 
badly pitted than the lead sheaths of cables, indicating 
galvanic corrosion. 

The difficulties of interpreting these rarely concord- 
ant statistical data, which further observations may 
materially modify, are increased by some of the dis- 
crepancies between the field and the laboratory tests, 
Such discrepancies were to be expected. In the field, 
conditions of moisture and temperature vary with the 
season, but in the laboratory tests, the samples of soil, 
which were taken when the specimen was buried and 
again when removed, would remain practically unaltered 
unless conditions were purposly changed, when allow- 
ances for time effects become difficult. That the corrosion 
increases with rising temperature was easily proved in 
thelaboratory. The influence of the size of soil particles 
was more difficult to estimate. Large particles may leave 
spaces for air pockets and should favour the oxidation 
of iron, but the appearance of the rust spots rather 
connected the rusting with the moisture. On the other 
hand, the laboratory experiments supported the assump- 
tion that the polarity of the corrosion products and the 
direction of galvanic currents between parts of the same 
specimen may change in the course of time, so that the 
pit tends to spread rather than to deepen. The report 
inclines to the electrolytic theory of corrosion, but does 
not discuss it. 








THE CUPAR RECEIVING STATION OF 
THE TRANSATLANTIC TELEPHONE 
SYSTEM. 


THE rapid development of long-distance wireless 
telephony from the experimental to the practical stage 
may not inaccurately be described as one of the 
romances of engineering. It is less than six years ago, 
January 19, 1923, to be exact, since we were able to 
record successful one-way working between America and 
this country, and only just over two years since two- 
way working became possible. As a result of investi- 
gations based on this early work, a commercial system 
was inaugurated between the two countries on January 
1, 1927, and has since been extended to include most of 
the west of Europe. Asexplained in an earlier article,* in 
the system employed, a carrier wave of uniform frequency 
is modulated at the acoustic frequency of the speech 
to be transmitted and, after being picked up by the 
receiving aerial, is rectified by a valve-detecting system, 
so that an undulating, but unidirectional, current is 
produced, the undulations corresponding to acoustic 
frequencies impressed on the carrier wave. By passing 
this rectified current through a telephone, the speech 
transmitted is rendered audible at the receiving end. 
In the usual type of radio-telephone transmitter, the 
modulated carrier wave consists of the carrier proper 
and two side bands, one on each side of the carrier. 
The frequencies of these bands are equal to that of the 
carrier frequency plus or minus the acoustic frequency, 
respectively. On the transatlantic system, however, 
one of the side bands and the carrier are suppressed by 
special apparatus before transmission takes place, the 
carrier being re-introduced after reception in order that 
intelligible speech may be obtained. It has been found 
that intelligible speech of good quality can be conveyed 
by using the band of audio frequencies between 300 and 
2,800 cycles. The suppressed carrier has a frequency 
of 58,500 cycles, so that the actual frequencies trans- 
mitted are those between 58,800 cycles and 61,300 
cycles. The receiving station must therefore be 
capable of receiving signals lying within this band, 
and no others, and converting them into intelligible 
telephonic signals. 

The transmitting station for the English end of the 
transatlantic telephone system is, of course, that at 
Rugby, the equipment of which has already been 
fully described in ENaInEERING.t At first, the 
incoming signals, transmitted from Rocky Point, 
Long Island, were received at Wroughton, near 
Swindon, but experiments showed that greater signal 
strengths were obtained farther north. It was there- 
fore decided to move the receiving station to a site 
near Cupar, in Fifeshire, which, though not the 
position of maximum signal strength, is the place where 
the underground land lines terminate. As showing 
the improvement that is thereby obtained, it may be 
mentioned that the order of the average signal strength 
at Cupar is 16 micro-volts per metre, compared with 
eight micro-volts per metre at Wroughton. The 
antenna system has also been modified from the conven- 
tional Beveridge arrangement used at Wroughton to 
one devised by the British Post Office engineers, 





* See ENGINEERING, vol. cxxi, page 337 (1927). 
+ See ENGINEERING, vol. cxxii, pages 147, 187 and 229 
(1926). 
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Towers SUPPORTING RECEIVING Loop AND VERTICAL ANTENNA. 
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giving better results. It may be added that the ex-/| band filters, which are made up of networks of | the land telephone lines. The repeaters on the lines 


perience as to geographical location has been similar on 
the American side, and that the receiving station in that 
country has, therefore, been moved from its original 
position at Rocky Point to Houlton, Maine, near the 
Canadian frontier. 

It is curious to note that, while considerable atten- 
tion has been paid in technical literature to the trans- 
mitting equipment, little has been published about 
the receiving apparatus. In this article, therefore, a 
description is given of the means employed at the 
British end of the transatlantic system for receiving the 
incoming radio signals and for discriminating between 
those which are required and not required, the latter 
including telegraphic signals, transmitted on similar 
frequencies, and atmospherics. 


This elimination of atmospherics and other stray | 


signals can be effected partly by the arrangement of the 
antenna system itself, which is designed so that it is 
directive, and partly by the use of electrical filters. 


Of these, the latter are the more important, and the | 
apparatus installed for this purpose at Cupar is very | 


complete. It comprises a series of high-frequency 


inductances and capacities, so designed that they 
attenuate all the frequencies lying outside the receiving 
band very considerably, having, at the same time, 
little effect on those within the band. An important 
feature is that the ‘* cut-off’’ points between the two 


groups of signalsisextremely sharp. Thisenables power- | 


ful telegraph stations to be worked on frequencies 
quite close to the telephonic band and yet to be quite 
inaudible in the receivers of the latter. These filters 
also have the effect of limiting the atmospherics received 
to those within the 2,500 cycle wide high-frequency 
band. 

After passing through the filters, the signals are 
amplified up to the order of one volt at high frequency, 
the carrier frequency is added, and demodulation is 
effected so as to give intelligible speech. It may be 
noted, in passing, that the oscillators supplying the 
carrier current have to be very constant in frequency, 
as a variation of only 20 cycles in 60,000 has the effect 
of degrading the quality of the received speech. After 
demodulation,audio-frequencyamplification isemployed 
until the signals are strong enough to be passed into 


between Cupar and London are adjusted so that the 
line losses are compensated for by amplification, and 
the speech signals therefore arrive at the same strength 
as they left the receiving station. 

It is now necessary to go back a stage and consider 
the antenna system which, as already stated, has been 
arranged to discriminate against unwanted signals. 
Directive reception is employed for this purpose, 
the system used consisting of six large loops with their 
associated vertical antenne. One of these units is 
shown in Fig. 1. Each loop consists of four turns, 
and is supported on two 130-ft. lattice-steel towers 
placed 200 yards apart. The base of one of these 
towers is illustrated in Fig. 2. The vertical antenna 
is led down from the middle of the loop, the currents in 


| the two components being combined with the necessary 


phase shift to form a cardioidal directive diagram. 
The equipment for this purpose is housed in small huts 
one of which, together with the lead-in, is shown in 
Fig. 3,while the combining equipment itself is illustrated 
in Fig. 4. By correctly spacing the six loop systems 
and combining their outputs in the correct phase and 
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amplitude, the resultant directive diagram is narrowed 
down to a beam pointing towards the transmitter at 
Rocky Point. Very few signals are received from the 
opposite direction, and as it is from that direction that 
a large proportion of the summer atmospherics arrive, 
the ratio of signal strength to noise is increased. 

The loops and their vertical antenna are situated 
at distances up to 3 miles from the receiving station 
and are connected to the receiving equipment by pairs of 
400-lb. copper wire mounted on telegraph poles. The 
method used for erecting these lines follows ordinary 
Post Office practice, though special attention has been 
paid to the transpositions, in order that signals shall 
not be picked up by them. The terminations of the 
lines at the receiving hut are shown in Figs. 5 and 6. 

Two receiving sets are installed at Cupar. One of 
these was manufactured by Messrs. Standard Telephones 
and Cables, Limited, of London, and is illustrated in 
Fig. 8. As will be seen, the set is of the switchboard 
type, the equipment being mounted on iron panels 
which, in turn, are carried on a steel framework. 
The first and second panels from the right carry the 











combining equipment, which has al- 
ready been mentioned. This consists 
of hybrid transformers, attenuators 
and phase-shifters, working at 60 
kilo-cycles. The third panel carries 
the high-frequency band-pass filters, 
first heterodyne oscillator and demo- 


OFFICE dulator valves, and the intermediate- 
frequency filter. From this point 
onwards, the frequency band of the 
signals is from 33,500 cycles to 35,000 

cycles. On the fourth panel are the intermediate- 


frequency amplifier, second heterodyne oscillator and 
second demodulator, and one two-stage audio-frequency 
amplifier. The fifth panel is equipped with two 
additional two-stage audio-frequency amplifiers, a 
volume indicator, a jack field-tester, and a direct- 
current Wheatstone bridge for testing purposes, while 
on the sixth is a 1,500 cycle sub-standard oscillator, 
a measuring set for audio-frequencies, and telephone 
equipment. The seventh panel carries a variable- 
frequency test oscillator and power amplifier, and the 
last panel the control circuits for the filament and 
anode circuits of all the valves. The latter are so 
arranged that a failure in any of them lights an indi- 
cating lamp andirings a bell. The anode voltage is 
adjusted by counter E.M.F. cells. These are controlled 
from this panel by push buttons through relays in 
the power house. 

The second receiving set is illustrated in Fig. 7. 
This was constructed in the Post Office workshops, and 
differs from the one just described in that the selectivity 
and high-frequency gain are effected at the transmitted 
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frequency. This has the advantage of simplicity, 
but, on the other hand, it is only suitable for a fixed 
band of frequencies, any change in which involves 
the re-designing of the filters. This, however, is not 
considered a serious disadvantage, as, owing to the 
limited number of bands available, there is little 
likelihood of the present frequency band being changed. 
This receiver is of similar construction to the other, 
one modification being, however, that the panels are 
made of a cast-aluminium alloy with a register on the 
back to carry a copper-sheeting cover. 

On this receiver, the first and second panels from the 
left carry the combining equipment, while on the third 
are mounted a high-frequency filter, consisting of high- 
and low-pass units, a high-frequency amplifier, con- 
sisting of two tuned amplifying stages, followed by three 
stages of transformer-coupled amplifiers, to render the 
top of the signal waves flat, and by a detector valve. 
In these tuned high-frequency amplifiers, the double- 
peaked resonance effect is used to correct the character- 
istics of the transmission which tend to fall at the edges 
of the band. The panel also carries a low-pass filter, so 
as to give a flat frequency response over the whole 
range of the required speech band. 

The fourth panel is equipped with the carrier 
oscillators, the output from which modulates the 
detector valve on the previous panel. The high- and 
low-pass audio-frequency filters follow the detector, 
the output from the filters passing to the line amplifiers. 
The same panel carries a volume indicator for measuring 
the level of the received speech, as well as a valve- 
maintained, tuning-fork controlled, reference frequency 
oscillator of 1,500 cycles. On the next panel, are a 








228 


ENGINEERING. 





[AuG. 24, 1928. 





combined audio- and high-frequency oscillator, with a 
range from 20 cycles to 70,000 cycles, a monitoring 
audio-frequency amplifier, and a transmission measuring 
set. The last panel is devoted to telephone equipment, 
line transformers and line connections. The perform- 
ance of both receivers is substantially the same. 

The power for operating the station is obtained 
from two 7-h.p. Crossley sclid-injection, semi-Diesel 
engines, which are direct-coupled to 50-volt and 
24-volt dynamos. The 50-volt machine charges the 
lighting battery and the other the filament batteries. 
The anode batteries for all the valves are charged by 
small motor-generators running off the lighting battery. 
The plate voltage is kept constant by including the 
appropriate number of back E.M.F. cells. 

It has not been possible in this article to discuss at 
any length the theoretica] considerations which led up 
to the choice of the particular antenna system used 
at Cupar, but those interested in the subject may be 
referred to Lieut.-Col. A. G. Lee’s address to the Wire- 
less Section of the Institution of Electrical Engineers,* 
where the various problems involved are dealt with in 
some detail. 








NOTES ON NEW BOOKS. 


THE constant progress made during a century or 
so in all branches of science and industry has had one 
result from the publishers’ standpoint: a “‘ pocket- 
book,” which at first could cover a variety of indus- 
trial subjects, had, in course of time, to be made to 
cover one only. Even then pocket-books have gradually 
become unwieldy, and, by evolution, have grown 
into “handbooks.” These, although they are made also 
to deal only with one branch of industry or engineer- 
ing, are now fast growing out of bounds in a like 
manner, owing to the large amount both of cognate 
and of, apparently, foreign matter which, of necessity, 
must be included if the book is to be really service- 
able. These remarks are suggested to us by the 
Mining Engineers’ Handbook, second edition, a volume 
containing 2,523 pages, compiled by Robert Peele and 
a staff of specialists, published by Messrs. John Wiley 
and Sons, New York, and by Messrs. Chapman and 
Hall, Limited, London. As its title suggests, it deals 
with the mining industry, and it does so in detail 
and very completely. The book has 44 chapters; 
it opens with mineralogy, geology and mineral 
deposits, earth excavation, explosives, rock excava- 
tion, tunnelling, shaft sinking, &c. Other chapters 
cover winning operations, the treatment of coal and 
ores, and mathematical, engineering, electrical and 
commercial matters having a bearing upon the main 
subject of the publication. The largest section is 
the one on prospecting, development and exploitation 
of mineral deposits. Data are given on mine organ- 
isation and accounts, the cost of mining, wages, 
and welfare arrangements; the mining laws of 
the United States, Canada, and Mexico are also 
entered into. This simple enumeration will show that 
the book is a very elaborate one of its kind—one, in 
fact, which may be likened to a very complete encyclo- 
pedia on mining. We believe it might have been 
somewhat reduced in bulk by the omission of some 
details that form part of the ordinary curriculum of 
all technical colleges. Conversion and other tables, 
which are also included, can easily be consulted in 
almost every other engineers’ pocket-book. On the 
other hand, the fact should not be lost sight of that 
men of superior attainments are frequently those who 
most easily forget elementary points, and many argu- 
ments can be advanced in favour of one, compre- 
hensive publication. Their inclusion, therefore, does 
not detract from the value of the book as a work of 
reference for the use of engineers, business men and 
schools—much to the contrary. It is completed by an 
index of 75 pages arranged in two columns. The 
handbook can be obtained at the price of 50s. net, 
bound in one volume, or 60s. net, bound in two. 


Copper sulphate is generally considered to be the 
best means of defence against the parasites of cultivated 
plants. Trade in this chemical product reaches the 
most distant countries of the world; the vine, olive 
trees, potato plants, tea, coffee and cocoa plantations 
are all protected against 10xious growths and insects 
by treating them with solutions containing a large 
proportion of copper sulphate. Agriculturists through- 
out the world, with the experience they have of the 
effects of this chemical, acknowledge it to be extremely 
beneficial. Such are some of the opening statements of 
P Industria Chimico- Metallurgica del Solfato di Rame, by 
E. Crivelli, a book which deals with the history of copper 
sulphate, its present-day manufacture, trade and various 
uses. In 1913, the world production of copper sulphate 
amounted to 200,000 tons, when England headed the 
list with 77,000 tons, followed by Italy, whose figure 
was 45,000 tons. In 1926, the production rose to 





230,000 tons, Italy coming first with 95,000 tons, 
followed by England with 40,000 tons only. England, 
however, may regain the premier position in this 
particular industry since, according to the author, new 
English works for the manufacture of nickel, especially 
those of the Mond Nickel Company, appear to have been 
successful in obtaining 98 to 99 per cent. copper 
sulphate as a by-product of their treatment of copper 
and nickel ores. Almost all the copper sulphate 
now on the market is obtained, briefly speaking, by 
dissolving metallic copper in sulphuric acid and 
allowing the solution to crystallise, a comparatively 
costly process, since it first involves the smelting of the 
ores by ordinary methods for obtaining metallic copper. 
Italy is the greatest consumer of copper sulphate. The 
book gives particulars regarding the conditions in which 
the trade in this commodity is carried out ; it enumer- 
ates the measures passed by the Italian Government for 
repressing frauds in its preparation and sale, and also 
describes its properties and the processes involved in its 
manufacture. Besides its extensive use in agriculture 
for the destruction of fungi and minute insects, copper 
sulphate is employed in many different industries, and 
information concerning the various applications of this 
commodity is also given in detail. The book is a very 
interesting compendium on the subject, but its value, 
for reference purposes, would be greatly enhanced by 
an index. It is published, at the price of 35 lire, by 
Ulrico Hoepli, Milan. 





A very wide field of research is covered in volume 
No. 13 of The Journal of the Municipal College of 
Technology, Manchester. The opening paper, by Dr. 
Telford Petrie, describes an experimental investigation 
into the cause of the erratic discharge sometimes experi- 
enced when it is attempted to force oil through a 
small diameter nozzle. The author attributes the 
variations found to the formation of a vena contracta, 
and finds that to secure uniformity in the discharge 
the nozzle must not be too short. Erratic discharges 
were found with lengths of two to four times the 
bore. Pressures as high as 1,000 lb. per square inch 
were used in the experiments. A new pattern of 
absolute viscosity meter is described by Mr. R. O. 
Boswell in the succeeding paper, and this is followed 
by a note by Mr. H. Threlfall on a simple form of 
strain meter intended for class demonstration purposes. 
Amongst the electrical papers we note one on the “‘ Eddy 
Current Loss in the Armature Conductors of Electrical 
Machines due to the Main Flux.” This paper describes 
work carried out in the Research Department of the 
Metropolitan-Vickers Electrical Company, Limited, 
by Mr. S. Barnett, M.Sc. (Tech.), under the direction 
of Professor Miles Walker. A paper on the use of 
Heaviside’s operators in solving differential equa- 
tions is contributed by Mr. H. V. Lowry, and it is 
satisfactory to observe that this powerful analytical 
tool is now being studied in this country. In the 
section devoted to physics, Mr. L. 8. Palmer gives 
an account of the Admiralty wireless experiments 
made on H.M.S. Antrim in 1921 in order to correlate 
signal strength and distance. The volume also includes 
numerous notes on the work of the chemical department 
of the college. 


The three inorganic acids, sulphuric, nitric and 
hydrochloric, are dealt with in a book by Dr. 
Antonio Aita and Ing. Henry Molinari, entitled 
Gli Acidi Inorganici; Solforico, Nitrico, Cloridrico, 
published, at the price of 48 lire, by Ulrico Hoepli, 
Milan. For each acid, the information given comprises 
a history of its discovery—or rather, one might say, of 
its discoveries—an account of its properties, and a de- 
scription of the various processes followed for its 
manufacture in different countries, the theory of the 
processes being also discussed. The greater part of the 
book deals with sulphuric acid. Nitric acid, like 
sulphuric acid, was known vaguely by ancient 
alchemists, amongst others, and prominently, by the 
Arabian Geber, who lived in the eighth century. It is 
only of late years that the production of sulphuric acid 
in large quantities and on a commercial basis was 
rendered possible by a succession of improvements. 





transformation into hydrochloric acid by the action of 
incandescent coal and water vapour. An appendix 
deals with acid-proof materials, namely, volvic lava 
stone, which is obtained in the extinct volcano region 
of Central France, and various artificial stoneware 
preparations. The book has a convenient index. 


When the war stimulated the general interest taken 
in technical chemistry, Mr. C. T. Kingzett, one of the 
founders of the Institute of Chemistry and author of 
several chemical books, added two volumes to his 
publications, Chemistry for Beginners and School Use, 
which has passed through several editions, and 
The Popular Chemical Dictionary. The latter also 
met with favour, and, with its third edition, which 
appeared in 1924, Mr. Kingzett changed the title 
to Chemical Encyclopedia. .The title of the fourth 
edition, now before us (London: Bailliere, Tindall 
and Cox, Henrietta-street, W.C.2 ; price 35s. net), 
has again undergone a slight alteration, inasmuch 
as the sub-title is now An Epitomised Digest of 
Chemistry and its Industrial Applications, instead of 
Digest of Chemistry and Chemical Industry as formerly. 
The new title almost seems to tone down the 
earlier implied claims as to general utility. The new 
volume will, however, be found to be not only enlarged 
by 200 pages, but also improved and corrected in 
several respects, and to justify the statement that 
there is no other work in existence that gives such an 
extensive range of condensed up-to-date information, 
provided we add the qualification : in works of similar 
compass. The additions comprise definitions of terms 
and general theory, as well as new processes and 
applications, and the frequent cross references are a 
very welcome feature. Thus we find under acety- 
lene, tetrachloracetylene, trichloracetylene and di- 
chlorethylene, bodies closely related to each other, 
references to the item solvents, because these bodies 
are largely used for the preparation of solvents. What 
might have been added is that most hydrocarbon- 
chlorine compounds of these types, including carbon 
tetrachloride, are valuable solvents for fats, oils, 
sulphur, rubber, &c. Duralumin and its ageing are 
duly noted, but there is no reference to Y alloy. Potas- 
sium is credited with two isotopes, and that statement 
is sufficient ; hafnium might, however, have been given 
its atomic number 72, which is the best method of 
identifying the element, as other names have been 
proposed. The mention of the Mond tar product 
zulite, used as a preventive of rot, and the notes 
on the preparation of compounds are in their places, 
but we do not see the use of frequent references to 
J.C.S. Abs. and Brit. Chem. Abs., etc. Instead of 
drawing attention to abstracts of the particular views 
of certain chemists on insulin and on phosphorescence, 
it would have been better to say more on phosphor- 
escent compounds and something on photolysis. The 
term volvic lava should also have been explained. 








In a useful little book, entitled Wirtschaftlichste 
Isolierstiirke bei Wirme- und Kiilteschutzanlagen, und 
W irmeabgabe isolierte Rohre bei unterbrochener Betriebs- 
weise, by Dr.-Ing. I. S. Cammerer, published by 
Hernhaussen A.G., Berlin, at the price of 6 marks, the 
author has developed a rational process for the 
determination of the most economical thickness of 
heat-insulating material for steam pipes, etc. He 
proceeds on the assumption that this result is obtained 
when the money value of the heat lost, plus sinking 
fund charges, interest, and depreciation on the cost of 
installation, is a minimum. Tables and worked-out 
examples are given showing the application of this 
principle to pipes varying in diameter from 2 to 16 in. 
for the normal case of constant operation and also 
for intermittent working. The latter portion dealing 
with installations which are only required to operate 
at known intervals, or which may have to stand idle 
for long periods, is particularly interesting, and it 
does not appear that a solution of the problem has 
hitherto been attempted. The whole work is backed 
up by extensive experimental research, which has been 
carried out with the sanction of the Verein deutscher 
Ingenieure and at the cost of the German firm of 





Its price became lower as a consequence, as time went 
on, and rendered this acid available for the manufacture 
on a large scale of nitric acid by the treatment of 
potassium nitrate, then of sodium nitrate obtained 
from Chile. Recently, however, and as a consequence 
of the war, the manufacture of nitric acid from sodium 
nitrate has lost much of its importance, following the 
scarcity, for a time, of nitrate supplies from Chile, and 
the progress made, during the war and later, in the 
synthetic nitric-acid industry. The processes in use 
for obtaining this acid are also entered into by the 
authors. The manufacture of hydrochloric acid is 
dealt with in a similar manner, and in its case also the 
war had the effect of developing a synthetic process 
which had its origin in the need that was felt 
for large supplies of hydrogen for aeronautical purposes. 


Rheinhold and Company, the well-known makers of 
non-conducting materials. The author’s conclusions 
stand out in striking contrast to the haphazard and 
guesswork methods generally adopted, and should 
receive careful consideration in this country. 











CanapiaN Hypro-Exectric SrTatrons.—According 
to the Dominion Water Power and Reclamation Service, 
extensive hydro-electric construction schemes are being 
carried out in Canada. Practically every province 18 
included in the programme of work, and it is expected 
that, in the course of the current year, approximately 
550,000 h.p. will be put into service by means of entirely 
new plants and additions to existing ones. A further 
addition of more than 2,000,000 h.p. is to be made within 
the next few years, the complete programme entailing 








* Journal I.E.E., vol. Ixvi, page 12 (1927). 


This led to the utilisation of electrolytic chlorine and its 


an investment of at least 200,000,000 dols. 
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LABOUR NOTES. 


Twe disruptive tendencies of Communist propaganda, 
and the negotiations on the subject of industrial peace 
with Lord Melchett and the employers associated 
with him, promise to be the principal subjects discussed 
at next month’s Trades Union Congress at Swansea. 
A resolution sent in by the Railway Clerks’ Association 
asks Congress to ‘‘instruct the General Council to 
institute an inquiry into the proceedings and methods 
of disruptive elements within the Trades Union 
Movement (whether such elements manifest themselves 
amongst the unions or within the General Council 
itself), and to submit a report, with recommendations, 
to the affiliated organisations. The National Amalga- 
mated Furnishing Trades Association, on the other 
hand, invites Congress to declare itself “‘in complete 
opposition to any attempt to disrupt the Trades Union 
movement by any regulation, with or without the 
sanction of the general rules of any affiliated union, 
having for its object any discrimination between one 
member and another as to their eligibility to stand 
for position of delegate to the British Trades Union 
Congress, on account of their political views; and, 
further, declares that any such attempt to split the 
forces of the unions will not be recognised, and unions 
persisting in this attitude will render themselves liable 
to expulsion.” A resolution forwarded by the Amalga- 
mated Engineering Union cites “‘ the intensification of 
international competition and the amalgamation of 
employers in trusts and combines ” as a reason why 
the General Council should appoint ‘‘ a reorganisation 
commission to review the situation of the workers in 
the principal industries in the light of the material 
which it has at its disposal, and to formulate suggestions 
for the speedy reorganisation of the Trades Union 
movement.” 





The National Amalgamated Furnishing Trades 
Association may be said to lead the opposition against 
the Melchett-Turner conferences. In a resolution, of 
which it has given notice, it protests against the 
“industrial peace stunt” of the General Council ; 
declares that it must cease, as being in entire opposition 
to the best interests of the organised working class, 
which organises in opposition to the capitalist class 
and not in their support; urges that rationalisation 
should be opposed in favour of Socialisation and workers’ 
control; and calls for an intensified 100 per cent. trade 
unionism, with equal rights for all workers. In another 
resolution on the same subject, the National Society 
of Brass and Metal Mechanics agrees that “‘ there can 
be no permanent improvement in the conditions of the 
workers under the present order of society,” but 
expresses the opinion that the General Council “ acted 
in the best interests of the trade union movement in 
accepting the invitation to the Mond Conference.” 
Condemnation of the industrial peace negotiations is 
also expressed in a resolution which has been sent in 
by the Iron Fitters’ Association. 





Following a visit to the Ministry of Labour by a 
deputation of Doncaster miners and five local members 
of Parliament, an important modification has been 
made in the conditions governing the payment of 
benefit to miners working short time. Hitherto it 
has been held that men descending the pit have started 
work and are not entitled to benefit, although through 
a fall of roof, or some other cause, they are prevented 
from working at their usual places. In future, each 
case is to be considered on its merits, and payment of 
benefit is to depend on whether the man has, or has 
not, been offered alternative employment. 





The New York correspondent of the Daily Telegraph 
states that the employees on all railways west of 
Chicago are threatening to strike, in an effort to secure 
Wage increases ranging from 7 to 18 per cent. Seventy 
thousand men working on 80 lines are involved. 
Under the terms of the Railway Labour Act, a strike 
or lockout on railways in the United States is con- 
sidered practically impossible, but the union leaders 
declare that they have submitted their demands for 
& wage increase to arbitration four times without 
result. They, therefore, believe they have complied 
with both the letter and the spirit of the law. The 
leaders insist that the wages paid on the Western 
railways should equal those paid on the Eastern lines. 
They declare that the owners will agree only on condi- 
tion that the working rules are changed in a manner 
Which, according to the union leaders, would nullify 
a wage increase. The railway managers insist that 
they are ready for a compromise, but denounce the 
— to strike as a repudiation of the Railway Labour 
Act. 

The unemployment figures in the latest official report 
of the United Patternmakers’ Associations are stated 
to be the best for the last four years. Mr. Findlay, the 
General Secretary, suggests that they give members an 
Opportunity to press locally for time and a-third under 
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the national agreement. It has been rightly pointed 
out, he says, that the application of the national agree- 
ment depends to a certain extent on the industrial 
situation. It also, however, in his opinion, depends 
upon the ability and perseverance of the members in 
the workshops. ‘‘ This ability and perseverance,” he 
proceeds, ‘‘ should take the form of a steady insistence 
upon prices being fixed in accordance with the agree- 
ment. In other words, there should be an inquiry 
into every case where less than 334 per cent. on time 
rates is earned, so that the responsibility for non- 
observance or non-fulfilment of the terms of the agree- 
ment, where it is in operation, shall be placed upon the 
individual.” 





‘* Where a system of payment by results is in opera- 
tion,’ Mr. Findlay goes on to say, “‘each member 
working in the shop has a personal responsibility to 
the firm, to his workmates, to himself, to his Society ; 
to the firm inasmuch as he has entered into a contract 
to produce patterns in terms of the agreement ; to his 
workmates, so that by his work and conduct in the 
shop he can earn their respect and expect to get their 
support in his claim for 33} per cent. should it be 
unjustly or unreasonably withheld from him ; to him- 
self—to give of his best, so that he can speak always 
with confidence and assurance, that whatever be the 
decision his conscience is clear, and he has the satis- 
faction within himself of knowing that if he does not 
command his price, at least he deserves it; to the 
Society—to see that it is treated with respect, that its 
members shall be inquired after by employers. when 
they are in want of workmen, and that no employer 
or body of employers are given cause to treat our 
members with indifference or neglect. Self-control, 
diligence at work, and self-respect will sooner or later 
bring their reward in better conditions and increased 
earnings.” ae 

According to The Ministry of Labour Gazette, employ- 
ment during July showed a further decline, which 
extended, in varying degrees, to most of the principal 
industries. Among the workpeople, numbering approxi- 
mately 11,800,000, insured against unemployment in 
Great Britain and Northern Ireland, the percentage 
unemployed in all industries taken together was 11 -7 
at July 23, 1928, as compared with 10-8 at June 25, 
1928, and 9 -2 at July 25, 1927. The percentage wholly 
unemployed at July 23 was 8-1, as compared with 
7°8 at June 25, while the percentage temporarily 
stopped was 3-6, as compared with 3-0. In the coal- 
mining industry there was a further decline, which, 
however, was rather less severe than in the previous 
month. Among the other principal industries, the 
increase in the rate of unemployment was greatest in 
the pottery, iron and steel, shipbuilding, and vehicle- 
building industries, in the cotton, wool, and linen 
textile industries, and in textile bleaching, dyeing and 
finishing. There was a further seasonal decline in the 
clothing trades, and a sharp decline in the boot and 
shoe industry. In a number of the smaller industries, 
including the jute textile industry, employment 
showed some slight improvement. 





In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in rates 
of wages reported to have come into operation during 
July resulted in an increase of about 5,300/. in the weekly 
full-time wages of 150,000 workpeople, and in a reduc- 
tion of 2,4501. in those of 31,000 workpeople. The 
principal increase affected men 21 years of age and over 
employed as plain timeworkers in federated ship- 
building yards in England and Scotland, most classes 
of skilled timeworkers receiving an increase of ls. 6d. 
per week, while the majority of semi-skilled men and 
labourers received increases varying up to the same 
amount. Similar increases applied to adult time- 
workers employed in the shipbuilding industry at 
Belfast. There were small increases in the cost-of- 
living wage of workpeople employed in the textile 
bleaching, dyeing, printing, &c., industry in Yorkshire, 
Lancashire and Scotland, the increases amounting to 
under } per cent. on current wages in Yorkshire, and 
to 3d. per week in the case of men, and 2d. per week in 
the case of women, in Lancashire and Scotland. Other 
bodies of workpeople whose wages were increased 
included lambs’ wool and worsted yarn spinners at 
Leicester, and workpeople employed in wholesale 
warehouses at Manchester. The principal bodies of 
work people affected by reductions in wages included 
shale miners and shale oil workers in Scotland, blast- 
furnacemen in Cleveland and Cumberland, iron puddlers 
and millmen in the West of Scotland, and men employed 
by public works contractors in London. 





During the seven completed months of 1928, the 
changes reported to the Ministry of Labour in the 
industries for which statistics are compiled have resulted 
in net increases of 17,2501. in the weekly full-time wages 
of nearly 200,000 workpeople, and in net reductions of 
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120,000/. in those of 1,107,000 workpeople. Of the total 
net reduction, coal mining accounted for over 58,000/. 
and the building and allied industries for 42,0007. In the 
corresponding period of 1927, there were net increases 
of 7,000/. in the weekly full-time wages of 62,500 work- 
people, and net reductions of 308,000/. in those of 
1,698,000 workpeople. 





The number of trade disputes involving stoppages of 
work, reported to the Ministry of Labour as beginning 
in July, was 13. In addition, 12 disputes which began 
before July were still in progress at the beginning of 
the month. The number of workpeople involved in 
all disputes in July (including workpeople thrown out 
of work at the establishments where the disputes 
occurred, but not themselves parties to the disputes) 
was about 21,600, and the aggregate duration of all 
disputes during July was about 227,000 working days. 
These figures compare with totals of 23,700 workpeople 
involved, and 452,000 working days lost, in the previous 
month, and with 25,000 workpeople involved, and 
104,000 days lost, in July, 1927. The aggregate 
duration of all disputes in progress in the first seven 
months of 1928, was about 1,166,000 working days, and 
the total number of workpeople involved in these 
disputes was about 97,000. The figures for the corre- 
sponding period of 1927 were 787,000 days and 79,000 
workpeople, respectively. 





On August 13, 1928, the number of unemployed 
persons on the registers of Employment Exchanges in 
Great Britain was 1,314,200. Of these, $45,700 were 
wholly unemployed, 394,400 were temporarily stopped, 
and 74,100 were persons normally in casual employ- 
ment; 1,021,000 were men, 39,800 boys, 218,200 
women, and 35,200 girls. Of 1,304,971 unemployed 
persons on July 30, 1928, 827,199 were wholly un- 
employed, 404,176 were temporarily stopped, and 
73,596 were persons normally in casual employment ; 
1,030,599 were men, 38,496 boys, 203,477 women, and 
32,399 girls. On August 15, 1927, the number of 
unemployed persons was 1,022,150, of whom 802,000 
were men, 35,563 boys, 152,041 women, and 32,546 
girls. 





Under an Order dated March 12, 1928, a further 
extension of the normal working hours up to 52 a week 
has been authorised in the following Swiss industries :— 
(1) Sawmilling, carpentry and allied trades; (2) the 
manufacture of tiles, bricks, and artificial (cement) 
stone; and (3) the impregnation of wood with blue 
vitriol. In the first two cases, the permit is valid until 
October 15 next, and in the last until the end of 
September. A similar extension of working hours has 
also been authorised by a further Order dated June 23, 
1928, in certain branches of the embroidery industry, in 
the singeing, bleaching, dyeing and finishing of cotton 
and artificial silk piece goods, cotton doubling, the 
bleaching, dyeing and plaiting of straw to be used for 
hat making, and flax spinning and linen weaving, 
including bleaching and linen thread-making. The 
permits (with one exception) are valid until June 30, 
1929. In the case of flax spinning and linen weaving, 
however, where the permit is limited to December 31, 
1928, permits for the extension of working hours beyond 
that date will only be granted to individual establish- 
ments on proof of the existence of urgent reasons. 





An Act to amend the Commonwealth Conciliation 
and Arbitration Act, which was passed on 22nd June, 
1928, and came into force on August 13, 1928, increases 
the penalties for strikes and lockouts ; forbids, under 
penalty, the boycotting (declaring “‘ black ’’) of goods, 
firms or places ; and holds an organisation responsible 
for the acts of its officials or members unless it has 
expelled the offending persons, who thus become 
individually responsible for their actions and can be 
penalised for them. Another section provides that, 
when ten members of an organisation so desire, they 
may apply for a secret ballot of all the members of the 
organisation on any point affecting a dispute, and that, 
should the organisation refuse to conduct the secret 
ballot when ordered to do so by the Court of Arbitration, 
it may be held under the control of one of the officers 
of the Court. nace 

The Times states that the National Federation of 
Building Trades Employers has recently had under 
consideration the character and extent of direct labour 
building operations by local authorities, and, in view 
of what is regarded as the “ insidious menace. to the 
public interest’? involved in the development on 
Socialistic lines since the War of municipal trading, has 
decided that sustained efforts shall be made to check 
this encroachment on private enterprise. It is the 
intention of the Federation to proceed by giving advice 
and assistance to its local and regional organisations, 
and by co-operation with other bodies in any manner 
which may be found practicable, for the purpose of 
effecting the desired object. 
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THE THOMAS RECORDING GAS CALORIMETER. 


Fig.1. 





THE THOMAS RECORDING GAS 
CALORIMETER. 


THE introduction of the practice of selling gas by 
heat value instead of volume has created a demand for 
an instrument by which that value could be recorded 
continuously. More than one instrument has been 
designed for the purpose, and, in recent years, prolonged 
series of tests have been carried out on the Thomas 
recording calorimeter at the Fuel Research Station. As 
the result of these tests, the British manufacturers, the 
Cambridge Instrument Company, Limited, produced a 
number of alterations in the original American design, 
which were tested in due course, and a report has now 
been published on the investigation, which was made 
under the guidance of Dr. J. G. King by Mr. A. Blackie 
with the assistance of the Station’s laboratory staff.* In 
this instrument, a measured quantity of gas—about a 
quarter of a cubic foot per hour—is burnt in the calori- 
meter, and practically all the heat in its products of 
combustion is transferred to a counter current of heat- 
absorbing air, the consequent rise in the temperature 
of which serves as a measure of the calorific value of 
the gas. This rise of temperature is measured on two 
electric resistance thermometers at the inlet and outlet, 
respectively, of the heat-absorbing air, the indications 
of which are communicated to, and recorded by, a 
recorder on the Callendar principle. 

Fig. 1 is a_ sectional elevation of the calori- 
meter proper. The gas, air for combustion, and calori- 
metric air are supplied through three positively- 


driven wet meters, revolving in a tank of water and | 


geared together in a definite ratio. The rise in tem- 
perature of the calorimetric air is therefore not affected 
by the conditions of atmospheric temperature and 
pressure, and, as the air and gas are always saturated at 
the temperature of the tank, no correction has to be made 
for temperature or humidity. The meter drums, which 
are maintained in fixed alignment on a cast-iron base, 
are driven by an electric motor, which also drives the 
dynamo supplying current for the recorder mechanism, 
and their discharges are adjusted and calibrated, the 
gearing being readily changed as required for use with 
different gases. The gas under test is led through an 
orifice L, and a chamber capped by an open bleeder 
burner, M, using about 3 ft. per hour, which serves to 
prevent the accumulation of pressure in the chamber. 
The test gas is thus delivered to the gas meter at atmos- 
pheric pressure, and, on leaving the meter, is led into a 
mixing chamber N, where it meets the primary stream 
of air from the combustion-air meter. The combustion 
of the mixture takes p.ace after it has passed to a 
small orifice O, which ceuses a slight pressure in the 
mixing chamber, and counteracts small irregularities 
in the rate of flow through the gas and air heaters. 
For the same purpose, and to ensure complete com- 
bustion, a small quantity of secondary air is supplied 
direct to the flame at the point of combustion through 
an orifice. The outer current of heat-absorbing 
air reduces the temperature of the products of combus- 
tion when they leave the base of the burner to within 


two or three deg. F. of the temperature of the entering | 





* Department of Scientific and Industrial Research. 
Fuel Research: Technical Paper No. 20. The Thomas 
9 ie Gas Calorimeter, H.M. Stationery Office, price 

. net, 


air. The burner is immersed below the surface of the 
water in the tank to within 0°8 in. from the top, in 
order to avoid errors through rapid atmospheric 
changes and draughts. Corrosion effects are avoided 
by making small heater tubes of quartz. The details of 
the burner are shown in Fig. 2, from which the course 
of the current will be apparent. A and B are the outer 
and return flow tubes, and C is the burner jacket. D 
is a metal cap surmounting the burner and lined, on 
its arched inner surface, with quartz, which carries a 
baffle plate for thoroughly mixing the stream of cooling 
air before it passes through the outlet thermometer. 
Below D is a tube with radiator fins, which sur- 
rounds the outgoing stream of combustion products. 
E is a baffle tube for further mixing the products of 
combustion, and F and J are quartz air and gas tubes, 
respectively. Gis the air inlet tube and H the air meter. 
K are drains, and T, and Ty, the inlet and outlet ther- 
mometers. 

The thermometers are made ofjnickel wire, arranged 
to form two arms of a Wheatstone bridge. The other 
two arms are fixed manganin balancing resistances, 
with an automatically-adjusted slide-wire resistance, 
which brings the bridge to a balance at which there is 
no deflection of the galvanometer needle. The posi- 
tion of the slide-wire rider at this point serves to 
indicate the difference between the temperatures 
shown by the two thermometers. The resistance 
constants are chosen so as to compensate for varia- 
tions in the specific heat and saturation temperature 
of the gas and air. The relative quantity of water 
vapour in the fixed volume of the air increases 
slightly with rise of temperature, while the specific 
heat of the mixture of air and vapour falls, so giving 
high readings for the rise in temperature and, therefore, 
for the calorific value shown by the calorimeter. On 
the other hand, the weight of gas passed through the 
instrument decreases with rise of temperature, both 
through temperature dilatation and through the larger 
relative quantity of water vapour, so causing the calori- 
meter to read low. For a rise from 60 deg. F. to 85 
deg. F., for example, the errors so caused are, respec- 
tively, about 4-1 deg. F. high and 6-8 deg. F. low. 
Accordingly, a wire is chosen for the recorder in ques- 
tion in which the rise in resistance over that range of 
temperature increases by about 3 per cent., and 
balances a fall to the same extent in the temperature 
rise induced simultaneously in the calorific value of 
the gas. This compensation is calculated so as to 
give the true reading of the thermometers at 62-5 
deg. F., and the differences at other temperatures are 
negligible. A very small error may also arise through 
changes in the resistance of the rheostat, which varies 
directly with the temperature while the temperature 
characteristic of the thermometers is curved. These 
errors, however, are also only trivial. The rheostat 
reads correctly at 62 deg. F., and for other temperatures 


reading of 400 B.Th.U. to + 0-155 per cent. for 
600 B.Th.U. 





the working principle of the recorder on Fig. 4. When 


the bridge is balanced and the needle of the galvano- | in level. 





gives errors which range from — 0-125 per cent. for a | and 6-5 in. of water. 
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mm. The contact of this slide wire is borne on the 
pen carriage / of the recording drum, this carriage 
being moved in one direction or the other when the 
bridge balance is broken by a change of temperature 
difference, the motion being transmitted through the 
knurled wheel f to a cord passing over the pulley g. 
When the bridge is balanced, the}galvanometer needle 
lies in a space between jaws 6 and cc, the jaw b being 
continually oscillated up and down at the rate of about 
six times a minute through the cam d by a solenoid h 
controlled by a dashpot and automatic switch k. 
When change in the difference of temperature throws 
the bridge out of balance, the needle is deflected and 
gets caught between the jaw 6 and one or other of the 
upper jaws cc, the jaw b being thus tilted as b continues 
to rise, until the pawl e has engaged with the knurled 
wheel f, and, by rotating it, has altered the slide-wire 
resistance till the bridge is again balanced, when the 
galvanometer needle again swings free in the space 
between the two upper jaws. A small 20-volt dynamo 
supplies current for the resistance thermometers, the 
electromagnet and electrically-driven clock, and the 
recorder-chart drum. The zero of the recorder is 
checked from time to time by running the instrument 
with the gas turned on but the burner of the calorimeter 
not lit, the adjustable resistance in the third arm of the 
bridge being altered if necessary till the needle remains 
in balance at an indicator value of 300 B.Th.U., when 
a fixed resistance corresponding to that increase is 
inserted. 

As a result of a prolonged study of the instrument 
and the various alterations introduced by the makers, 
it was found that, under most conditions, the calorimeter, 
when driven at normal speed on gases of steady calorific 
value between 500 and 600 B.Th.U., gives readings 
not more than +1 B.Th.U. different from those of 
the standard Boys calorimeter. The zero check, or cold 
balance with the unlit burner, takes about half an hour, 
and a steady reading is obtained about 20 min. after 
lighting. Change in the calorific value of the gas begins 
to be indicated after about 4 min., and its full value, 
up to 50 B.Th.U. in 600, is shown in 14 to 20 min. 
after it has occurred. With more rapid changes, their 
full extent is not indicated, but if they are regular, a 
median line between maxima and minima represents 
the true mean calorific value of the gases supplied. 
The effect of changes in speed of the motor below its 
normal value of 1,450 r.p.m. is small, being negligible 
for speeds up to 100 r.p.m. less than normal, and 
rising to not more than 3 B.Th.U. for speeds up to 
100 r.p.m. above normal, though larger temporary 
fluctuations may be observed for a few minutes 
till steady conditions have been established. The 
effects of normal variations in barometric pressure and 
atmospheric temperature are negligible, as are ordi- 
nary differences of temperature between atmosphere 
and water, and variations of gas pressure between 1-5 
The level of water in the tank is 
kept constant by means of a bucket chain, and small 
changes in level, if this chain is not working properly, 


The electrical connections are shown on Fig. 3, and | cause considerable differences in indications of calorific 
g 


value, say, 18 B.Th.U. increased value for a fall of ;';-i0- 
Tested with other calorimeters on the same 


meter a is consequently in its central position, the | variable gas, the Thomas calorimeter followed varia- 


| difference between the inlet and outlet temperatures is 
| indicated by the position of the rider on the slide wire 


tions rather more accurately than another water-flow 
recording calorimeter, and much more so than one which 
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THE THOMAS RECORDING GAS CALORIMETER. 
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depended on the differential expansion of two steel tubes, 
but had a rather greater lag than that of the water-flow 
instrument and considerably greater than that of the 
®xpansion instrument. In their present form, the 
design of the burner and mechanical parts of the calori- 
meter give rise to no trouble, and the conclusion of the 
Teport is that, with ordinary care in manipulation, 

instrument may now be regarded as a sound and 
very accurate recorder. 
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Since this report was made, the Cambridge Instru- 
ment Company has introduced a hot-wire motor, run 
direct from the main supply, to provide the power for 
operating the balancing mechanism and for automatic- 
ally rewinding the clock which drives the chart. A 
calorimeter with a recorder of this type has been ap- 
proved by the Gas Referees, and is now working at the 
Fulham Works of the Gas Light and Coke Company. 
Fig. 5 shows a back view of the instrument with the 
hot-wire motor exposed. A description of the mech- 
anism of the recorder and motor was given in our issue 
of January 13 last, on pages 49 and 50. 








THE INVESTIGATION OF MACHINERY 
NOISES. 


Apparatus resembling the stethoscope used by 
members of the medical profession, has long been 
available in this country for investigating abnormal 
noises produced by running machinery, and, when 
intelligently employed, is generally capable of enabling 
the defects to which such noises are due to be easily 
and accurately located. We have dealt with appliances 
of this kind on former occasions in these columns, and 
recently, equipment based on these principles, made 
by the International Metal and Specialty Company, 
62, Central-avenue, Berlin, N.Y., U.S.A., has been 
brought to our notice. It is claimed that the 
apparatus, to which the name Transmit-O-Phone has 
been applied, can be used for such purposes as the 
location of blade-rubbing in steam turbines, loose 
pistons in internal-combustion engines, worn bearings 
of shafts and connecting-rods, leaks of steam or air 
through valves or from pipe lines, and for tracing 
many other similar defects which it is the duty of the 
engineer to locate and remedy. 

The apparatus consists of a pair of ear tubes, each 
connected by a separate tube of stout rubber to a 
metal box resembling a telephone receiver and con- 
taining a diaphragm. From this extends a short 
steel rod to which either a steel disc or a long rod with 
a cork tip can be attached, the discs being used for 
detecting weak sounds and the cork-tipped rods for 
sharp or loud noises on which the corks have a damping 
effect. The provision of two separate diaphragm boxes, 
or amplifiers as they are called, enables the operator to 
distinguish between two sounds produced by sources in 
close proximity and to locate or compare sounds from 
two distinct sources. For many applications, how- 
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ever, only one amplifier is required, and this can be 
connected to the ear tubes by means of a metal Y- 
piece provided for the purpose. 








INFORMATION ON NICKEL ALLOY STEELS.—We have 
received from the Bureau of Information on Nickel, 
Limited, 2, Metal Exchange Buildings, Leadenhall- 
avenue, London, E.C.3, a copy of a bulletin, issued 
recently, and entitled “ Nickel and Nickel-Chromium 
Steels.”” It constitutes a brief illustrated general survey 
of the subject and deals with the properties and principal 
applications of low-nickel, high-nickel, and _nickel- 
chromium steels, and nickel-iron alloys. 





THE BrRMINGHAM ELEcTRIC SupPpLY DEPARTMENT.— 
During the year ending March 31, 1928, the City of Bir- 
mingham Electric Supply Department supplied a total 
of nearly 281 million units of electricity at an average 
price, per unit, of 1-347d. The latter figure is the 
lowest for any year since 1918, when the price was 1 -29d. ; 
furthermore, it compares favourably with the 1913 charge, 
namely, 1-16d. The gross revenue from the undertaking 
during the year under consideration was 1,577,553/., and 
the gross profit 767,614/. That the undertaking is in a 
prosperous condition is shown by the fact that, com- 
mencing with the year 1924, it has made annual contri- 
butions of 31,000/. to the relief of the rates. The figures 
quoted above are drawn from the statement of accounts 
issued recently by the Department, the offices of which 
are at 14, Dale End, Birmingham. 





Crvi Aviation IN AvstRALiA.—In view of the 
excellent climatic conditions and geographical advant- 
ages existing in Australia, it is not surprising to find 
that the popularity of air transport in the Common- 
wealth, for passengers, mails and freight, appears to be 
growing steadily. According to statistics compiled by 
the civil aviation branch of the Defence Department, 
1,955,997 miles had been flown since the beginning of 
regular aerial services, and 13,672 separate flights had 
been made up till the end of February last. The three 
subsidised companies dealt with in the report, provide 
regular services from the Gulf of Carpentaria, in Queens- 
land, to Charleville, a few hundred miles from the New 
South Wales border; from Cootamundra, N.S.W., to 
Melbourne, Broken Hill, and Adelaide ; and from Perth 
to Derby on the north-west coast of Western Australia. 
Preparations are now being completed for the calling of 
tenders for an aerial link between Perth and Adelaide. 
The distance covered by these lines is given as 3,507 
miles, and the weekly mileage covered is 7,858. A further 
unsubsidised weekly service is maintained between 
Geraldton and Carnarvon by West Australian Airways, 
Limited. 




















232 


THE LATE MR. R. MITCHELL. 


Ir is with regret that we have to record the death 
on August 16 last, at his home, 71, Elsham-road, 
Kensington, London, W.14, of Mr. Robert Mitchell, 
who, for many years, had been connected with the 
manufacture of machinery employed in sugar-making 
processes. 
burgh, Scotland, in May, 1862. His boyhood, how- 
ever, was spent in Lancashire, and he received his 
early education at Manchester Grammar School, 
which he left in 1877 to enter upon a three-year 
course of instruction at Owen’s College, Manchester. 
At the age of 19, he returned to Scotland to com- 
mence his apprenticeship in the works of Messrs. 
William Young, at Ardrossan, Ayrshire, where he 
remained for four years. The last year of his appren- 
ticeship was spent at the works of Messrs. Robert 
Harvey and Company, Parkgrove, Glasgow. While 
serving his time, he attended lectures and courses 


Mr. Mitchell was born at Hawick, Rox- | 


of instruction in engineering at the Royal Technical | 


College. In 1886, Mr. Mitchell was appointed draughts- 
men in the offices of Messrs. James Bennie and Sons, 
Limited, Glasgow, and continued in the service of 
this firm for some seven years. The subsequent three 
years, namely, from 1893 to 1896, were spent in various 
appointments in the works of Messrs. Andrew Lam- 
berton and Company, Coatbridge, Messrs. Henry Berry 
and Company, Limited, Leeds, and Messrs. Gartsherrie 
Chain and Anchor Company. 

Mr. Mitchell’s long association with sugar machinery 
commenced in 1896, when he was appointed works 
manager to Messrs. A. and W. Smith and Company, 
Limited, Glasgow, one of the largest and oldest firms 
specialising in sugar machinery. Five years later he 
became general manager of the engineering depart- 
ment and, while serving in this capacity, he was person- 
ally responsible for the construction of complete sugar 
factories and sugar machinery installations in many 
parts of the world. He was also engaged in the manu- 
facture of shipyard machinery, a_ speciality which 
his firm had undertaken some years before his appoint- 
ment. Mr. Mitchell subsequently left Messrs. A. and 
W. Smith and settled in London, where he started a con- 
sulting practice and devoted his attention principally 
to sugar machinery. He was for many years a member 
of the West of Scotland Iron and Steel Institute, and 
was elected to full membership of the Institution of 
Mechanical Engineers in 1907. 





THE LATE MR. W. REDFERN KELLY. 


THE news of the sudden death of Mr. William Redfern 
Kelly, at his residence, Dalriada, Malone Park, Belfast, 
on August 18 last, will be received with regret by a 
wide circle in the profession. Mr. Kelly, who had been 
in failing health during the past year, was in the service 
of the Belfast Harbour Commissioners for a period of 
50 years, and retired from the position of chief engineer 
in 1914. He was born on January 1, 1845, and in 
1864 entered upon a pupilage ot three years at 
Belfast Harbour under the late Mr. W. Home Lizars, 
M.Inst.C.E., who was engineer to the Harbour Board 
until 1871. In 1867, Mr. Kelly was offered a civil 
engineering appointment under the Indian Govern- 
ment; he declined this, however, and remained in the 
service of the Belfast Harbour Board as an assistant 
engineer. Some three years later he was promoted to 
the rank of chief assistant engineer, a post he con- 
tinued to occupy until the sudden death of his chief, 
Mr. G. F. L. Giles, in 1904. Mr. Kelly was unanimously 
selected to fill the position of chief engineer and, as 
previously stated, he remained in this capacity for 
some ten years. Upon relinquishing his duties, he was 
appointed consulting engineer to the Commissioners, 
and retired finally in 1915, when upwards of 70 years 
of age. Mr. Kelly was succeeded by Mr. T. 8. Gilbert, 
the present chief engineer. 

During his period of office as chief engineer, Mr. Kelly 
was responsible for the carrying out of a number of 
important extension and improvement works. These 
included the deepening of the Victoria Channel to 32 ft. 
at H.W.O.S.T., the construction of the Thompson 
graving dock, including the pumping station and 
machinery, the building of the Thompson wharf, the 
reconstruction of the south quay of the York branch 
dock, the alteration and strengthening of the Victoria 
Wharf, and the laying of electric-tramway track along 
Queen’s-road. It was also during his tenure of office 
as chief engineer that subsidences took place at the 
Alexander graving dock, and the repair of the work 
proved a troublesome problem. Mr. Kelly was elected 
a full member of the Institution of Civil Engireers on 
December 2, 1890, but resigned his membership some 
years ago. In view of his subsequent work in connec- 
tion with the repair of the Alexandra Dock, it is 
interesting to note that, in November 1892, he contri- 
buted a paper entitled, ‘* The Alexandra Graving Dock, 
Belfast,’ to the proceedings of the Institution of Civil 
Engineers. The paper contains an account of the 
construction of the dock, which was begun in April, 
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1885, and officially opened in May, 1889; the engineer 
of the works was Mr. T. R. Salmond, then chief engineer 
to the Belfast Harbour Commissioners, and the draw- 
ings, specifications, and estimates were prepared by 
Mr. Kelly. 

Much of Mr. Kelly’s spare time was spent in the study 
of astronomy. He was one of the founders and an 
original member of the British Astronomical Associa- 
tion and a fellow of the Royal Astronomical Society ; 
he was also a member of the astronomical societies of 
France and Belgium. He travelled extensively in con- 
nection with his astronomical studies, and frequently 
contributed scientific articles to various periodicals. 
Mr. Kelly was for some years a Justice of the Peace. 
His son, Mr. E. Kelly, is at the present time, also in 
the service of the Belfast Harbour Commissioners. 
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By Lkon Cosyn. Third Edition. Paris and Liége: 
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LAUNCHES AND TRIAL TRIPS. 


“ Caspra.”—Oil-tank steamer ; single-screw, triple. 
expansion engines. Trial trip, August 8 and 14. Main 
dimensions, 427 ft. by 53 ft. ; designed for a deadweight 
of 8,475 tons on a mean draught of 25 ft. at a spoed of 
11 knots. Built by Messrs. Sir W. G. Armstrong, Whit- 
worth and Company, Limited, Walker-on-Tyne, to the 
order of the Overseas Oil and Transport Company, 
Limited. ‘ 


“Wista.”—Cargo steamer; _ single-screw, triple. 
expansion engines. Trial trip, August 14. Main 
dimensions, 337 ft. by 48 ft. by 24 ft. 3 in. Built by 


Messrs. Craig, Taylor and Company, Limited, Stockton. 
on-Tees, for the Polish Ministry of Industry and Trade, 
Warsaw. 

“Lapy Hawkxrns.’’—Passenger and cargo steamer, 
twin-screw, single-reduction geared turbines of the Par. 
sons latest impulse reaction type. Launch, August 16, 
Main dimensions, 437 ft. 3 in. by 59 ft. by 31 ft.; the 
maximum draught being 24 ft. and the speed 15 knots, 
Built by Messrs. Cammell Laird and Company, Limited, 
Birkenhead, to the order of the Canadian National 
(West Indies) Steamships, Limited, Montreal, and 
intended for service between Canadian ocean ports, 
Trinidad and Demerara. 

“ Batna.”—Cargo_ steamer; _ single-screw, _ triple- 
expansion engines. Launch, August 16. Main dimen- 
sions, 384 ft. by 52 ft. 3 in. by 28 ft. 3 in. ; designed to 
carry about 7,340 tons on a light draught. Built by 
Messrs John Readhead and Sons, Limited, South Shields, 
to the order of Messrs. Frank C. Strick and Company, 
Limited, of London. 

‘* SInNNINGTON CourtT.”’—Cargo steamer ; single-screw, 
triple-expansion engines. Launch, August 16. Main 
dimensions, 420 ft. by 56 ft. 2 in. by 28 ft. 44 in. ; designed 
to carry 9,600 tons total deadweight on a draught of 
24 ft. 11 in. at a service speed of 10 knots. Built by 
Messrs. Sir W. G. Armstrong, Whitworth and Company, 
Limited, Walker-on-Tyne, for the United British Steam- 
ship Company, Limited. 

‘ Bewar.’’—Cargo steamer; single-screw, quadruple- 
expansion engines. Launch, August 16. Main dimen- 
sions, 452 ft. 6 in. by 57 ft. 4 in. by 40 ft. 9 in. ; designed 
for a gross tonnage of about 6,100 tons. Built by Messrs. 
Harland and Wolff, Limited, at Greenock, to the order 
of the Hain Steamship Company, Limited, of Cardiff. 

“Pato Reau.”—Motor tug; single-screw, Bolinder 
engine. Launch, August 17. Main dimensions, 54 ft. 
by 13 ft. 6 in. by 6 ft. Built by Messrs. John I. Thorny- 
croft and Company, Limited, Woolston, to the order of 
Messrs. The Forestal Land, Timber and Railway Com- 
pany, Limited, for service on the River Plate. 

““S.A.C. 6°.”—Cargo steamer; single-screw, triple 
expansion engines. Trial trip, recently. Main dimen- 
sions, 297 ft. by 43 ft. ; designed to carry about 4,100 tons 
on a moderate draught. Built by Messrs. Swan, Hunter 
and Wigham Richardson, Limited, at their Southwick 
yard, for the Sociedad Anonima Cros, Barcelona. 

‘“* GRACEFIELD.”—Cargo steamer ; single-screw, triple- 
expansion engines. Trial trip, recently. Main dimen- 
sions, 400 ft. by 53 ft. 6 in. ; designed for a deadweight of 
about 8,000 tons on a draught of 24 ft. Built by Messrs. 
Swan, Hunter and Wigham Richardson, Limited, New- 
castle-on-Tyne, to the order of Messrs. E. J. Sutton and 
Company, of Newcastle-on-Tyne. 








THE Prestwoop PumpPING STATION OF THE SouTH 
STAFFORDSHIRE WATERWORKS CoMPANY: ERRATUM.— 
We regret that in the portion of the article on the above 
subject which appeared in our last week’s issue, Figs. 
9 and 10, on page 211, were stated to illustrate the 
force pump, both in the sub-titles to the figures and in 
the reference to them near the top of the left-hand column 
on page 212. Actually, Fig. 9 shows some of the 
assembled stages of the bore-hole pump and Fig. 10 
a single stage of this pump, as will doubtless be clear 
if these illustrations are compared with Fig. 8 on page 202 
and Fig. 13 on page 212. 

PERSONAL.—The address of the Bristol office of 
Messrs. The British Reinforced Concrete Engineering 
Jompany, Limited, is now Refuge Assurance Buildings, 
Baldwin Street, Bristol—Mr. H. Chatley, M.Inst.C.E., 
has been appointed engineer-in-chief to the Whangpoo 
Conservancy Board (Shanghai) in the place of Captain 
H. V. Heidenstam, M.Inst.C.E., who has resigned.— 
In order to co-ordinate their Australian interests, Messrs. 
Agricultural and General Engineers, Limited, Aldwyeh 
House, Aldwych, W.C.2, have appointed Mr. A. Simpson, 
formerly His Majesty’s Trade Commissioner in Sydney, 
to act as their resident chief representative in Australia. 





CanapraN Exectrical Copg.—It is stated in 8 
recent issue of the C.E.S.A. Bulletin, the official organ 
of the Canadian Engineering Standards Association, 
that a meeting of the New Brunswick Provincial Com- 
mittee was held in St. John on June 15 last. The 
Committee, which had recently been instituted, reported 
that the Canadian Electrical Code had been adopted 
in Sts John and that it was hoped to secure its adoption 
in Fredericton, Moncton, Bathurst and Newcastle. 
When this had been accomplished an endeavour would 
be made to secure provincial adoption. A meeting 
of a similar nature, of the Quebec Provincial Committee, 
was held a few days later in Montreal. It was seporeet 
that a new by-law, which incidentally became lega 
on July 1 last, had been passed in Quebec — 
electrical inspection. The Canadian Electrical Code 
is thus making considerable progress having now been 
officially adopted in the Provinces of Ontario, Quebec- 





British Columbia and Nova Scotia 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MippLEsBRrouGH, Wednesday. 


The Cleveland Iron Trade.—Annual race holidays are 
interfering with business. Local works that are consum- 
ing Cleveland pig-iron are closed this week, and deliveries 
to other quarters are insufficient to absorb the restricted 
output. Stocks are thus increasing somewhat, but 
makers have only small quantities stored at their works, 
and these are expected to be drawn upon in the very 
near future. Next month, buying for autumn needs 
should commence, and demand for fall-of-the-year 
requirements looks like being heavier than was at one 
time promised. Recent small Continental inquiries 
encourage the hope of some expansion of export trade, 
which has been very light for a considerable time past. 
Makers of Cleveland pig adhere firmly to their fixed 
prices. No. 1 quality is 68s. 6d.; No. 3 g.m.b., 66s. ; 
No. 4 foundry, 65s.; and No. 4 forge, 64s. 6d. 


Hematite-——The outlook in the East Coast hematite 
branch is just a little brighter. Home and export 
demand promises to be somewhat better, and values 
tend firmer, but makers are still unable to book orders, 
except at figures well below cost of output. Quotations 
vary a good deal. Parcels have been sold at 68s. 6d. to 
7ls., according to quality of iron. 


Foreign Ore.—Users of imported ore continue to hold 
off the market, though merchants, in view of threatened 
shortage, urge buying. Best rubio is fully 22s. 6d. 
cif. Tees. 


Blast-Furnace Coke.—Durham blast-furnace coke is 
in only moderate request for local use. Good average 
qualities are round about 17s. 6d. delivered here. 


Manufactured Iron and Steel.—Finished iron and steel- 
works are shut down for the holidays, and business is 
very quiet. Common iron bars are 10/. 5s.; best bars, 
101. 10s.; double best bars, 107. 15s.; treble best bars, 
1ll.; iron rivets, 111. 5s.; packing (parallel), 77. 10s. ; 
packing (tapered), 10/.; steel billets (soft), 62. 15s. ; 
steel billets (medium); 7/. 2s. 6d.; steel billets (hard), 
7l. 12s. 6d. ; steel rivets, 111. ; steel ship plates, 87. 7s. 6d. ; 
steel angles, 71. 17s. 6d. ; steel joists, 7/. 17s. 6d. ; heavy 
sections of steel rails, 8/. 10s.; black sheets (No. 24 
gauge), 10/.; and galvanised corrugated sheets (No, 24 
gauge), 137. 15s. 








NOTES FROM THE SOUTH-WEST. 
CarpDIFF, Wednesday. 


The Coal Trade.—Considerable interest has been taken 
in the result of the tenders for the Egyptian State 
Railways’ requirements of 140,000 metric tons of coal 
for delivery at Alexandria during September, October and 
November. The fact that prices were asked for Welsh, 
English, German and American coal, whereas previously, 
since the war, tenders were only invited for Welsh coal, 
gave an added interest to the business. That the lowest 
tender was 22s. 4d. for Northumberland coal, 26s. 9d. for 
Welsh coal and 27s. 6d. for German coal also caused 
considerable speculation as to whether South Wales 
would be able to retain the business. It has been decided 
to accept the offer of Messrs. T. Beynon and Company, 
Limited, to supply 140,000 metric tons of Welsh coal, 
excluding Russell’s Black Vein and Powell’s Tillery 
coal, at 27s. ld. per metric ton which, after allowing 
10s. 6d. for the freight to Alexandria, leaves an f.o.b. price 
of roughly 16s. 7d. per metric ton for the coal. The 
fact that the Egyptian authorities have chosen Welsh 
coal at 4s. 9d. per ton more than that at which they could 
have secured Northumberland coal is regarded as a 
welcome sign and a corroboration of the claim that 
Monmouthshire coals give superior results and store 
better in hot climates than is the case with other coals. 
The present price is 5d. per ton above that accepted by 
Messrs. Watts and Company Limited in March last for 
supplying 225,000 metric tons of Welsh coal. Conditions 
in the coal trade have not undergone any important 
change. Shipment operations are on rather more active 
lines but new business continues limited and insufficient 
to absorb outputs which have been lessened as a result of 
intermittent colliery working. Supplies of practically 
all classes of large are readily available on the basis of 
the minima schedule, but smalls are, in places, somewhat 
difficult. Where bought with large. prices are on the 
basis of the minima, but when required without large. 
sellers usually ask a premium of 3d. to 6d. per ton. Sized 
coals are in plentiful supply at schedule figures, but 
duffs are somewhat scarce and relatively firm in price. 
Shipments of coal in the past week totalled 448,260 tons 
compared with 282,050 tons in the preceding week and 
464,880 tons a year ago. The improvement was due to 
the fact that ‘clearances in the previous week were 
reduced by the holidays. Exports at Cardiff were raised 
from 164,300 tons to 275,790 tons, at Newport from 
46,560 tons to 86,620 tons, at Swansea from 44,950 tons 
to 47.010 tons, and at Port Talbot from 18,290 tons to 
33,270 tons, but at Llanelly reduced from 7,950 tons to 
eal tons. Shipments to Argentina were raised from 
«2,900 tons to 39,800 tons, to Brazil from 19,250 tons to 
64,900 tons, to France from 84,980 tons to 94,170 tons, 
to Italy from 38,880 tons to 93,100 tons, and to Portugal 
from 4,700 tons to 21,500 tons. 


Tron and Steel.—Exports of iron and steel goods in the 
ay week totalled 30,674 tons, which was nearly double 
my quantity shipped in the preceding week. Shipments 
Pe gs and terneplates were raised from 6,872 tons 
seme’ 83 tons, blackplates and sheets from 581 tons to 

*Yo9 tons, galvanised sheets from 2,488 tons to 5,891 tons, 


— other iron and steel goods from 5,921 tons to 7,842 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Signs of improvement are seen at 
individual works, though the general position of the 
heavy iron and steel trades is stated by representative 
employers to be far from satisfactory. Quite a large 
proportion of plants are working short time. Others 
that are temporarily busy are mainly engaged on small 
tonnage contracts, which involve a great deal of internal 
organisation and allow only a small margin of profit. 
More inquiries are circulating for basic steel as a result 
of the higher prices ruling on the Continent, but there 
is no improvement in the condition of the acid-steel 
trade. Headway is being made in home business in 
special steels and bright bars, but there is no diminution 
in Continental competition in wire rods. Prices of 
steel-making alloys have fallen exceptionally low owing 
to the continued quietude of the demand from special- 
steel makers. Current quotations are as follow :— 
Siemens acid billets, 101. per ton; hard basic billets, 
7l. 2s. 6d. and 7l. 12s. 6d.; soft basic billets, 61. 5s. ; 
Derbyshire foundry and Lincolnshire foundry iron, 
each 60s.; Derbyshire forge iron, 58s.; Lincolnshire 
basic iron, 59s. ; iron hoops, 121. 10s. ; steel hoops, 91. ; 
Crown iron bars, 101. 10s. ; soft wire rods, 71. 5s. One 
of the brightest spots in the engineering section is the 
quantity of work which is reaching steel makers and 
allied concerns as a result of electrical and electrification 
developments. Sheffield expects to benefit substantially 
as a result of the placing of the three contracts totalling 
750,0007. with the Metropolitan-Vickers Electrical 
Company for the electric railway equipment of the 
Metropolitan, Southern, and New South Wales Govern- 
ment Railways. Shipments of high-speed and alloy 
steels are maintained at a substantial level despite 
the development of this branch of manufacture in 
some of the principal consuming markets. Indian 
trade in railway steel has fallen off, but a lot of valuable 
work is coming from the Argentine, and there are more 
contracts arriving from South Africa for wagon steel 
and parts. A shrinkage in business in engineers’ tools 
is to some extent counterbalanced by an improvement 
in export business in edge tools, files and saws. 


South Yorkshire Coal Trade.—Restriction of production 
under the Coal Marketing Scheme has resulted in the 
absorption of the greater proportion of stocks. Only 
a comparatively small tonnage of South Yorkshire 
hards and washed small is available for open market 
transactions. Export business is steadily improving 
in face of considerable difficulty. Inland requirements 
on industrial account are about on an average level 
for this time of the year. Steady conditions prevail 
in furnace and foundry coke, though there is not much 
movement in gas coke. The commencement of winter 
stocking operations has resulted in a hardening in 
prices of best house coal. Increased rates are stated 
to be imminent. Quotations :—Best branch hand- 
picked, 26s. to 27s. 6d.; Derbyshire best bright house, 
19s. 6s. to 20s. 6d.; best house coal, 18s. 6d. to 20s. ; 
screened house coal, 16s. to 17s. ; screened house nuts, 
14s. to 15s. 6d. ; Yorkshire hards, 14s. to 16s. ; Derby- 
shire hards, 14s. to 16s. ; rough slacks, 8s. 6d. to 9s. 6d. ; 
nutty slacks, 5s. to 6s.; smalls, 3s. to 4s. 6d. 








PanaMA CANAL TRAFFIC.—We learn from a recent 
issue of The Panama Canal Record that the total number 
of commercial vessels passing through the Panama Canal 
during the year ending June 30, 1928, was 6,456; the 
tolls collected amounted to nearly 27,000,000 dols. 
These two totals, respectively, constitute new high 
records. It is interesting to note that, while there was a 
decline in mineral-oil traffic during the year, large tonnages 
of Canadian grain were shipped to Europe via the Canal. 


Contracts.—Amongst recent orders of interest secured 
by Messrs. Mirrlees Bickerton and Day, Limited, Mirrlees 
House, 7, Grosvenor-gardens, Westminster, S.W.1, is 
a 180-b.h.p. Mirrlees Diesel engine for the Barnstaple 
Corporation Electricity Works, two 220-b.h.p. Mirrlees 
Diesel engines for Messrs. Marconi’s Wireless Telegraph 
Company, Limited, and one 300-b.h.p. Mirrlees Diesel 
engine for the Frinton-on-Sea and District Electric 
Light and Power Company.—Two important orders for 
electric railway equipment have been received by 
Messrs. Metropolitan-Vickers Electrical Company, 
Limited, from the Southern Railway Company and the 
Sydney Suburban Railways of the New South Wales 
Government. The former is for seventy-two motor- 
coach and fifty-eight trailer-coach equipments, each 
motor-coach being equipped with two 275-h.p. motors ; 
while the latter contract is for 100 motor-coach and 
100 trailer-coach equipments, the motors in this case 
being rated at 360 h.p. each.—The International Com- 
bustion Engineering Corporation of New York, the 
affiliated company, in America, of Messrs. International 
Combustion, Limited, Africa House, Kingsway, London, 
W.C.2, has received an order from the New York Edison 
Company for four complete steam-generating units, each 
of which is guaranteed to produce 550,000 Ib. of steam 
per hour on normal load, with an overload capacity of 
800,000 lb. of steam per hour. The boilers will be of the 
double Ludd type, and will be designed for a maximum 
pressure of 500 Ib. and an operating pressure of 425 Ib.— 
Messrs. Thomas Perry and Son, Limited, Highfields 
Works, Bilston, have secured a contract, from the 
Commonwealth of Australia, for two heavy shearing 


| ' NOTES FROM THE NORTH. 


Giascow, Wednesday. 
| Scottish Steel Trade.—There has been a slight improve- 
;ment in the Scottish steel trade during the past week, 
|}and makers are rather better off for work. Several 
| satisfactory lines have been arranged, and the immediate 
| outlook is much brighter than it was. One or two of the 
works have most of their plant running full at the 
moment, and if inquiries in the market materialise, there 
| should be steady employment for some weeks to come. 
The black-sheet trade also continues busy, more especially 
for the lighter gauges, but the demand for heavy sheets 
is still poor. For galvanised sorts there is quite a fair 
|} amount of business passing. The following are the 
| current market prices :—Boiler plates, 10/. 10s. per ton ; 
| ship plates, 87. 7s. 6d. per ton; sections, 7/. 17s. 6d. per 
| ton; black sheets, } in., 82. 15s. per ton; galvanised 
| corrugated sheets, 24 b.g., 13/. 10s. per ton ; all delivered 
| Glasgow stations. 


| Malleable-Iron Trade.—No improvement of any kind 
| can be reported in connection with the malleable-iron 
| trade of the West of Scotland, and new work is extremely 
searce. The depressed state of the industry is very 
unsatisfactory, and there are few signs of any betterment 
in the near future. In the re-rolling branches, conditions 
are a shade brighter, and prices are somewhat firmer. The 
current quotations are as follow :—‘‘ Crown” bars, 
101. 5s. per ton, and re-rolled steel bars, from 71. 7s. 6d. 
to 71. 10s. per ton, both delivered Glasgow stations. For 
export lots, the prices are 9/. 15s. per ton and 7. 5s. 
per ton, respectively. 

Scottish Pig-Iron Trade.—There has been no change in 
the Scottish pig-iron trade during the past week and the 
dull tone still prevails. Producers are not securing a 
ready sale for the current output, which continues small. 
The demand from overseas has not expanded yet, and 
the weekly shipments do not amount to a satisfactory 
tonnage. Prices are steady at the following :—Hema- 
tite, 74s. per ton, delivered at the steel works ; foundry 
iron, No. 1, 75s. to 76s. per ton, and No. 3, 70s. to 71s. 
per ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending Saturday last, August 18, amounted to 735 tons. 
Of the total, 725 tons went overseas, and only 10 tons 
went coastwise. For the corresponding week of last 
year, the figures were 230 tons to foreign destinations, and 
25 tons coastwise, making a total shipment of 255 tons. 


Clyde Shipbuilding—Important Contract.—An order of 
great interest to all shipowners has just been placed with 
the Blythswood Shipbuilding Company, Limited, 
Scotstoun, Glasgow, by the Berwindmoor Steamship 
Company, Limited, Liverpool, for a cargo-carrying 
steamer of 8,000 tons deadweight. She will be specially 
designed for the carrying of coal and iron ore, and 
will be about 400 ft. in length, 52 ft. in breadth, 
and 32 ft. in depth. This new vessel will be fitted 
with triple-expansion reciprocating engines, obtaining 
steam from two Scotch boilers, each 17 ft. in diameter, 
working at a pressure of 200 lb. per square inch, and fitted 
with superheaters. The designed speed will be 104 knots 
to 11 knots loaded. The chief new feature of this vessel 
will lie in the method adopted for raising steam, which 
will be by using pulverised coal as fuel. She will be the 
first vessel of the kind either to be built or owned in this 
country, although one Canadian and one American vessel 
have already been fitted with plant of a similar kind. 








CONFERENCE ON Bituminous Coau.,—As previously 
announced in our columns, the second International 
Conference on Bituminous Coal is to be held at the 
Carnegie Institute of Technology, Pittsburgh, Pa., U.S.A., 
from November 19 to 24, 1928. A tentative programme 
has been arranged, and from this we learn that Lord 
Melchett will be among the speakers who are to deal 
with the economics of the coal industry. The English 
representatives who are discussing the question of low- 
temperature distillation are Mr. G. E. K. Blythe, Dr. 
Cc. H. Lander, Mr. H. Nielsen, and Dr. E. W. Smith. 
High-temperature distillation will be dealt with by 
Mr. E. C. Evans, and coal washing by Dr. R. Lessing. 
Other subjects for discussion will include fixed nitrogen, 
coal tars and oils, and pulverised coal. It is anticipated 
that the final programme will be available in October 
next. 

TENDERS.—We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, §.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
details and information relating to these may be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case :—It is reported from Bogota that the Colombian 
Ministry of Public Works is inviting tenders, to be 
received by September 15, for the supply of a turn- 
table for the Western Trunk Railway. (Ref. No. A.X. 
6710.)—The Direction de L’Outillage du Port of the 
City of Antwerp is inviting the following tenders :— 
I. For the supply, erection and putting into service 
of a pneumatic installation to serve the dry docks of 
the Bassin Kattendyke and the workshops of the port. 
Tenders to reach Antwerp by October 15. (Ref. No. 
A.X. 6708.) II. For the supply and erection of 32 
electrically operated portal travelling cranes. Tenders 





machines for non-ferrous metals, arranged for direct 


boilers now under construction, has been placed with 
Messrs. Howden-Ljungstrém Preheaters (Land), Limited, 





by the Leicester Corporation. 


to reach Antwerp by September 27. (Ref. No. 6712.)— 


motor drive.—A repeat order for preheaters for four| The Tanzim Department, Ministry of Public Works, 
further boilers at Freeman’s Meadow Power Station, | Cairo, is inviting tenders for the supply of sweeping cars, 
in addition to those necessary for the pulverised-fuel | sprinkling and flushing cars, refuse collectors, tractors, 


| trailer chassis, and asphalt trailers required during the 
| year 1928-9. Local representation is essential. Tenders 
| close September 15. (Ref. No. A.X. 6725.). 
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THE APULIAN AQUEDUCT, SOUTHERN ITALY. 
(For Description, see Page 220.) . 
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THE EARTHING OF ELECTRICAL 
EQUIPMENT. 


In apparatus consuming or transmitting steam, 
water, oil or gas, the escape of the agent employed 
from its proper channels is generally indicated, either 
visually or by odour, before matters have gone far 
enough to damage the equipment or its surroundings, 
or to cause risk to life or limb. The exceptions can 
be dealt with by using simple devices, the operation 
of which at once mitigates any danger that might 
otherwise be likely to arise. On the other hand, when 
electricity is the power agent, no such easy means of 
detecting its escape are possible, as, however ignor- 
ant of the nature of this form of energy we may be, 
at least we know that it is both invisible and odour- 
less. Actual breakdown may occur, or extreme 
danger to life be imminent, without the slightest in- 
dication that unusual conditions are present. The 
use of electrical equipment is thus attended by a 
potential hidden danger which, though in practice 
slight, must obviously be counteracted in some way 
or another. Since most electrical failures arise from 
the breakdown of the insulation protecting the 
current-carrying parts, onesimple method would seem 
to be to increase the strength of that insulation and 
thus ensure that it will not give way in any circum- 
stances. Quite apart from economic objections, this 
would, however, be a panacea rather than a remedy, 
for the incidence of the failure would be delayed 
rather than removed altogether. Moreover, a policy 
which uses as sole protection a material, whose 
employment stiJl really necessitates some further 
form of protection, is not to be recommended. 

Another method is, however, available and is now 
almost universally applied, when protection is con- 
sidered necessary. Omission to use it in particular 
cases, however, must not be taken to mean that its 
employment is not advisable, since, unfortunately, 
all electrical installations are not erected with the 
same degree of care. This method is based on the 
principle that when a breakdown in the insulation 
occurs, the current passing through the fault will 
be sufficient to operate some safety device and thus 
to disconnect the apparatus from the supply before 





conditions dangerous to material or life arise. The 
simple procedure adopted is, of course, to connect 
all non-current-carrying conducting parts of the 
equipment to some other metal, which is in inti- 
mate contact with the earth, such as the frame 
of a building, water pipe, plate or other arrange- 
ment specially provided for the purpose—in other 
words, to “ earth ” them. The result is that when the 
insulation fails, the leakage current is provided 
with a low-resistance path and rapidly assumes a 
value, which is sufficient to operate protective 
devices, such as fuses or circuit-breakers. The 
current-carrying parts of the apparatus are, there- 
fore, protected from damage due to overheating, 
while none of the non-current-carrying parts can 
acquire a potential above that of earth, as the 
result of contact having been established between 
them and the electrical circuit. The risk of shock 
is, therefore, largely eliminated. 

The value of this form of protection is now fully 
recognised. The British Home Office “‘ Regulations 
for the Use of Electricity in Factories ” lay down that 
“adequate precautions shall be taken either by 
earthing or other suitable means to prevent any 
metal other than the conductor from becoming 


0 | electrically charged,” and a similar rule is to be 


found in the electrical codes of most other countries. 
For instance, the very complete Electrical Code 
issued last year by the Canadian Engineering 
Standards Association gives in detail a list of appa- 
ratus which must be earthed if the working pressure 
exceeds 150 volts, or, in any event, if it is opera- 
ting under certain defined hazardous conditions. 
The Institution of Electrical Engineers’ “ Regulations 
for the Electrical Equipment of Buildings ”’ also state 
that ‘If the conditions are such that a person 
touching any metal liable to become alive, should 
the insulation become defective, is likely to be 
simultaneously making contact with earth, such 
metal shall be earthed.” It will be noticed, how- 
ever, that there is an important difference between 
the two sets of British regulations. The first is uni- 
versal in its application, while the second excludes 
cases, where the person likely to be touching the live 
metal is not simultaneously in contact with earth. 
There is another important difference. Compliance 
with the Home Office Regulations is virtually 
compulsory for factory owners, but the Institution 
rules are only permissive, and are often more 
honoured by being ignored than by being applied. 
Nevertheless, whether the latter rules are made 
compulsory, as some desire, or not, there is evidently 
a general consensus of opinion that earthing is so 
efficient a protection against the dangers we have 
mentioned that it ought to be widely, if not 
universally, employed. 

Such opinion is not, however, unanimous. In 
fact the contrary view has been strengthened 
recently by certain incidents, which go to show 
that earthing in itself is not an absolute protection. 
It is also argued by some that while earthing in 
factories is necessary, since the conditions are severe 
and the apparatus installed is often subjected to 
rough handling, to insist on its employment in the 
home would mean extra expenditure, such as cannot 
be justified by any advantages that would be 
gained. On the other hand, Mr. Llewelyn Atkinson 
has pointed out that cost is not a factor which 
need be regarded, since the extra amount required 
for the earthing circuits is only of the order of 21. 
on a total bill of 601. The financial argument 
can therefore hardly be sustained. As men- 
tioned, however, certain recent accidents have 
shown that earthing itself may introduce a risk, 
and that mishaps may occur under given condi- 
tions, which would not have taken place had the 
apparatus been unearthed. The reason is that in 
a house the carpets or other floor covering introduce 
a complication, which is not present in factories, 
and though, therefore, earthing will usually pro- 
vide complete protection in the kitchen, the same 
is not necessarily true of the drawing room. 

The situation is rendered more difficult, both in 
the factory and in the home, by the increasing use 
of portable apparatus. To earth the metal work 
of such a device as a hand lamp or an iron 
necessitates the employment of an earth wire or 
earth sheath as part of the flexible cable connecting 
the apparatus to the supply; and as it is just in 
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this “ flex” that a fault is most likely to develop, 
the protection afforded by the earth may be more 
or less illusory. Mr. G. Scott Ram, H.M. Electrical 
Inspector of Factories, is in fact in favour of the 
use of portable lamps, in which either all the non- 
current carrying parts are of solid insulation or in 
which the users are protected from contact with live 
metal by such insulation. But whether such princi- 
ples are adaptable or not for hand lamps they cannot 
be applied to all apparatus. It would, for instance, 
be impossible completely to insulate the switches 
and plugs used in connection with portable apparatus 
in the home, or such equipment as kettles. If 
therefore complete insulation is impossible, there is 
a good deal to be said for complete earthing. 

There is, in fact, no doubt that if a plebiscite of 
the electrical industry were taken on this subject, a 
majority in favour of earthing would result. This 
being so, it is curious that the plugs, which are a neces- 
sary concomitant of the use of portable apparatus, 
are hardly ever provided with a third, or earthing, 
pin, and that the reason for this omission is stated 
to be that there is no demand for them. Equally, 
too, much of the smaller apparatus is not fitted 
with an earthing terminal, so that some makeshift 
is necessary to earth them, if they are earthed at 
all. It is therefore of interest to see that the recent 
B.E.S.A. specification dealing with this apparatus 
standardises the use of three-pin plugs, and will 
also, we hope, eliminate the variety in other 
respects that has been much too usual in this class 
of apparatus. For it is useless to preach earthing 
and then to provide equipment, which can only be 
earthed with difficulty. Such a course is obviously 
likely to lead to the opposite result from that 
which was intended, and we view it with the 
greater distrust, since we feel that on the balance, 
earthing means greater safety and is attended with 
fewer risks than non-earthing. This statement 
implies, of course, that the apparatus itself is well 
designed, and that the material composing it is 
of good quality, two points about which sufficient 
care is still not taken, especially in some of the 
smaller articles. 

‘farthing having been decided upon, it is obvious 
that this must be arranged in such a way as to be 
adequate. The earth wire must be sufficiently large 
to carry any fault current that may be produced, and 
care must be taken to protect it against mechanical 
damage and corrosion, for if unprotected apparatus 
is bad, protected apparatus, the protection of which 
is out of order, is worse. Both the English and 
Canadian codes, which we have quoted, contain 
rules on this subject, the Institution of Electrical 
Engineers laying down maximum and minimum 
sizes for the earth wire, and the Canadian Engi- 
neering Standards Association specifying a range of 
sizes which depend on the capacity of the nearest 
cut-out. The rules of the latter body are, in fact, 
well worth study in detail. But it must be admitted 
that in both there is a good deal of empiricism. 
To obtain more definite ideas on this subject, the 
first thing necessary is to calculate the maximum 
current likely to pass through the earth system, and 
for this purpose the probable relationships of the 
various circuits forming that system must first be 
considered. The maximum current, with which the 
earth system will have to cope, is evidently governed 
by the current required to operate the protective 
apparatus, but this may be so high as not altogether 
to eliminate the risk of shock, between the time it 
begins to flow and the time the protective apparatus 
acts. Fora person touching an earthed body, through 
which a fault current is flowing, and being himself 
in contact with earth, forms an alternative circuit 
for that fault current, the resistance of which must 
be taken into the calculation. The greater the resist- 
ance of this alternative circuit, in relation to that of 
the earthing circuit proper, the less will the risk of 
shock be. If the maximum current through this 
alternative circuit is to be something of the order 
of 20 milliamperes, a figure which precludes 
dangerous shock, the maximum current through the 
earthing circuit proper must be the fault current 
less that amount. The resistance of the earth must 
therefore be less than the ratio of the product of 
the current through the alternative circuit and the 
resistance of that circuit to the current flowing 
through the earth circuit. The resistance of the 
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human body varies enormously, and the figure for 
this resistance must be sufficiently low to allow for 
the worst conditions. 

The position has been stated in the simplest 
manner, and there are of course cases in practice, 
which are much more complicated. The question 
has, however, been mainly raised to show that the 
need for earthing undoubtedly exists, and that work 
is also necessary so that it may be possible to state 
in electrical language in what a satisfactory earth 
actually consists. Fortunately investigations with 
this end in view are in progress, and a specification 
of the conditions precedent to the satisfactory 
earthing of an installation will, we hope, soon be 
available. 





STRUCTURAL FACTORS OF SAFETY. 


In an interesting paper presented recently to the 
Brooklyn Engineers’ Club by Mr. Frank W. Skinner, 
of New York, it was pointed out that sufficient 
discrimination is not always used in selecting 
materials of construction according to the purposes 
to which they are best suited. From the practice 
of his own country, Mr. Skinner quotes chapter and 
verse to show how the use of concrete or reinforced 
concrete instead of steel seems often to be dictated, 
not by the respective technical and economical 
merits of the materials in question, but by a process 
of what he calls competitive engineering, in which 
the designer seeks to bring in the material in which 
he happens to be interested rather than to use that 
which can be applied most cheaply and safely. In 
building construction, the factor of safety has usually 
to be responsible for more than is left to it in most 
kinds of engineering, and there must always be a 
greater risk than is usual in other work. In the 
absence of rational bases, the choice of materials 
will be made more arbitrarily than when factors 
of safety can be defined with greater confidence and 
precision. The factor of safety is one among a 
number of data on which the designer has to work, 
and increasing knowledge of the other factors will 
enable it to be used with increasing discretion and 
certainty. A useful idea, however, can be formed 
of the reliability which attaches to any class of 
design by considering how much is left to it instead 
of being provided by more direct knowledge. 

In the practice of most engineers it is not un- 
common to find that more is required of a structure 
after it has been erected than the load for which 
it was designed. In these circumstances, a client 
is apt to ask the engineer’s sanction for the extra 
weight to be applied, and if the client happens 
to know the order of magnitude of the factor of 
safety involved, he may be disposed to regard the 
engineer as pedantic if he refuses his consent to a 
small part of the factor being devoted to the extra 
load. It is not likely that, in such circumstances, 
the engineer would hesitate to refuse his sanction, 
or that, having adopted a factor of safety, he would 
do his client and himself the injustice of modifying 
it merely because it turned out to be inconveniently 
high. His duty alike to his client and to himself 
is to decline responsibility for his work being put 
to any use which is in excess of good practice. 
Sometimes, however, he may be struck by the 
arbitrary character of the factor from which the 
trouble arises, and may wonder what is its precise 
relation to the necessities of the case. The tendency 
to such reflections is not likely to grow less in exist- 
ing conditions. As knowledge increases and verified 
results can be substituted to a larger extent for 
the assumptions which must be made in their 
absence, engineers will be better able to estimate 
the quantities which their factors of safety have to 
cover, and to view their necessity more critically. 
The ever-growing need for economy in the use of 
materials will, moreover, make the duty of seeing 
that factors of safety are not excessive only second 
to that of keeping them adequate. 

One way which is likely to assist towards this end 
is the more general use of scale members or specimens 
tested to destruction. The primitive form of this 
method was, indeed, that of full-scale experiment, 
to the costly and disastrous results of which Professor 
W. N. Thomas drew the attention of the Institution 
of Municipal and County Engineers last year. The 
towers and vaults, for instance, which the Normans 
were fond of erecting, often collapsed not many 











years after they had been erected, and when they 
were more permanent, they owed their stability to 
a costly excess of weight. A number of examples 
during the early part of last century showed much 
bridge building to have been similarly a process of 
full-scale trial and error. Thus, among other such 
unfortunate experiments, it was only on the third 
attempt that the river at Pontypridd was bridged, 
and in 1830 and 1838 suspension bridges were 
erected at Montrose only to fail. Even at the 
present day, walls recently erected can be seen split 
and cracking through the use of materials new and 
untried in practice, while buildings covered with 
efflorescence, and brick and stone spalling and dis- 
integrating, show that materials are being used on a 
full-size scale without adequate knowledge of their 
properties. Such practice, indeed, is analogous 
to the legendary test for distinguishing a toadstool 
from a mushroom, which consisted in eating the 
fungus in the belief that if you died it was a toad- 
stool. The more rational process is by no means 
new. As far back as the construction of the 
Britannia tubular bridge over the Menai Straits, 
Robert Stephenson, with the help of Fairbairns, 
had models of the girders to a one-sixth scale con- 
structed and tested to destruction fourteen times, 
strengthening the weak sections after each experi- 
ment. A typical recent example of similar work 
was described by Dr. Oscar Faber in his paper 
before the Institution of Civil Engineers, of which 
an abstract was given in these columns on 
November 18 last, on page 661. In this, he deals 
with the most recent of the experiments on full-size 
members which he has been making for some years 
past with the object of checking the prescriptions 
of practice, as far as possible, by what is known 
in regard to the properties of reinforced concrete. 
Both historically and practically, it has been found 
that no method of making good defects in syste- 
matic knowledge of the properties of materials is 
more valuable than that of full-scale experiments. 
It must be recognised, however, that no finality 
can be expected on such experiments alone. As 
Dr. Faber pointed out, experiments must be made, as 
far as possible, with only a single factor varied at a 
time and must be supplemented by the more inti- 
mate knowledge of the materials through which the 
many operative factors can be brought to account. 
It must be admitted that, at present, much, or most, 
of the life history of building materials is imperfectly 
understood. The physical and chemical changes, 
for instance, which go on in cement and concrete, 
though of fundamental importance in their behaviour 
in structures, have not yet been defined with any 
precision, and, to a less extent, the properties of 
steel under and after stress have still to be worked 
out completely. The problems which thus remain 
for solution are complicated further by the frequent 
discovery of desirable properties in materials which 
as yet have not been introduced into general 
practice. Before, for example, the physical and 
chemical processes which determine changes in 
Portland cement have been defined, other substances 
of different compositions have been discovered 
which seem likely to offer superior qualities. In 
the face, moreover, of the persistent attempts 
which are being made in America and Germany to 
obtain improved qualities in structural steel at no 
great increase of cost, it does not seem probable 
that even that material will remain indefinitely 
of its present composition. For safe and effective 
progress it is, in fact, indispensably necessary to 
acquire a more intimate and precise knowledge of 
the properties of the materials used in building 
construction. A factor of safety must always be 
necessary in order to cover unavoidable imper- 
fections of manufacture and workmanship, such, for 
instance, as blowholes in castings. In_ building 
construction, however, it has, at present, to extend 
beyond this, which is its proper function, and has 
also to cover the equally unknown consequences of 
ignorance. It is only by increased intimacy and 
precision of knowledge that factors of safety can 
be relieved gradually of this unsatisfactory duty. 
There is, indeed, no reason to think that the 
factors of safety in regard to concrete and reinforced 
concrete used in present practice are insufficient 
to prevent catastrophe, and cautious experiments 
on a scientific basis, such as those described by 
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Dr. Faber, can do valuable work in making the 
use of these factors as rational as is possible on 
present information. They cannot, however, take 
the place of the fuller knowledge by which not only 
may it be found possible safely to use materials 
with greater economy, but also to prevent gradual 
and premature decay. There seems, fortunately, to 
be reason to hope that not only with regard to steel, 
but to the more complex and still less understood 
problems of concrete and reinforced concrete, there 
is a prospect of fuller knowledge being obtained. 
In recent years, a large part of the troublesome 
behaviour of concrete has been attributed to the fact 
that cement is a colloid body, expanding and con- 
tracting according as it takes up moisture or loses it, 
and the suggestion has been supported by further 
experiment, not only in this country, but also in the 
United States. It appears, moreover, that, in addition 
to this strictly reversible change of moisture, cement 
can take up more moisture than that which enters 
into colloid combination with it, and the shrinkage 
which results when this moisture is removed is not 
reversible. These may not be agreeable results, 
but they appear to lie near the bedrock of funda- 
mental knowledge of the subject. It seems likely, 
too, that, within no distant period, quantitative 
knowledge may be obtained in regard to many 
properties of consequence to rational design, such, 
for instance, as the stresses at all points of 
contact between concrete and its reinforcing bars, 
the extent and materials by which pozzuolanic 
action can be made to off-set the effects of excess 
lime, the permeability of concrete, and other 
similar points, on which information must be ampli- 
fied before it is adequate. Such work is going 
on in other countries as well as in our own, 
and without undue optimism it may be expected 
that ultimately definite allowance will be possible 
for many changes which at present have to be pro- 
vided for in an overall factor of safety. In Mr. 
Skinner’s view, which appears to be supported by 
other authoritative American opinion, the various 
points of uncertainty in regard to concrete have 
allowed a good deal of bad work to be put in, apart 
from constructions for which steel would have been 
a more suitable material. In a sense it is satis- 
factory to learn that our American friends have such 
trouble, not because we take pleasure in their mis- 
fortunes, but because we may hope to share in the 
results of their efforts to get free from them, in the 
same way as they may benefit by the results of 
British work. In the meantime, engineers and their 
clients can only be thankful that they have factors 
of safety at their command, by the help of which 
they can at least carry on, and they will welcome 
the time when some part of these factors can be 
replaced by the assured knowledge which now is 
being systematically sought. 








THE WEAR OF METALS AND ITS 
DETERMINATION. 

Tue two main deteriorating influences to which 
engineering materials are exposed are wear and 
corrosion. Kach has received the concentrated 
attention of large numbers of engineers and metal- 
lurgists ; indeed, the question of wear may be said 
to be intimately bound up with the development of 
the science of metallurgy. The comparatively 
soft wrought iron of the dawn of the modern mech- 
anical era came to be replaced, to a great extent, 
by the harder material, mild steel, and, for a large 
number of purposes, this, in turn, gave place, as 
service conditions became increasingly severe, to 
the more enduring special alloy steels, the number 
and variety of which are being augmented year by 
year. Of course, increased hardness does not always 
Imply increased resistance to wear, although, in 
the majority of cases and under a wide range of 
conditions, the harder metal is usually the more 
resistant. For example, the life of the wrought- 
iron rail of the ’sixties could be measured in months ; 
on the other hand, that of the steel rail, which 
replaced it, normally runs into years. In recent 
times, the tendency has been to raise the carbon 
percentage of steel rails, thus increasing the hardness 
and, generally speaking, the life of the rail. Further- 
more, chromium and other alloy-steel rails have 
been the subject of experiments on several British 
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railways. In this connection, it is interesting to 
note the steadily increasing Brinell hardness of the 
rails employed during the past 10 or 15 years. The 
average pre-war British rail contained about 
0-40 to 0-45 per cent. of carbon and had a Brinell 
hardness number of just over 200; the high- 
carbon rails rolled during the past two or three 
years have a carbon content in the neighbourhood 
of 0-60 per cent., and a Brinell hardness value of 
between 230 and 240; finally, the 0-50 per cent. 
carbon and | per cent. chromium steel rails, which 
represent the most recent advance in permanent- 
way technique, have a Brinell hardness value of 
approximately 275. 

Wear, like corrosion, is somewhat difficult to de- 
fine in precise terms. A classification of the various 
agencies involved in the case of metals was suggested 
by the late Dr. J. A. Brinell, and has the advantage 
of convenience. This was published in Jernkontorets 
Annaler of 1921. Dr. Brinell’s first type of wear is 
that resulting from friction by rolling, involving two 
lubricated surfaces, such as occurs in a ball bearing. 
Secondly, he puts in another class rolling friction 
without lubrication, a typical example being that of 
a wheel upon a rail. The third category is that 
represented by a shaft rotating in a plain bearing, 
this being an instance of sliding friction with lubri- 
cation. There is also wear by sliding friction 
without lubrication, which may be brought about in 
one of two ways; namely, friction between two solids, 
an example of which is the action of a brake on a 
wheel, and friction between a solid and an abrasive 
material of some kind, an instance of which is 
furnished by the ploughshare. While admitting 
the correctness of this classification, it must be 
borne in mind that, in practice, wear is not infre- 
quently brought about by a combination of agencies, 
which fall into two or more of the above-mentioned 
categories. Moreover, such factors as hardening 
by cold work must be taken into account. These 
additional complications no doubt explain why 
wear-testing machines, in general, have not received 
greater attention on the part of engineers. That 
a number of ingenious wear-testing appliances have 
been placed on the market is well known, but 
that they do not appear to have been adopted 
to any great extent cannot be denied. 

The Izod, Charpy, and Frémont impact-testing 
machines, the Erichsen cupping-test apparatus for 
metal sheet, and other appliances employed for 
ascertaining the physical qualities of materials, are 
known and utilised by engineers all over the world, 
and the quantitative results obtained by their use 
are quoted by technologists of all nationalities. The 
same cannot be said of any wear-testing appliance, 
as a consideration of modern technical literature 
willshow. Moreover, we find in recent contributions 
to the proceedings of technical societies, such state- 
ments as the following: ‘‘ It is much to be regretted 
that there is still no laboratory or workshop test 
that provides a reliable result concerning resistance 
to wear.” These words are contained in a paper 
entitled ‘‘ Chromium-Steel Rails,” submitted at the 
recent annual meeting of the Iron and Steel Insti- 
tute by Dr. T. Swinden and Mr. P. H. Johnson. 
Again, Mr. W. H. Parker, in a paper on ‘“ The 
Wearing Qualities of Motor-Car Tyre Chains,” read in 
June last, before the American Society for Testing 
Materials, stated that the difficulties of measuring 
the wearing qualities of metals in the laboratory had 
been discussed by several authorities, and most of 
them agreed that, at the present time, there was no 
general wear test that could be related to all kinds 
of wear. Furthermore, Mr. J. H. Hall, in discussing 
the behaviour of 12 per cent. manganese steel when 
subjected to wear tests in two well-known types of 
machines, stated, at the same meeting, that the 
manganese steel wore no better than carbon steel, 
because the test was one chiefly of abrasion. He 
also said that no machine had yet been developed 
which simulated the particular kind of wear that 
manganese steel successfully withstood in service. 

The fact emerges, therefore, that, just as it is 
difficult to reproduce in the laboratory the actual 
conditions which bring about corrosion, so is it 
difficult to reproduce artificially the conditions 
which occasion wear. The degree of resistance 
which a metal offers to tension and compression, to 
shock, to penetration, and even to fatigue, may be 











ascertained with fair accuracy by means of short- 
time tests; resistance to wear, on the other hand, 
owing partly to the complex nature of the physical 
characteristics involved and partly to the wide 
range of service conditions which have a bearing on 
the question, must still be determined, in many 
cases, by more or less tedious long-time full-scale 
tests. This, indeed, was the procedure adopted 
by Dr. Swinden and Mr. Johnson, and also by 
Mr. J. H. Hall in their researches. The first two 
workers laid a number of chromium-steel rails in 
various sections of permanent way and studied their 
behaviour over a period of years. The method finally 
adopted by Mr. Hall was to crush known amounts of 
hard stone in a small rock crusher, the jaws of which 
were made of the steels to be tested, and to deter- 
mine the loss in weight of the jaws at regular 
intervals. 

There appears, nevertheless, to be a certain 
limited sphere of usefulness for accelerated wear 
tests of the laboratory type. The extent to 
which wear proceeds cannot be expressed in terms 
of one value alone; neither, therefore, does it seem 
probable that one single appliance will yield reliable 
results if used for the determination of several types 
of wear. If, however, the apparatus or method be 
restricted to the elucidation of one aspect of the 
question, and that concentrated upon, the results 
obtained will no doubt be of service. This course, 
we are afraid, leads to the carrying out of a number 
of necessarily somewhat lengthy tests, using various 
appliances, in order to establish the wear-resisting 
characteristics of a material with anything approach- 
ing finality; consequently, some engineers may 
persist in the opinion that, after all, long-time tests 
in situ are the most generally satisfactory. 








THE NATIONAL PHYSICAL 
LABORATORY. 
(Concluded from page 207.) 
Puysics DepaRTMENT—(continued). 

Hygrometers.—The use of wet and dry bulb 
hygrometers at temperatures near and _ below 
the freezing point of water requires precautions, 
since water may pass from one state of aggregation 
into the other, and heat may be liberated or absorbed. 
Dr. Griffiths has therefore constructed a dew-point 
apparatus of the form of differential air thermo- 
meter. It consists of a V-tube ending in two thin- 
walled spheres of copper; one sphere is encircled 
by a ring into which a controlled stream of carbon 
dioxide is passed after expansion from the needle 
valve of a cylinder, until the dew settles on that 
sphere. Among the various new devices designed 
for the Food Research Board, is a dew deposition 
recorder, which indicates the number of times that 
dew has been deposited on stored apples. Two bare 
coils are slipped over an apple (or a dummy apple 
of glass having the same heat capacity); the dew 
settling on the surface short-circuits the coils. 

Flame Temperatures.—In connection with the 
determination of the heat of combustion of carbon 
monoxide, and the temperature of a flame of CO 
burning in oxygen, further work has been done on 
temperature measurements by the reversal of spec- 
trum lines. When sodium is introduced into a flame, 
and the light of the tungsten sphere of a Pointolite 
lamp is focussed through that flame on the slit of a 
spectroscope, the sodium lines are seen brighter 
on the background of the continuous spectrum, 
as long as the flame temperature is higher than 
that of the tungsten sphere. When the flame 
temperature is lower, reversal of the lines takes 
place, and by careful adjustment of the tungsten 
temperature (which is subsequently determined 
by an optical pyrometer) the lines can just be made 
to disappear. Dr. E. Griffiths and Mr. J. H. 
Awbery find that the thickness of the flame and 
the character of the line affect the determination 
but little. It is more difficult to decide whether 
the temperature determined is a purely thermal 
black-body temperature. To investigate this, a 
carbon tube is heated directly by the current and 
the temperature of the black body is taken; salt 
(NaCl) is then heated in the tube and the tem- 
perature of the salt vapours above the salt is 
determined by the spectrum-reversal method. 
There are difficulties, because the vapours are cooler 
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at the ends of the tube, but the agreement is 
satisfactory, and it has also been found that the 
apparent temperature of two superimposed flames 
can be deduced from the individual temperatures 
of the two flames; the apparent temperature is 
not the mean temperature of the component flames 
and changes with their positions. 

Dr. Kaye showed the simple form of atomic 
hydrogen blowpipe which he had recently brought 
over from the Research Laboratory of the American 
General Electric Company. Hydrogen from a 
cylinder enters a tube, which bifurcates ; into each 
tube end fits loosely a tungsten pencil, and the 
pencils form the converging electrodes of an arc. 
The hydrogen streams along the pencils, without 
being confined, is atomised by the heat of the arc 
and gives a flame with which two steel plates 
can easily be welded. 

Radiology.—In the new section for industrial 
X-ray crystal analysis, Dr. G. Shearer is studying 
the effects, magnetic and other, of heat treatment on 
steels, especially steels with 0-7 per cent. of carbon 
and 6 per cent. of tungsten. Water-quenched 
from 850 deg. C., the steels show a group of new 
lines different from the «-iron Jines. These lines 
become sharply defined by continued heating of 
the steel to 950 deg., which, however, reduces the 
coercive force of the steel; they disappear after 
heating to 1,250 deg. and cooling, when the mag- 
netically-spoiled steel can again be restored by 
water-quenching at 850 deg. The new lines seem to 
be connected with a double carbide of iron and 
tungsten ; they are not due to cementite, Fe,C 
and the carbide WC does appear to be present. 
Some of these observations are difficult to reconcile 
with the results of other methods of research, and 
the work is extended to other steels with special 
regard to magnetic spoiling and recovery. The 
duration of the heat treatment certainly affects the 
X-ray spectra. 

For the operation of X-ray tubes at a potential 
of 100 kv., constant within 1 per cent. by currents 
of 30 milliamperes, Mr. C. E. Bell has fitted up a 
generator set, comprising a step-up transformer, 
fed from the 50-cycle, 110-volt supply, and four 
two-electrode rectifier valves. The output of these 
valves is measured by means of a condenser and a 
choke system. Another novel apparatus demon- 
strated was a cathode ray-tube, of the kind with 
which Lenard discovered cathode-ray effects 
outside a vacuum tube in 1895, before the 
discovery of the Réntgen rays. The rays from a 
tungsten filament inside a bowl pass down a wide 
anode tube (there is no target) and leave the tube 
by a window, 0-0005 in. thickness, of a nickel- 
chrome-iron alloy, which is backed, for mechanical 
strength, by a grid of molybdenum wire. The tube 
with which Dr. Kaye had been presented by the 
American General Electric Company had _ been 
operated at 1,000,000 volts, and had produced a 
purple glow in the air in front of the window that 
could be traced for 12 ft.; at Teddington the glow 
and fluorescence phenomena were visible at a 
distance of a foot with a tube potential of 200,000 
volts. 

Vacuum Pumps.—The results of Dr. Kaye’s 
enquiry into the efficiency of various types of 
vacuum pumps has thrown considerable light on 
the choice of pumps and pump combinations to be 
used for complete pumping installations. Working 
speeds have been determined of various kinds of 
pumps, water, oil and mercury pumps, of piston 
and rotary types. Curves showing the perform- 
ance of a mercury-vapour annular jet pump, 
which Dr. Kaye and Mr. T. Barkhurst developed 
in the Laboratory, are reproduced in Fig. 24. The 
pump, constructed of steel, was worked with two 
different diffusion apertures of 1-3 mm. and 0-7 mm., 
and at a back pressureoflmm. The curves indicate 
the speeds maintained by the pump at various 
steady pressures, these pressures being measured 
directly above the pump in a vessel into which air 
was admitted at known rates. Each rate of inflow 
was conveniently determined at atmospheric 
pressure ; a Boyle’s law correction then gave the 
speed of the pump at the pressure obtaining in the 
vessel. 

Sound.—Absolute measurements of sound in- 
tensity are made by Dr. A. H, Davis and Mr. N. 





Fleming in a wooden cabinet, a sound box, 6 ft. 
cube, the walls of which are lagged with cotton- 
waste mattresses, secured by wire netting, and pro- 
vided with a door and with adapter openings and 
windows for the introduction of apparatus. The 
sound tubes are fitted with Quincke filters, 7.e., 
glass tubes of T form, tuned by moving a piston 
in the vertical part of the T. Loud speakers and 
curved conduits have been tested with these aids. 
A mattress thickness of 3 in. proved more efficient 
for absorption tests in the box than those of 4 in., 
6 in., or 12 in. thickness; at any rate for sound 
ranges of 500 to 800 cycles per second, probably 
because with too great a thickness interference, 
due to reflection from the front and back walls, 
comes in. The box is installed in an upper-storey 
room of one of the old houses, but tremors and 
electrical disturbances from the outside interfere 
somewhat with the work. The 1,000-fold amplifier, 
used in telephonic measurements, has been replaced 
by a 10,000-fold amplifier which is very difficult 
to shield. 

As regards the transmission of an oblique beam of 
sound through an aperture in a wall, and through a 
partition covering that aperture, it has been found 
that the intensity of the sound is lessened by a felt 
partition, but that the relative diminution in 
intensity, measured at different distances from the 
beam direction, is much the same in the two cases ; 
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in other words, a felt partition does not dissipate 
the sound much more in particular directions than 
an open aperture. Toa certain extent, this applies 
also to board-like partitions having low fre- 
quencies of their own. But the distribution of 
reflected sounds in a room is always irregular, and 
mean intensity values are obtained by suspend- 
ing a microphone from the ceiling and making 
it swing like a pendulum. Small-scale measure- 
ments of the acoustical absorbing power are made 
by cementing a 6-in. disc of the material to a steel 
plate closing the end of a rigid sound tube, in which 
stationary sound waves are set up. For frequencies 
up to 1,200 cycles per second, the radial vibrations 
set up in a 6-in. tube may be neglected ; for higher 
pitches smaller pipes must: be used. 

The examination of the great hall of the University 
of Birmingham showed that, while the acoustics 
could be improved by canopies and other means, 
a real cure of the reverberations would involve 
structural alterations. The Albert Hall, South Ken- 
sington, is now being studied. A model, on a scale 
of ¥ in. to the foot, has been built up of radial 
sections, and the sound reflection is investigated 
with the aid of systems of mirrors and lamps. The 
problems are complex ; but it would appear that the 
velarium, the large screen of cloth suspended years 
ago from the domed ceiling, should really concen- 
trate the sound in the central portions of the hall. 

Optics.—Important work has been done by 
Mr. T. Smith and members of the staff in investigat- 
ing, with the aid of the Hilger universal lens inter- 
ferometer, described last year, to what extent simple 
lenses and lens combinations come up to theory, 
and how the interference patterns can be utilised 
for the quantitative determination of aberrations. 
Such work was hardly possible with other apparatus. 
Definition falls off in photographic lenses as the 
angle with the axis increases ; in the interferometer, 
this is shown by the working of the interference 








fringes which finally become too faint for counting. 
The study of asymmetrical lens systems indicates 
that, whilst it is possible to correct astigmatism 
to a certain extent by the aid of thin lenses, there 
remains a difficulty about the rotation of the eye 
in its socket which prevents some observers from 
setting parallel straight lines to exact continuity 
and from bringing range-finders to coincidence. 








THE STANDING WAVE. 
By J. H. Jonzs, A.M.Inst.C.E. 
(Concluded from page 194.) 

The Destruction of Energy by a Standing Wave.— 
When floods have to be passed from an impound- 
ing reservoir, since, by the nature of the case, the 
surface level is usually high above the old river bed 
into which the flood water is to be discharged, 
the water, on reaching this bed, has a very high 
velocity, its energy being mainly kinetic, and is 
consequently capable of great destruction if allowed 
to dissipate this energy by swirling about the dam 
apron in horizontal eddies. 

The word “ horizontal” is used advisedly, since 
an almost incredible confusion of thought exists 
concerning the relative merits of discharging water 
from a great height by (1) allowing it to fall nearly 
vertically on to the bed, and (2) allowing the water 
to be diverted into a horizontal direction with the 
full velocity natural to its height of fall. 

The latter case occurs both when the water is 
discharged horizontally through a deeply submerged 
culvert, and when it comes over a spillway and then 
glides down the curved rear face of the dam until, 
at the foot, its direction is horizontal. 

With masonry, however carefully laid, there will 
always be interstices between the blocks through 
which some water will percolate, and this water, 
having been brought to rest, will exert some upward 
pressure upon the under-side of the blocks. In 
the case of the free-falling discharge, however, the 
upper surface of the blocks will be subject to 
impact pressures, resulting from the falling jet, 
most probably greater than the upward forces, while 
with a stream flowing over the blocks horizontally 
at a high velocity, the downward pressure will be 
very small; hence, this latter case is likely to 
cause a much greater uplift on the blocks. This 
is amply borne out by experience. 

One hears frequently, however, that the free 
falling discharge is more destructive, the state- 
ments being based upon heavy erosion which has 
occurred at certain falls, but if these cases be 
examined without prejudice, it will be found that 
the erosion has actually occurred at points far 
removed from the point of impact of the falling jet ; 
in fact, at those points where the jet energy has 
been converted to a high velocity horizontal flow. 

Again, those cases, in which a horizontal dis- 
charge has been designedly adopted are mainly 
modern ones, where the best methods and materials 
for obtaining almost inerodible, and certainly imper- 
meable, surfaces have been employed. Thus, to the 
hasty observer, the fallacy has become a well- 
authenticated truth. 

In spite of his certain conviction that the hori- 
zontal discharge is the one of greatest potential 
damage, the writer nevertheless favours this method, 
especially when horizontal culverts are available, 
for the following reasons :— 

Such culverts have evidently a very high dis- 
charge capacity in comparison with spillways. They 
also tend to remove silt deposits from the reservoir, 
and nowadays it is easy to line them with a smooth 
and impermeable surface, while, as will be seen, 
the tremendous energy can be handled and dissi- 
pated by a standing wave. 

Consider such a dam as in Fig. 11, page 239, 
where the discharge is passed either over that now 
discredited device, an ogee fall, or alternatively 
through the culvert shown dotted. 

Somewhere downstream a standing wave forms, 
the depths and velocities being h,V, and h,V,, before 
and after the standing wave, respectively. 
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The kinetic energy of flow is then oe before, 
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Hence the kinetic energy loss 


Og 2: 
AE=57.(Vy 


V,?) 
But, since g = h, V, = hy Ve ad 
AE= =e (= “) 

9 hg hy 

-3f (= = - 53) ft. lb. per second. (13) 


Equating the pressure -+- momentum conditions 
before and after the standing wave we have, 
qV, _A? .@ Vs 
i g ad g 
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2 
whence 
2q 
Af ae = 7 (Vi — V2). 





=5 (Vi — Va) V2 Vi? 
The percentage loss of kinetic energy is clearly 
hy :) 


ve) ie 
(15) 


To allow the|formation of the standing wave, 
however, to depend solely upon the natural 
characteristics of a smooth level channel would 
demand an apron of excessive length, but fortu- 
nately it is possible to expedite this formation. 

If the pressure + momentum quanta be written 


(14) 


= 100 (1 - = 100 (1-75 


At t * ¢ 
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then 
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dh ——og 


Oe ee ae 
- 0 when h = /- q j.¢., the critical depth, 
g 


and a 
dy 
am” +ie 
an essentially positive quantity. Hence T is a 
minimum at the critical depth and increases as we 
retreat up stream. 

Consequently, if by any means we can increase 
the downstream depth from the normal h, to, 
say, hs, the position of the standing wave can be 
brought as near as we please to the foot of the 
dam. A method of doing this is shown in Fig. 12, a 
low weir being built across the channel. 

Where the discharge takes place through a culvert, 
indicated by dotted lines, this low weir may be made 
in the form of a series of piers closely spaced, and 
will then pass the debris swept through the culvert 
by the high velocity stream, while at the same 
time fulfilling the desired function of raising the 
downstream surface. The difference in principle 
between such piers and similar piers built closer 
to the dam, and serving merely as baffles, must be 
clearly borne in mind. 

The writer believes that the foregoing brief 
exposition explains the great success of the 
“bucket ” or “‘tumbling-basin ” type of dam apron, 
although the design of such dams is usually 
regarded as a matter entirely of instinct and 
experience, those sad pitfalls, rather than of calcu- 
lation, since, in general, the weir has been put so 
close to the dam that a roller formation has 
obscured the standing-wave phenomenon. 

It is apparent that not all the kinetic energy lost 
has been dissipated in internal friction, since the 
energy necessary to raise the level from h, to h, 
(or hs) has been drawn from this source. " Hence 
a short investigation on the net loss of head will be 
informative. 


The total heads before and after the standing 
wave are 


Vi Vz 
hy too and h, + - a 


2g? respectively. 


Hence the net loss of head is 
I a 2 
bie tees (hg — hy) 
(Vi + Ve) (Vi — Va) 
————— oO 2° — (hg — hy). 


But from our momentum conditions 
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giving the net loss in terms of depths only. 


Again, from the continuity equation 
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Let the ratio between the pressure head and the 
velocity head before the wave be K, 
Vv? 1 
+6, K = 39 hy’ 
then 
K by? = 22 0 Oy 
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from which the necessary downstream depth may 
be calculated at once. 
Substituting the value of h, thus found in Equa- 
tion (16), we have the loss of head in terms of hi and 
K, both known quantities. 
Since the original head was 
2 
hy + yh = h, (1 + K) 
and the loss of head is Ah, then the percentage 
loss is 
100 Ah 25 {,/(16 K + 1) — 3}8 
hy (1+ K) ~ 1 +K){/aeK +) —} i 
in terms of K only. 
Sufficient has now been said to indicate that the 
standing wave, when utilised under conditions where 
full useis made of the high quality materials and work- 
manship nowadays available, forms a simple,definite, 
reliable, and readily calculable device for the control 
of the vast quantities of potential destruction un- 
leashed in the waste waters of flood discharges. 





(19) 


effects of this vibration are so various that, in con- 
sidering the question as a whole, we are led 
into problems in rigid dynamics and elasticity. 
Fortunately, these subjects, so far as they concern 
the case, are comparatively completely understood 
by most engineers, and we will confine ourselves, 
therefore, to a consideration of the effects of the 
standing wave, when, knowing the forces acting 
upon the gates, the further calculations are simple. 

Consider a case as shown in Fig. 13, where the 
sill represented is unfortunately one of the com- 
monest examples of bad design. 

Even if the diverging orifice shown were idealised, 
i.e., if all corners were removed, the inlet nicely 
rounded, and the exit trumpet shaped, we should 
still have a variation in local pressure from a mini- 
mum at the throat to a maximum at the exit, and 
a consequent tendency to instability. 

It is evident, from what has been said on the 
subject of discharge, that, when the relations 
between H,, d, and H,, are such as to give unstable 


values to ore there are three possible modes of 


flow, as shown at (a) (b) and (c), Fig. 14, and that 
the actual flow will fluctuate rapidly, taking each 
form in turn. 

In each case, the stream breaks away from the 
gate at the point marked z. 

In (a) it returns almost immediately, and remains 
in contact throughout the remainder of its travel 
through the orifice, but the existence of a partial 
vacuum at 2x causes violent fluctuations in the 
discharge and in the local pressure. 

The same remarks apply, in slightly less degree, 
to case (b), the fluctuations being smaller but more 
frequent. 

Only when case (c) is attained have we anything 
approaching steady flow. 

In an actual case of a gate of 30-ft. span between 
piers, and 1 ft. 3 in. thick from front to back, the 
average pressure in the orifice fell, temporarily, as 
low as 2 ft. head below atmospheric with a discharge 
of type (a). 

This, of course, meant a total extra load on the 
30 x 1-25 x 62-5 x 2 2-1 

2240 
tons, and the total weight of the gate was only 
eight tons. Hence the vibration was. very severe, 
as a wire rope is a particularly bad medium to 
subject to rapidly-fluctuating tensions. 

The effects, moreover, are cumulative. Theextra 
vacuum loading on the gate has an appreciable 
effect on the depth of opening, decreasing the dis- 
charge, causing a reduction in velocity, and a 
reflux of the embryo standing wave, thus still 
further reducing the discharge. This practically 
relieves the gate of the extra loading, so that it 
rises, overshooting the mark, and increasing d 
beyond its true value, with a consequent rush 
of water and reapplication of the suction load. 

Thus, in addition to the up and down vibration 
permitted by the elasticity of the ropes, a series of 
hydraulic impulsive pressures is applied over the 
whole wetted skin of the gate, of about the same 
periodicity. The elastic deflection of the gate under 
these pressures thus becomes a vibration, and when, 
as is often found at particular openings, resonance is 
reached, the resulting thunderous noise, with violent 
waves set up in the channel, are positively awe- 
inspiring. 

In its essentials, the whole phenomenon is explic- 
able by the fact that the theoretical standing wave 
position is in, or only slightly downstream of, the 
exit plane, and the vibration ceases instantly if, 
either by increasing d or decreasing H,., the standing 
wave can be stabilised clear of the gate, so that 
the atmosphere has access to the lip of the gate, 
as shown in case (c). 

This type of vibration may be called a secondary 
or induced effect of the standing wave, since the 
pressure fluctuations due to the divergence of 
the orifice alone are not of sufficient magnitude 
to maintain a vibration against the damping effects 
ot the considerable frictions present. There is, 
however, a primary effect :— 

When a gate is of very large span, plain joists 
are no longer sufficient for the stiffening girders, 
which are then made as braced members, as shown 
in Fig. 15. If such a gate is discharging under 
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standing wave, since the standing wave, by its 
nature, consists of a mass of turbulent energy- 
destroying water, there may arise circumstances 
in which the flange of the lowest stiffening girder 
may be found in the heart of this turbulence. 

The writer knows of an actual gate where, as a 
result of this action, the top ends of the end beams 
forming the vertical connection between the girders 
are lifted off their rollers, with a period of about 
20 sec., while the calculated periodicity of the gate 
itself is about 3 per second. 

For several years, the belief has been very 
common that the vibrations of gates are due to 
flexibility of the lip of the skin plate, but the 
writer unhesitatingly asserts that, in the course of 
a multitude of experiments carried out continuously 
during the past seven years, he has been unable to 
find any evidence favouring this view. 

He puts forward the above observed facts there- 
fore, firmly convinced that they provide complete 
and sufficient explanation of the primary and 
secondary vibrations, and believes that the peculiar 
properties of the standing wave offer ready and 
reliable means of forecasting the probability of 
vibration, and constitute a guide in the designing of 
sluiceways, &c., in which the vibrations shall not 
occur. In conclusion, the writer wishes to thank 
Mr. E. Bruce Ball, M.I.Mech.E., managing director 
of Messrs. Glenfield and Kennedy, Limited, for 
encouragement and criticism. 
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Flame and Combustion in Gases. By Wi1tam A, 
Bone, D.Se., F.R.S., and Donatp T. A. TOWNEND, 
Ph.D., D.I.C. London: Longmans, Green and Com- 
pany, Limited. [Price 32s. net. ] 

A BooK by Professor Bone on gas combustion 

would be of interest even if it were limited to a 

survey of the researches which he began in 1888, 

under Professor H. B. Dixon, at Owen’s College, 

continued in Leeds, and is carrying on, together 
with Dr. Townend, his co-author, Dr. D. M. Newitt 
and others, in the Chemical Technology Depart- 
ment at South Kensington. The five sections of 
this volume, however, deal with the whole problem 
and open with a historical section. Many more or 
less accepted facts have been interpreted in very 
different ways at different times since the experi- 
mental study of combustion commenced with the 

Oxford School of Chemistry at the time of the 

Restoration, and much still remains hypothetical in 

the theory of combustion. That charcoal and sulphur 

would burn in the presence of either air or nitre, 
but not in the absence of both, and that, therefore, 
both air and nitre must contain something essential 
to the maintenance of flame, was recognised by 

Boyle (1659), Hooke and Mayow, of the Oxford 

School. The discovery of oxygen and its function 

in ordinary combustion then seemed imminent, 

but the phlogiston theory of Becher and Stahl 
appeared to be able to account for these phenomena 
from quite a different standpoint, and: men like 

Scheele, Priestley and Cavendish, while considerably 

advancing our knowledge concerning these matters, 

died in the phlogiston faith a decade or two after 

Lavoisier had cleared up the real nature of oxygen, 

in 1778. The authors connect the historical 

development with the further names of Dalton, 

Davy and Bunsen, and they start the modern 

development with Mallard and Le Chatelier (1880). 

Their own standpoint is characterised in the brief 

epilogue at the end of the volume which, abridged, 

reads: ‘‘ Two hundred years ago, combustion was 
believed to be due to the escape of imponderable 
phlogiston from the burning material. A century 
later, it was universally regarded as the result of 
chemical interactions between oxygen and the 
combustible. Nearly fifty years ago, it was 
discovered that, in certain cases, rigid drying 
rendered such a system comparatively (if not 
absolutely) unreactive, and that, therefore, com- 
bustion was either conditioned, or greatly helped, 
by the presence of moisture. To-day, a new 
vantage point has been reached; in the near 
future we may be able to say that combustion 
is conditioned by an ionisation of the reacting 
gases.”” 

The statement is guarded, and the perusal of 
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the four sections of the volume and the critical 
examination of the wealth of experimental data 
they contain, will explain the reason. Briefly 
stated, these sections deal with the initiation and 
development of flame and detonation, with gaseous 
explosions in closed vessels, with the mechanism 
of gaseous combustion, and with catalytic and 
incandescent-surface combustion. Rigorously de- 
finite conclusions seem to be seldom admissible as 
yet. The ignition point of gaseous mixtures cannot 
be defined without more precise specifications of 
composition, pressure, dimensions of container, 
surface condition of walls, and time factor, than can 
usually be given. It is doubtful whether ignition 
of a quiescent explosive mixture at the open end 
of a tube necessarily sets up the assumed slow, 
uniform initial flame movement, whilst, on the 
other hand, this movement can also be observed 
under other conditions. The law of flame speeds, 
of Payman and Wheeler, asserting that, given two 
or more mixtures of air (or oxygen) with different 
gases, in each of which the speed of flame propaga- 
tion is the same, all combinations of the mixtures 
of the same type will propagate the flame at the 
same speeds under the same experimental condi- 
tions, in the authors’ opinion, cannot be accepted 
as a law. 

In 1902, Messrs. Bone and Wheeler failed to detect 
the slightest spontaneous formation of steam from 
pure electrolytic gas within a week, even at a temper- 
ature of 400 deg. C., whilst mixtures of methane and 
oxygen began to react at 300 deg. In the absence of 
moisture, this slow combustion seemed to start as a 
surface effect, and to be limited to the gas 
layers in contact with the hot walls. The funda- 
mental question, whether reaction between two 
gases is only possible in the presence, at least in 
traces, of a third substance (frequently moisture), 
appears almost to baffle experimental decision. 
With regard to the combustion of carbon monoxide, 
however, the authors come to the conclusion that the 
presence of steam is not essential to the ignition and 
explosion of mixtures of CO and oxygen. But 
there is, apart from this direct combination, an 
indirect combination of these two gases, and when a 
jet of CO is burnt in undried oxygen (or air) at 
ordinary pressure, both the direct and the indirect 
oxidation proceed independently. The radiations 
excited by the direct oxidation then give rise to the 
continuous and banded part of the spectrum, whilst 
the so-called steam lines are due to the radiation 
excited by the CO-OH, interactions. High pressure 
favours direct combustion, the presence of hydrogen 
decidedly promotes indirect oxidation, and the 
carbonic oxide molecule in itself appears to be 
incapable of combining with oxygen before it is 
activated in some way, probably by ionisation. 
Any steam present would favour the ionisation, in 
addition to acting chemically. These statements 
are partly based upon spectroscopic studies, and the 
reader may remain a little doubtful, because the 
most recent researches do not really clear up the 
nature of the Swan spectrum which is observed when 
hydrocarbons are burnt. On the other hand, the 
recent work of Professor Bone and his collaborators 
on combustion of CO-air mixtures at high initial 
pressures (up to 175 atmospheres) has brought out 
the fact that, contrary to all other cases examined, 
the time-lag observed in attaining maximum 
pressure increases with increasing initial pressure, 
and that there is a marked exothermic effect during 
the cooling period (7.e. the pressure does not fall off 
at once), although this is only the case when N, and 
CO are in juxtaposition and in the absence of 
hydrogen. This is explained by assuming that the 
radiation emitted by the CO-O, explosions at high 
pressures is absorbed by the combustible gas and the 
nitrogen which are thus activated. The continued 
experiments with high initial pressures may clear up 
some of the obscure points. It is striking that, as the 
initial pressure is raised, the ratio of maximum pres- 
sure attained to initial pressure also increases, though 
at different rates for different mixtures. Dissociation 
effects, cooling losses and deviations from the gas 
laws do not appear to be involved. Whether there is 
some unknown physical factor must be left to 
further work and a future volume. 

The fifth and last section on catalysis and incan- 
descent-surface combustion is short, taking up 50 
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pages out of a total of 539 pages, and does not 
record much post-war development in this mode of 
combustion. In the useful appendix on classified 
experimental data relating to ignition, flame 
propagation and detonation, a special system of 
literature references has been: adopted. Each 
periodical is given a number, and this number, the 
volume and the page are quoted in the reference, 
In that list ENGINEERING is assigned two numbers, 
12 and 31; the number 12 seems to be in error. 
We have not noticed other misprints, and both the 
authors and the publishers have bestowed the 
greatest care upon a volume which is excellently 
printed and illustrated. 





Le Molle. By Inc. Piero GRADENIGO. Turin. §, 
Lattes and Company. 4 vols. [Price 135 lire.] 
Most of the writers of text books on mechanics 
are content to dismiss the leaf spring with a cursory 
investigation. While this might have been sufficient 
when their use was practically confined to horse- 
drawn vehicles, it is now a different matter owing 
to the recent development in the use of this 
type of spring for high-speed road vehicles, which 
calls for a more adequate treatment. Before this 
development took place, it was fairly simple 
to evolve a satisfactory spring by trial and 
error, but the conditions which a motor-vehicle 
spring is required to meet demand a more exact 
knowledge if the performance is to be satisfactory. 
Even to-day, it is not too much to say that the 
springs are often one of the most unsatisfactory 
elements in the ensemble of the vehicle, and the 
problem of devising a spring which will give smooth 
running under widely varying conditions of loading, 
such as occur in the case of a motor ’bus, still 
baffles the ingenuity of designers. Several papers 
have been read recently before scientific institutions 
on the springing problem, and these serve to bring 
out the complexity of the issues involved. We 
referred to these issues at some length on page 
805 of volume ecxviii of ENGINEERING, and need 

not cover the same ground again. 

In La Molle the author makes an exhaustive 
study of springs of all types, and to those who are 
familiar with the Italian language, the book should 
prove extremely useful as a compendium of the 
available information on the subject. The author 
is a professor in the Royal School of Naval Engineer- 
ing at Genoa, and parts of the book, more particu- 
larly those relating to the theory of spring design, 
embody much original work. Broadly speaking, 
the contents cover a consideration of the properties 
of the materials employed in springs and their 
associated elements, a description of the forms of 
construction and workshop processes which are 
normally adopted to permit of rapid, economic, and 
exact production, and the methods of calculation 
employed to determine the dimensions of the 
various parts. ; 

The comprehensive nature of the treatment is indi- 
cated by the fact that the complete work comprises 
some 730 royal octavo pages. It is divided into 
four volumes, of which the first deals with the pro- 
perties of the materials suitable for the manu- 
facture of springs, and the principal forms of con- 
struction of the various parts of leaf, spiral, helical, 
and disc springs. The metallurgy of spring steels is 
discussed at sufficient length to enable the engineer 
who is not a specialist in this direction to appreciate 
the particular properties of the different steel 
alloys used, and to enable him to specify the most 
suitable alloy in any particular case. In the second 
part of this volume, the applications of various 
types of spring to a wide variety of purposes are 
given, the method adopted by the author being to 
select typical examples from actual practice and 
discuss them in detail. The second volume 18 
mainly devoted to manufacturing methods. Both 
the principal operations and the machines more 
commonly used are described and illustrated, and 
the manufacture of the simpler forms of spring 10 
works which are not specially equipped for the 
purpose is discussed. The volume includes a chapter 
on heat treatment in which particulars are given 
of various types of furnace. The third volume deals 
with testing both the raw material and the finished 
springs. Standard test specifications, as used 1 
different countries are given, and a number of 
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testing machines are described in detail. In the 
last volume, the author gives various methods of 
calculating the characteristics of different types of 
spring, the calculations on which the principal 
formule in common use are based being included. 
It is somewhat surprising that no reference appears 
throughout the book to ring springs. 

The work is fully illustrated throughout, and as 
the majority of the illustrations consist of dimen- 
sioned working drawings, they should prove of 
value even without the aid of the letterpress. An 
index is provided for each volume, and a short 
bibliography is included in vol. i. The index 
covers paragraph headings only, and might with 
advantage be extended to include references to the 
specific arrangements dealt with in the paragraphs. 





An Introductory Course of Continuous-Current Engineer - 
ing. By AtFRED Hay, D.Se., M.I.E.E. Third 
Edition. London: Constable and Company, Limited. 
[Price 14s, net.] 

First published in 1907, Dr. Hay’s book, in its 
earlier editions, must have been familiar to many 
thousands of electrical engineers in their student 
days, and we do not doubt that the present generation 
of students will welcome the new third edition. 
Teachers have always regarded this, and its com- 
panion volume on alternating currents, as among 
the best text-books on electrical technology. 
Though the book is to be regarded as introductory, 
it contains rather more than what is required in a 
second-year electrical engineering course of univer- 
sity grade. Units, electrical measurements and 
instruments, electromagnetism, theory of direct- 
current machines, their principles, construction, 
characteristics and testing, construction and main- 
tenance of secondary cells, lamps, illumination, and 
switchgear comprise the main subjects dealt with. 

An elementary knowledge of magnetism and 
electricity is assumed. After units and standards, 
the magnetic circuit and the properties of iron and 
steel are dealt with. Recent advances in the 
production of permanent-magnet steel are noted. 
The measurement of very high and of very low 
resistances, potentiometer measurements, and com- 
mercial instruments and meters, are clearly explained. 
This is followed by a well-ordered presentation of the 
essentials of dynamo-electric machines. The treat- 
ment of commutation is admirable. 

Practical notes are given on the determination of 
losses, temperature rise and efficiency. Special 
machines for train and car lighting and for welding 
are briefly referred to. Possibly some of the pages 
devoted to the nature of the carben arc and arc-lamp 
mechanisms might have been replaced by a fuller 
treatment of the nature of light and radiation in its 
bearing on the production of an efficient luminant. 
The illustrations are mainly line diagrams, photo- 
graphic padding being carefully avoided. Most 
chapters conclude with a few well selected numerical 
examples, the importance of which cannot be too 
strongly emphasised. 





The Water Supply of Towns and the Construction of 
Waterworks. Vol. Collection and Purification 


Works, VolII: Works for Distribution. By W. K. 
Burton, Assoc.M.Inst.C.E. Fourth edition. Edited 
by J. E. DumBieton, Assoc.M.Inst.C.E. London: 


Crosby Lockwood and Son. [Price, per volume, 25s.] 
Tue editor, in his preface to this edition of this 
well-known work, writes :—‘‘In revising a book 
which has been written by such an authority on 
water supply as Mr. Burton, it is necessary that 
the utmost care should be taken to preserve the 
character of the original work, and at the same time 
to embody the many improvements in detail which 
have resulted from numerous discoveries and inven- 
tions during recent years.” There is no doubt that 
the character and the sound basis of the original 
work has been maintained, but in some places it 
would appear that rather too much reverence has been 
paid to the letter of the text. It must necessarily 
be that, with the development of design and the 
advance in general engineering knowledge and 
manufacture, a great amount of additional matter 
must be incorporated in the text to bring the 
subject up to present practice. A number of 
alterations and additions have certainly been 


the necessary space for the inclusion of new infor- 
mation. Mr. Burton writes, in the preface to the 
first edition, that his idea was to provide a book 
of reference for engineers, and to fulfil the require- 
ments of students. From this point of view, a 
good bibliography at the end of each chapter on 
the subject matter dealt with therein would be 
of great advantage to the reader, and might well 
have been included. 
In the first volume, the qualities of water and the 
necessary works for its collection and purification 
are discussed. The chapter on the different quali- 
ties of water, the taking of samples for analysis, 
&ec., is sound, but, as illustrating our remarks 
above, we would suggest that the editor might 
have referred to recent work in the estimation 
of the active acidity or alkalinity of water (Py, 
values). It is now known that waters may change 
from the alkaline to the acid side of neutrality 
after heavy rains, and change back again in the 
dry season. Ross and Bugghi, in writing of the 
Ganetic rivers of India, state :—‘“* The river waters 
are characterised by alkalinity for six to eight 
months between October and May, and acidity 
for four to six months between May and October. 
Search for the source of the nitric acid resulted 
in the discovery that the proportion of free nitric 
acid in rain was exceptionally high.” 
The problem of the quantity of water to be 
provided under any scheme is adequately presented, 
except perhaps the discussion of the amount of 
compensation water to be allowed for where a 
drainage area is impounded. This question is of 
great importance in relation to reservoir capacity 
in England and other populous countries. The 
section on the measurement of velocities of streams 
and rivers and the necessary equipment for obtaining 
the data required, cannot be said to give the infor- 
mation to obtain the accurate results necessary for 
a modern scheme of supply. The mean velocity 
is not three-quarters of the surface velocity in 
many cases; the type of channel and the velocity 
have to be carefully considered before such a 
general deduction can be granted. Deductions 
from rainfall statistics, run-off ratios, &c., require 
to be stated, and it is not sufficiently accurate to 
estimate storage capacities from one table with 
an invariable co-efficient of run-off. It is rather 
surprising that geology, except for a brief reference 
to an impervious stratum, is not mentioned in con- 
nection with reservoir sites. If the surface and 
solid geology of the district be studied, it is frequently 
not necessary that ‘‘ Trial borings over the whole 
site of the proposed reservoir should be taken.” 
The cost would be prohibitive in many cases. 
The information about the depths of impounding 
reservoirs is quite sound as a basis for further 
study by the student. Simple types of earthwork 
dams are well illustrated, but the editor might 
have given more space to the consideration of 
necessary alterations in design to suit different 
conditions of site. A definite opinion should also 
be given for the benefit of the student as to the best 
section for the puddle trench, and attention drawn 
to the use of concrete for core-walls. In a future 
edition, the editor may see his way to refer to 
Schuyler’s work on the hydraulic-fill dam, and 
the design of weirs in relation to rainfall data is 
a necessary study in relation to the safety of an 
earthwork dam. If the more important contract 
clauses relating to essential details of construction 
of a typical earthwork dam were given in the text, 
the safe methods of construction would be more 
clearly grasped. Standard types of masonry dams 
receive careful consideration, including designs by 
Deacon, Molesworth, Wegman and Rankine, and 
care has been taken to verify the correctness of 
the profiles given in the excellent drawings. 
The theory and practice relating to arch dams, 
single and multiple, should have had a chapter to 
themselves for their proper treatment. Materials 
for, and the construction of, masonry dams are given 
less than one page. The broad principles of dam 
construction, as now understood and practised, are 
sound and sufficient, but sound principles and good 
design have to be backed by an intelligent and 
knowledgeable workmanship in every detail of 
work in a dam to ensure safety in the structure. A 


the filtration of water, rapid filtration, and water 
softening. 

The second volume is confined to works of dis- 
tribution, and much additional matter is given 
respecting settling reservoirs, illustrated by line 
drawings. Water towers are represented by the 
late Dr. G. F. Deacon’s well-known design for the 
Liverpool water supply, and also a water tower at 
Shanghai ; further examples would be of value and 
would show modern tendencies in design. The 
chapter on pumping machinery, considering the 
difficulties of compressing a large subject into a 
small space, deals comprehensively with the various 
types of pumping plant in use. The author rightly 
stresses the necessity for leaving choice of design 
and mechanical details to the manufacturer. 
Possibly undue prominence is given to the steam 
engine as a prime mover. When capital costs are 
allowed for, the internal-combustion engine will, 
at any rate for units up to 500 h.p., be usually 
found cheaper to operate. It is unfortunate that 
the author gives no cost data of any kind. Such 
data would be of very great valuein the preparation 
of estimates. Electrically-operated pumps, con- 
sidering recent legislation, are somewhat cursorily 
treated, and the necessity, when they are installed, 
for arranging, if possible, that they should bring an 
“* off-peak” load is omitted. In his remarks on 
producer-gas plant, the author does not state the 
chief value of such plant, which is to burn special 
fuel that could not otherwise be used economi- 
cally, such as sawdust, &c. The author might have 
referred to a scheme recently introduced which 
may prove of value for isolated towns and villages 
where cheap pumping is essential. In the schemes 
referred to, an electric accumulator battery is used 
for starting up the pumping plant, the whole being 
automatically controlled by variations in water 
pressure, and attendance practically dispensed with. 
Taken over all, the information given on pumping 
should enable the civil engineer to envisage the 
possible solutions of any given pumping problem. 

The chapter on the flow of water in conduits, 
pipes and open channels contains much useful 
information, but little discussion of the different 
formule for flow which may have to be taken into 
account by the water engineer. Pipes for water 
supply are well described, attention is drawn to the 
spun iron pipes as made at the Stanton Iron Works 
by the centrifugal process ; the editor has apparently 
overlooked the fact that a considerable amount of 
information is now available about the value of 
ferro-concrete pipes, made by the centrifugal process, 
for water supply. Some pipe lines have now been 
under pressure for 15 years, and have been favourably 
reported upon by the engineers in charge. Ferro- 
concrete pipes, up to an internal diameter of 10 feet, 
have been made by the centrifugal process in 
Germany, under the Hume patent. One of the 
great advantages of ferro-concrete pipes, at least 
for works abroad, is that they can be made in the 
field if the size of the contract admits of the relatively 
small cost for a field works installation of the centri- 
fugal type. The chapter on prevention of waste of 
water, based mainly on the work of the late Dr. 
Deacon, contains the essential information required 
for a study of the subject. When the consumer all 
over the country is compelled to use standard fit- 
ments and installations are regularly inspected, 
there will be a great diminution in present day waste. 
The appendix on the effect of earthquakes on the 
design of waterworks is of great interest to-day. 








CoNSTRUCTION OF GRAIN ELEVATORS IN CANADA.— 
Considerable building schemes are at present being put 
into operation by the Canadian Wheat Pools to improve 
their grain-handling facilities, the actual rate of increase 
of storage capacity being 150,000 bushels a day. The 
Manitoba Wheat Pool is building over 80 country eleva- 
tors, which will be ready to handle this year’s crop, the 
Saskatchewan Wheat Pool more then 125, and the 
Alberta Wheat Pool about 100, the ultimate object being 
the location of an elevator wherever the needs of the 
locality warrant its construction. The above three Pools 
are now operating 942 country elevators and 10 terminal 
elevators, having total storage capacities of 30,000,000 
bushels and 23,000,000 bushels of grain, respectively. 
The new terminal elevator at Port Arthur, now being 
constructed by the Saskatchewan Wheat Pool, will have 
a storage capacity of 6,900,000 bushels, while the Alberta 
Pool terminal facilities at Vancouver will shortly be 








made by the editor, but a thorough revision of the 
original text would appear to be desirable to give 





considerable amount of information is given on 


increased to 4,050,000 bushels by the completion of a new 
elevator having a capacity of 2,400,000 bushels. 
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LETTERS TO THE EDITOR. 


TECHNICAL DICTIONARIES. 
To THE EpiTor oF ENGINEERING. 


S1r,—The letter of your correspondent, Mr. M. Lewin, 
in the issue of 3rd inst. (page 146 ante) criticising the 
Technical Dictionary published by Messrs. Pitman’s 
was brought to my notice a few days ago. Your issues 
since do not contain any further correspondence on this 
subject, either from the publishers or from persons 
with a knowledge of the Russian language. I desire, 
therefore, as a British Member (honoris cause) of the 
former Imperial All-Russian Polytechnical Society, 
and as one who has dealt with technical correspondence 
in Russia for upwards of forty years, to put forward a 
more conservative view of the questions connected with 
the Russian spelling adopted in the above Dictionary. 

I consider the letter unjustified criticism of Messrs. 
Pitman’s praiseworthy effort to bring together a 
Technical Dictionary of British origin and I think the 
statements on Russian orthography liable to mislead 
persons not familiar with that language. I was in 
Russia at the time that the decree altering the alphabet 
was promulgated. It was decided in a night by the 
Soviet of Commissars, the meeting having the approxi- 
mate composition of two Russians to forty-five aliens. 
The decision was arbitrary and the professors of Russian 
literature were not even consulted. 

The Russian spelling previously used is by no means 
antiquated, but is in the form which was sanctioned 
by the great Russian authors of the Nineteenth Century, 
Poushkin, Gogol, Lermontoff, Dostoefsky and others. 
Can it be supposed for a moment that, when the 
great Russian nation is freed from the present con- 
ditions, it will do otherwise than return to the traditions 
of its literary past by discarding, at the earliest possible 
moment, the orthographical eccentricities reminiscent 
of the years of its humilitation ? 

However, besides the sentimental there are also 
practical objections to the change. Some of the letters 
deleted were characteristic of the words in Russian 
derived from the classical Slavonic language, which is 
the root from which Russian, Ukrainean and Polish 
have sprung. Slavonic was taught in the schools 
because it is the language of the religious service of the 
Russian Orthodox Church, just as Latin is that of the 
Roman Catholics. As soon, therefore, as Russian 
spelling is again in the hands of unfettered specialists, 
it must be brought into conformity with that of the 
Slavonic root. The characteristic letters were never 
used in any word of foreign origin and most of the 
Russian technical terms are foreign to the language, 
being English, French or German appellations, adopted 
as they stood in the original or as corruptions in the 
vernacular; they are, therefore, very little affected 
by the change of spelling. 

The other change made was the discarding of the 
letter placed at the end of a word to denote the hard 
pronunciation of the last syllable. To this extent even 
words of foreign origin would be affected, but my latest 
information from Russia is that there is a movement on 
foot to reinstate this letter. Under such circumstances 
a lexicograpfer may have to revise his spelling once 
a month. 

In the matter of business catalogues and correspon- 
dence, I am well aware that at one time the Soviets were 
very insistent on the new spelling, but that was in the 
days when they were enjoying a sufficiency of money. 
Now that is past, they are getting into difficulties, and 
are more interested in securing foreign credits than in 
quibbling over orthography. 

I may add that I have examined a few pages of 
Messrs. Pitman’s Technical Dictionary and have 
found the Russian translation particularly good ; some 
complicated terms are stated in two variants of 
expression, which certainly makes the definition more 
explicit. 

Tam, Sir, 
Yours faithfully, 
J. RussELt Hopper, 
M.1.Mech.E., M.Soc.C.E. (France). 
23, West Hill Avenue, Epsom. 
August 11, 1928. 


ALLOWANCES FOR DEPRECIATION. 
To THE EprtTor oF ENGINEERING. 


Str,—I note the comment in your issue of July 20 
(page 78 ante) on the paper presented by me to the 
American Society of Mechanical Engineers. This 
editorial says that the case stated by me in connection 
with the variation in value of a ton of pig-iron does 
not represent the position in England as far as it 
concerns items with a quoted market price. So I take 
it that English accountants generally take into stock 
at the current price of the day on which the inventory 
is taken all commodities with a current market quota- 
tion. Most of our American accountants think that 

















the inventory should show either the cost price or the 
market price, whichever is the lower; on inventory 
items they call this ‘‘ conservative.” 

American accountants would say that yours were 
writing up a profit on inventory before it was realised 
in sales, although on the illogical ground of purely 
conservative accounting, they do not hesitate to write 
down a loss on inventory before it is realised on sale. 
I prefer statements that show both original cost and 
market values. If that is good business in respect to 
inventory, why is not the same method good business 
in respect to fixed assets? Just across the English 
Channel, the French franc has now been established to 
represent quite a small amount of gold, compared with its 
previous gold content. Still it is called afranc. Does 
the French manufacturer truly represent his profit 
or his depreciation if he takes the acquisition cost of 
buildings paid for in pre-war francs and then takes 
depreciation from that cost as representing the present 
value of the service which the building is rendering 
to-day in the production of goods? Is it not the 
present day value of wearout of his building that he is 
transferring to his customers in goods ? Just across the 
Channel, you have a very exaggerated illustration of 
the necessity of the principle that I advocate. That 
is to reckon values of all property, both short and long 
lived, in present units of purchasing power rather 
than in units that have lost their significance, due to 
either inflation or deflation of currency. Far from 
masking the true significance of the values, the policy 
of accounting in both the original cost units and in the 
present value units would show the precise extent to 
which price changes actually affect the final result. 

Many penalties were imposed on the world by war 
inflation of currency. Traditional accounting attributes 
to the ordinary course of trading many things that are 
really a result of circumstances outside that course. 
Few managers escape the confusion of thought that has 
entered into their problems. Many a concern has lost 
or overlooked the fundamental information which it is 
the first business of profit and loss accounting to dis- 
close. They have been accepting, as it were, 18 in. 
of cloth as a yard, without comparing it with the amount 
they got as a yard some years ago. 

We who advocate closer study of economic facts 
and the calibration of the unit of value, as suggested 
in my paper, would not substitute this calibrated unit 
without explanation. We point out that, for various 
reasons, this calibrated figure should be given to the 
executive in addition to the costs and statements based 
on the original cost of acquisition. Failure to realise 
the economic necessity of such calibration had much 
to do with the business failures of many concerns in 
Germany and France during the period of depreciation 
of their currency. The worse the depreciation, of 
course, the worse this problem was. 

We have not escaped the same penalty here in 
America. Ina case that recently came under my notice, 
it required 6,800 present-day dollars to replace boilers 
that were bought in 1908 for $2,800. The books showed 
$4,000 more in the boiler account, but the company 
had only the very same kind and number of boilers 
that it had 20 years ago in the boiler-house. The 
company’s books showed this $4,000 to have been 
operating profit. To me it looks decidedly like operat- 
ing expense. From my point of view, the book-keeper 
has been suffering from an accounting illusion, and his 
accounts have not reflected some economic facts that 
are very important for both owners and managers. 

Very truly yours, 
E. F. Du Brot, 
General Manager, 
National Machine Tool Builders’ Association, 
Cincinnati, O., U.S.A. 
August 6, 1928. 








British Propuction oF Pia Iron anp SteeLt.—The 
monthly report of the National Federation of Iron and 
Steel Manufacturers, Caxton House (East), Tothill-street, 
London, S.W.1, contains the disquieting news that the 
number of blast-furnaces in operation, at the end of July, 
was 131, a net decrease of 10 since the beginning of the 
month. Naturally, the production of pig iron has 
decreased appreciably ; it totalled 537,800 tons during 
July, as against 563,700 tons during June, and 645,800 
tons during July, 1927. The output of steel ingots and 
castings during July amounted to 666,900 tons, compared 
with 709,500 tons during June, and 687,100 tons during 
July, 1927. 





FuMIGATION oF SHIPS wiITH HyDROGEN CYANIDE.— 
Based on a memorandum issued by the Ministry of 
Health, copies of which may be obtained from H.M. 
Stationery Office, price 1d. net, a short notice to ship- 
masters, entitled, ‘‘ Fumigation of Ships with Hydrogen 
Cyanide,” has recently been issued by the Mercantile Marine 
Department of the Board of Trade. The notice, which 
bears the number, 94, contains particulars regarding 
the nature of the gas, and detailed information relative 
to the precautions to be taken after fumigation. The 
symptoms of poisoning, and the methods recommended 
for the first-aid treatment of persons overcome by the 
gas are also described. 





FIRES IN LAKE SUPERIOR MINES, 


THE risk of underground fires is ever present in man 
mines, and, in this country, very stringent regulations 
have been framed with the object of minim ising the 
danger. A considerable number of memoranda, 
dealing with this subject, have been submitted to the 
Institution of Mining Engineers, and the matter has 
been discussed in British mining circles for many years 
past. The methods employed in other countries for 
promoting the safety of underground workers are 
thus of interest to our mining engineers, and, for this 
reason, a brief consideration of a monograph entitled 
“* Fires and Fire Prevention in Lake Superior Mines,” 
issued recently by the United States Bureau of Mines, 
deserves notice. As the title suggests, Mr. F. (, 
Gregory, the author, restricts his attention to the fires 
which, he states, occur frequently in the various 
metallic-ore mines in the Lake Superior region, and 
much of what he has to say is of purely local interest ; 
moreover, the circular is almost entirely confined to 
fires caused by the ignition of timber or other mining 
supplies. Nevertheless, the methods of fire prevention 
adopted or advocated are well worthy of the attention 
of mining engineers on this side of the Atlantic. 

Electricity, which was introduced into the mines in 
the Lake Superior district some 10 or 12 years ago, 
for haulage, lighting, and general power purposes, is 
given as the main cause of fires. Out of 55 outbreaks 
occurring between 1917 and 1928, concerning which 
definite information is available, the electrical equip. 
ment was responsible for 22. Failure of the main 
power circuit, brought about by movement of ground, 
was the cause of several fires. Wires improperly in- 
stalled by workmen who were not electricians, the 
breaking of insulators, and the overheating of timber 
by electrical apparatus, all resulted in outbreaks. Some 
fires in this category, however, were caused by careless- 
ness or by the violation of established rules. Smoking 
resulted in the breaking out of six fires, and the acety- 
lene lamps used by the miners caused five others. 
Lighted paper torches, thrown into ore chutes in order 
to estimate the contents, a procedure, which can 
only be classed as extraordinary, caused a number 
of serious fires which were extinguished with difficulty. 
Four outbreaks were attributed to friction ; they all 
occurred in inclined timber-lined shafts, and were 
thought to be due to overheated shaft rollers. Two 
of these resulted in important material losses. 

The measures advocated for fire prevention are such 
as might be expected under the circumstances, namely, 
the replacement, wherever possible, of wood by steel, 
and the increased use of reinforced concrete. The 
investigation of fire-retarding timber preservatives is, 
however, also suggested, as is the installation of sprink- 
ling systems in timbered shafts. Another alternative 
put forward is the general provision of chemical fire 
extinguishers, and stress is laid on the adoption of very 
rigid specifications for electric supplies and installations. 
Further, it is pointed out that supplies of oil under- 
ground should be limited, and that the mine should be 
maintained free from accumulations of inflammable 
material and rubbish, such as old and decaying timber, 
bark and wood chippings. The conclusion is arrived 
at that, for the cost involved, an efficient system of 
fire doors probably affords the best means of protection. 
All main shafts at every level, and all definite sections 
of the mine, should be provided with doors so that 
they can be quickly shut off from the remainder of the 
mine. The training of personnel in mine-rescue work 
and in fire-fighting has given gratifying results, and 
has not only resulted in diminishing the loss of life 
resulting from outbreaks of fire, but has also led to 
speedier extinction of fires, with consequent reduction 
in mine property losses. 








Tue REPAIR OF THE M.S. “ Locumonar.”—Towards the 
end of last year the Lochmonar ran ashore on the Mersey 
Revetment, and was so badly damaged that, in order 7 
salve her, it was necessary to cut off about 150 ft. tt 
the fore end of the vessel. The new bow portion, agi 
in length, was launched by Messrs. Harland and “= 
Limited, at Queen’s Island, Belfast, on August ~. = 
Lochmonar, which was built by Messrs. Harland - 
Wolff, Limited, at Belfast, in 1924, and is propelled by 
Harland-B. and W. Diesel engines, is 485 ft. long and has 
a gross tonnage of 9,400 tons. 





Jorntiess Froorinc.—We have on a number . 
occasions referred to magnesium oxychloride yee oe 
and to their use in the construction of floors and bn 
surfaces. A pamphlet entitled Composition F ete i 
recently received from the Magnesium Flooring ECS 
rials Association, 106, Fenchurch-street, Londo, . a 
deals with this subject. The publication is intended ate 
building trade, and contains many facts and usefu i 
relative to the construction of magnesium compos ~~ 
jointless floors. A number of excellent illustrations al 
included. The Association is entirely a te hlet 
organisation and is non-trading. Copies of the sae | ra 
may be obtained on application to the Secretary ® 


above address. 
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THE REHABILITATION OF ROLLING- 
MILL EQUIPMENT IN _ BRITISH 
STEELWORKS.* 


By G. A. V. RUSSELL, Wh.Ex., Assoc. M.Inst.C.E. 


Tue object of this paper is to review briefly one of 
the broad divisions of the heavy steel industry, namely, 
rolling-mill practice, with special reference to the 
lowering of production costs through judicious re- 
habilitation of existing equipment. The author hopes 
to show how old established plants can often enjoy, 


DISTRIBUTION OF ROLLING COSTS 


Improve: 


Figd 
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Generally speaking, existing plant is more readily 
adaptable to improvements that have for their object 
savings in these two items than to those aiming at 
conservation of stores. The author also hopes to show 
that time-saving or production-increasing features, 
even when they do not simultaneously reduce labour, 
are also worthy of the most serious consideration. 
The chart given in Fig. 1 shows the distribution of 
rolling costs in three typical works. The predominant 
influence of labour cost upon the total is well empha- 
sised by this chart. 

One of the outstanding differences between British 
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to a very considerable extent, the cost-reducing features 
of the modern equipment, installed in the newer works, 
Without resorting to drastic scrapping of existing 
equipment. A survey of modern rolling-mill machinery 
reveals that, broadly speaking, it has reached its present 
state of development under the stimulus of the economic 
hecessity for the conservation of :—(a) Time (owing 
to pressure of demand), (b) labour (owing to the 
imcreasing value of human effort), (c) power, (d) 
Supplies or stores. In the case of old-established 
plants, money spent with the object of conserving 
labour and power will usually yield the largest return. 


Stearate 





Bet read before the Institution of Mechanical 
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mill will turn out from 6,000 tons to 7,000 tons 
per month, whilst the production of a corresponding 
plant in Britain, of the same general type, is probably 
between 1,500 and 3,000 tons. These examples, which 
could readily be multiplied, lead one to infer that, 
judged by American standards, we are not using our 
plant to the best advantage, and, consequently, are not 
getting down to rock bottom rolling costs. In view of 
the great difficulty actually experienced by the sales 
organisations of our steel companies in marketing our 
present comparatively small production, it will be 
asked no doubt what would be the economic advantage 








Fia. 2. 


and American rolling-mill practice lies in the much more 
onerous demands made upon production equipment in 
the United States. We at home appear to be satisfied 
with performances that would not be tolerated in an 
average American plant. The ordinary reversing 
blooming mill, so alike superficially in both countries, 
provides a good example of this. Such a mill in 
America would be expected to roll down about 60,000 
tons of ingots a month to6in. x 6 in. blooms, and some, 
not by any means the newest units, regularly roll a 
much larger tonnage; an example is given in Table I. 
In this country, few plants with anything like this 
output would rely on one bloomer. The author is 
familiar with several, having an ingot capacity of about 
half this figure, that have to operate two mills. 


in increasing the tonnage capacity of our plants. In- 
creased tonnage capacity in individual mills can be 
equally well made use of to reduce the working hours 
necessary to produce a given output as for the purpose of 
getting a larger production, which is usually striven for 
in the States. It is this fact that merits attention in 
Great Britain to-day. 

The majority of British plants operate their heavy 
mills on a three-shift basis, in many cases this course 


TaBLeE I.—Tennessee Coal, Iron & Railroad Company. 
Blooming Mill, Ensley Works. 
January 28, 29, 30, and Night Turn of January 31, 1923, 
inclusive. 











| No. | | | 
Turn. ; of | Tons. Hours. | Delays. 
' Ingots. | | 
| | | 
Jan. 28-Night.. = 412 1,786 12 45 min. 
5, 28-Day-—Sunday.. - - = = 
29-Night.. ar 397 1,669 12 1 hr. 15 min. 
» 20-Day .. aa 425 1,743 12 — 
», 380-Night.. ae 404 | 1,636 | 12 50 min. 
30-Day asl 417 1,691 | 12 _— 
,», 31-Night.. 447 | 1,864] 12 | — 
72 


Six turns .. Total 











2,502 | 10,389 2 hrs. 50 min. 
Average tonnage per shift .. a a -. 1,730 
Average tonnage per hour (including delays) .. 144 
Average ingots per 12-hour turn .. ee «- 417 
Average number ingots per heat of steel oo 28-7 


Average time heating one heat of steel .. - 8 hours. 
Number of passes made on each ingot in Blooming 
Millrolls .. na ma ai ‘a ~« 39 
Average number of ingots per hour ws -. 34°75 
Number of passes made Blooming Mill rolls per 
hour oe - an re a -. 68 
Average time per pass Blooming Mill rolls .. 5 seconds. 
Size of ingot used: 24 in. by 24 in. 10,800 lb., with exception 
of about 14} ingots average per turn which were 24 in. by 
28 in. (14,000 Ib.). 
An average of 11} cold charged ingots were heated per turn 
which are included in the above. 





Office of General Superintendent, 
Ensley Works, Ensley, Alabama. 
February 1, 1923. 

is imperative if the mills are to keep up with what 
might be termed the normal production of the steel 
plant, which may be taken as anything over 70 per cent. 
of the work’s theoretical ingot capacity. It is difficult 
to see why, generally speaking, this should really be 
necessary, in view of the relatively small productions 
usually involved. It appears that, by increasing the 
tonnage capacity of the plant, it would be feasible to 





Again, a simple American medium-sized merchant 





produce in, say, two shifts what now requires three. 





244 





ENGINEERING. 





[AUG. 24, 1928. 








Moreover, not only could productive labour costs be 
cut 334 per cent., but there would be other incidental 
advantages which would result in an aggregate reduc- 
tion in rolling costs considerably greater than the 
substantial figure above mentioned. 

Among these further advantages, which are more 
difficult to evaluate quantitatively, except in reference 
to a particular case, may be mentioned :—(1) The bulk 
of the maintenance on the mill plant could be carried 
out in ordinary working hours instead of during week 
ends when overtime rates are payable. (2) The plant 
would be available for maintenance purposes a greater 
proportion of the time, permitting such work to be 
more efficiently and thoroughly performed. (3) Should 
the mills be electrically driven, from power generated 
in the works, or the mill engines exhaust into mixed 
pressure turbo-generators, it would be possible to 
arrange the working shifts of the mill in such a manner 
that the surplus power available during stand-by | 
hours could be disposed of to the local supply authority. 
Such current would probably command a good price as | 
it would be distinctly useful to the supply authority. | 
(4) In steam-driven plants the pauses between the | 
shifts would be useful for cleaning the fires and getting | 
them into good shape for the next turn. (5) The heating | 
practice both at the soaking pits and the reheating | 
furnaces (where such are employed) would be improved | 
with resulting smaller power consumption and roll | 
wear. (6) The consumption of lubricants would be | 
diminished, as the amount required is more a function | 
of the time the machinery is running than of the 
intensity of the work being done. 

Apart from the requisite improvements to the mill 
plant proper, which will be discussed later, the adop- 
tion of this proposal would in most works call for an 
increase in soaking-pit capacity to provide accommo- 
dation for the ingots stripped during the intervals 
between turns. The outlay on these pits would be the 
only additional expenditure incurred. 

It will be logical and convenient to examine the 
possibilities of modernising the manufacturing equip- 
ment for semi-finished material before considering the 
field for improvement in the production of such common 
finished products as rails, shapes and merchant bars. 
Blooms, slabs, and billets can best be considered to- 
gether as all three are essentially blooming-mill pro- 
ducts. Billets, it is true, are now often rolled in another 
mill, but always without reheating, and, when required 
in relatively small tonnages and not under 16 sq. in. 
in cross-section, they can still be very efficiently pro- 
duced in the bloomer. Apart from a considerable 
strengthening up of the mill plant as a whole to enable 
heavy draughts to be taken with increased reliability, 
and a much greater degree of refinement in mechanical 
design to reduce maintenance costs to a minimum, 
by far the greatest advances that have been made in 
blooming-mill design, from the operating standpoint, 
have been in the development of improved means for 
the manipulation of the piece at the rolls whereby the 
mill train and drive—the most costly part of the plant 
—can be more efficiently utilised. 

When the Wellman Kennedy side-guard manipu- 
lator was brought out about 1903, it opened up entirely 
new possibilities in blooming mill performance, and it 
has undoubtedly proved one of the most important 
labour-saving devices intreduced into steelworks 
practice. Nearly every new high-capacity blooming 
mill put down throughout the world within the last 
fifteen years has been equipped with this manipulator, 
which has naturally undergone much detailed develop- 
ment. It is surprising that so few attempts have been 
made in Europe to apply this appliance to existing 
mills, when the potential benefits are considered. In 
the United States, over 16 old mills have been con- 
verted during the past nine or ten years, and have thus 
been modernised in one of the most essential direc- 
tions, at a relatively small expenditure. There are 
mills in this country still working in which the specific 
roll efficiency, i.e., the percentage of the time that the 
piece is actually engaged in the rolls to the total time 











required to reduce it from the ingot to a bloom or 
slab of a given size, is as low as 20 to 25 per cent., | 
whereas the corresponding figure for a modern plant, | 
equipped with a side-guard manipulator of good | 
design, doing the sare work would be not less than 
45 or 50 per cent. These figures are an index of the 
increase in tonnage capacity possible in many old} 
mills, and it should be emphasised that this can be | 
realised with no increase in driving power, as the | 
draughting practice would remain the same, but solely | 
through cutting down the idle time. Apart from the | 
question of output, the reduction in labour charges 
and the increased yield, due to the improvement in | 
the character of the product from the proper guidance | 
it affords, its ability to straighten curved pieces and | 
close split ends, would alone justify the installation | 
of a side-guard manipulator in an old plant. 

As an example of the results obtainable from such a | 
conversion, the 34-in. blooming mill at the Andrews | 





Steel Company may be cited. This plant was installed . both a slabbing mill and a blooming mill are frequently 
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SECTION A.B. 


in 1904, and has lately been equipped with an elec- 
trically-operated side-guard manipulator. The pro- 
duction has been increased 50 per cent. This mill 
rolls blooms for a Slick sheet-bar mill, and also produces 
a considerable tonnage of merchant billets measuring 
4in. by 4in. Views of this installation are shown in 
Figs. 2 and 3, from which it will be noted that the mani- 
pulator is of the lifting side-guard type, and that 
practically no alterations have been necessary to the 
structure of the mill tables. When plates and sec- 
tional products are rolled in one works in this country, 
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operated, in spite of the fact that the total output 
should not unduly tax the capacity of one mill. Many 
of our older slabbing mills are unadapted to produce 
small blooms on account of their primitive manipula- 
tors, but if equipped with a good side-guard apparatus 
they could readily do so, and could then, with probably 
a little tuning up in other directions, undertake all 
the cogging down for the whole works, thus cutting 
out the blooming mill. The application of a side-guard 
manipulator to an old mill is usually rather an interest- 
ing problem, in view of the limited space generally 
available, especially when the blooming mill is laid 
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out in line with the finishing stands. The author has 
lately investigated several cases, and a solution of an 
example in which many conditions were adverse is shown 
in Figs. 4 to 7. Here the room was very restricted, 
and it was necessary to arrange the drives for both 
side guards on one side of the table. Owing to the 
power situation at this particular plant, it was only 
possible to drive the side guards electrically, tilting 
being effected hydraulically. 


(Z'o be continued.) 








UNDERGROUND LIMESTONE 
MINING. 


Tue annual production of limestone in the United 
States is approximately 130,000,000 tons, and it is 
not to be wondered at, therefore, that the most acces- 
sible deposits are gradually becoming exhausted. As 
quarries become wider and deeper, and in many cases 
the amount of overburden which has to be removed 
increases alarmingly, it is natural that some modifica- 
tion of method should be sought to overcome the 
increasing costs of production. The logical solution of 
the problem facing the limestone industry is to apply 
underground mining methods. Some quarrymen are 
unwilling to make the change, but, nevertheless, 
statistics show that there is an increasing tendency to 
work limestone deposits by underground drifts and 
tunnels. In 1900, the amount of limestone produced 
by underground methods was about 100,000 tons, but 
in 1923, this had increased to about 4,756,000 tons, 
and in 1924 to 5,838,000 tons. In view of this pro- 
nounced tendency to adopt a method with which most 
limestone operators are unfamiliar, the Non-Metallic 
Minerals Station of the U.S. Bureau of Mines decided 
to undertake the preparation of a report on limestone- 
mining methods.* When this report was first planned, 
towards the end of 1924, it was thought that possibly 
25 to 30 operators had started underground mining, 
but when the field studies were completed in April, 
1925, the number of active limestone mines had 
increased to 64. Some of these mines have an impor- 
tant output, the maximum average daily production 
from a single mine reaching as much as 3,500 tons. 
Mr. J. R. Thoenen, the author of the report, in the 
course of his investigations, personally visited and 
studied in detail 52 underground limestone mines. 

The first recorded limestone mine in the United 
States was opened by the Lowmoor Iron Company in 
1883, at Lowmoor, Virginia, and has been worked 
continuously since that date. A second underground 
mine was not started until eleven years later, and a 
third in 1900, after which date, however, several were 
opened every year and increased in number until 1923, 
when 13 new mines were started, followed by 16 more 
in 1924, Thus it will be seen that the majority of the 
limestone mines are of recent date. 

Commercial deposits of limestone in the United 
States occur usually in flat, or only slightly inclined, 
beds, but occasionally they lie in steeply pitching 
strata or have been distorted into various forms, with 
folding and faulting, by metamorphic processes. In 
any particular case, the method adopted for the 
extraction of the stone will depend upon the depth 


and nature of the overlying material, and as the|¢ 


depth of the overburden increases, the cost of its 
removal may increase until no margin remains for 
any profit. It is seldom that the surface topography 
conforms to the bedding of the deposit, even when the 
latter is horizontal, especially in glaciated areas where 
transported gravels and boulders have been left over- 
lying the limestone beds in great hills or moraines. 
Prehistoric rivers have built up other deposits of 
transported material in regions outside the glacial belt. 
W hen quarrying methods are employed, these accumu- 
lations of material must be removed. Frequently the 
original surface has been subjected to long periods of 
erosion, which has resulted in the formation of hills 
and valleys, and open-pit workings in the valleys, 
when extended, may prove to be impracticable, since 
the limestone deposits may be found to extend under 
hills of barren material. 

Besides an overburden of loose material, the good 
Stone may be overlain by beds of shale, inferior 
limestone, or other hard rock, the removal of which 
may necessitate the use of explosives, involving greater 
expense. ‘The limits within which this may be profitably 
aecomplished are governed more by the nature of the 
overburden than its thickness. On the other hand, 
this harder and firmer overburden might provide a 
good roof for underground mining, whereas if the 
overburden is loose, a certain amount of good stone 


— have to be left to support it. 
ase € irregularities, such as are often found in 
otherwise good deposits of limestone, resulting from 


Prolonged erosion and forming pits and caverns, and 





~ i Underground Limestone Mining,” by Mr. J. R. 
30 sc U.S. Bureau of Mines Bulletin No. 262, price 


gullies which have become filled with gravel, clay 
and boulders, present great difficulties in the removal 
of the overburden. Steam shovels are only efficient 
on a fairly level surface, hand labour is costly, and 
conditions may be unfavourable for hydraulic removal. 
In such circumstances, it may be advantageous to 
leave the surface undisturbed and remove the Jower 
part of the limestone by mining methods. In the 
case of steeply-inclined strata, the problem of removing 
the overburden becomes acute much earlier than with 
flat beds, especially where the deposit of good stone 
is limited in thickness. Apart from the amount of 
the overburden which has to be removed, the disposal 
of this barren material often provides a serious problem. 
In some quarries, either owing to the restricted area 
owned or the value of the land for other purposes, or 
owing to the surface contour being unsuitable, no 
dumping ground may be available, and refuse must 
then be transported, possibly some distance, until 
sufficient room has been made to make a dump on the 
quarry floor. The building of such a dump, however, 
is always both inconvenient and expensive. The cost 
of removing overburden is thus frequently the deciding 
factor between the selection of open quarry methods 
or underground mining. The average cost of mining 
limestone in the United States is stated to exceed the 
average cost of quarrying it by 30 cents per ton. 
When, therefore, owing to excessive costs in the removal 
of overburden, the cost of quarrying exceeds this 
difference, the adoption of mining methods would, 
other things being equal, appear to be indicated. 
But costs, of course, vary considerably in different 
parts of the country, and general averages cannot 
be relied upon to solve any particular problem. 

In some districts, climatic conditions, such as extreme 
cold, snow, or heavy rainfall, hinder, or even 
prevent, quarrying operations during a considerable 
portion of the year. In the Southern United States, 
the excessive heat in the summer reduces the efficiency 
of labour. Underground mines can be worked con- 
tinuously, irrespective of climatic conditions on the 
surface, and the most desirable class of labour desir- 
ous of working regularly will gravitate to the property 
that offers continuous employment. Water from 
rain or seepage soaks into the walls of the open pit 
and freezes during cold weather; the expansion 
caused by the freezing of water loosens countless 
small pieces of rock, which are a source of danger 
when a thaw sets in, especially in deep pits with 
high vertical walls. Occasionally, large masses of 
rock may fall from this cause, and injure the workers 
below. 

Many limestone beds occur immediately below a 
capping of red or yellow clay which, in wet weather, 
is washed over the sides of the pit, discolouring the 
walls of the quarry and the stone already extracted, 
thus considerably reducing the value of the stone 
if a particularly clean and pure product is required. 
It is true that in some mines the stone may be 
discoloured by surface waters which have worked 
down through cracks, fissures, and underground clay 
pockets, but rock so contaminated may be kept 
separate from the clean mine product by leaving 
the cracked and weathered parts in pillars, the same 
applying to clay pockets. Owing to contamination 
rom various causes, the fine material from open 
quarrying must be thrown to waste or cleaned at 
added expense in a logwasher. Sometimes this material 
is employed for road making, but specifications tend 
more and more to eliminate dirty stone from all 
uses. Mines that have supplied limestone to metal- 
lurgical plants have been able to demonstrate that 
their fines carry no more impurities than the lump, 
and have thus been able to sell fine material where 
before only the coarse would have been accepted. 
Some quarry owners who have adopted mining methods 
themselves manufacture lime or cement. To obtain 
auniform product in cement manufacture, the mixture 
of raw materials must be carefully controlled; any 
improvement in uniformity of grade of the limestone 
used automatically reacts to decrease the manipulation 
of the mixture and reduces operating costs. This 
reduction may more than cover the added cost of 
mining. In the manufacture of lime the same argu- 
ments apply. 

Sometimes quarries are worked within town boun- 
daries, and, owing to the restrictions imposed, become 
unpayable, and would have to be abandoned if mining 
were not resorted to, although mining enables them to 
work the deposit up to the boundaries of the property 
in all directions. A unique and remarkable condition 
exists in one locality where a coal seam is mined by 
one company and a limestone bed, 40 ft. below it, by 
another company. Neither operation conflicts with 
the other, and the surface remains undisturbed. A 
limestone deposit in a large town where open work 
cannot be employed has a good prospect of profitable 
development by mining methods, because it is in a 
live and active market, and the costs of transport are 








saved. 


With certain underground methods, large supplies of 
broken stone may be stored, and thus afford a surplus 
which will supply the crusher when demands are unex- 
pected, or regular production is interrupted; or it may 
balance the labour employed in such a manner that the 
mine may be operated the year round in spite of 
decreased orders during winter. The interest charges 
on stone stored underground will not be as high as 
on crushed stone lying on the surface, because less 
money has been expended on it. In the many plants 
visited to obtain data for the report, it was observable 
that although the minimum cost of quarrying a ton 
of limestone was somewhat less than the minimum 
cost of mining it, the maximum costs of mining and 
of quarrying were very close; it is to be inferred, 
therefore, that many mines must produce stone at a 
lower cost per ton than some open quarries. 

Mining, however, has certain disadvantages which 
should not be lost sight of. In underground workings, 
ventilation problems must be considered, and there 
is danger from falling rock. Labour of a more skilled 
type, and therefore more expensive, is required. More 
fines are produced, and costs, in general, are higher than 
in open-cast workings, but this may be counterbalanced 
by the higher quality of the product. Flat, or nearly 
flat, limestone beds are invariably mined by some form 
of the “tunnel” or room and pillar system, which 
involves wide lateral extension, and, as a consequence, 
the lease or ownership of extensive property. Flat 
lying homogeneous deposits, whether thick or thin, 
but which have little or no overburden, are unsuitable 
for exploiting by underground methods, but steeply- 
inclined beds of great thickness, where the composition 
of the stone does not vary, can be either mined or 
quarried. 

Sometimes inclined beds vary so considerably 
that the marketable stone may compose only a small 
percentage of an entire bed, and to recover the good 
stone by quarry methods would result in a hopeless 
mixture of the various beds. By mining, the thin 
bed can be followed and the others left in position. 
In some localities where there is no limestone near 
the surface, limestone beds may occur at considerable 
depth, but extensive property and thick deposits 
must be available to warrant the expense of deep 
shafts and underground development which will in- 
volve a large capital outlay before any returns are 
obtained. , 

Two essential features in mining limestone are a 
strong, safe roof, and the employment of strong pillars 
capable of withstanding the pressure exerted by all 
overlying material. Ribs or continuous pillars are 
preferable to single pillars, inasmuch as they are 
stronger, but by their use more stone is wasted. Some 
operators use ribs of the sides of main haulage ways 
and pillars in working rooms; others use ribs and 
pillars indiscriminately as local conditions determine, 
the size and distance apart of pillars depending on the 
character of the limestone. 

Since limestone occurs mostly in flat or only slightly- 
inclined beds, the majority of mines are worked from 
tunnels or adits, often developed from the sides of 
abandoned quarries. It has been observed that the 
locality has a great influence on the mining method 
employed. Limestone deposits that have the physical 
structure of coal deposits and are situated near collieries, 
will probably adopt coal-mining methods, with any 
necessary modifications, and the same will be the case 
with regard to deposits which have a similar structure 
to metalliferous deposits being worked in the vicinity. 
Limestone mining is still too young to have any definite 
methods of its own, and hence it is to a great extent 
influenced by the class of labour available. Coal and 
metal miners form two distinct classes, from one or 
the other of which the limestone mine must recruit its 
labour. Hence flat deposits are usually mined by some 
form of the room and pillar system, the stoping being 
carried out in a variety of ways, according to local 
conditions. With a low-priced commodity such as 
limestone, there is not much incentive to enlarge rooms 
at the expense of safe pillars ; there should, therefore, 
be little danger of mine workings collapsing owing to 
insufficient or inadequate pillars. 

Glory-hole mining combines some features of open 
quarry work with others of underground mining ; the 
underhand stope of the quarry is employed in break- 
ing the stone, which is delivered to cars through 
underground raises and chutes, thus eliminating any 
second handling by labour or by mechanical shovel. 
Glory-hole methods which are completely underground 
are also employed, but are only suitable for thick 
deposits, require extensive development, and involve 
dangerously high roofs. Steeply-inclined deposits, 
whether thick or thin, may be exploited by the method 
well known in metalliferous mining as shrinkage 
stoping. A solid, clean hanging wall is essential, and 
can be made by leaving part of the limestone being 
mined, if the overlying strata are too weak. As the men 
work constantly close to the roof there is little danger 
from loose material falling on to them. : 
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RECENT AMERICAN WORK ON 
METALS AT HIGH TEMPERATURES. 

ENGINEERS in all parts of the world aré seeking 
for metals with an increased resistance to high 
temperatures. The desire is not merely a _ special 
case of a wish for better materials than they already 
have, but arises from the fact that progress runs the 
risk of being held up until they are forthcoming. It 
is not surprising, therefore, that metallurgists are 
seeking to satisfy this urgent need, and the efforts 
which are being made in the United States were illus- 
trated at a recent meeting of the American Society 
of Mechanical Engineers. In conjunction with the 
American Society for Testing Materials the Society 
has had a Research Committee at work on the subject 
for the last three years, which so far has been 
engaged in the endeavour to define standard methods 
of testing which would be satisfactory for the purpose. 
The problem which is at once the most important 
and the most difficult is that of finding a short- 
time test or tests for measuring “ creep.” 

The objects of the tests described in a_ paper, 
which was contributed by Professor A. E. White 
and Mr. C. L. Clark, were, on the one hand, to throw 
light on the relation between creep tests and accurate 
determinations of the limits of proportionality ; and, 
on the other hand to ascertain from the creep tests 
the safe working load of the materials at the tem- 
peratures in question. The metals investigated were 
an 0-13 percent. carbon steel, a pair of steels of 
closely similar composition containing respectively 
0-38 per cent. and 0-37 per cent. carbon, and a 
chromium steel containing 16-7 per cent. chromium, 
about 0-09 per cent. carbon, and 0-19 per cent. nickel. 
The results obtained from the short-time tensile tests 
were generally concordant with those of other investi- 
gators, and, for the most part, the experimental 
methods by which they were obtained were similar. 
In these tests the loads were applied stepwise, but 
neither the rate of application nor the intervals 
between steps seem to be stated. Many of the 
determinations, however, were made on tubular test 
pieces, the results of which were in some experi- 
ments compared with those given by solid test pieces of 
a usual form. The two types of test piece are shown 
in Figs. 1 and 2, and the result of short-time tensile 
tests on the 0-37 per cent. carbon solid test pieces 
and the 0-38.per cent. carbon tubular test pieces 
are plotted in Fig. 3. The considerable difference 
between the two forms of test piece in the values 
obtained at the lower temperatures (Fig. 3) are 
referred to the fact that the solid material had been 
normalised before testing, while the tubular was 
used ‘as received.”’ It will be seen, however, that 
some difference appeared at all temperatures, and 
it is suggested that, owing to the more uniform heat 
to be expected in the tubular specimens, the results 
obtained from them probably represent the properties 
of the material more accurately than those of the 
solid test pieces. 

Tubular specimens were, however, also used with 
a more direct intention. Many elements of plant 
exposed to high temperature in power stations and 
oil refineries are tubular, and their failure occurs 
through expansion when subjected to internal pressure. 
Accordingly, the creep tests were carried out by 
measuring the expansion of tubular test pieces having 
the unusual form shown in Fig. 4. In the tests these 
tubes were filled with nitrogen, and the desired pressure 
applied and maintained by means of accumulators. 
The test piece was a seamless tube 30 in. long, with 
its middle 18 in. slightly reduced in diameter, and 
its ends furnished with steel caps brazed on. The 
tube was heated in a movable electric resistance 
furnace, and the nitrogen was introduced after the 
specimen had been brought to the test temperature 
in the case of the lower pressures, and before in the 
case of the higher. The pressure was applied and 
measured positively by means of the weights on the 
accumulator, and the diameters of the tube were 
measured at regular intervals, the furnace being 
withdrawn from the tube temporarily for the purpose. 
The tests were usually continued until either the tube 
had failed or else the test had run sufficiently long to 
justify the belief that failure would not occur at the 
temperature and pressure of the tests under any series 
of exposures likely to ke met with in practice. 

The results of most interest are those of the expansion 
tests, which give a new form of expression to the creep 
phenomena, hitherto studied in other ways. The 
temperatures mostly used varied from 538 deg. C. to 
816 deg. C., and the load from 1,100 Ib. per square 
inch up to as much as 15,000 lb. per square inch, 
according to what the tube under investigation seemed 
likely to stand at the temperature of experiment. 
At 816 deg. C. the 0-13 per cent. carbon steel was 
found to be useless through corrosion and weakness, and 
this temperature does not seem to have been applied 
to the 0-38 per cent. carbon steel. The 0-13 was 
likewise of little value at 677 deg. C. At the date of 
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the report, the experiments on the carbon steels were 
not completed, but they had been carried out in some 
detail at 593 deg. C. for the 0-13 per cent. carbon steel 
and at 677 deg. C. for the 0-38 per cent. carbon steel. 
Figs. 5 and 6 show the pressures used at these tem- 
peratures, the expansions obtained after various 
exposures, and the time and expansion at which 
rupture occurred. With the 0-13 per cent. carbon 
steel at 593 deg. C. it will be seen that under loads 
of from 3,400 lb. per square inch to 6,000 lb. per 
square inch the tube had failed in every instance, in 
from 1,100 to 27-5 hours. With a load of 2,800 lb. 
per square inch, on the other hand, the tube had run 
for 1,100 hours without failure, for the last 380 
of which it had showed no increase of expansion. 
Fig. 5 also shows the time taken for rupture plotted 
against the stress, and the figure obtained for the limit 
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Fig.3. PROPERTIES OF CARBON STEELS AT 
ELEVATED TEMPERATURES AS DETERMINED 
BY SHORT-TIME TENSILE TESTS. 
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of proportionality by a short-time determination is 
also indicated. The shape of the stress-time curve 
seems to suggest that if the load fell somewhat below 
the 3,400 lb. represented by the last point of rupture, 
further exposure to this lower pressure would bring 
about no increase of expansion. To some extent this 
suggestion is confirmed by the fact that, at the time the 
2,800 lb. per square inch test was discontinued, the 
total expansion was only a third of that at which rupture 
took place at 3,400 lb. per square inch, and a fourth 
of what had been found on rupture under 4,250 Ib. per 
square inch, and moreover had shown no rise for 380 
hours before the test was discontinued. The limit of 
proportionality of this material at 593 deg. C. is 3,400 
lb. per square inch, and for the 0-38 per cent. carbon 
steel at 677 deg. C. is 4,500 lb., and it will be seen 
from Figs. 5 and 6 that failure is very much more rapid 
with loads above the limits of proportionality than 
below. Nevertheless, as the report points out, a sort 
of relation seems to be shown between the limits of 
proportionality and the resistance of the metal to 
creep. With the 0-38 per cent. carbon steel the 
authors infer from the figures shown in Fig. 6 that, to 
provide against creep, the maximum allowable stress 
for this material at 677 deg. C. must lie somewhere 
between 1,100 Ib. and 2,500 lb., which is very far short 
of the proportional limit. On the other hand, the 16-7 
chromium steel at 593 deg. C. showed in a short- 





time test a limit of proportionality of 13,200 lb., but 


stood a load of over 14,000 lb. per square inch for more 
than 1,000 hours without any measurable expansion 
at all, and a load of 15,000 Ib. per square inch for over 
2,000 hours, the run being discontinued in each case 
without failure. Under the 15,000 Ib. load it showed 
an expansion of about 5}, part of the diameter 
shortly after the start, and remained constant in 
diameter at this figure for the rest of the trial. Remark- 
able difference of strength was shown by the material 
at 816 deg. C. and 677 deg. C., the tube standing about 
four times as much stress at the lower temperature as 
that which it stood when the temperature was raised by 
139 deg. C. While the authors do not seem to suggest 
that a definite relation has been made out between 
what in this country would be called the limiting 
creep stress and the limit of proportionality, they are 
of opinion that the latter figure is the best available 
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(4c) 
Fig.5. EXPANSION TESTS ON 013 PER CENT 
CARBON STEEL AT 593 DEG. C. 
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short-time substitute for creep and expansion tests, 
and they ccllect a large number of data in regard to 
different groups of typical steels for use in that 
connection. 

Some interesting facts seem to be brought out 
in the tables of expansions appended to the report. 
Whether through peculiarities in the material or through 
lack of precision in the heating or measuring appliances, 
the rate at which expansion increases with time under 
a constant load appears to be often erratic. In the test, 
for instance, on 0-38 per cent. carbon steel at 677 deg. C. 
under 100 Ib. per square inch load, expansion ceased 
altogether after 1,350 hours for 497 hours, but it 
then recommenced, and for the 220 hours until the end 
of the record (the test being then still in progress) It 
continued to expand at about the same rate as In 
the 245 hours immediately preceding the stationary 
period. Sometimes, again, the time that elapses before 
failure seems to make no difference to the breaking 
load, though in ordinary tests it is well understood 
that the rate at which the load is applied is material to 
the result. In the three other series of tests on the 
0-38 per cent. carbon steel at 677 deg. C., for example, 
failure occurred at 1,020, 405 and 36 hours respectively, 
according to the load applied, but in each case the ex- 
pansion at which failure occurred was the same. In the 
series of tests on the same steel at 593 deg. C., on the 
other hand, in which with heavier loads failure occurred 
much more rapidly, the expansion at failure was 
respectively a third and three-fourths higher than It 
was with the three failures on the 677 deg. C. test. 
For some reason which is not quite clear, the diameter 
of the tubular test piece seems to have varied in different 
series. For the series for the 0-13 per cent. carbon 
steel tubing it was of the dimensions given in Fig. 3. 
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For the 0-38 per cent. carbon steel, on the other hand, 
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it was 1-095 in. in diameter instead of 1-235, and no 
statement is made of the internal diameter and the 
thickness of the wall. The same applies also to the 
chromium steel specimens, the diameter being for 816 
deg. C. 1-255 in. instead of 1-235 in., and for the 677 
deg. C. and 593 deg. C. tests, 1-220 in. 








THE PRESTWOOD PUMPING STATION 
OF THE SOUTH STAFFORDSHIRE 
WATERWORKS COMPANY. 


(Concluded from page 212.) 


TuRNING now to the electrical equipment, the power 
for the station is supplied by the Shropshire, Worcester- 
shire, and Staffordshire Electric Power Company, a 
dual supply being available, one by an overhead line 
direct from their new power station at Stourport, 
and the other from Amblecote sub-station by an 
underground cable. Under normal conditions, the load 
is carried by the overhead line to the switchgear at the 
pumping station. In the event of a failure onthis 
source, the sub-station can switch on the supply from 
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panels; the two end panels carry the switchgear for 
the main motors, and the two intermediate panels 
control the low-tension side of the 1,200-kv-a. trans- 
formers. The centre panel carries the switchgear for 
the overhead crane and lighting transformers. The 
two main transformers are of the three-phase, oil- 
immersed, indoor type with air-cooling radiators. They 
are mounted on rollers and have spring supports for 
the windings. The continuous output of each trans- 
former is 1,200 kv.-a. at 25 cycles, and they have an 
efficiency of over 97 per cent. on full load. The star 
point of the secondary of each transformer is taken 
through an earthing cubicle, and earthed direct to two 
plates buried about 9 ft. deep and 25 ft. apart, outside 
the building. 

The main motor for each pumping unit is of the 
vertical-shaft induction type, of drip-proof construction, 
with wound rotor supported by a self-oiled, water-cooled 
thrust bearing fitted in the top cover. Each motor has 
an output of 500 kw. (670-h.p.) at 725 r.p.m., with a 
three-phase supply at 440 volts 25 cycles, and a tem- 
perature rise of 40 deg. C. 

The speed regulation of the motors is controlled by a 
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Scherbius set, and when this is in operation, each motor 
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Dudley or Smethwick power stations. If a failure | can develop a normal continuous output of 725 brake 


occurs, the alternative supply can usually be brought 
into use within 10 minutes. There are five cubicles 
in the high-tension control room at the pumping 
station, two containing the isolating links and switches 
for the dual supply which feeds to ’bus-bars. The centre 


horse-power, with a temperature rise not exceeding 
40 deg. C. A continuous overload of 75 brake horse- 
power, giving an output of 800 brake horse-power, 
can be obtained with a temperature rise not exceeding 
50 deg. C. As the principle of the Scherbius speed- 








No. 1 Pump. No. 2 Pump. 

Test No. 1. Test No. 2. Test No. 1. | Test No. 2. 
Gallons per minute ws “s aS oe 2110-37 2136-4 2145-92 | 2229-11 
Head on borehole pump .. aa Re ee ia 156-25 ft. 164-56 ft. 148-79 ft. 161-70 ft. 
Head on force pump 569-96 ft. 604-04 ft. 574-31 ft. | 623-76 ft. 
Total head on pumps wk mr xs i 726-21 ft. 768-60 ft. | 724-10 ft. 785-46 ft. 
Water horse-power . . ~ in be . -s 466 497-58 470-87 530°57 
High-tension input .. ae a ae ee me 545-7 kw. 580-2 kw. 549-6 kw. 624-7 kw. 
Equivalent E.H.P. .. <a ne Pe ae a 731-54 777-76 736°8 837-38 
Overall efficiency of plant, including transformer and 


cable losses 


63-7 Per cent. 





cubicle is for the metering equipment, and is fitted 
with a recording voltmeter, two kv.a.-h. and two kw.-h. 
Integrating-type meters with maximum demand indi- 
cators, which are connected so that one kv.a.-h. and 
one kw.-h. meter are working on one set of current and 
pressure transformers. The mean reading of the two 
Sets of meters is taken for purposes of payment. The 
Temaining cubicles control the supply to the two 
1,200-kv.-a. transformers. From these transformers, 
the low-tension supply is carried by bare copper con- 
ductors on porcelain insulators, supported by racks 
ixed to the ceiling of the transformer room, to the low- 





tension switchgear. 
The main low-tension switchboard consists of five 


63-97 Per cent. 63-9 Percent. | 63-36 Per cent. 


regulating set may not be familiar to all our readers, 
it will not be out of place to explain the method of 
operation. If the speed of the main motor were 
reduced by inserting a resistance in the rotor circuit, 
the efficiency of the machine would be reduced a 
corresponding amount, the loss being mainly represented 
by a rise in temperature of the resistance. If an equal 
reduction in speed is obtained on the Scherbius prin- 
ciple, however, the overall efficiency falls only about 
1 to 2} per cent., and the greater the reduction in speed, 
the greater is the energy saved. The regulating set, which 
controls the main motor speed from about 725 r.p.m. 
to 610 r.p.m., consists of a three-phase commutator 
machine, developing 100 kv-a. at 145 volts, with an arma- 





ture similarto that of an ordinary direct-current machine, 
Its stator is wound with three distinct windings, con- 
sisting of compensating field, interpole field, and exciting 
tield windings, and is direct coupled to a 440-volt, 50 kw., 
25 cycle slip-ring induction motor, running at 1,500 r.p.m. 

The function of the regulating set is to provide a 
source of adjustable voltage which may be imposed on 
the rotor windings of the main motor in such a way 
as to adjust the speed economically independently of the 
load. The commutator machine provides this voltage 
at rotor frequency, and it is introduced into the rotor 
windings to oppose the slip voltage. The rotor voltage 
being in direct proportion to the slip, the speed of 
the rotor will adjust itself to such a value that the 
rotor voltage exceeds the opposing voltage from the 
commutating machine by an amount equal to that 
necessary to send through the impedance of the circuit 
sufficient current to develop the required torque. The 
exciting winding of the commutator machine is fed 
through a resistance by a three-phase auto-transformer, 
provided with a number of tappings and connected 
directly across the main motor slip rings as shown in 
the diagram, Fig. 14. The tappings can be varied by a 
small regulating switch operated from the control 
desk, thus providing the means of regulating the oppos- 
ing voltage from the commutator machine so that the 
speed of the main motors can thus be adjusted practi- 
cally independently of the load. As the slip-ring pressure 
feeds the compensating and exciting field windings, the 
current in the resistance and excitation circuit is 
approximately proportional to the slip, while the 
current in the compensating winding is constant, 
because the inductive resistance of the windings is 
proportional to the slip. The resulting excitation 
field of the commutator machine depends on the sum 
of these two excitation currents, therefore the armature 
voltage of the machine is composed of two parts, one 
proportional to the slip-ring pressure, and the other a 
constant component. The resistance in the exciting 
field winding is so adjusted that the component of the 
armature voltage is smaller, and opposed to the pro- 
portional slip-ring voltage, consequently the resulting 
voltage is only a fraction of that on the slip ring. 

The rotor current and torque of the main motor for a 
given slip would be smaller than without the commuta- 
tor machine, if this slip were not further augmented by 
means of the interpole field winding, carrying the full 
armature current, which induces a further voltage 
proportional to the rotor current but opposite to it. 
The voltage produced by the compensating field winding 
lags 90 deg. behind the voltage of the resistance and 
exciting field winding, and affects the phase advance 
or power-factor correction. Thus, the commutator 
machine runs as a generator, so far as it is called upon 
to make up the magnetisation losses in the rotor 
circuit, whereas it runs as a motor in taking up the slip 
energy of the main motor. Although the regulating 
set is, at present, only required for reducing the speed of 
the main motor from 725 to 610 r.p.m., it can, by the 
addition of a small frequency changer, increase the speed 
above synchronism to about 825 r.p.m., and, under 
these conditions, the commutating machine will run 
as a generator driven by the 50-kw. induction motor. 

The starting up of a pumping set is carried out by 
switching on the supply to the main motor, which is 
run up to full speed by means of a water starter. The 
Scherbius speed-regulating set is then also run up 
to speed by means of its starting motor, which carries a 
built-on stator switch and rotor starter that automati- 
cally short circuits the rotor and lifts the brush gear off 
the slip rings when in the full-on position. The com- 
mutator machine is now switched on to the slip rings 
of the main motor by means of a change-over switch, 
and, by adjusting the tapping switch which controls the 
excitation field of the commutating machine, the main 
motor speed can be reduced to suit the working condi- 
tions. The starting is practically fool proof, as all 
circuits are interlocked, and it is necessary to carry out 
all the operations in their proper sequence. This 
interlocking is designed to prevent switching on the 
power to the main motor when the water starter and 
the regulating machine starter are not in the starting 
positions, and to prevent switching over the rotor 
circuit from the water starter on to the commutating 
machine before it has been run up to full speed. 

Two tests were carried out on each pump after com- 
pletion, the results being summarised in the table on 
this page. It will be noticed that the guaranteed results, 
specified earlier in the article, were easily exceeded. 

In conclusion, it may be stated that the pumping 
plant and auxiliaries were supplied by Messrs. Sulzer 
Bros., Bedford-square, London, W.C.2, who were 
general contractors for all the machinery. The motors, 
Scherbius sets, and transformers, were supplied by 
Messrs. British Brown Boveri, Limited, Waterloo- 
place, S.W.1, and the main switchboard and cable 
connections by Messrs. Johnson and Phillips, Limited, 
Charlton, S.E.7. Messrs. Thomas Lowe and Sons, 
Limited, Burton-on-Trent, erected the buildings, 


and Messrs. A. C. Potter and Company, of Grantham, 
sunk the boreholes. 
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HAND TRUCK WITH HYDRAULIC 
LIFTING GEAR. 


Tue method of handling goods by placing them 
on a wooden platform designed so that a shallow 
wheeled lifting truck can be run under it for raising 
the platform clear of the ground, and moving it with | 
the load upon it to any required position, adopted | 
by Messrs. J. Collis and Sons, Limited, Regent- | 
square, King’s Cross, W.C.1, some sixteen years ago, | 
has been found convenient and economical in 
numerous industrial applications, and our readers 
are doubtless generally familiar with the system. 
Certain improvements, relating principally to the | 
hydraulic lifting gear, have, however, recently been 
made in the design of this firm’s trucks, which tend 
still further to increase their utility, so that the des- | 
cription we propose to give of one of the latest models | 
will doubtless be of interest. 

A photograph of a truck suitable for a load of 
23 tons is reproduced in Fig. 1 annexed, and Figs. 2 and 
3 illustrate the hydraulic lifting gear, with which we 
are mainly concerned. Before describing this, however, | 
we should explain that the truck consists of two | 
rectangular frames, of steel construction, fitted one | 
above the other, the lower frame being mounted 
on a pair of swivelling wheels at one end and on a 
two-wheeled axle at the other end; all the wheels 
run on ball bearings. The upper frame is connected 
to the lower frame by links arranged in pairs at each 
end after the manner of a toggle, the joint between 
a pair of links at one end being connected to the 
corresponding point of a pair at the other end, so that 
the frame, when lifted, rises vertically and always 
remains parallel with the lower frame. One pair of | 
toggle links and part of the connecting rod are 
shown in Fig. 2, which also shows the hydraulic 
gear in section. It will be seen that a piston | 
working in a vertical hydraulic cylinder, the lifting | 
cylinder, is connected by a rod to the front end of | 
the upper frame, and that the upper and lower ends | 
of this cylinder are connected by passages in a casting 
to another hydraulic cylinder, which forms a pump, | 
the ram of this cylinder being operated by the handle 
of the truck. The system is filled with oil by 
unscrewing the cap which closes the upper end of | 
the lifting cylinder, and the flow of oil between the | 
pump and lifting cylinder is controlled by ball | 
suction and delivery valves contained in a cage 
screwed into the main casting at an angle of 45 deg., | 
as shown in Fig. 2. The valves are shown to a larger | 
scale in Fig. 3, in which the upper ball is the suction | 
valve and the lower one the delivery valve. The | 
act of raising the handle into the vertical position, | 
in which it is shown in Fig. 1, pulls down the ram | 
of the pump cylinder and draws oil from the upper | 
end of the lifting cylinder through the suction valve 
into the pumping cylinder, whence it is discharged 
through the delivery valve into the lower end of the 
lifting cylinder when the handle is depressed. 

In using the truck, it is run under the platform 
with the upper frame in its lowest position, and the 
platform, with its load, is raised clear of the ground 
by making one or more pumping strokes with the 
handle. When the load has been raised to the desired 
height, an adjustable stop, fitted on to the upper 
frame, comes into contact with a pedal, seen in Fig. 1 
to the left of the lifting cylinder and also in the top 
left-hand corner of Fig. 2. To this pedal is connected 
a spring plunger which passes through the end of 
the valve cage, as is more clearly shown in Fig. 3, 
and the movement of the pedal by the adjustable 
stop pushes the suction valve off its seat, thus freeing 
the handle and preventing the load from being raised 
higher. The oil below the piston in the lifting cylinder 
is retained by the delivery valve, so that the load is 
held in the raised position. 

In this position, the truck, carrying the platform 
and its load, can be pulled or pushed any distance. 
At its destination the load is lowered by depressing 
the upper end of the pedal with the foot, this having 
the effect of pushing down the suction valve still 
farther on to the cylindrical pin, shown in Fig. 3, 
which pin, in turn, pushes the delivery valve off its 
seat, and thus allows the oil to escape from below 
the lifting piston, through the two valves and back 
into the space above +he piston. It will be noticed, 
from Fig. 3, that the inner end of the spring plunger 
is tapered, so that the extent to which the pedal is 
depressed varies the area of the opening of the port 
through which the oil must flow on its way from the 
bottom to the top of the lifting cylinder. It is thus 
possible to control the rate at which the load is 
lowered, so that the most fragile goods may be 
deposited without shock. Before another load can 
be raised it is necessary to depress the lower end of 
the pedal, which has the effect of withdrawing the 
spring plunger and allowing the valves to return 
to their normal working positions. 

The truck illustrated, as already stated, is suitable 





21-TON HYDRAULIC TRUCK. 


CONSTRUCTED BY MESSRS. J. COLLIS AND SONS, LIMITED, ENGINEERS, LONDON. 
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for loads up to 2} tons, and can be used with platforms, DeTERIoRATION or Panama Lock Sr1s.—We have 
ranging from 5 ft. by 4 ft. to 4 ft. by 2 ft. 9 in. The| frequently referred in these columns to the damage 
height, in the lowered position, is 10 in., and i a i a ee _— : 
. . . Ss e DS 2 > a 
lift can be adjusted to any figure between 1 in. and | repcrt on the subject emanating from San Francisco. 
4 in. The overall length of the truck is 5 ft. 5 im.,| "phe teredo navalis is probably the most redoubtable of 
and its net weight 620 lb. Many other sizes and| all the microbes, which attack wood at sea, and, among 
capacities are, however, available, and various modified | other peculiarities, appears to be less sensitive to low 
designs can be supplied for special purposes. If | salinity than some other organisms. A short note Is 
desired, the trucks can be fitted with rubber-tyred | contained in the current issue of the ligassssce. of bow 
heels 7 ze ‘ | American Society of Civil Engineers, regarding 
Se aa ee ee behaviour of the wood of the sills of the Panama 
Canal lock-gates, a sample having been presented to 
| the Society. The timber employed for these sills was 
Tue Tru-Lay FiLexrste Bott.—Messrs. Bruntons, | greenheart (Ocotea Rodioli), the best variety of which is 
Wire Rope Works, Musselburgh, Scotland, have recently | found in British Guiana. As is well known, in temperate 
brought out a new flexible bolt, which they have | waters a very long life is usually obtained from this wood ; 
developed in conjunction with their Tru-Lay rope and | it does not deteriorate in sea water to any great extent. 
Tru-Loce fittings. The bolt is furnished with the usual| At Panama, on the other hand, although better things 
hemispherical head at one end and with a screw-thread were hoped for, the average life of the sills has been less 
and nut at the other. Between the two, however, is a| than nine years. The destruction has been due entirely 
length of flexible steel woven-wire rope. Needless tosay,| to the teredo, the wood becoming completely honey- 











the bolt may be used in a large number of places in which The 
a rigid ‘“‘U ” bolt is impracticable. We understand that 
it is being employed for carrying overhead steam or water 
pipes and for such purposes as supporting wall boxes and 
tanks. It will also prove of service in connection with 
scaffolding and tackle. 


| combed ; there were no signs of decay whatever. 
| increased activity of the borers is ascribed to the fact that 
| the temperature of the water at Panama is about 84 deg. B. 
| It is pointed out that ordinary timber would only have 
| endured from two to four years, so that the adoption of 
| greenheart still seems to have been justified. 
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SCREW VISCOSITY PUMPS. 
By H. S. Rowett and D. Fintayson. 


In the issue of ENGINEERING of November 17, 
1922 (vol. exiv, page 606), a mathematical analysis 
was given of screw viscosity pumps, a model of 
which had been exhibited by Sir John Dewrance 
at a Conversazione of the Institution of Civil 
Engineers of that year. Recently, in conjunc- 
tion with other work on lubrication, the present 
writers have used a demonstration model of one 
of these pumps, kindly lent by Sir John Dewrance, 
and as some results of the work appear to be both 
useful and interesting, the following brief account 
of it is given. 

The pump, in essentials, is shown in Fig. 1, and 
consists of a rotor R on which are cut right and 
left-hand screw threads. The rotor turns within 
the closely fitting sleeve S. The oil enters at the 
ends of the sleeve, and is forced by viscous drag to 
the delivery port D. 

In the article quoted, it is pointed out that a screw 
pump of the type under consideration is equivalent 
toa groove as in Fig. 2, filled with liquid and covered 
by a plate moving in the direction perpendicular 





to the plane of the paper. This plate drags with 


it the liquid owing to the viscosity of the latter.! 





Fig.d 
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The final equation, corrected for two small typo- 
graphical errors, is :— 
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the summations including only odd values of n, 
where 


n= 175 (cosh 


V = volume of oil delivered. 

b = breadth of groove. 

d = depth of groove. 

1 = length of groove. 

U = speed of drag plate along the groove. 

P = pressure against which liquid is delivered. 
= viscosity of liquid. 


(preferably in C.G.S. units.) 
This equation is of the form 


2 
V=1(Av-By?) . a 
where 
n= nad 
t bch dhs 
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both being functions of the ratio 4” Values of 


vo 
Aand Bsufiicient for all practical purposes are tabu- 
lated below and shown graphically in Figs. 3 and 4. 


Rectangular groove :— 
V =a (0.4999 U — 0-001333 K a) 
x Q7E TT 

width 7 ee 375 UAL 

depth a 

It will be noticed that the flow per unit area, as 
well as the maximum pressure that can be developed, 
increases as the groove becomes wider in proportion 
to its depth. If the groove were infinitely wide or 
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It will be seen from equations (1) and (2) that 
the pressure developed is a maximum for any given 
rotor, when the volume of flow is zero ; the column 
in Table I headed * gives the equivalent ratio re 
for this condition. 

Later it will be shown that the relations involved 
can be calculated with fair accuracy by much 
simplified methods which not only are more con- 
venient for purposes of design, but are also more 
readily interpreted physically. 

In order to fix the ideas, we may give very briefly 
the results of the calculations for grooves of various 
proportions including the semicircular groove, the 
values for which do not appear to have been cor- 
rectly given in the original discussion. 

Let the cross sectional area of the groove be a, and 
+) = K, then, with the notation previously 
used, we have :— 


let 


Square groove :— 
V = a(0-2482 U — 0-03516 K a) 
and the maximum pressure :— 
7-06 U Xl 


Po = ——— 





Rectangular groove :— 
V = a(0-3600 U — 0.028 K a) 
width 12-86 UAL 
be =a 2 = 
depth a 





Rectangular groove :— 

V = a(0-4618 U — 0-009613 K a) 
width P 48-0 UAL 
depth — oe eee 














TABLE I. 

5g d | | A # A 

b log | A | B B log B 
| | | 

0 -012732 2-1048 0 -006362 | 10-71-7178 37030-0 | 4 +5686 
0-016 2-2041 0-007999 10-7 x 3-4123 23440-0 4 +3699 
0-019098 2-2810 0009543 | 10-7 5-799 16450-0 4-2162 
0-030338 2 +4820 0-01491 | 10-6 x2-2876 | 6519-0 3-8142 
0-125 1-0969 0-05772 10-4 x 1-502 | 384 +2 2 +5846 
0 -22064 1-3436 0-09545 | 10-47-7066 123-9 2-0929 
0-34970 1 +5437 0-13812 | 10-3x2-7785 49-72 1-6965 
0-5 1-6990 0-1800 0-0071 | 25-36 1-4042 
0-51230 | 1-7096 0-18295 0-0076024 | 24-06 1-3813 
0-73294 1-8650 | 0 -22627 | 0-018064 | 12-53 1-0980 
1-0 0-0 0-2482 0-03516 | 7-062 0-8489 

1-4659 0-1662 _ 0-07069 | -- — 

2-1988 0-3421 | —- 0-13135 | — _ 

p vaRyyRyi ‘ | e | +52 
>8 log “ | Onareneres —“ _ 0-05252075 | 3-32565 2 | oe 
b | 12d | d | —log 
| | b 

! A — — 

2 

Fig.4. VALUES OF B IN EQUATION(2)V xi) 
2 
Fig.3.VALUES OF AIN EQUATION (2)V-6°AU-BEsE ) 
to B. 
= O05 252... 
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indefinitely shallow, we should have, in effect, two 
parallel planes and the relations would be :— 
Vv: a (0.5000 U— a) 
and 
6UXI 
d= * 
The semicircular groove is of special interest in 
comparison with its circumscribing rectangle of 
sides in the ratio 2:1. For the semicircular groove 
we have :— 
V = a(0-405U — 0:03455 Ka) 


re= 


and 
Wew2UXI 
Po = aoe 
a 





which may be compared with the values already 
given for the rectangle. 

It may be remarked that the semicircular and 
rectangular grooves are the only forms that can 
be calculated by direct mathematical methods, 
and even with these forms it appears impossible 
to derive any useful expression for the mechanical 
efficiency of the system. This is because of the 
infinite velocity gradient and consequent traction 
implied by the inevitable mathematical conditions. 
In other words, the lid is moving with velocity U, 
while the groove touching it at the corners, is station- 
ary. At these corners the gradient and traction are 
infinite. 

On account of the mathematical difficulties 
involved in an exact hydrodynamical treatment 
of these viscosity pumps, special value is attached 
to a simplified view. By assuming the groove to 
be indefinitely wide, one co-ordinate may be at once 
ignored, end effects at the sides of the grooves 
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cease to be operative, and the physical insight into | The energy utilised is PV, or | to the condition of the zero flow. This curve, a 
the matter is greatly clarified | PUd_ Pd i d 
: : oar Ee a | parabola with vertex = from the fixed pl: 
Consider a flat plate distant d from a similar | 2 ~x712 = =. |P : 3 iain 
plate parallel with it (see Fig. 5). The interspace is | , = E |shows very clearly that over two-thirds of the 
filled with viscous liquid and one plate is moving | [he efficiency 7 = y; or | cross section the liquid is flowing backwards with 
° a Ty 3s : na a ee 4. | g | : 
with velocity U while the other is stationary. The | Ud P d3 |a maximum velocity equal to = and clearly the 
equations of motion using the notation of the preced- P 2° Aa . , 
ing page is :— | = ay Kd ome area embraced by the curve of backward flow equals 
fe PF | | T° i sear | the area between the curve of forward speeds and 
teat © tees Pp Ka the moving surface. The plane of zero velocity is 
; or, remembering that — = K and writing ~~ ="¢, ; 
whence . , 2 N g —— ii ‘ from the moving plate. 
ou as " . 
ay Ret, | i= 2 1: It is worthy of remark that when the pressure is 
and n= aa8 ! acting in the same direction as that in which the 
gat xe y+-D | Differentiating with regard to @, and equating to moving plate travels, the flow is nopeenmnted by the 
a : aes: Z ate a same curves obverted about the straight line 
y | zero for a maximum value of 7, we find 7 a maximum | ~~  Mieetelad at tle Lowe in Se, 7 4 
making u = 0 for y = 0, we have D = 0. for @ = 2, and this substituted gives the value of | # aa — we = are 8 ge Se 8: ‘ tor 
and making u = U for y = d, we have |'n = 1/3, which is the maximum efficiency possible | oe ane = — 2 ae >. re 
eee i ; be Bin NO mA: | would then be driven by the oncoming liquid, and 
_ Kd l Kd with a viscosity pump. If now we substitute the | E ; ope iy 
U = —— +CdorC€ = K de thus we have in effect a viscosity motor. The 
cf ~ 





value = = = the foregoing equations, we | efficiency of such an engine, which, it need hardly 














and .°. : z : ; 
Ky? U Kd may see very easily the physical conditions leading | be emphasised, is not a prime mover, can be readily 
a ae ( oe ). to maximum efficiencv. deduced from the equations already given. Briefly, 
: | the work done and the work utilised are now inter- 
Fig.G. VALUES OF C AND D IN EQUATION V-bd U(C-D6) Fig.5 | changed, and the efficiency of the viscosity motor 
- “ ——+ U | is simply the obverse of the corresponding efficiency 
of the viscosity pump. In the equation for the 
bn maximum value of 7 th t t = 
: } 1 there are two roots, ¢ = 2 
re Par : (780.€) Sie |and d = — 6, and the second of these roots applies 
Fig.7. VELOCITY DISTRIBUTION IN INTERSPACE BETWEEN TWO PARALLEL PLATES. 
S S (Upper plate moving with Velocity U. a plate. stationary) 
K 
g ne < aT 
: C-$(1-0-630 d/b . : 
ve) : i 
Approximation to D “ 
= elt 
D-j5 (1-0-630 d/b vid 
yf- 
yld 
(78079 d/b. “ENGINBERING" 
The volume flowing past a cross section per unit 
width is :— “ENGINEERING” 
r ae : , Kd? ly to the viscosity motor, which has a 
; Ud Kd Ud Pp 4@ Thus —— = 2 _ yields property ; y 2 
V= | udy=-; > , mes U y maximum efficiency of 4. These results are of 
/0 7 a ~ ’ ‘s © ge ee striking interest. They are independent of the 
or, if a strip 6 units wide be considered, the flow is :— d 2 d 2 liquid used in the sense that for any liquid of 
: coc oP ow? U_ Kd. wore : vanation | Viscosity 4 there is an optimum condition of velocity 
'=® a( as 3) mt yg Seni gem Coogee pressure, and when this optimum condition is 
which, for comparison with equation (2), may be | for ¥, and when this coefficient vanishes, |Fealised either in the viscosity pump or in its 
etiiiees “eon : | K 2 converse, the viscosity motor, the efficiency cannot 
et d @® BeP | Slama a | exceed 334 per cent. 
Vie RLS «Up. ok ; ae a. 
(3 b 1263° dl ) ja simple parabola with zero velocity gradient, | (To be continued.) 


: : 
Table 1 and the results already given for various|and therefore zero traction at the stationary | = 
| 


rectangles are made more clear by this approxima- | boundary. 

= ° rs ° . T 1 = > ets ¢ “ f 
tion. In fact, for practical purposes this simple | lhe expressions for the rectangular grooves can 
view can be used with advantage in calculating the | be written in a convenient form by using the 





| ~ 

| Brivish STANDARD SPECIFICATION FOR CHEMICAL 
| Leap.—A recent specification issued by the British 
Engineering Standards Association is one for Chemica! 





coefficients for grooves of finite width. Some notes | relatior oj . cain ete icinal | Leads, No. 3341928. There are serious difficulties in 
on the calculation of the coefficients will be given in | 7 ah pg ae ee ee ensuring the suitability of lead for chemical plant. Local 
| equations (1) and (2) in d? instead of in 0%. Thus, | failures have occurred owing to physical or chemical 





an appendix. 

We have already mentioned that the efficiency of | 
a viscosity pump cannot be calculated, but an upper 
limit can be easily determined. It is clear that in a 


En the | defects, and it is therefore desirable to examine and 
PEowme | test as many samples as practicable. While realising 
Square groove V = bdU(0-2482 — 0-03516@) | that chemical analysis alone can finally establish chemical 
Rectangle 6 = 2d V = bdU(0-360 — 0-0568¢) | quality, the committee recommends the use of the flash 
b = 8d V = bdU(0-4618 — 0-0769) | and aqua regia tests, and the specification includes 





| ” 


groove of finite width the dissipation of energy | b = 62-5d V = bdU(0-4999 — 0-0833@) | appendices which indicate that these tests are appro- 
must be greater than in a strip of the same width| Infinite Planes _ Vi = bdU(0-500 — 0-083) priate for general use. Copies of this new specification 


| 
aie a : eee: Ws ss xy 3 |may be obtained from the Publications Department of 
—— n two —— planes. This follows from &/ These show. the gradual change of the coefficients | the B.E.S.A., 28, Victoria-street, London, $.W.1, price 
consideration of the tractions on the sides of the | as the aspect ratios of the rectangles change. With | 28. 2d. each post free. 
re are > ‘e ve Te 2 =| . . | 
finite agen Therefore, if can determine the ‘this form of statement, i.e., V = bdU (C — D9), | 
ae or the ay 2 ae “ know, “tA ithe coefficients C and D can be conveniently and | Piece alge en a Br yrange er Fag Mir 
actual pumps mus ess efficien he upper limit | , .onrately shown in : “ SEES ne x -—the issue of Augus > 
of es am attainable , PI -_ urate ly shown ae graph, ad = done im Fig. 6. of Trade Journal contains a table of values of the imports 
T * h j flici : a | Further light on the problem is given by a study | of the principal groups of engineering products, into 
. "Y 2 ag Te . . . | ° ° 5 95 
0 ~— on e mn cy of t . simp ae ates, we | of these simple planes, especially in regard to the | ehgere pene ern —— oe the te yg 
require to Know the viscous drag on the moving} difere = ‘ elias ws s ojp. | 1920-26 anc 26—2/, from Great Britain anc tS) > 
late. This multipliec by the velocity U gives the a vege flow re hich pea aellpainige thee | States, the figures being taken from a statement made 
P ail it Ty if + apenas 5 iV be | cumstances. Thus, in Fig. 7a few curves are drawn | py the Prime Minister, the Rt. Hon. S, M. Bruce, in the 
pee om ae sypeachenlhonae ggg taenaye ene © | showing the velocity distributions in the interspace | House of Representatives. Under the title of Iron and 
a, ta AS > ‘e ave , ° . . eae! > s x * a hi 7 
multiple d by the pressure P, we have the energy | for several different values of @, é.e., for different | Steel Products, the value of imports from this es 
output. The calculations are as follows :— nhton of enenmmen, relocity multiplied by the t | has fallen by nearly 850,000/., although the figure tor 
ee F : | ratios of pressure to velocity multiplied by the term | the period 1926-27 was an improvement on the previous 
ae sii U_ Kd . eae: twelve months; the value of imports from the United 
2 7 he 2 Al States, however, although only about a fifth of that for 
| firstly, the straight line corresponding to zero| the trade with this country, shows an improvement 0 





The velocity u The most interesting curves in Fig. 7 are, 


The traction per unit width and along length 1 is | : : 36: 3 . i hinery, 

- if li pressure gradient; here the velocity is simply | ®Pout 363,000/. As regards the trade in machinely, 

Alou na. OU Soke . : : ’ | Great Britain’s share has increased by approximately 

“3 -( >t =) 1, proportional to the distance from the stationary | 400,000/7., while that of the United States has risen by 

hd ere surface. Secondly, the curve marked ¢ = 2, giving| a little more than 1,500,000/. Finally, in connection 

and thus the work expended Is maximum efficiency ; this is a simple parabola with | With imports of motor vehicles and socessorics, He 
‘ trade with Great Britain has risen in value by a hit 





(ss 4 =) a WT its vertex at the stationary surface. Thirdly, we over 1,600,0001., and the trade with the United States 
2 d have the curve marked ¢ = 6, which corresponds | has increased in value by a little over 1,800,000/. 
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ESCALATOR CONSTRUCTION AT 
WATERLOO STATION. 


| AccorDING to some figures recently given by 
| Mr. E. C. Cox,* Chief Operating Superintendent 
| of the Southern Railway Company, the number of 
| passengers carried to and from Waterloo station, 
| London, on a normal Friday in February, 1928, 
was 131,729. Of this number, 19,467 arrived during 
the morning peak hour and 17,994 departed during 
the evening rush period. Naturally a certain pro- 
| portion of these passengers left or entered the 
station by road, and a further proportion made 
use of the Waterloo and City Railway, access to 
which is obtained from the main platforms by a 
double escalator, which has been in operation for 
some time. An even larger percentage, however, 
travelled by one or other of the three Tube railways, 
which provide a direct connection between Waterloo 
and other parts of London. This percentage has 
now been increased by the opening of the Ken- 
| nington extension of the Hampstead line. To deal 
| with this prospective traffic, it was decided some 
| three years ago to build a triple escalator from the 
York-road level (13 ft. above sea level and 113 ft. 
| above reference) at Waterloo to a landing 56} ft. 
| vertically below and some 10 ft. above the Tube 
{railway platforms. The upper end of this escalator 
jis 3 ft. above the floor of the existing subway, 
| under platforms Nos. 17 to 23, access to which is 
| given by steps. To facilitate dealing with the traffic 








* See ENGINEERING, vol. cxxv, page 481 (1928). 








252 





ENGINEERING. 


[AUG. 31, 1928, 








carried by this escalator it was also decided to build 
a new booking office on this level. The arrangement 
of the site occupied by these works is shown in 
sectional elevation in Fig. 1 and in plans on Figs. 
2 and 3 on Plate XXII. Detailed sections are 
given in Figs. 7 to 15 and 17 on the same Plate. 

It may be mentioned that this new escalator is 
supplementary to the four lifts, which have been in 
operation between the York Road level and the 
Bakerloo Railway station since the opening of the 
latter in 1906. Access to these lifts is obtained direct 
from the street and from the northern end of the 
Southern Railway concourse by a sloping footway, 
and from the main-line platforms by subway. 
The escalator is mainly intended to give increased 
facilities to passengers arriving and departing from 
the Southern railway platforms, and is designed to 
carry 24,000 passengers per hour. Its construction, 
some further details of which are given below, corres- 
ponds closely with that which has now become usual 
on the London Underground Railways.* It is con- 
tained in a tunnel, as shown in Figs. 1 and 2, 
22 ft. 4 in. in diameter, the construction of which 
involved some interestiug civil engineering problems. 
The consulting engineer for this work was Mr. H. H. 
Dalrymple-Hay, M.Inst.C.E., of 11, Regent-street, 
London, 8.W., to whom and to his assistants, Mr. 
J.C. Martin and Mr. D. F. C. FitzGerald, we are 
indebted, for the information and drawings, upon 
which the following article is based. The contractors 
for the work, the progress of which was also 
supervised by the engineers of the Southern Railway 
Company, were Messrs. John Cochrane and Sons, 
Limited, of 39, Victoria-street, London, S.W.1. 

The problems that had to be faced may be briefly 
stated as follows: As is well known, Waterloo 
station is supported on a series of brick arches, 
under one of which the escalator had to be built. 
The span of this arch was only sufficient to enable 
the escalator tunnel to clear the piers by 2 in. 
on either side (see Figs. 12, 13 and 17). These 
piers were originally carried on concrete founda- 
tions, the latter resting on a layer of water-bearing 
gravel some 14 ft. above the London clay, as indi- 
cated in Fig. 14. The escalator tunnel will be seen 
in Fig. 8 to be carried below these foundations, and 
through the gravel into the London clay. It was 
therefore necessary to take special precautions to 
eliminate any risk of damage to the piers and arches. 

The solution adopted was to enclose in a coffer dam 
of sheet steel piling the foundations of the two piers 
concerned, namely, those supporting arch No. 250, 
and the ground adjacent to them. The extent of this 
piling is shown in Figs. 2, 7, 9, 12, 13, 14, 15, and 17, 
Plate X XII, and, as is clear from Figs. 7, 9, 12, 13, 
14, 15 and 17, it was driven down for a total depth 
of 21 ft., thus penetrating some 5 ft. into the London 
clay. The tops of the piles, when driven, were about 
18 in. above the water level, the soil at this point con- 
sisting, as already stated, of water-bearing gravel. To 
enable these piles to be driven it was necessary, owing 
to the restricted headway of the arches, to form 
trenches alongside the piers and to sink these trenches 
about 1 ft. 6 in. below the water level, so as to allow 
the piles to be pitched. The position of one of these 
trenches in relation to the piling is shown dotted in 
Fig.9. The piles, as shown in Fig. 16, were of the 
British Steel Piling Company’s universal joist pat- 
tern. They were pitched to true line and were driven 
vertically by means of McKiernan-Terry hammers. 

When all the piling had been driven in this way 
and a coffer dam, of the extent shown in Fig. 2, had 
been formed, the cross-trenches numbered 1 to 22 
in Fig. 7 were sunk from the surface downwards. 
These trenches were cut in the clay and ballast in 
transverse sections, °ach of which was about 7 ft. 
wide, the work being performed so that no two 
adjoining trenches were open at the same time. 
For instance, trenches Nos. 4, 11 and 19 were sunk 
simultaneously. The sub-soil water encountered 
within the area of the sheet steel piling was pumped 
out as the work proceeded and returned to the 
gravel. It is interesting to note that no sand came 
through the joints in the piling with the pumped 
water. The sides of the cross-trenches were 
also timbered as the work proceeded. As each 
trench was completed it was filled with 7 to 1 
Portland cement concrete immediately under the 





¢ See ENGINEERING, vol. cxxiii, page 38 (1927). 
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piers for the full width of the coffer dam and 10 to 1 
blue lias lime concrete in the places through which 
the escalator tunnel was subsequently to be driven 
(see Figs. 1, 7 and 9). Both these concretes were 
brought up simultaneously, the core being formed of 
the blue lias lime concrete, which was set out to 
coincide with the inclination and direction of the 
escalator tunnel. The top of the concrete putin was 
generally about 3 ft. below the existing foundation 
of the pier walls. 

As shown in Figs. 7, 9, 14, 15,and 17, Plate XXII, 
a portion of the pier between the arches numbered 
250 and 251 was first underpinned in brickwork im- 
mediately below the original concrete foundations. 
At other places the existing concrete was entirely 
removed and brick underpinning substituted. The 
greatest care was obviously necessary in carrying out 
this work to prevent subsidence. 

The next operation was to drive the escalator 
tunnel downhill between the piers of arch No. 250 
from the 113-ft. level to the 56°75-ft. level. As indi- 
cated in Figs. 1, Plate XXII, and 24 above, the por- 
tion of the tunnel under the viaduct was driven in 
free air by mining downhill through the blue lias lime 
concrete previously put in during the construc- 
tion of the underpinning cross-trenches, the work 


being executed within the area of the steel piling, | 


which had been previously driven as described above. 
Twenty-seven rings of 22 ft. 4 in. tunnel were driven 
in this way, and when in place rested partly on a 
sloping bed of 7 to 1 Portland cement concrete and 
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partly on the clay, as shown in Figs. 1, 7, and 9. 
This work brought the crown of the tunnel within 
3 ft. of the piles at the end of the coffer dam. 

The next length of the tunnel was constructed 
under compressed air at a pressure of 7 lb. per 
sq. in., this system being employed owing to 
the fact that a portion of the upper part of the 
tunnel outside the coffer dam had to be driven 
through water-bearing gravel and under the 
Southern Railway Company’s siding tunnel. 

It may here be mentioned that in the preliminary 
stages the Southern Railway Company’s engineers 
made the suggestion that this siding tunnel, which 
had been constructed by Mr. Dalrymple-Hay some 
thirty years before, as consulting engineer to the 
Waterloo & City Railway Company, should be under- 
pinned. On further investigation, however, this was 
not considered practicable as the run of this tunnel 
is at right angles to that of the escalator, and it 
rests in some 14 ft. of water. This water would, 
therefore, have had to be lowered to allow the 
underpinning operations to be carried out and 
could not be shut off altogether. Mr. Dalrymple-Hay 
took the view that underpinning was unnecessary, 
especially as so much of the work was being done 
under compressed air. Cementation was therefore 
adopted as an alternative. 

In the event, however, even this would appear 
to have been unnecessary. For when the cut 
was made through the cemented gravel it was found 
to contain no cement, the reason apparently being 
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Fie. 30. Escatator CHAMBER UNDER CONSTRUCTION. 





tunnel, which had already been constructed in free 
| air. To do this, the top of tunnel was covered 
| with puddled clay to prevent air leakage, and dry 
| filling was piled on top of this to bring the level of 
| the loading up to the existing floor level of the arch. 
| A permanent 9-in. diaphragm wall and two 9-in. 
| buttresses were built between the top of the tunnel 
|and the arch, while between this point and the 
|northern end of the arch the tunnel was further 
i strengthened at two points, by timbering between 
‘the filling and the arch, so as to prevent the com- 
pressed air causing any lifting from the inside. 
The lowest point of the tunnel, at the place where 
compressed air excavation was begun, was covered 
with the 7 to 1 Portland cement concrete, which had 
been laid in trenches, as described above, and over 
this was the 6 to 1 Portland cement concrete, which 
had been put in during the underpinning of the 
Southern Railway Company’s existing footbridge. 

Thirteen rings of pilot tunnel were then driven in 
compressed air at a pressure of 7 lb. per square 
inch. This pilot tunnel passed under the piles at 
the northern end of the coffer dam, and the escalator 
| tunnel was enlarged from it for 15 rings. When the 
| 








coffer dam was reached, seven holes, 2 in. in diameter, 

were drilled in the steel piling, to ascertain if the 

| cementation of the ballast under the Waterloo and 
| City siding tunnel had been successful. As already 
mentioned, however, the ballast was found to be very 

sandy and no sign of cementation was discovered. 

| It was then decided to cut 15 in. by 10 in. slots in 
e S | the piling just clear of the outside of the tunnel, 
Fic. 29. TIMBERING FOR UNDERPINNING ARCH. | and form clay pockets in the ballast at the back of 

the piles, as in Fig. 24, and, by means of jacks, to 

that though it did not penetrate into the sand at|found it to work satisfactorily and to give the | drive channels through these pockets on the line 
all, it must have found its way into the ballast and | gravel hardnesses equal to 4 to 1, 6 to 1 and 10 to 1 | of the tunnel. As each channel was driven home, a 
strengthened that up. This somewhat unexpected | concrete, under varying conditions. | new slot was cut in the piling and the pocket ahead 
action, however, must not be taken as being a] Returning to the escalator tunnel, in order to|excavated to a depth of about 2 ft. 6 in. The 
disadvantage of cementation in all cases, since at | carry out the work under compressed air an air-lock | channels used measured 7 in. by 3 in., six being 
Charing Cross, for instance, Mr. Dalrymple-Hay has | was formed at the upper end of that portion of the | 8 ft., six 6 ft., and eighteen 4 ft. long, the longest 
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being at the centre of the tunnel and the shorter 
ones at the haunches. 
London blue clay, and thus formed a support for | 
the ballast while the tunneling was in progress. | 

Vertical series of holes, over a width of about | 
2 ft. 6 in., were then drilled in the piles, and a 
slot 3 ft. wide and 4 ft. high was cut in those near 
the left-hand haunch of the tunnel. The ballast 
behind the piles and under the channels was next | 
excavated and timbered. Excavation proceeded in | 
this way across the tunnel, a width of 2 ft. 6 in. of | 
piling being removed, and excavation resumed in | 
the next width, as soon as the ground was timbered. | 
The ballast behind the piling was thus removed | 
for the full width across the top of the tunnel, the | 
length excavated ahead of the piles being 2 ft. 
As the channels were exposed, holes were drilled in 
them and grout forced into the ballast above them. ' 

An iron ring was next put in place and tunneling | 
continued in the usual manner. When 42 rings | 
had been erected and there was a cover of clay 6 ft. | 
thick over the tunnel, the compressed air was let | 
out and the driving of the pilot tunnel resumed, | 
seven more rings being put in place in free air | 
before the brick headwall, which had been built | 
at the end of the 14-ft. pilot tunnel for the construc- | 
tion of the 26-ft. escalator chamber was encoun- | 
tered. The eight part rings, necessary to join the | 
tunnel to the chamber, were then completed in the | 
manner shown in Figs. 1, 4, 5 and 6, Plate XXII. 

In the meantime, the nine rings of 14-ft. pilot | 
tunnel, which was driven preliminary to excavating | 
the portion of the 26-ft. chamber south of the | 
stair shaft had been completed. The bottom of 
the latter was filled in with brickwork built in with 
4 to 1 lime mortar, so as to form a support for the 
shaft lining. This lining was removed by drilling 
off as much of the plates composing it as was | 
necessary to enable the 26-ft. tunnel to be advanced | 
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one ring at a time, and the tunnel itself was heavily | ¢he longitudinal joints were planed, the longitudinal 
timbered, until the obstructing shaft had been | joints of the key pieces being inclined. The segment 
passed. The remainder of the staircase shaft was /on each side of the key piece had one inclined and 
then filled in with concrete to a level of 3 ft. above ‘one radial flange, and all the other end flanges 
the crown of the 26-ft. tunnel. | were truly radial to the centre of the tunnel. 

As is clear from Fig. 1 and Fig. 19, Plate XXII, | All the planed joints were put together with a 


the 26-ft. chamber, shown in Fig. 30, at the bottom | 
of the escalator tunnel leads into a smaller chamber, | 
the diameter of which is 23 ft. and this in turn | 
gives access to the original 10-ft. passage leading 
to the platforms. To facilitate dealing with the 
increased traffic, the headwall alongside this passage 
was removed and a footbridge and staircase built 
giving access from the platforms of the Hampstead 
and Highgate Railway. This wali ls shown in the 
plan, Fig. 2. The same plan shows that the 
escalator is built in three sections, the two outer 
sections being for passengers moving up and down 
respectively, while the centre section can be used 
for either upward or downward passengers, depend- 





mixture of red and white lead ground in boiled 
linseed oil and were bolted together so that they 
were rendered quite watertight. The circum- 
ferential joints were formed by inserting a packing 
of tarred yarn, coated with a mixture of red and 
white lead, between the bolts and skin fillet when 
the rings were being erected. This fillet was cut 
out later on and the joint was then caulked with 
blue lead for a sufficient depth between the bolt 
and the outer side of the joint to make the 
latter completely watertight. The remainder of 
the joint was caulked with rustproof composition. 
As already mentioned, it was necessary to form 
six 10-ft. openings through the piers between 


ing on the traffic conditions. Downward passengers | arches Nos. 250 and 251, both to give access to the 
obtain access to the platforms of the Hampstead | top of the escalator and to provide space for a new 
Railway by a footbridge, which was constructed | booking hall. To enable this to be done the existing 
when the Kennington extension of that railway | piers were reinforced by steel girders and stanchions, 
was built. The new openings in the existing! as shown in Figs. 1, 7, 11, 14 and 15, Plate XXII, 
passage walls and a new 12-ft. 6-in. passage allow | and a considerable portion of the original brickwork 
access to the platforms of the Bakerloo Railway.| was removed. As a preliminary to this work the 
The tunnel passages, which it was necessary to drive | machinery chamber floor was constructed of 7 to 1 





in connection with this work, were constructed one | 
ring length at a time, the work being executed 
without causing any disturbance to the passenger 
traffic circulating in the passages to and from the 
lifts. 

The cast-iron lining of all the tunnels, Figs. 18 
to 21, chambers and passages consisted of a series 
of segmental rings. the segments being connected 
together by bolts in the usual manner. The annular 
space between the cast-iron lining of the tunnels, 
chambers and passages and the surrounding material 
was completely grouted up with neat Portland 
cement. 

This mixture was forced in by compressed air 
through openings in the castings, by means of a Great- 
head grouting apparatus under a pressure of 60 Ib. 
per square inch. The grouting was done as each 
ring was erected, and on completion the holes in the 
casting were plugged with neat Portland cement, 
where the tunnels passed through dry ground, and 
with lead plugs, where they passed through water- 
bearing strata. The ends of all the segments forming 


Portland cement concrete on the water-bearing 
gravel and the timbering for supporting arches Nos. 
249, 250 and 251, which was put in while the re-con- 
struction was taking place, was built up upon it for 
the three openings at the northern end of the arches. 
The timbering for the three openings at ‘the 
southern end of the arches was built on the existing 
floor. Details of this timbering are given in Figs. 25 
to 27; it is also shown in the views reproduced in 





Figs. 28 and 29. As will be seen, similar arrange- 
ments were used in the cases of arches Nos. 250 and | 
251. These consisted of a frame made of 12-in. by 
12-in. uprights and 9-in. by 3-in. cross-members | 
with horse heading, supported on a second 12-in. by | 
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etc., and the details, Figs. 22 and 23, in order to 
provide the necessary openings giving access to the 
escalator and booking hall. This part of the re-con- 
struction was begun by placing the steel grillages, 
on which the stanchions are now supported in 
position. These grillages consist of six 10-in. by 
6-in. beams, weighing 42 Ib. per foot, resting on four 
18-in. by 7-in. joists, weighing 75 lb. per foot. 
The joists in turn are supported partly on the 
original concrete foundation of the arch, and partly 
on the new 7 to 1 Portland cement concrete. 
After the grillages had been put into position and 
levelled, a vertical chase was cut in the original 
brickwork to receive each stanchion. ‘These 
stanchions are made up of 12-in. by 3}-in. channels 
weighing 26-1 Ib. per foot, and 14-in. by }-in. plates. 
The first eight stanchions were 17 ft. 5} in. long, while 
the remainder measured 8 ft. 114 in. Distance 
pieces of 12-in. by 3}-in. channel, and weighing 
26-1 Ib. per foot, were fixed between the stanchions 
to secure greater rigidity. The stanchions were 
surmounted by transverse girders, consisting of two 
10-in. by 8-in. beams, with 2-ft. by }-in. plates. A 
longitudinal chase was then cut on one side of the 
pier for half its thickness, and three rolled-steel joists, 
16 in. by 6 in. and weighing 62 lb. per foot, were 
inserted. After the girders of one row had been 
inserted in this way and the brickwork made 
good, those in the second row were erected in 
a similar manner and pinned up to the old work. 
Finally, the girders were filled in with fine 6 to 1 
Portland cement concrete and the existing piers 
were removed under the stanchions. The flanges of 
the stanchions were covered with expanded metal 
of No. 24 gauge and §-in. mesh, and the interior of 
the stanchions themselves and the spaces between 
them were filled with 6 to 1 Portland cement 
concrete. 4 
As shown in Fig. 14, new piers of brindle brick 
were erected in 3 to 1 cement mortar. There 1s 4 


\stairease between these piers and the adjoining 


original pier by means of which access is obtained 














12-in. cross-member. In the case of arch No. 249/to the booking hall. In connection with this re- 
the construction was somewhat different for the two | construction certain other alterations were necessary 
new openings from the booking hall to the Southern | to the existing work, but these are clearly shown on 
Railway passenger subway ; but its details will be|the accompanying drawings and do not require 
clear from Figs. 25 and 27. | further description. 
When this timbering was in position the original| It may be added that the work was carried 00 
brickwork was removed in sections and replaced by | continuously, except on Sundays, and wasJcom- 
steel stanchions, as will be clear from Figs. 1, 3, 7,| pleted in twenty-one months without mishap. 
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Turning, in conclusion, to the escalator itself, 
as already mentioned it is designed to deal with 
24,000 passengers per hour and, as will be seen 
by reference to Fig. 2, Plate XXII, it consists of 
three escalators, each of which is 4 ft. wide and 
has a vertical rise of 56 ft. 3 in. This escalator 
combination is, therefore, the largest on the Under- 
ground railways, as although a triple escalator is 
also working at the Bank station, in that case the 
rise is one of 48 ft. only. As the central escalator 
of the three at Waterloo is reversible, the whole 
system can be easily adapted to the traffic conditions 
throughout the day. 

The escalators, which were constructed by 
Messrs. Waygood-Otis, Limited, of 54, Fetter-lane, 
London, E.C.4, are of the same pattern as those 


of which we gave a detailed description in the} 


article already referred to. They are of the 
cleat step comb type, the treads being made up 
of wooden battens, which are arranged at right 
angles to the long edges of the steps. A fixed 


bronze or steel comb with its teeth extending | 


into the grooves between the battens makes the 
junction between the moving landing, which is 
composed of the levelled treads of three or four 
steps, and the stationary floor. This arrangement 


is used both at the top and bottom of the escalator | 


and facilitates the reversal, to which reference has 
already been made. At the top of the escalator 
the treads pass round two sprocket wheels, and 
at the lower end there are two similar sprockets. 


These are carried in adjustable bearings, so that | 


the necessary tension may be put on the chain. 
Each step is carried on four rollers, two of which 
are of fibre, and are attached directly to the bar 
at the bottom of the riser of the step. The other 
two rollers are of cast-iron, and are also attached 
to the step close under the back edge of the tread, 
but are carried between the links of double flat- 
link chains. Each step is thus coupled to the 
chains at the extremities of one edge, the other 
edge being free to swing round the axis of attach- 
ment to the chains. The two rollers in the chains 
are wider apart than the pair at the bottom of 


the riser to prevent fouling between those on | 
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|one step and those on the next, and run in two, 
separate tracks. All the way up the stairway | 
| the two sets of tracks are side by side, and in| VARIABLE HYDRAULIC GEAR. 

| line with one another; but on nearing the top THE construction of most machines can be simplified, 
| the free roller track is depressed, in order to and the efficiency obtained from them increased to a 
| preserve the horizontal position of the treads. |™#*imum, when they are designed to operate at one 


eee : ee _ | pre-determined speed. Modern practice, however, fre- 
At this point, therefore, this track is carried below quently renders it desirable that such machines shall be 


| the chain roller track by a steel casting. In order capable of running at more than one speed, and that a 
| to prevent the lower half of the chain loop and the | close speed regulation shall also be obtainable between 
| Steps attached to it sagging, the free roller track | wider or narrower limits. These requirements have 
is carried round to the underside of the rollers, | hitherto been met, at least partially, in a number of 
a double track being provided round the sprocket | different ways, e.g., by change-speed gear boxes, stepped 
| wheel shaft to ensure that the weight is transferred | pulleys and electrical devices. Some of the more satis- 


‘smoothly. This double track is repeated at the | factory results have, however, certainly been obtained 
“4 from some form of hydraulic gear, and the introduction 


| bekhons sprocket wheels. - : of a further gear of that class is of interest. 
|. The escalators are driven by a 600-volt direct- The Schwartzkopff-Huwil te by the Beit 
current motor, the spindle of which is connected e Schwartzkopit-Huwiler gear, made by the Berliner 
lt teel shaft hich Sih Reload dine hil Raed Maschinenbau A.-G., vormals L. Schwartzkopff, of 
O & steel shart on which & righv-nanc ae The i ih Berlin, belongs to this group. It is an hydraulic gear, 
worm with triple threads are cut. _ tne —_ in which oil is used as the working fluid, its construc- 
end of this shaft is coupled to an extension carrying | tion being such that infinitely variable speed regulation 
a brake drum. Each worm drives a worm wheel, | is obtained between the specified limits. The gear 
and the two wheels mesh with each other, this | consists essentially of two parts, a driven primary unit 
|arrangement being adopted to eliminate the use |or pump and a secondary unit or motor. The pump 
of a device for taking up the end thrust. |i§ the driven part of the gear, and the motor the 


The drive is onlv taken from one of the worm | driver which transmits the drive to a machine or other 
, x € . rv e eae e 0 

aad : mechanism. ‘The primary unit is shown in Fig. 1 above 

wheels. 


she and is shown in section in Figs. 2 to 4, page 256. 
The safety arrangements are very complete. It consists of a housing A (Fig. 2), which encloses 
| Each worm shaft is provided with two automatic|the drum B. The latter is keyed to the driving 
magnetic hand brakes, one at each end and a/ shaft C and is provided with slots for carrying eight 
hand-operated reserve brake. If the chain breaks | blades D. These blades are fitted with pins at each 
or the escalator is overloaded, or attains anjend, which carry rollers E. As the drum revolves, 
excessive speed, devices are provided for opening these rollers traverse the irregularly-shaped cam 


i ircuit, while the same operation can paths cut in the end walls of the housing, so that 
|the motor circuit, while P the blades move in and out of the slots as the drum 


be performed by push-buttons along the escalator. rotates. The form of the cam paths can be seen 
= |in Fig. 3. The periphery of the drum can be more or 
British STANDARD SPECIFICATION FOR REGULUS less ager by. aking mat —— ri a se 
Merat.—The British Engineering Standards Association position of which can be varied by the hand wheel 
have recently issued a specification for Regulus Metal, | through the spindle H. This sleeve is provided with 
No. 335—1928. Clauses are given regulating the slots, into which the blades on the primary drum slide, 
chemical composition and the quality of material, together | as shown in Figs. 2 and 4. As the sleeve is drawn out 
with the tests to be applied ; while two appendices are | by operating the hand wheel, the dimensions of the 
included giving the purposes for which the several alloys | suction space in the primary portion are altered from 
may ee a — oes — — | zero to a maximum and a continually increasing amount 
of analysis. Copies of this specification may be obtained | (¢ guid ig delivered to the secondary unit of the gear 
“pghbe . s de ; 
on application to the Publications Department of the When the sleeve is completely withdrawn, and the size 


B.E.S.A., 28, Victoria-street, London, §8.W.1, price f . é 
2¢. 2d. each post free. of the suction space is therefore a maximum, the output 
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of the pump and the speed of the secondary unit are 

also a maximum. Since it is necessary that the sleeve | 
should revolve with the drum, roller bearings I are | 
provided on each side of the ring, which supports the | 
sleeve. This sleeve can be arranged to be operated 

hydraulically, as well as by the hand wheel and spindle | 
shown in the figures. Intermediate bearings are carried | 
at the outer end of the sleeve and serve to separate | 
the pressure space from the suction space. The exact 

position of the regulating sleeve is indicated on a scale. | 
The main shaft is also carried in roller bearings and, as | 
shown in Figs. 2 and 3, the necessary glands and stuffing | 


Fig.5. SECTION A.B.C. 












LZ» 
ary 


yu 


MOAT SG 
iy OV Le inY 
LSA J¢ 


eG, 




















= Z=poZ 
i <— ‘co 





boxes are fitted. 

All dead spaces in the gear are filled with oil. Experi- 
ence shows that there is almost invariably a pressure in 
these spaces, the value of which is intermediate between 
the suction and delivery pressures. 
the working space, which is determined by the position 
of the regulating sleeve, and this intermediate pressure, 


which is due to the dead space, are almost equal and | 


act in opposite directions, so that there is no un- 
balanced end thrust. During regulation, changes in 
volume occur in the working and dead spaces, but the 
sum of the volumes of both these spaces naturally 
remains constant. The oil forced out by the regulating 
process flows into the new spaces created by the move- 
ment of the sleeve, without any disturbing effect on 
the regulation. 

The secondary, driven, unit of the gear is shown in 
section in Figs. 5 to 7, and is illustrated in Fig. 9. Its 
general design is, as will be seen, similar to that of the 
primary portion, except that there is no regulating 
sleeve. 
the primary portion, and will be smaller or larger than 
the latter, depending on the speed ratios that are being 


It can be fixed in any desired relationship to | 


Fig. 8 shows the primary unit drum. | 


The pressure in | 





Fig. 7. SECTION F.G. 
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used. Its shaft can be coupled directly to that of the 
machine that is to be driven. : 
An important feature of the Schwartzkopff-Huwiler | shaft is 216 ft.-lb. In the largest size the input is from first connected direct to the brake, and the — 
gear is that it can be used for the automatic regulation 150 to 200 h.p. at from 300 to 330 r.p.m. and the | measured at different loads and speeds. This enabl ‘ 
of torque as well as of speed. To do this, the secondary | torque at the secondary shaft is 3,096 ft.-Ib. Figs. 10 | both the motor and the measuring instruments to be 
portion is also fitted with a regulating sleeve, similar and 11 show a 125-h.p. gear on the test bed and in | calibrated. ; 4 ‘ (45.C) 
to that on the primary portion, this sleeve being main-| use for driving a paper machine, respectively. Tests The test readings were taken at different primary 
tained in the desired position by oil or spring pressure. | on the 50-h.p size were carried out recently at the speeds and with different transmission ratios —_—- ti 
With this arrangement, if the torque on the machine to | Technische Hochschule, Dresden, mainly to determine | the primary and secondary portions of the gear. = a 
which the gearing is connected increases, the oil pressure | the efficiency under various conditions. The effect of the each case the secondary torque, i.e., the load, was varie Ot 
in the secondary portion of the gear will also rise and | oil temperature on the efficiency, the constancy of the | over a wide range. For purposes of comparison, : Pi ! 
move the regulating sleeve, thus exposing a greater adjusted speed, and the distribution of the losses under | thermal test was made by measuring the heat eee je rn 
blade surface and automatically increasing the torque | the headings of friction and slip were also investigated. | in the brake and various parts of the gear. This re 
and decreasing the speed of that portion. The primary| A very large number of different tests were made. necessitated the installation of a water circulating Paka 
and secondary portions of the gear are, of course,| An electric motor was used for driving the two parts | system on the latter. The results obtained in this : ay den 
separate units and must be connected by pipes. This | of the gear, and the output of the driven unit was | were, it is stated, in very close agreement with — at fe. 
independence is frequently an advantage from the| absorbed by a Prony brake. ‘Thermometers were | given by the brake test. The results of one ws e Th. 
point of view of ease in installation. | fixed to measure the oil temperature and the cooling | brake tests are given in Fig. 12. Here the secondary + a 
The gear is made in seven sizes. The smallest of these | water temperature. A dynamotor clutch was placed | speeds are set out as ordinates and the secondary torque Fat : 
has an input range of from 12 to 20 h.p. at speeds vary- | between the motor and the gear. In order to exclude | in horse-power as abscisse. The constant primary Th . 
speed was 403 r.p.m. During these tests the gear was ee 


ing from 300 to 500r.p.m. The torque on the secondary | any possibility of error, the motor and the clutch were 
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subjected to many large load variations and was 
otherwise severely handled. 

Other tests were conducted on a 75-h.p. gear to 
determine the constancy of the speed, when it had been 
adjusted to any particular value. The gear was used to 
ons paper-making machine with a speed range 
tom 70 m. to 7 m. per minute. It was found that 
throughout this range the speed could be maintained 
at any desired value within - 1°5 per cent. 

he tests carried out at the Technische Hochschule, 
esden, to which reference has been made above also 
showed that the best oil temperature was 54 deg. C. 
€ efficiency and other factors are, however, only 














Fia. 


slightly affected, providing the limits of 40 deg. and 
60 deg. C. are not over-stepped. In addition to its 
application for paper-making machines and calenders 
this gear has also been employed experimentally on 
a Diesel locomotive with good results. 








THE GLASGOW MEETING OF THE 
BRITISH ASSOCIATION. 


On Wednesday next, September 5, the ninety-eighth 
meeting of the British Association for the Advancement 
of Science will be opened at Glasgow by Sir William 
H. Bragg with his address on Craftsmanship and 
Science. It will be the fifth time that the Association 
has accepted an invitation by the City and University of 
Glasgow. In 1840, John Campbell, Marquis of Breadal- 
bane, F.R.S., presided over a meeting of 1,353 mem- 
bers, a good average number then, which had, how- 
ever, been exceeded in the three preceding meetings 
at Liverpool, Newcastle-on-Tyne, and Birmingham. 
Breadalbane left the preparation of his address to the 
geologist Murchison, one of the founders of the Associa- 
tion and then general secretary. The attendance of 
2,133 members at the second Glasgow meeting in 1855, 
under another Campbell, the Duke of Argyll, F.R.S., 
an opponent of Darwin, was smaller than that of the 
Liverpool meeting mentioned, when 2,400 members 
attended. Thomas Andrews, of critical-temperature 
fame, professor of chemistry at Belfast, was president 
of the third meeting in 1876. The fourth Glasgow 
meeting in 1901, under A. W. Riicker, coincided with 
the Glasgow exhibition of that summer; the attendance, 
however, was only 1,912, against 2,774 in 1876. One 
of the honorary local secretaries of the 1901 meeting, 
Professor Magnus Maclean, D.Sc., serves again in the 
same capacity this year, together with Sir John S. 
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Samuel, honorary treasurer, and Professor J. Graham 
Kerr. Professor J. L. Myres and Dr. F. E. Smith 
remain general secretaries, and Mr. O. J. R. Howarth 
is secretary of the Association. Failing health has, 
unfortunately, obliged Dr. E. H. Griffiths, who was 
elected general treasurer after the death of John Perry 
in 1920, to send in his resignation. 

There are no reliable records of the early history of 
Glasgow till 1124, when David, son of King Malcolm 
Canmore and of Margaret Aetheling, built a new cathe- 
dral of St. Mungo. That church was soon destroyed, 
but the rebuilding was commenced in 1181 by 
Bishop Jocelin, under King William the Lion, son of 
David. In those days, Glasgow was a bishop’s burgh, 
ruled from the bishop’s castle, and it remained 
practically so, in spite of several charters, until 
the Royal charter of Charles I, 1636, acquired force. 
The university was founded by Bishop Turnbull in 
1450, when Glasgow had about 2,000 inhabitants. 
The city did not play any important part in the 
history of Scotland until after the long unpopular 
Union of Scotland with England in 1707, which gave to 
the Scottish ports the trade rights of English ports. 
From that time, the commercial and industrial develop- 
ment of the town is said to date, though it was not 
rapid at first. If Glasgow had only 23,000 inhabitants 
by 1763, it had long been the second city of Scotland. 
Fishing, weaving, bleaching and dyeing, facilitated by 
the clear water of the tributaries of the Clyde, and 
shipping expanded ; Glasgow soon rivalled Bristol in 
the tobacco trade with Virginia, and in the sugar and 
cotton trades with the West Indies. A board of Trustees 
for Manufactures was set up in Glasgow; pedlars 
carried samples, instead of the actual goods ; and James 
Watt’s invention of the separate condenser for steam 
engines, made in 1765 in a workshop of Glasgow Univer- 
sity, stimulated the coal and iron trade, engineering, 
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textiles, and industry generally in Glasgow as else- 
where, though Watt himself soon went to Birmingham. 
At present, Glasgow is more universal in the indus- 
trial field than most other centres, that might rival 
it but for the existence of the shipbuilding industry on 
the Clyde. By.1800, the population of Glasgow had risen 
to 77,000 ; eleven years later it was more than 100,000 ; 
by 1881 it had risen to over half a million, and the 
census of 1921 showed Glasgow to have 1,034,174 
inhabitants. 

Glasgow can offer much, and does offer much this 
year, in the way of visits to works and public insti- 
tutions, as well as in excursions to places of scenic and 
historical interest. Nearly thirty engineering, ship- 
building, metallurgical, and printing works will be 
open to members. 

For the Engineering Section G, the full programme 
of the coming meeting, which we published on page 83 
of our issue of July 20, contains 14 papers and dis- 
cussions to be disposed of in five morning sessions. 
Section A, Mathematical and Physical Sciences, how- 
ever, will this year discuss only 25 communications 
on four mornings and one afternoon; but it will 
have to sub-divide on two mornings. On Thursday, 
September 6, Professor H. S. Allen will read a paper 
on Progress in Band Spectra; Dr. Ezer Griffiths and 
Mr. J. H. Awbery will explain their recent work on 
Measurement of Flame Temperatures; Dr. J. Jackson 
will speak on Free Pendulum Clocks; and Dr. C. G. 
Simpson will open a discussion on the Mechanism 
of Thunderstorms. On Friday, September 7, Dr. 
R. A. Sampson will introduce a discussion on the 
Photographic Measurement of Radiation; Dr. A. T. 
Doodson will read a paper on the London Floods of 
January 6 and 7, 1928; Mr. J. Thomson a paper on 
Ultra-Violet Radiations Emitted by Point Discharges, 
and the Committee report on Seismological Investiga- 
tions will be presented. On Monday, September 10, 
Professor A. W. Porter will deliver his presidential 
address to the Section on the Volta Effect: Old and 
New Evidence. Mr. R. A. Watson-Watt will then 
read a paper on the Present State of our Knowledge 
of Atmospherics, and the Section will sub-divide 
to hear communications by Mr. R. W. James on 
the X-Ray Study of the Heat Vibrations of a 
Crystal Lattice, and by Mr. D. F. Martyn on Frequency 
Vibrations of the Triode Oscillator and others, as 
well as geophysical and astronomical papers by Mr. A. 
H. R. Goldie on Magnetic Storms, by Mr. M. A. Giblett 
on Wind Structure Research at the Royal Airship 
Works, Cardington, etc. Professor E. Taylor-Jones 
will deliver his lecture on Spark Ignition in the after- 
noon. On Tuesday, September 11, a discussion on the 
Scattering of Electrons by Crystals will be opened by 
Dr. C. J. Davisson; Professor W. J. de Haas will 
demonstrate some New Experiments on Supra Con- 
ductors ; Dr. L. F. Richardson will discuss the Deferred 
Approach to the Limit; Dr. G. Green will describe the 
Condenser Telephone; Professor J. G. Gray will show 
Four New Gyrostatic Tops; and meteorological papers 
will be presented by Mr. F. J. W. Whipple on the 
Propagation of Air Waves and the Constitution of 
the Upper Atmosphere, by Mr. G. A. Clarke on the 
Association of Clouds with the Weather, as well as 
reports on Tides and on the Upper Atmosphere. 

Section B, Chemistry, will, numerically, have a short 
programme, proceeding in the recent tendency towards 
excluding matters of strictly chemical character. 
Thursday’s sectional transactions will be limited to 
the presidential address by Professor E. C. C. Baly on 
Fluorescence, Phosphorescence and Chemical Reac- 
tion and a discussion of these problems. On _ the 
Friday, a discussion on Fermentation is to be opened 
by Dr. J. Vargas Eyre, and the first exhibition of 
Kinematograph Films illustrating chemical technology 
and research will take place in the Royal Technical 
College. Demonstrations of Light Reactions will 
be given by Dr. E. K. Rideal and Mr. G. Smith on 
Monday, and are to be followed by a discussion ; and 
Sir William Pope will open a discussion on Recent 
Advances in Stereo-Chemistry on Tuesday. 

Professor J. L. Myres, of Oxford, will preside in 
Section E, Geography, and will deliver his address 
on Ancient Geography in Modern Education on the 
Thursday. We mention papers by Mr. P. R. 
Crowe on the Geographical Position of the Scottish 
Coal and Iron Industries ; by Colonel H. S. C. Winter- 
botham on Expansion in Our Colonial Surveys; by 
Jolonel M. N. MacLeod on Methods of Revision of 
Ordnance Survey Maps; and by Captain M. Hotine on 
Air Surveys, all of which are to be read on the Thursday 
and Friday. Communications on the Clyde Estuary by 
Mr. J. Holmes; on the Water Supply of the Glasgow 
District by Mr. A. W. McPherson; and on the Rise 
and Growth of Glasgow by Mr. J. S. Thomas, will be 
presented on the Monday, in the afternoon of which 
day the Position of Geography in Scottish Schools is 
to be discussed. On the Tuesday, Mr. G. Philip will 
read a paper on Medieval Transport in Europe, among 
numerous others. 
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In Section F, Economic,)Science and Statistics, the 
president, Professor Allyn Young, will deliver his 
address on Increasing Returns and Economic Progress, 
on the Monday. Papers will be read by Professor 
W. R. Scott on Economic Resiliency and by Mr. S. 
Mavor on Suggestion Schemes to Promote Individual 
Co-operation by Workpeople on Thursday; and by 
Professor Mauritz Bonn on Medieval Economic Theory 
in Modern Industrial Life, and by Dr. K. G. Fenelon on 
Some Aspects of Road and Rail Transport, on Friday. 
There will be a joint discussion with Section J, Psycho- 
logy, on Skill in Industry (opened by Professor H. T. 
Pear, on Monday), and with Section M, Agriculture, on 
the Incidence of Taxation in Agriculture, on Tuesday, 
when Mr. L. C. Robins will also raise the question of 
Hours in Industry. Discussions on Rationalisation 
and Industrial Education (to be opened by Major L. 
Urwick), and on Standardisation in Industry by Mr. C. 
Le Maistre and Professor De Paula, are set down for 
Wednesday. 

Professor Lovatt Evans’ presidential address to 
Section I, Physiology, is on the Relation of Physiology 
to Other Sciences, and the address to Section J, Psycho- 
logy, by Professor T. H. Pear, is on the Nature of Skill. 
The latter section will receive papers on Vocational 
Guidance, by Mr. F. M. Earle, by Dr. A. Macrae, and 
others; on Colour Matching Abilities (also a subject 
for discussion in Section I), by Mr. A. H. Davies; on 
Hypnotism, by Dr. D. H. Buchanan; on Discrepan- 
cies between Mental Tests and Examination Tests of 
University Students, by Dr. H. D. J. White; on 
Errors in Spelling, by Dr. J. Drever; and on the 
Psychological Make-up of the Business Executive, and 
on the Analysis of Group Mental Tests and Inter- 
correlation, by Mr. E. R. Clarke and Dr. E. Farmer. 

The subject of the presidential address of Prof. Dame 
Helen Gwynne-Vaughan to Section K, Botany, is Sex 
and Nutrition in Fungi, on which problems Professor 
F. L. Stevens will offer a further contribution with 
regard to the Effects of Ultra-Violet Light. Other 
papers on Electric and Photo-Electric Currents in Leaves 
and on Electric Stimulation are promised by Mr. J. C. 
Waller and Professor H. H. Dixon, while Dr. R. M. 
Buchanan will deal with the Decay of Stone in Buildings 
and Monuments as a Biological Problem. Sub-section 
K*, Forestry, will again be very active. The chairman, 
Sir John Stirling Maxwell, will deliver an address on 
Forestry in Scotland, Past, Present and Future ; and 
there are papers on Empire Timber Development, by 
Mr. A. L. Howard; on the Living Tree and its Girth, 
by Professor J. H. Priestley ; on the Antiseptic Preser- 
vation of Timber, by Professor P. Groom ; on the Devel- 
opment of the Forests of Europe in Early Post-Glacial 
Times, and in Later Periods, by Dr. T. W. Woodhead, 
by Dr. Marion Newbigin, and by Professor Dudley 
Stamp; on the Forest Nursery, by Dr. H. M. Steven; 
on Insects Injurious to Timber, by Dr. R. C. Fisher ; 
and there is finally a joint discussion with Section M, 
Agriculture, on the Economic Balance of Agriculture 
and Forestry, to be opened by Dr. J. D. Sutherland. 

Section L, Education, in which Dr. Cyril Norwood’s 
presidential address is entitled Education: the Next 
Steps, will have its usual large quota of papers on 
Examinations, School Certificates, the Marking and 
Standardisation of Composition Papers, Methods and 
Results of Educational Research, Aims and Deve- 
lopment of Broadcasting, as well as on Post-Primary 
Education in Scotland, on most of which subjects 
a variety of papers and reports are to be pre- 
sented ; the joint discussion with Section G on School, 
University and Practical Training in the Education of 
the Engineer has been mentioned previously. 

Our brief survey of the sectional programmes will 
show that work is not taken less seriously now than in 
former years, when the number of sections to which 
papers could be presented wassmaller. The programme 
further comprises, in addition to the reception by 
the Lord Provost and Corporation and by the Local 
Committee, special At Homes for various sections, in 
the Royal Technical College, in the Training College at 
Jordanhill, and in other institutions, including the In- 
stitution of Engineers and Shipbuilders in Scotland. 


LETTER TO THE EDITOR. 


THE EARTHING OF ELECTRICAL 
EQUIPMENT. 
To THE EpiToR OF ENGINEERING. 

Smr,—Your leader on “ The Earthing of Electrical 
Equipment” in the current issue of ENGINEERING 
(page 235), although strictly in accordance with 
present practice, ignores entirely the preferable and 
only safe method of earthing. It is to use concentric 
cable with the outer conductor uninsulated, whereby 
the inner conductors, which are “live wires,” are 
hermetically sealed and insulated from the earthed 
outer. The same applies to all live metal parts of 
switches, fuses, and plugs. Any leakage through the 
insulation goes direct to the earthed outer which, 








even in the event of a dead short, may safely be held 
in the hand. Further, the uninsulated outer being 
in direct contact with earth all over the supply area, 
there is practically no danger from electrolytic action, 

The adoption of the term “ Three-Wire System ” 
instead of the term “ Two-in-series” has, in my 
opinion, led to a serious lack of appreciation of the 
full advantages of this system. Space does not admit 
of details here, but it may be briefly pointed out 
that with all fear of leakage from the live wires being 
removed we have only the out-of-balance current 
of the two halves of the system to trouble about. 

It is most unfortunate that the common error of 
referring to the parts of switches and apparatus as 
being impossible to insulate safely should have crept 
into the article. As far back as 1881, when the idea 
of concentric cable originated (to avoid shocks from 
the Brush and Thomson-Houston arc lamps), no 
difficulty was found in making apparatus perfectly 
safe, and this still holds good. When the safety of 
the earthed concentric system is duly considered, 
one feels justified in making the very serious statement 
that most of the fatalities of the last fifty years are 
the result of faulty methods that should not have been 
permitted rather than of any inherent dangers from 
the use of electricity. In other words, our Wiring 
Rules are an attempt to guard against things that 
need not and should not be. Our wiremen should 
be able to wire a house with the same ease, efficiency, 
and safety as their fellow workers fix the gas and 
water pipes. The fact that electricity is more elusive 
than gas or water should not render necessary sets 
of rules that common-sense methods would render 
unnecessary. Faulty materials in untrained hands 
are the real cause of most of our trouble. 

I am, Sir, yours faithfully, 
ERNEST G. Prnx. 
76a, Lee-road, Blackheath, London, S8.E. 
August 27, 1928. 

[We were aware that many electrical engineers 
are in favour of using concentric wiring. Equally 
there are many who object to its employment. 
Certainly to make it compulsory is, at the present 
time, hardly a practical proposition. The purpose of 
our article, moreover, was to discuss whether earthing 
or non-earthing was the more desirable, not to describe 
how the former could best be carried out. We regret 
that Mr. Pink should hold the opinion that we believe 
anything to be impossible. If he will read the sentence 
again he will find that it is put in the form of a hypo- 
thesis. We entirely agree with the last sentence in his 
letter.—Ep. E.] 








Recent Port DEVELOPMENTS AT YOKOHAMA.— 
The disaster which befell the city and harbour of Yoko- 
hama, and the capital city of Tokyo, on September 1, 
1923, when one of the worst earthquakes in history 
devastated the district and inflicted very heavy casual- 
ties on the inhabitants, will still be remembered. Accord- 
ing to the April-May issue of the Yokohama Trade Review, 
the reconstruction work on the harbour of Yokohama, 
started in October, 1923, and completed in October, 1925, 
has been supplemented by a further programme expected 
to be completed in 1930. Originally, the object in view 
was to restore the old facilities of the harbour as rapidly 
as possible, but a general review of the work accomplished 
and that in hand, shows a considerable improvement on 
the pre-earthquake facilities. Amongst the more impor- 
tant developments at the port itself, is the construction 
of modern transit sheds and private bonded warehouses 
at the new customs compound, and on the new customs 
pier. The buildings are of the most modern fireproof 
type of construction, and provision is made for passenger 
traffic in addition to cargo-handling, one of the transit 
sheds on No. 4 quay having a second storey for use as 
a passenger landing stage. At an estimated cost of 
330,000 yen, two steel-frame sheds are being constructed 
on the customs main pier; these are 100 yards in length 
and 20 yards wide. They will be used for the examima- 
tion of baggage, &c. . Work will be started in the near 
future on the construction of a lumber shed and a place 
for the safe anchorage of lighters, by extensive reclama- 
tion and the utilisation of a tract of land under the north 
end of the Bluff. In the city itself, the new Yokohama 
station, which is being built on a site between the present 
station and the Kanagawa Station, at a cost of 1,200,000 
yen, was to be completed by the end of July, and 
will be put into service early in October. The main 
building is a steel-framed reinforced-concrete structure, 
covering an area of 850 tsubo (3,357 sq. yards). As 
might have been expected, both the number and gross 
tonnage of the vessels using the port of Yokohama have 
shown a steady improvement during the last three years. 
Figures for 1927, according to records of the Yokohama 
Shipping Signal Station, show that 4,709 vessels, with 
a gross tonnage of 20,704,535 tons, entered the port, 
while 4,676 vessels, with a gross tonnage of 20,752,120 
tons, sailed from it. As compared with 1926, the 
value of the sea-borne trade has declined, however, the 
reason for which, as given in the Yokohama Trade Review, 
being the general fall in prices during 1927. The —— 
trade, which consists principally of wheat flour, refin 
sugar, canned crab, fish and whale oil, silk, &c., decre 
in value by 11,354,000 yen, and the import trade, = 
sisting of rice and paddy, wheat, sugar, mineral oil, crudé 
rubber, raw cotton, flax, hemp, automobiles, &c., decre: 





in value by 64,820,000 yen. 
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LABOUR NOTES. 


Ar next week’s Trades Union Congress at Swansea, 
the General Council will propose an important addition 
to the Standing Orders. The addition is in the 
following terms :— 

(a) If at any time there appears to the General 
Council to be justification for an investigation 
into the conduct of any union, on the grounds that 
the activities of such Union are detrimental to 
the interests of the Trade Union Movement, or 
contrary to the declared principles and policy of 
the Trades Union Congress, the General Council 
shall summon such union to appear before it, 
or its appropriate Committee, in order that such 
activities may be investigated. In the event of the 
Union refusing to attend, the investigations shall 
proceed in its absence. 

*(b) If, as the result of such investigation, the 
General Council is convinced that the activities of 
the Union concerned are detrimental to the in- 
terests of the Trade Union Movement, or contrary 
to the declared principles and policy of the 
Trades Union Congress, the General Council shall 
have power 

** (1) to call upon the Union to cease forth- 
with such activities in future, 

** (2) to suspend forthwith the Union from 
membership of Congress until the next annual 
Trades Union Congress 

and shall submit a report of the case to the next 
Congress. 

**(c) Any Union which has been suspended shall 
have the right to appeal to Congress, and shall be 
entitled to appoint delegates for this purpose in 
accordance with Standing Orders 16 and 17. 

“*(d) Congress shall have the final authority to 
deal with the case, whether by way of re-admission, 
further suspension, or exclusion from membership 
of Congress.” 





The Bulletin of the Industrial Commissioner of New 
York State mentions that an amendment of the 
Workmen’s Compensation Law which became operative 
on July 1 provides, among other things, that com- 
pensation for an arm or a leg if amputated at or above 
the wrist or ankle shall be for the proportionate loss of 
the arm or leg. In other words, an award may now be 
made for any number of weeks up to 312 in the case of 
an arm and up to 288 in the case of a leg. Heretofore, 
amputation anywhere below the elbow or knee gave the 
injured employee the same amount as though the hand 
or foot had been taken off, namely, 244 weeks for the 
hand and 205 weeks for the foot; while amputations 
above the elbow or knee gave an injured employee an 
entire arm or leg, 312 weeks for the arm and 288 weeks 
forthe leg. The number of traumatic limb amputations 
for the entire State was 61 in the year ended July 1, 
1926, and 21 in the following year. Of these 102 cases, 
37 were above and 65 below elbow or knee. More 
than one-half were for the hand. 





Another change makes occupational diseases com- 
pensatable when due to “direct contact with” the 
several poisonous substances enumerated in sub- 
division 2 of Section 3 of the Compensation Law. The 
amended phraseology reads : “‘ use of or direct contact 
with,” the words “or direct contact with” being 
added by the amendment. Section 28 of the Com- 
pensation Law had limited the right to file a claim for 
compensation to one year after the accident, or, if 
death resulted, to one year after the death. Chapter 754 
now empowers the Industrial Board to extend this 
period by unanimous vote to not to exceed two years 
after the accident. 


On the [question of rationalisation, the Belgian 
Federation of Trade Unions—which is affiliated to 
the International Federation of Trade Unions— 
declares that the working class cannot agree to col- 
laborate in the introduction of scientific management 
unless certain rights of the workers are first recognised, 
namely, the right to a minimum wage based on the cost 
of living, and the right to supervise the internal organisa- 
tion of works. It is also claimed to be the duty of the 
workers to demand guarantees as regards unemploy- 
ment, overwork, and prices. The ultimate object of 
Tationalisation should be an appreciable improvement 
in the life of the working class by means of a reduction 
in hours of work, an increase in wages, and an expansion 
of consumption. These rights and guarantees demanded 
by the working class as the conditions of its effective 
participation in the reconstruction of industry on a 
Scientific basis, should be sanctioned by collective agree- 
ments and the application of the principle of workers’ 
control. The Federation appeals urgently to the work- 
Ing class to make energetic and unwearying effort 
to obtain the success of these demands, which are 
preliminary to a more decisive campaign for the sociali- 
Sation of the industries of public importance. 


The subject was also discussed at a congress in Vienna 
of the Austrian Confederation of “ Free” Trade 
Unions. A resolution was adopted calling for the 
introduction, with due caution, of rest pauses, in 
addition to the usual demands for higher wages and 
shorter hours. The resolution also emphasised the 
desirability of setting up official institutions to study 
the phenomena of fatigue and the effects of rational- 
isation on health. 


The National Minority Movement’s delegate con- 
ference in London last week-end took no unexpected 
turn, the resolutions, almost without exception, being 
on familiar lines. Mr. Tom Mann, who presided, said, 
in the course of his opening address, that whatever 
capitalist law might say, sympathetic action would be 
taken even to the general strike. They were fully 
alive to the fact that there were lively times in store, 
and all lively young fellows between 20 and 50 should 
be active in enrolling in the Workers’ Defence Corps. 
““We go forward,” he declared, “‘ confident of victory 
under the slogan of ‘ Not Industrial Peace—but Class 


+s 


against Class ’. 





A resolution on the subject of rationalisation, 
submitted by Mr. Pollitt, called for a fight against 
the system as the principal issue before the working 
class, and suggested a militant alternative programme 
embracing such items as a seven-hour day, higher wages, 
abolition of overtime, repudiation of all forms of 
collaboration with the employers and all forms of 
profit-sharing, organisation of the unemployed, and 
a fight against factory police, espionage, fines, black- 
lists, and victimisations. Speaking in support of it, 
Mr. Pollitt said that there was no difference on the 
matter of rationalisation between the T.U.C., Mond, 
and the Amsterdam International. Wherever rational- 
isation was introduced it was at the expense of the 
workers. Mr. A. Horner seconded the resolution, 
which was adopted. 


An extremely long resolution condemned the indus- 
trial peace policy of,the trade union leadership as a con- 
tinuation of the betrayal of the general strike, and urged 
that, in the event of it being adopted by the T.U.C. at 
the Swansea congress without the consent of the rank 
and file, the conference delegates should fight within 
and without the trade union movement, to rouse the 
workers and ‘‘ secure the early repudiation of this vile 
scheme.” Another long resolution dealt with “‘ strike 
strategy,” discussed past mistakes, called for repudia- 
tion of the ‘‘ pernicious policy of compulsory arbitra- 
tion,” and urged the development of methods, which, 
under revolutionary leadership, would achieve victories 
instead of the defeats which had resulted from the 
existing reformist leadership. Organisation, in the 
light of the attitude of the ‘‘ reactionary trade union 
bureaucracy”’ to the Minority Movement, was con- 
sidered to be too big a subject for general discussion, 
and was referred on Saturday to a committee, which 
reported on Sunday that the object of the offensive 
was to isolate the revolutionary elements in the trade 
unions from the mass of the membership. 





Addressing a meeting at Cardiff on Saturday last, 
Mr. Maxton, M.P., said that underlying the whole of the 
Mond discussions was the idea that, by principles of 
rationalisation, capitalism could carry on and supply 
the needs of the people and employ them. That was 
a failure. Rationalisation could only increase unem- 
ployment. It was not the business of the workers, nor 
their leaders, to help to buttress up the dying remnants 
of capitalism. On the other hand, they could con- 
centrate politically and industrially on bringing about 
its speedy death. The time was past for half-measures. 
To accept capitalism in an adulterated form had been 
the policy of the Liberal Party for years, and it was 
only fair to say that Liberalism had turned out many 
social reforms when it was a party in power. To-day 
capitalism was creating evils so quickly that Liberalism 
could not mop them upintime. Were the Liberal and 
Socialist leaders prepared to stand another 15 years of 
Liberal social reform ? 


At a conference held recently in Brussels, representa- 
tives of the independent trade union movement in 
Belgium, France, Germany, Great Britain, the Neth- 
erlands, and Switzerland, discussed the question of 
forming an International Federation of Independent 
Trade Unions. It was unanimously decided that an 
international group of trade unions free from all 
political and religious influences should be set up. The 
affiliated organisations at present include trade unions 
in Belgium, France, Germany, the Netherlands, and 
Switzerland. The British delegates expressed sym- 
pathy, and stated that a decision as to affiliation would 
be taken at their forthcoming congress. The committee 
of the Federation consists of two representatives of 
each country, and three representatives of the Inter- 





national Federation of Independent Trade Union 


Organisations of Salaried Employees. The head- 
quarters of the Federation will be in Utrecht. 





In the course of an article which he has contributed 
to the Avenir du Borinage, M. Dejardin, the president 
of the Belgian Miners’ Federation, states that, since the 
introduction of theeight-hour day, the output per worker 
at the face has increased from 3,314 kilos (1919) to 
3,912 kilos (1927); that of all underground workers, 
from 661 to 738 kilos ; and that of all workers, including 
surface workers, from 446 to 514 kilos. Output has, 
moreover, continued to increase during the first months 
of 1928, and now exceeds the pre-war output, in spite 
of the inclusion of the Campine Basin, where the 
output is generally 10 per cent. lower than elsewhere. 
The output per worker has thus increased by 15 per 
cent. since the introduction of the eight-hour day. 
The average working day in 1919 was about 84 hours. 





For some time negotiations have been in progress 
for an amalgamation of the Transport and General 
Workers’ Union and the Workers’ Union. On Monday 
a joint committee of the two organisations met at 
Transport House, London, and reviewed the work of 
sub-committees which have been arranging the details 
of the scheme. At the close of the meeting it was 
announced that ‘most of the difficult points, which 
presented themselves to the joint committee, have been 
surmounted. The joint committee has now referred all 
points of agreement to be embodied in a draft scheme 
of amalgamation, which will later be submitted to 
the respective executive councils for consideration 
and approval prior to submission to the membership 
of the unions. The conference will meet to consider 
the final draft on October 9.’’ The Transport and 
General Workers’ Union has over 300,000 members 
and the Workers’ Union 150,000. An amalgamation 
of the two bodies will make the joint organisation the 
largest individual union in the country. 





The American Monthly Labour Review states that 
under the law of Wisconsin, no child under seventeen 
years of age may be employed without a working 
certificate issued by the Industrial Commission of 
Wisconsin or some person designated by it. The 
State has also a list of employments, which, on account 
of their dangerous character, are prohibited to children 
of various ages, irrespective of whether they have an 
employment certificate or not. Should a child be 
the victim of an accident while employed without a 
permit, he is entitled to double compensation. Should 
the injury occur in a place for which permits may not 
be issued, or should the child (whether of permit age 
or not) be injured while employed in a prohibited 
occupation, he is entitled to treble compensation. This 
extra compensation (which, in certain cases, may 
amount to approximately 36,000 dols.) must be paid by 
the employer, who may not insure against the risk. 
Statistics show that, since 1923, there have been 324 
cases involving accident compensation, through viola- 
tions of the child labour law. In 2665 cases, the children 
were under seventeen years old and had no permits, 
and, in 59 cases, they were engaged in a prohibited 
occupation. In 1927, two-thirds (30) of the cases 
were of employment without a permit, and involved 
double liability, while in the remainder (15 cases) 
the children were employed at a prohibited occupation 
involving treble liability. The amount of increased 
compensation paid by employers varied from 10 dols. 
to between 3,000 dols. and 4,000 dols. 





The official organ of the International Labour 
Office gives a translation of an account, appearing in 
Trud, of a recent plenary meeting of the Central 
Council of Trade Unions of the Soviet Union. It was 
reported to the gathering that the number of unem- 
ployed trade unionists increased from 1,500,000 on 
October 1, 1927, to 2,000,000 on January 1, 1928. The 
increase was partly due to seasonal unemployment 
during the winter months, which, it was estimated, 
accounted for 340,000 of the 500,000 increase. It was 
stated, however, that, apart from seasonal workers, 
the number of unemployed members considerably 
exceeded 1,000,000. Of this total, 25 per cent. were 
skilled industrial workers. Six per cent. of the 
members of the miners’ and textile workers’ unions 
were unemployed. There were also 14,000 mechanics 
out of work, in spite of the lack of skilled workers. 
They were for the most part young and inexperienced 
persons. Unemployed intellectual workers and salaried 
employees were in a very difficult position, having 
very little chance of finding employment on account 
of the demand for economy and rationalisation. It 
was stated that the persistence of unemployment was 
principally due to over-population in rural districts 
and the consequent exodus from the country to the 
towns, and aggravated by the excessive labour turn- 
over in industry, the abuse of overtime and so-called 
temporary work, and the defective working of the 





employment exchanges. 
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1,700-LB. PRESSURE 





Fig. 1. 


1,700-LB. PRESSURE STEAM POWER 
PLANT. 


On page 473 of our 119th volume, we described the 
system of generating high-pressure steam devised by 
Professor 8. Léfiler, of the Technical High School, 
Charlottenburg, giving a diagrammatic illustration of 
the boiler used for this purpose. The boiler, we may 
remind our readers, is a horizontal cylindrical vessel 
to which the heat is supplied not by the combustion of 
fuel in contact with it, but by forcing highly-super- 
heated steam through the water by means of a pump. 
High pressures, of the order of 100 atmospheres and 
over, can be produced by this system, the advantages 
of which were pointed out in our previous article, in 
which the methods of starting and operating the plant 
were also explained. It was also mentioned that the 
system was being developed by the Wiener Lokomotiv- 
fabrik, of Floridsdorf, near Vienna, and we have now 
received from Messrs. C. Wadas and Son, Gentzgasse 6, 
Vienna, XVIII, come particulars of an installation 
constructed by the Wiener Lokomotivfabrik, having | 
an output of 2,000 kw. 

The installation, we understand, has been in opera- 
tion for nearly a year, working for about 2,500 hours 
during that period. It comprises two reciprocating 
engines, photographs of one being reproduced in Figs. 1 
and 2, on this page, these engines being supplied with 
steam at a pressure of 1,700 lb. per square inch, and a 
temperature of 900 deg. Fahr., and having an indicated 
output equivalent to 4¢0 kw. each. Steam is exhausted 
at a pressure of 170 lb. per square inch, and a tem- 





perature of 390 to 445 deg. Fahr., to another type of 
engine developing 1,200 kw. Each of the high- 
pressure engines has one double-acting cylinder of 63-in. | 
bore, with a piston stroke of 17} in., and runs at about | 
300 r.p.m., and the mean-effective pressure, we under- 
stand, is 570 lb. per square inch. Steam is distributed 
by valves located in the cylinder ends and operated 
by eccentrics on a lay-shaft, the casing of which can 
be seen on the left of Fig. 2, the lay-shaft being driven 
from the crankshaft through gearing and a vertical 
shaft visible in both illustrations. Forced lubrication 
is provided for the cylinder, crosshead, and crankshaft 


bearings, and an oil-pressure governor, supplied by the | 
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VERTICAL RECIPROCATING STEAM 





Jahns-Regulatoren G.m.b.H., of Offenbach am Main, 
is also fitted. Metallic packing and soft packing rings 
are used in all the stuffing-boxes. The cowl and trunk- 
ing connected to the upper end of the cylinder, and 
prominently shown in both illustrations, have been 
fitted purely for ventilation purposes, their object 
being to carry off hot air and oil fumes, and discharge 
them into the external atmosphere. 

The Léffler boiler used with the installation compri- 
ses two drums, 31} in. in diameter, and 23 ft. in length, 
and is capable of generating 16,500 Ib. of steam per 
hour, at the pressure and temperature previously men- 
tioned. The grate area is 80°7 sq. ft., and the air for 
combustion is passed through a heater having a heating 
surface of 2,153 sq. ft., in which its temperature is 
raised to between 300 deg. and 390 deg. Fahr. The feed 
heater is of the same area as the air heater, viz., 2,153 
sq. ft., and the area of the superheater is 1,776 sq. ft. 
It is claimed that the plant has a thermal efficiency of 
30 per cent., which is about equal to that of a Diesel 
engine, but since the Léffler plant uses coal instead 
of oil the fuel costs are very considerably lower. The 
first cost of the installation is also stated to be not 
greatly in excess of one of the same capacity operating 
at a moderately high pressure of some 400 Ib. to 700 Ib. 
per square inch. 








ConcRETE AND MopEeRN Artistic Burtpines.—An 
attractively illustrated booklet, entitled The Artistic 
Side of Concrete, has just reached us from The British 
Portland Cement Association, Limited, 20, Dartmouth- 
street, London, S.W.1l. Much information regarding 
cast or synthetic stone for building purposes is given in the 
book, and particular attention is paid to the surface 
treatment and finish of the stone. Not the least interest- 
ing portion of the book is that devoted to cast-stone 
sculpture. The usual method in large work, it is stated, 
is first to mould the general shape of the figure and after- 
wards to finish by tooling the surface. That highly 
successful results are obtained is evident from a number of 
photographs of statuary reproduced in the booklet. The 
mould is usually made of plaster of Paris, first coated 
with shellac, and oiled just before being used. Wood or 
iron moulds are also used for objects of simple form 
comprised mainly of flat surfaces, The booklet con- 
cludes with a list of formule for the manufacture of 
cast stone, 
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AERIAL ROPEWAY AT CARRARA, 
ITALY. 


THE valley of the Lucido in the province of Carrara, 
Italy, covers an area of some 816 hectares (2,040 acres) 
out of an area of some 6,729 hectares of a mountainous 
region abounding in marble of excellent quality. 
The main works in the valley are the Equi and Sagro 
quarries. A short while ago, marble extracted from 
these quarries was usually taken by mechanical 
traction up to the Balzone summit, standing 500 m. 
above the valley floor, from which blocks of less than 
6 tons weight were lowered by aerial ropeway to roads 
suitable for further transport. The heavier blocks 
had to be taken over private roads and inclines, being 
finally taken on by mechanical tractors to Monzone 
for transport by rail. The main incline to be nego- 
tiated in this work is 1-5 km. long, and has a slope of 
40 per cent., while the approaches to the ropeway 
summit are on a slope of 20 per cent. In view of the 
large amount of material and stores which have also 
to be taken up to the quarries, including sand, timber, 
steelwork, food, &c. (there being 600 men working 
in 19 quarries at Sagro alone), the owners of the 
quarries, Messrs. Walton, Goody and Cripps, Limited, 
of Carrara, recently decided to install a new ropeway 
of much greater capacity. The scheme was put in 
the charge of Messrs. Ceretti and Tanfani, S.A., of 
Milan, Italy, the work being commenced in October, 
1924, and completed in September of last year. 

The new ropeway is shown in profile in Fig. 3, on the 
opposite page, and views of it are given on that page and 
on page 264. The ropeway is built to carry loads of 20 
tons, this being the heaviest weight so far handled by 
this means. The line has a length of 1,600 m. (1,745 
yards) and is divided into four spans, the longest of 
which, extending from the top terminal to the next 
trestle, is 1,150 m., the difference in level of the two 
points being 497 m. The top terminal is at an eleva- 
tion of 1,042 m. above sea level, and the total difference 
of elevation between the terminals is 628 m. ; 

The ropeway consists of two lines of way. The 
downward line has two carrying ropes and the upw ard 
line one only. The downward carrier, with a capacity 


| of 20 tons, runs on 16 wheels; the upward carrier is 
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View Looxina ALona Ropeway FROM LOWER TERMINAL. 
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designed for loads of 10 tons, and runs on 8 wheels. 
The carrying ropes are of the “ Hercules” type, 60 mm. 
(2-36 in.) in diameter. Both ropes are anchored at 
the upper terminal to a concrete monolith, which 
weighs over 500 tons and is connected with another 
large mass of concrete forming the foundation of the 
engine house. At the lower terminal the carrying 
ropes are attached to counterweights of 58 tons, which 
Maintain the necessary tension on the rope. The 
counterweight moves up and down in a specially- 
constructed pit, as the load traverses the line. The 
tange of movement of the weight is 10 m., correspond- 
ing to a variation of sag in the longest span of 65 m. 
The pits were excavated in rock and required the 
removal of 650 cub. m. A general view of the line, 
taken from the lower terminal, is given in Fig. 1, on this 
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in which these features may be recognised is reproduced 
in Fig. 4, on page 264. 

One of the carriers is connected to the traction rope 
from the winding gear at the summit, and the other 
to the return. A large-sized pulley is placed at the 
lower terminal in the bight of the traction rope; this 
is shown in Figs. 1 and4. This pulley is arranged on a 
slide and is fitted with a cable and weight to take 
up the slack in the rope. The 16-wheeled carrier is 
shown in Fig. 2. The body of the trolley is built up 
of steel sections, and houses a large pin on which is 
hung a triangular steel frame terminating below in a 
girder. From the ends of this a further beam is hung 
by chains, and from this second beam the load is 
suspended by chains as shown in Figs. 2 and 6. 

The loading and unloading arrangements at the 


page, the down-coming pair of lines being on the right | terminals are of interest. At the lower terminal, Fig. 7, 
and the up line on the left. In the left foreground are | the load is deposited on a car, merely by being lowered 
the guide pulleys over which the ropes pass to the! on to it by allowing the load to drop down the slope. 
counterweight pits. Another view of the lower terminal| The height of the carrying ropes has been chosen 
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2. THE CARRIER AND SLINGS. 


to suit this operation. This car is then run off under 
a slewing crane, which deals with the blocks as 
necessary. At the upper terminal, Figs. 2 and 5, 
an overhead travelling crane is furnished above the 
carrying ropes. The blocks arrive from the quarries 
on railway cars, and are handled at the terminal 
first by slewing cranes, which place them under the 
overhead crane. The latter finally picks them up 
and raises them to a height sufficient to enable them 
to be slung up to the carrier beam. For miscellaneous 
material, containers are used, and a special car is 
being constructed with an elevating device so that 
the container can be run under the carrier, and 
raised to the level of the suspension beam without the 
use of cranes. 

In addition to the terminals, there are three arch-type 
trestles on the ropeway. These are most clearly 
shown in Fig. 6. They rest upon heavy concrete 
foundations. Steel shoes are fixed under the cross 
frame to take the carrying ropes, and roller gear is 
arranged below the shoes for the traction rope and 
return. The upper terminal is of particular interest, 
owing to the fact that the length of the first span 
and the size of the loads carried involve an inclination 
of the ropes at this point of no less than 90 per cent. 
To meet these conditions, the edge of the rock had 
to be cut away and a strong steel framework was 
built at this point, fitted with long shoes, bent to a 
suitable curvature to give the ropes a good lead. 
This is shown in Fig. 5, page 264. The shoes are 
19 m. in length, and each is fitted with 42 rollers, 
thus preventing the ropes from taking too sharp 
a bend. 

The ropeway is worked by a 50-h.p. electric motor 
driving through spur gears. Hand and automatic 
brakes are provided, the latter being thrown in by 
a centrifugal regulator. The installation includes an 
oil brake capable of absorbing 100 h.p. Under normal 
conditions, the ropeway carries a load of 20 tons down, 
and at the same time one of 5 tons upwards. On 
the next trip, 10 tons are taken down and 23 tons up. 
It is, therefore, self-driven, the 50-h.p. motor being 
installed to meet cases of unbalanced loads, and for 
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is 80 cm. per second (158 ft. per min.) ; and, allowing 
time for loading and unloading, a trip is accomplished 
inlhour. Thus, normally the plant has an annual capa- 
city of about 50,000 tons downward, and 10,000 tons 
upwards. Experience with the ropeway during the 
first few months since it has been at work is said 
to have fully justified its installation. 








CATALOGUES. 


Concrete Piles.—A catalogue describing their patented 
process of casting concrete piles in situ has been issued 
by the British Steel Piling Company, Limited, 54a, 
Parliament-street, London, 8.W.1. It contains sectional 
drawings of work in progress and illustrations of the 
plant used. 

Clutches.—A new catalogue of centrifugal clutches for 
electric motors, issued by Messrs. Thomas Broadbent 
and Sons, Limited, Huddersfield, forms an excellent 
handbook for reference to designs for special purposes, 
giving dimensions, powers, technical data, and practical 
information. 


Electrical Plants.—Messrs. Oecerlikon, Limited, 28, 
Essex-street, Strand, London, W.C.2, have sent us a 
copy of their bulletin No. 82, containing descriptions of 
plant supplied by them for the Peuffaire hydro-electric 
power station in Switzerland and locomotives for the 
Paris-Lyon-Méditerranée Railway. 

Welding Plants.—Illustrations of 10 types of electric- 
arc welding plants, portable and stationary, and supplied 
by motor generators, or engine-driven generators, or 
static transformers, are given in a booklet issued by the 
Alloy Welding Processes, Limited, 14, Church-street, 
Islington, London, N.1. 

Coal-Mining Machinery.—Messrs. Mavor and Coulson, 
Limited, 47, Broad-street, Mile-end, Glasgow, have sent 
us two new issues of their catalogues dealing with flame- 
proof oil-break switchgear for use in fiery mines. and gate- 
end loading plants of several types for effecting con- 
tinuous transport of coal underground. 

Machine Tools.—We have received from the United 
Machine Tool Company, Limited, 14, Holborn Hall, 
Gray’s Inn-road, London, W.C.1, two catalogues describ- 
ing @ number of radial drilling machines and a standard 
lathe with full self-acting equipment. These are made 
by the Franz Braun Company, Germany. 

Lifting and Transporting Appliances.—A list illustrating 
pulley blocks for lifting and travelling, petrol-engine 
trucks, electric lifting trucks, rail tractors, portable 
loading conveyor, and a caterpillar-track hand barrow 
is to hand from Messrs. John Birch and Company, 
Limited, 2, London Wall-buildings, London, E.C.2. 


Water Covler.—Messrs. Heenan and Froude, Limited, 
Worcester, have issued a circular explaining their 
patent water cooler, Type X, for use on ships. The 
water passes through a strainer, spreads over screens of 
metal wool, and falls against an upward current of cold 
air. The apparatus swings to the level regardless of 
any list on the ship. 

Electric Control Gear.—A special catalogue, dealing with 
electric control gear for mines and quarries, is to hand 
from the British Thomson-Houston Company, Limited, 
Rugby. Flame-proof and non-flame-proof types are 
described, each in the patterns required for special 
purposes. Useful practical notes and full technical 
and commercial data are given in all cases. 

Sewage-Disposal Plant.—Messrs. S. S. Stott and 
Company, Haslingden, near Manchester, have issued a 
new edition of their catalogue of machinery and apparatus 
for sewage disposal works, pumping stations, sea outfalls, 
&c. A number of types of screens and rakes are described, 
and also detritus dredgers, travelling dredgers, sludge 
elevators, grab cranes, lime mixers, and penstocks. 





Petrol Meters.—A meter for placing between the petrol 
tank and the carburettor and a bulk-storage meter are 
described in catalogues received from Messrs. Fluidmeters, 
Limited, Winchester House, Victoria-square, Birmingham. 
The first reg.sters in one-twentieths of a gallon within 
1 per cent. of accuracy, and the second passes 3,000 gallons 
per hour, measuring to within $ per cent. of accuracy. 


Welding and Cutting Apparatus.—The catalogue of 
oxy-acetylene welding and cutting equipment to hand 
from Messrs. C. 8. Milne and Company, Limited, Octavius 
street, Deptford, London, S.E.8, contains much useful 
information on methods of carrying out exceptionally 
difficult work, and gives particulars of a complete set of 
equipment, including machines, for cutting out shapes 
to approximate sizes for finishing. 


Stone Treating Machinery.—A catalogue of machinery 
for treating and conveying stone, sand, gravel, etc., to 
hand from Messrs. Marshall, Sons and Company, Limited 
Gainsborough. marks a new departure for this firm. 
The machines described include a chain and bucket 
elevator and trunnion screen, a tyre and roller screen, 
and several sets of machinery for preparing limestone, 
gravel and Whinstone macadam. 


Oil Engines.—Messrs. J. and H. McLaren, Limited, 
Leeds, have sent us two catalogues of airless-injection 
crude-oil engines, including a series of high-speed light- 
weight engines. The range of powers is from 9 “5 a 
to 450 b.h.p., developed in from one to six cylinders. 
The applications illustrated include stationary, locomo- 
tive, and marine drives, agricultural and road tractors, 
road roller, and a _ caterpillar-track crane. Great 
economy is claimed by reason of the low consumption 
of fuel and crude oil, which is available at prices much 
Jower than those of petrol or paraftin, 
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Contracts.—The Sydney Corporation Electricity 
Department has placed an order with Messrs. The York- 
shire Copper Works, Limited, Leeds, for cupro-nickel 
condenser tubes for Bunnerong power station. This 
company has also recently supplied cupro-nickel con- 
denser tubes for the P. and O. liner, 8.S. Viceroy of 
India, for five Canadian Government merchant vessels, 
and for several land power stations.—Messrs. Joseph 
Foster and Sons, Soho Foundry, Preston, have secured 
the complete contract for the new power-house installa- 
tion for the artificial-silk factory, now being erected at 
Stowmarket, for the British Acetate Silk Corporation, 
Limited. The same firm has also secured the contract 
for the extension to the existing power house, the total 
value of the two contracts amounting to over 41,0001. 
Messrs. Joseph Foster and Sons now have on hand, at 
their four works, machinery to the value of over 255,0001, 





ENGINEERING TRAINING AND 
EDUCATION. 


The Rensselaer Polytechnic Institute.—The syllabus 
for 1928 of the Department of Civil Engineering of the 
Rensselaer Polytechnic Institute, Troy, N.Y., U.S.A,, 
reached us recently. The institute was founded in 
1824 by Stephen Van Rensselaer, and in 1828 the 
teaching of civil engineering commenced. The degree 
course in civil engineering, as at present constituted, 
occupies four years and is very complete. The first 
year is one of general preparation, and covers such 
subjects as chemistry, physics, mathematics, elemen- 
tary drawing, surveying, English, and a modern 
European language. The second year is more 
advanced, and various additional subjects, including 
electricity and highway construction, are taken. 
Engineering training proper is given in the third and 
fourth years, when metallurgy and metallography, 
building and bridge construction, steam-power and 
electrical engineering, reinforced concrete work, 
astronomy and geology, the design of machines and 
structures, the resistance of materials, railway con- 
struction, hydraulics, and water-supply and sewerage 
engineering are taught. Theses are prepared by stu- 
dents during the summer vacations, at the end of the 
second, third and fourth years. A fifth year may be 
spent in the study of business subjects. Partial 
courses in various subjects are also available. Full 
particulars regarding the College and its activities 
may be obtained from the Principal of the Institute 
at the address given above. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The time has arrived 
when negotiations should commence to arrange for 
autumn requirements, but as yet business is quiet. As 
fall of the year needs promise to be considerably heavier 
than was generally expected, September market opera- 
tions are likely to be on a rather extensive scale. Cleve- 
land pig-iron fixed prices are firmly adhered to by makers, 
who state that buyers are rather less backward. They 
admit, however, that sales are not readily arranged 
and that Midland iron is still underselling Cleveland 
pig-iron in quarters that have hitherto drawn supplies 
chiefly from Tees-side. Export trade keeps very quiet, 
but some hope is entertained that Continental buying 
will be experienced to some extent shortly. No. 1 
Cleveland is 68s. 6d. ; No. 3g.m.b., 66s. ; No. 4 foundry, 
65s.; and No. 4 forge, 64s. 6d. 

Hematite.—Slightly better accounts are given of the 
East-Coast hematite branch of trade. Prices at which 
contracts are arranged vary very considerably, being 
matters of individual bargaining, but the tendency is 
upward, though West-Coast brands are to some extent 
competing for orders. Recent sales of East-Coast 
hematite have been put through at prices ranging from 
68s. 6d. to 71s., according to quality of iron. 

Foreign Ore.—Imported ore purchases are little heard 
of. The official announcement of the termination of the 
ore miners’ strike in Sweden was expected, and the news 
had no apparent influence on the market. Prices remain 
very firm. 

Blast-Furnace Coke.—Durham blast-furnace coke is in 
only moderate request for local use. Good medium sorts 
are on sale at 17s. 6d. delivered here. 

Manufactured Iron and Steel.—The outlook for manu- 
factured iron and steel is brighter, but in one or two 
departments orders are still urgently needed. Quotations 
are steady. Common iron bars are 101. 5s. ; best bars, 
101. 10s. ; double best bars, 107. 15s.; treble best bars, 
11. ; iron rivets, 111. 5s.; packing (parallel), 7/. 10s. ; 
packing (tapered), 10/.; steel billets (soft), 6/. 15s.; 
steel billets (medium), 7. 2s. 6d.; steel billets (hard), 
7l. 12s. 6d. ; steel rivets, 111. ; steel ship plates, 8/. 7s. 6d. ; 
steel angles, 7/. 17s. 6d. steel joists, 71. 17s. 6d. ; heavy 
sections of steel rails, 8J. 10s.; black sheets (No. 24 
gauge), 10/.; and galvanised corrugated sheets (No. 24 
gauge), 131. 15s. 








British OVERSEAS TRADE IN MACHINERY AND MoTOR 
Cars, &c.—The position of manufacturers in this country, 
as regards overseas trade in the more important 
finished goods, appears, on the whole, to be impreving. 
According to a table, published in the issue of August 16 
of The Board of Trade Journal, which gives the figures 
for July, 1928, June, 1928, and July, 1927, the imports 
of machinery have changed little, while the exports, 
although about 10 per cent. less than during June, 
1928, were 25 per cent. greater in tonnage in July this 
year than a year ago. The number of imported motor 
cars and chassis fell very considerably during July last. 
the total for the month being 1,495 as compared 
with 4,208 in June and 2,048 in July, 1927, while the 
exports, although slightly less than during June, were 
33 per cent. more than last year. The exports of cutlery, 
&c., have increased steadily, and that of new ships an 
boats were valued at 2,277,000/. during July, as com: 
pared with 900,000/. in June, and 114,000/. in July, 1927. 
The two principal items which have declined in the export 
trade are locomotives, the figures being 2,100, 5,200 
and 3,100 tons respectively, and motor cycles, the 
number of which fell to 4,777, as compared with 7,040 
and 4,847. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Orders for bulk steel are unsatisfactory 
both in number and tonnage. The position is particularly 
disappointing on account of the opening presented in con- 
sequence of the considerable diminution in foreign compe- 
tition owing to increased production costs. Buyers have 
been waiting to see whether Continental prices would 
revert to their former low level. As this appears to be 
improbable, business should show a marked improve- 
ment from the standpoint of forward purchases. Mean- 
while, more furnaces are idle than are operating. There 
are widespread hopes of developments next month. 
Work is particularly needed in acid steel, which suffers 
severely from the policy of economy pursued by British 
railways. That the limits of this policy have been reached 
is generally felt in this area. Concurrently there is some 
selling pressure in foundry iron, though this is not 
reflected in official rates. The market for ferro-alloys 
for special-steel making is uniformly flat owing to the 
continued paucity of orders. Quotations: Siemens acid 
steel billets, 10/7. per ton ; hard basic-steel billets, 77. 2s. 6d. 
to 71. 12s. 6d.; soft basic billets, 61. 5s.; Derbyshire 
foundry pig iron, 60s. ; Derbyshire forge iron, 58s. 6d. ; 
Lincolnshire foundry iron, 60s. ; Lincolnshire basic iron, 
59s.; iron hoops, 12/7. 10s.; steel hoops, 9/.; Crown 
iron bars, 107. 10s.; soft wire rods, 7/. 5s. Sheffield 
is directly interested in prospects of trade revival with 
China. If the possibilities materialise, there should be 
a big demand experienced for many of the iron and steel 
specialities in which local manufacturers deal. More 
engineering contracts are to hand, promising steady 
employment at the departments concerned for some 
months ahead. Orders have been received locally for 
the engineering equipment for the new Doncaster 
Infirmary, and for the new medicinal baths for the 
Scarborough Corporation. Work is in hand for the 
provision of ventilation and deodorising plants for 
Sheffield’s new abattoir, and for the hot-water supply 
and ventilation of the Co-operative Society’s new central 
buildings in Sheffield. Good business is being done in 
steel specialities. Aeroplane and motor-car construction 
absorb good quantities. Army mechanisation is calling 
for the latest petrol-driven tanks and armoured cars. 


South Yorkshire Coal Trade.—The prospect of dearer 
house coal has been responsible for a rush of orders from 
consumers who are anxious to secure stocks for the 
winter at current rates. Colliery supplies in the better 
qualities have been severely tested, and it is unlikely 
that all requirements will be met before the one-shilling 
per ton advance comes into operation on September 1. 
An improvement in secondary grades has followed as a 
result, though supplies in this respect are more abundant. 
The industrial demand tends to strengthen, particularly 
for special-steel making coke. The expansion in export 
business is maintained. Washed smalls are a fairly 
steady medium. Quotations: Best hand-picked branch, 
26s. to 27s. 6d.; Derbyshire best brights, 19s. 6d. to 
20s. 6d.; best house, 18s. 6d. to 20s.; screened house, 
16s. to 17s.; screened house nuts, 14s. to 15s. 6d. ; 
Yorkshire hards, 14s. to 16s.; Derbyshire hards, 14s. to 
16s. ; rough slacks, 8s. 6d. to 9s. 6d. ; nutty slacks, 5s. to 
6s. ; smalls, 3s. to 4s. 








THE NEw Port oF Buenos Arres.—Considerable 
attention is being paid at the present moment to the 
construction and equipment of port works in the Argen- 
tine Republic. According to the Monthly Review of the 
Bank of London and South America, Limited, the 
Ministry of Public Works has recently approved of 
the expenditure of 8,360,000 dols. on new material for 
the Department of Navigation and Ports, of which sum 
2,810,000 dols. will be spent in 1929, the various items 
including a floating dock with a capacity of 8,000 tons, 
a 100-ton floating crane, and dredging plant and lighters. 
As regards the new port of Buenos Aires, it is understood 
that 2,682 metres of quay are now ready for the use of 
ocean-going vessels, together with 15 storage sheds. A 
large number of electrically-operated cranes have been 
installed, the wiring for light and power distribution being 
almost completed, while 5,000 metres of railway lines 
have been laid and the roadways and approaches have 
been paved with granite setts. 





THE Iron AnD STEEL InstTiTUTE.—As previously 
announced, the autumn meeting of the Iron and Steel 
Institute will be held at Bilbao, Spain. The sessions 
will take place at the Assembly Hall of the Alfonso XIIT 
High School, on September 25 next, at 10 a.m., and on 
September 26, at 3.30 p.m. The papers to be read and 
discussed are as follows :—‘“‘ Iron-Ore Mining in Vizcaya,” 
by Mr. J. Balzola; ‘‘ The Influence of Varying Strains 
and Annealing Temperatures on the Growth of Ferrite 
Crystals in Mild Steel,’ by Professor C. A. Edwards and 
Mr. T. Yokoyama; ‘“‘ The Phenomena of Corrosion of 
Tron and Steel,” by Messrs. A. Herrero and M. de Zubiria ; 
“* The Influence of Pearlitisation, below the Arl Point, on 
the Mechanical Properties of Carbon Steel,” by Mr. J. 
Orland ; “‘ The Use and Interpretation of the Transverse 
Test for Cast Iron,” by Mr. J. G. Pearce; “‘ The Change 
in Tensile Strength due to Ageing of Cold-drawn Iron and 
Steel,” by Dr. L. B. Pfeil; ‘‘ Some Properties of Cold- 
drawn and of Heat-Treated Steel Wire,” by Mr. S. H. 
Rees ; and “‘ Effects Observed in Quenched Liquid Steel 
Pellets and their Bearing on Bath Conditions,’’ by Mr. 
J. H. Whiteley. The subsequent arrangements include 
visits and excursions to the principal iron-ore mines and 
iron and steel manufacturing and engineering establish- 
ments in the neighbourhood of Bilbao. An extended 
tour will also be made to Burgos, Madrid, Sagunto, 
Toledo, Cordova, and Seville in the days immediately 
following the meeting. 





NOTES FROM THE NORTH. 


Giascow, Wednesday. 

Scottish Steel Trade.—The better feeling which has 
been noticeable in the Scottish steel trade of late is 
again more pronounced, but business generally has not yet 
shown many signs of developing. One or two establish- 
ments have certainly been booking rather more freely, 
but a large percentage of the new work is for special 
material. Generally speaking, the demand for heavy 
steel, ship plates, &c., is rather poor, although pro- 
ducers are hopeful of some improvement in this direction. 
The shipbuilders themselves are not so happy, owing to 
the small number of contracts on hand. In the black- 
sheet trade, there is not much activity in the heavier 
gauges, but there are plenty of orders on hand for light 
sheets and makers are meantime quite busy. Galvanised 
sorts are also a fairly good market at present. Prices show 
little or no change, and are as follows :—Boiler plates, 
107. 10s. per ton ; ship plates, 8/. 7s. 6d. per ton ; sections, 
71. 17s. 6d. per ton ; sheets, } in., 8. 15s. per ton; gal- 
vanised corrugated sheets, No. 24 gauge, 13. 7s. 6d. to 
131. 12s. 6d. per ton, all delivered at Glasgow stations. 


Malleable-Iron Trade.—There is still no improvement 
to report in connection with the malleable-iron trade of 
the West of Scotland, and makers are very badly off for 
orders. The brightest section of the industry is in the 
steel re-rolling departments, where a very satisfactory 
state prevails. Orders have recently been more plentiful 
and better prices have been obtained. The following 
are the current quotations :—Crown bars, 101. 5s. per 
ton, and re-rolled steel bars, 7/. 7s. 6d. to 71. 10s. per ton, 
both for home delivery. The export prices are 9/. 15s. 
and 7. 5s. per ton, respectively. 


Scottish Pig-Iron Trade.—A dull and depressed tone 
continues to prevail in the Scottish pig-iron trade. The 
demand is poor and consumers are not placing orders for 
more than their immediate requirements, which, in many 
instances, are of small tonnage. Not only is the home 
demand small, but overseas orders are also rather poor. 
Prices are unchanged, and are as follows :—Hematite, 
74s. per ton, delivered at the steel works ; foundry iron, 
No. 1, 75s. to 76s. per ton, and No. 3, 70s. to 71s., per ton, 
both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, August 25, amounted to 753 tons. Of this 
total, 682 tons went overseas and 71 tons coastwise. 
During the corresponding week of last year, the figures 
were 400 tons overseas and 32 tons coastwise, making a 
total shipment of 432 tons. 








Motor OMNIBUSES IN TRIPOLI.—His Majesty’s Consul 
at Bengasi has recently reported the opening of trans- 
port services in Tripoli, and suggests that there would 
appear to be a possible opening for a few light motor 
omnibuses in that territory, should this movement 
continue. Firms interested in the supply of British 
vehicles can obtain further particulars on application 
to the Department of Overseas Trade, 35, Old Queen- 
street, London, S.W.1, when reference number A.X. 6705 
should be quoted. 





CANADIAN HyprRo-ELEcTRIC Power StTaTIons.— 
According to a report issued recently by the Canadian 
Bureau of Statistics, Ottawa, the revenue of central 
electric stations in the Dominion rose by 43 per cent. 
between 1922 and 1926, and the output of energy by 
79 per cent. The generator capacity also increased by 
72-5 per cent. during the same period. It is interest- 
ing to note that the central electric station industry in 
the Dominion is almost completely hydro-electric. The 
electricity generated by water-power plants during the 
four years 1922-1926 totalled 11,911 million kw.-hours, 
which figure represents 99 per cent. of the output of 
all power stations. Again, 14 installations, having a 
capacity of 50,000 kv.-a. and upwards, generated over 
70 per cent. of the total output. Copies of the report 
may be obtained on application to the High Com- 
missioner for Canada, The Canadian Building, Trafalgar- 
square, London, S8.W.1. 


TENDERS.—We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
details and information relating to these may be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case :—It is reported from Warsaw that the Polish 
Government invites tenders for a cold-storage and 
refrigerating plant at the port of Gdynia. Tenders close 
on September 10. (Ref. No. A.X. 6757.)}—It is reported 
from Constantinople that a Turkish body is desirous of 
entering into negotiations with manufacturers of dredgers 
for the purchase of a dredger and two pontoons, which 
are required to clear the mouth of the River Bartine. 
(Ref. No. A.X. 6739.}—The Dunedin City Corporation, 
New Zealand, invites tenders, to be presented by Novem- 
ber 17, for the supply and delivery of pumping plant for 
Tainui Low-Levels Stormwater Station. (Ref. No. A.X. 
6727.)—The Indian Stores Department is inviting tenders 
for the supply of radial gates for the head and cross 
regulators for main canals and branches. Tenders to 
reach Delhi by November 6. (Ref. No.’ A.X. 6742.)— 
The Town Council of Johannesburg invites tenders, to 
be presented by September 1, for the supply of one 
30-cwt. lorry. Local representatiom is essential. (Ref. 
No. A.X. 6733.)—The South African Railways and 
Harbours invite tenders, to be presented in Johannesburg 
by October 25, for the supply of structural steelwork.— 
(Ref. No. A.X. 6752.) 





NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 

The Coal Trade.—Though business in Welsh coal 
remains insufficient to keep collieries working regularly, 
more activity has been experienced during the past week. 
Considerably more orders are, however, needed to avoid 
temporary stoppages at the pits. Improved arrivals of 
shipping have, to some extent, being responsible for the 
larger volume of trade, and the prospects in this respect 
are regarded as more encouraging in view of the fact that 
charterings last week totalled 327,000 tons, which 
represents the best aggregate since the beginning of 
June. The tonnage position has been so satisfactory 
that the available tips at the docks have been kept busy, 
and vessels are compelled to wait for berths at Cardiff 
and Penarth. Supplies of large coal continue to be ex- 
cessive and are readily available on the basis of the minima 
schédule. Smalls have become somewhat difficult, because 
of the lessened output of large. When bought in con- 
junction with large supplies, smalls are available at the 
schedule, but, if required without large, a premium of 
3d. to 6d. is demanded, while some colliery undertakings 
refuse to sell smalls without large. A new outlet for Welsh 
anthracite duff has been created by Mr. H. H. Merrett, 
managing director of Messrs. Gueret, Llewellyn and 
Merrett, Limited, Cardiff, who has contracted to supply 
the American Briquette Company, of Boston, U.S.A., with 
up to 1,000,000 tons of anthracite duff for briquette 
making over the next five years. The duff will be made 
into ovoids, which are used for domestic purposes in the 
States. The contract has been concluded after negotia- 
tions extending over three years and experiments with 
different classes of coal. Previously, American fuel was 
manufactured from American coal and the use of Welsh 
duff constitutes a new practice. Shipment of the duff 
has already commenced, two steamers having sailed from 
Swansea with cargoes of 7,000 tons and 6,500 tons, 
respectively. Shipments of coal, coke, and patent fuel 
from South Wales in July reached 2,158,207 tons, which 
was 261,392 tons less than in June and represented a rate 
of 83,208 tons per working day, which was the lowest 
rate this year, comparing with 92,754 tons in June and 
98,962 tons in May. Coal exports were lowered by 
242,046 tons to 2,065,721 tons, foreign cargo shipments 
falling by 251,530 tons to 1,660,284 tons, but foreign 
bunkers were raised by 1,293 tons to 285,284 tons, and 
coastwise cargo by 8,191 tons to 120,153 tons. Shipments 
of fuel were reduced by no less than 25,090 tons to 77,662 
tons, but those of coke were raised by 5,744 tons to 
14,824 tons, the best total for two years. 

Docks Traffic.—The traffic of the Great Western Rail- 
ways docks, in the four weeks ending Aug. 5, amounted to 
2,744,075 tons, compared with 2,826,349 tons, the reduced 
trade being due to smaller exports. Imports, in fact, 
reached the highest level for the year, totalling 432,275 
tons, of which oil amounted to 127,858 tons, compared 
with 94,858 tons in the previous month. Exports, 
however, were reduced from 2,421,774 tons to 2,311,840 
tons, shipments of coal and coke falling from 2,143,039 
tons to 2,084,442 tons, and of patent fuel from 92,377 
tons to 43,059 tons. Despite the smaller volume of 
traffic, visits of ships were increased from 1,687 to 1,764, 
and the net register tonnage from 1,220,113 tons to 
1,273,930 tons. 








PETROL TAXES IN THE UNITED StTatTEs.—An interesting 
statistical table, giving, in a condensed form, the 
principal details of the petrol taxes during 1927 
in the United States of America, is included in the 
May issue of Public Roads, which is published by 
the Bureau of Public Roads of the United States 
Department of Agriculture. The net total number of 
taxed gallons of petrol used by motor vehicles during 
the year was 9,366,651,892, which, as the average tax in 
cents per gallon was 2-76, realised the sum of 258,838,813 
dols. Other receipts, from licences, &c., realised 128,038 
dols.; thus the grand total of the revenue raised was 
258,966,851 dols. The expenditure is given as follows : 
Collection costs, 499,933 dols; construction and main- 
tenance of State highways, 182,095,503 dols ; expenditure 
on local roads, 55,440,161 dols; State and county road 
bond payments, 10,086,456 dols; and miscellaneous 
expenditure, 10,844,798 dols. 





DEVELOPMENT OF NortH AusTRALIA.—Elaborate and 
extensive plans for the general development of North 
Australia were contained in a report of the North 
Australian Commission, recently presented in the 
Commonwealth House of Representatives. The report 
states that railway communication with the Western State 
is essential, as until the line from Darwin to Daly Waters 
is extended to the Queensland border, and ultimately 
to Bourke, New South Wales, North Australia must 
remain more or less unexploited. Roads, at present, are 
no better than bush tracks, and the Commission recom- 
mends the building of a large number of main and 
secondary roads, after a complete survey has been made. 
An investigation into all the reliable sources of water 
supplies is advocated, together with the construction of 
an efficient supply for the town of Darwin. A tele- 
graph line is recommended between Hall’s Creek, West 
Australia, and a point near Newcastle Waters, to connect 
with the Queensland system, the erection of wireless 
stations being suggested at Borroloolla and Victoria 
River. In conjunction with the improved railway 
system, efforts should be made to improve the cargo- 
handling facilities at Darwin, but the building of new 
docks and quays, &c., is not yet considered justifiable. 
Meanwhile, final surveys should be begun to find the 
best site for a deep-water port at the Pellew Islands, 
near the mouth of the McArthur River, which, together 
with the Royer, Victoria, and Daly rivers, should be 
sounded for obstacles to navigation. 
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OIL-ELECTRIC TRAINS FOR BRANCH 
LINES. 


It is characteristic of almost every activity of 
man that what, at one time, was regarded as 
the sole line of progressive development has later 
been found to be but one of many ways by which 
a desired goal could be reached. Over a century 
ago George Stephenson convinced the world that 
the steam engine could be utilised to haul heavy 
loads on rails over considerable distances. Modern 
transport then had its beginning. The steam 
locomotive, with reciprocating engines, became 
the orthodox equipment for working trains, and, 
for long, railway engineers concerned themselves 
solely with its improvement in economy and 
reliability, and with the devising of the multitude 
of auxiliary appliances which go to make railway 
transport as comfortable as it now is. Meanwhile, 
in other fields and types of work, discoveries and 
inventions were finding application, sometimes 
changing completely the industrial outlook. Electric 
power in due course became available for the 
driving of almost every type of machinery. Internal- 
combustion engines, suitable for the cheap produc- 
tion of power from all kinds of fuel, have been put 
to service in a great variety of ways. Naturally, 
railway engineers, like all others, have viewed 
this work from the standpoint of the possible 
application to their own requirements. Electric 
locomotives have consequently been utilised with 
great advantage under suitable conditions, while 
internal-combustion engines are now being increas- 
ingly used to generate the power to drive trains, the 
transmission to the motors being usually by means 
ofelectricalenergy. This combination of the means 
of cheap power production and efficient controllable 
transmission is a phase of railway development 
receiving considerable attention in some countries, 
and is deserving perhaps of greater consideration 
here than it has so far received. 

The service to which this type of internal- 
combustion engined unit is usually applied, at 
present, is, as in the case of the steam rail motor 


working where the traffic conditions are light 
and infrequent trains or small trains meet all 
the requirements. Short memories and modern 
publicity methods have combined to make people 
think of the rail motor coach as an invention of the 
past year or two, specially devised to meet the motor 
*bus competition on the roads. It is, however, 
nothing more than a revival on more advantageous 
lines of practice followed by most of our railways 
twenty-five or so years ago, and still in fact pursued 
by some. The steam rail coach at one time had a 
considerable vogue on our lines. Its introduction 
was due to the desire to cut down expenses on branch 
lines and to give a more frequent service. These are 
the very claims revived to-day in favour of the more 
modern form of rail motor. Where the steam rail 
motor failed was in the fact that, as with a steam 
locomotive, a crew of two men were required to run 
it, and the largest factor in the total cost was 
therefore not reduced. It is in this direction 
that the newer developments have claim to con- 
sideration. 

For such duties the oil-electric motor coach has 
many advantages over steam traction or the elec- 
trical systems in which the power is transmitted by 
overhead lines or third rails. The oil-electric unit, 
carrying its own motive power generator, has all the 
advantages of the more common type taking power 
from a power station, as far as they could apply to 
a branch service, without having the burden of 
costly overhead construction, or the provision 
and protection of third rails. These advantages 
admittedly give the motor coach, and particularly 
the oil-electric unit, a place in almost every 
railway organisation, where its characteristics 
may be utilised to good advantage. It is the 
one form of railway equipment most nearly 
approaching the motor ’bus. 

The system has rapidly become popular in the 
United States. Two vehicles, typical of many, were 
to be seen last year at the Baltimore & Ohio Rail- 
way Centenary Exhibition, one being an example 
of a Beardmore coach such as we have previously 
referred to in ENGINEERING. The subject has 
been carried far enough for the American Railway 
Association (Mechanical Division) to have a 
Standing Committee watching developments, and 
a recent report of this body, presented at a meeting 
in June, brings out a good many points of interest. 
The report gives a few particulars of the service 
obtained from these cars. As regards output we 
find that two cases are given of Diesel-engined 
vehicles working out at 259 ton-miles per gallon, 
or about 2-2 (U.S.) gallons per mile. Petrol- 
electric cars, which in the report are divided 
into two groups of “gasoline” and “ distillate,” 
run from 1-39 gallons to 2 (U.S.) gallons per mile, 
or from 80 ton-miles to 205 ton-miles per gallon. 
The trains hauled vary from 55 tons (single units) 
to 136 tons in other cases, the average speed 
working out at about 25 m.p.h. to 35 m.p.h. 
The service given by such machines is really quite 
high. The report, for instance, gives figures which 
show that petrol electric machines are only out of 
service for power plant troubles about 2 per cent. 
to 7 per cent. of the total time, the engine being 
responsible in each case for about half the time. 
It is true that one case is given of loss of 26-6 per 
cent. of the time, but this appears to be somewhat 
exceptional. In considering these figures allow- 
ance is necessary for unfamiliarity of the personnel, 
both operating and repair, with equipment of 
this type, which probably accounts to some extent 
for the differences noticeable between individual 
records. 

In the matter of mileage per delay (of five 
minutes) or failure of engine, we find the highest 
Diesel record for the former 219,564 miles, and 
for the latter 310,184. These figures are, however 
ten times as high as the results in other cases. 
Petrol rail cars run to as high as 57,100 miles 
per delay, and 85,700 miles per engine failure. 
Conditions as regards engine reliability are dis- 
tinctly improving. The daily service mileage is 
anything up to about 240, according to conditions. 
One of the factors which make this class of 
unit attractive for such work is the fact that the 
equipment may be kept almost continuously in 
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comparatively small parts, when they become 
worn. Any heavy reconstruction, such as may 
be necessary with steam equipment, is completely 
avoided. The experience so far acquired with 
oil engines, as the source of power generation, 
shows that breakage of crankshafts has been 
practically eliminated, but there is still heavy wear 
in some of the bearings, which, although generally 
not excessive, will admit of reduction with advantage, 
as it contributes substantially to engine maintenance 
expenses. Connecting rod big-end bearings have 
been found in certain cases to need no replacement 
until they have been in use during the running of 
60,000 to 100,000 miles. Careful fitting is essential 
to long life, as it is in every machine, but some 
failures have been due to neglect of this in the setting 
up of bearings out of alignment or parallelism. 
Insufficient and unsatisfactory lubrication is a 
determining factor in the magnitude of the mainte- 
nance costs. In some cases it has been found 
advisable to pre-heat the engine by the use of the 
car-heating system. This has been resorted to in 
order that the engine may quickly attain a tempera- 
ture suitable for the required flow of the viscous 
lubricating oil. A lighter lubricant could, of course, 
be used, but its application would necessitate the 
installation of a cooling system to keep down the 
maximum temperature attained by it. Pistons have 
given trouble occasionally through breakage at the 
ring grooves. Carbon formation in these grooves 
has been the cause of stuck or broken rings and 
consequent increased cylinder wear. Although the 
normal average wear in the cylinder liners of a 
Diesel engine has been found to be one-hundredth 
of an inch in 100,000 miles, some liners have needed 
regrinding or replacement after only 25,000 miles. 
Perhaps the most common failure experience has 
been that of the cylinder heads. Usually this takes 
the form of failure by cracking between the valve 
ports and is due to irregular cooling. It must, 
however, be recognised that, apart from particular 
cases, there is every reason to regard the oil- 
electric unit as a reliable piece of plant. Engine 
troubles were mostly shown in the failure of 
control systems, defective cooling, imperfections 
in the fuel systems and the cracking of cylinder 
heads. The electrical part of the equipment, 
consisting of the generator, controller, transmission 
cables to the various carriages and their indi- 
vidual electrical motors seemed to be as reliable 
as the similar equipment on a train getting its 
power from a central generating station. In early 
oil-electric installations the control was effected 
entirely by hand, and consisted in varying the 
generator field resistance, step by step on a controller. 
To prevent troubles due to careless handling it is now 
customary to install an automatic control worked 
from the generator or separate exciter, when one 
is installed. 

So far about 300 of these sets have, we believe, 
been put into service in America or are on order. 
It would appear to be established that for the 
carriage of the same number of passengers in an 
oil-electric unit and a trailer, as in a steam train 
with a combination luggage and passenger car and 
another coach, the costs work out per train-mile in 
the ratio of practically one to two in favour of the 
oil-electric system. The saving is not merely one of 
fuel and lubricant, for the fireman of the steam 
service is eliminated and the repairs are materially 
reduced. As used in the United States, the cost of 
running seems to work out at about 40 to 60 cents 
per train-mile for the two-car trains. 

Another instance of the successful use of rail 
motors of a modern type comes from New South 
Wales. The type of stock employed on the services 
in this State was described in a recent paper read 
before the Institution of Engineers, Australia, by 
Mr. R. A. Holloway. These cars are petrol-driven 
double-bogie vehicles, averaging about 6 miles to 
the gallon, and working on services in which the 
speeds average 23-14 miles per hour. The lines 
worked involve runs of 56 miles to 204 miles, the 
latter being covered in 8 hours 13 minutes. The 
service given alternates in some cases with heavier 
mixed trains, which may work perhaps two days a 
week, the rail motors running on the other days. In 
this case the engine unit is mounted below the floor 
in the centre of the coach. The design of the car is 
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probably unique as. it involves lattice underframes 
built up exclusively by electric welding. The 
amount of electric welding involved in the whole 
car is something like 1,006 lin. ft. There are 30 
such cars in use and they run 60,000 miles between 


stoppings. 








INDIAN AGRICULTURE. 


In most parts of the world there is a general 
aspiration to improve the standard of living, and 
in few countries is the population without a suffi- 
cient desire for such improvement. That, neverthe- 
less, seems to be the position of the enormous 
majority of the inhabitants of India. Though they 
have made a five-fold increase in the last thirty years, 
Indian manufactures employ only about 14 millions 
of her population of over 300 millions. Nearly 
three-fourths of the total inhabitants are directly 
engaged in or dependent upon agricultural or pas- 
toral pursuits, and the first conclusion of the Royal 
Commission on Indian Agriculture, which has just 
presented its report, is that a condition precedent 
to improved prosperity in Indian agriculture is 
for the cultivator himself to desire it sufficiently. 
As is pointed out in the Statement on India in 1926— 
1927, prepared by the Government of India for 
presentation to Parliament, the work of inducing 
any permanent and appreciable improvement of 
the conditions of Indian agriculture and the pros- 
perity of the rural population will not be completed 
in a few years, or even within a single generation. 
The appointment of the Royal Commission is a 
sign, however, that the Government of India is 
taking the work in hand very seriously. They have 
spent over 100,000. on preparing the report which 
has just been published. The Commission has sat 
in India and England almost incessantly for fifteen 
months, and travelled nearly 20,000 miles. It 
has examined just on 400 witnesses, including 
several who represented Dominion and foreign 
countries, and appears to have taken evidence in 
all quarters from which information and opinion 
was likely to be useful in regard to any of the 
twenty-six aspects in which their questionnaire 
divided the subject. It is the first comprehensive 
enquiry which has been instituted, both generally 
and particularly, into the conditions of agriculture 
and rural economy in India, and the programme it 
has recommended is likely to have great and 
increasing effect for many years to come. To 
engineers this programme is of consequence in two 
independent ways. On the one hand, they will have 
to provide a great deal of the means by which the 
desired improvements are to be made. On the other 
hand, the effect of the intended measures must be 
to increase the wealth of the country, and with it 
the demand for engineering products for purposes 
other than those of agriculture. After textile goods, 
metals and their manufactures are indeed the most 
important Indian imports, and machinery and 
mill work the next largest. The Commission recog- 
nises that the interests of local manufacture in pro- 
tective tariffs are of less public importance than, 
at least, those of cultivators in obtaining their 
machinery and implements as cheaply as possible, 
and it is reasonable therefore to expect that the 
present imports will grow with the development of 
agriculture. The position of British engineers in 
the Indian market is such that any such growth 
should be of the first consequence to them. 

The conditions under which alone this growth can 
be expected both restrict the rate at which it will 
be possible, and assure it an enormous scope. Of 
the population of India not much more than 
11 per cent. is urban, and the remainder are housed 
in some 500,000 villages, most of which are not 
touched by metalled roads, and still less by railways. 
The ancient customs of the country retain its 
agriculture in the hands of small holders, and many 
operations will never be conducted at their best 
economy until they are conducted co-operatively. 
The co-operative movement in India is scarcely 
older than the present century, and was started 
under the disadvantage of not being the outcome 
of any popular demand. Relatively to the size of 
Indian agriculture, it is as yet on a wholly inade- 


Much fewer than 10 per cent. of the population can 
read and write, a circumstance which must add to the 
difficulties of introducing co-operation into a highly 
individualist industry. Yet in the last 11 years 
the number of societies for co-operative credit has 
multiplied four-fold and their capital five-fold, while, 
although the more difficult creation of societies for 
co-operative buying and selling, insurance and other 
purposes is in scarcely more than a rudimentary 
stage, over 2,000 such bodies have sprung up in the 
last ten years, and much valuable experience has 
been acquired. Under existing conditions, moreover, 
the monsoon restricts agricultural operations to a 
few months of the year everywhere, except in the 
north-west and where there is perennial irrigation. 
About an eighth of the land under cultivation is 
irrigated, and this proportion will be increased to 
nearly half as much again when the great works at 
present under construction are completed and in 
full operation. The works yield a net return of 
about 74 per cent. on their capital cost, and it 
seems likely, therefore, that the limit of irrigation 
works has by no means been reached. Apart, how- 
ever, from the construction of large works, improved 
efficiency seems possible on a large scale when 
fuller knowledge of the behaviour of irrigation 
water enables it to be better controlled. The 
relations, for instance, between crops, soil, drainage 
and water-logging rest at present on a merely 
empirical basis, which has not been found sufficient 
to prevent notable failures from arising. Before 
these can be determined, it seems as though some 
more intimate co-operation will have to be devised 
between the work of engineers, agriculturists, and 
geologists. Irrigation by the much less costly 
construction of wells and tube wells does not 
appear to be used as often as there is reason to 
think would be profitable. Matters of detail, such 
for instance as the design of suitable pumping plant 
with a low lift and a high discharge, still await a 
more satisfactory solution than they have received. 
The principal use to which it is expected to put the 
considerable water-power in the country, at least 
so far as concerns agriculture, is pumping, but it 
may be expected that it will be found possible to 
apply it to suitable chemical and other work as 
supplementary loads, although hydro-electric treat- 
ment would in the circumstances of most parts of 
the country be too costly to instal for the process 
by itself. 

It may not be superfluous to recall the immense 
scale of agriculture in India even in its present 
form. The area under rice is about 125,000 square 
miles—about the size of the entire British Isles— 
wheat 37,500 square miles, cotton 23,500, sugar 
cane 4,000, and other principal crops something 
under 100,000. About a fourth of the entire 
country is rated as forest land, though, through 
shifting cultivation and other causes, parts of it 
have become deforestated, and it yields a gross 
revenue of about 4,000,0001., which is nearly 
double what it was 11 years ago. Immense though 
they are, these figures represent little more than 
what the inhabitants consume. In many parts 
of the country the forests are no more than are 
necessary for consolidating the agricultural soil 
and regulating the flow-off of rain, and though 
about nine-tenths of the exports are agricultural, 
they form less than a tenth of the total production. 
The communications, though constantly improving, 
are greatly below what are found in other countries 
prominent in agriculture. Per 100 square miles of 
territory the railways are only a fourth of those in 
the United States, and though it must be recognised 
that in this respect India is better off than any other 
great agricultural country except the Union of South 
Africa, and much better off than several, its great 
density of population gives it only about a twentieth 
of the railway lines, per unit of population, of the 
United States, and half that of Russia. Its pro- 
portion of roads to that of the United States 
much the same as that of railways. The active 
attention of all authorities concerned seems to be 
directed to the deficiency of road communications, 
and the Commission recommends a vigorous policy 
of improving not only the main roads, which are 
required urgently for the?development of motor 
transport services, but also of the subsidiary lines 





quate scale, and in most parts of the country has 
reached only a small fraction of the cultivators. 
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importance to cultivators. The development of rail- 
ways goes on steadily at the rate of about 1,000 miles 
a year, which now is devoted mostly to interstitial 
and cross-country lines rather than to extensions 
of main lines. The policy of the Government is 
indeed very strongly in favour of so providing 
and proportioning the several varieties of transport 
service that they will feed each other rather than 
fall into what the present report stigmatises as 
“the senseless and wasteful competition between 
rail and motor traffic that is to-day taking place 
in many European countries.” In India, indeed, 
the conditions of weather would make the attempt 
to carry either passenger or goods traffic by road 
over long distances peculiarly extravagant. The 
extended accommodation will be divided between 
car and motor services, the caterpillar-tractor 
being considered as of little use in the country. 
The use made of waterways, which in N.E. India 
and Burma is considerable, might be extended if 
some way could be found of arresting the growth 
of the water hyacinth, by which the channels are 
often obstructed. A form of service as yet 
little practised is that of cold storage, whether in 
fixed or rolling stores. As the development of 
communications leads to the further increase of 
production beyond what is required for local 
consumption, this method of storage is likely to 
require particular attention, having regard to its 
state of development at the present time. No 
fact seems more impressed on Indian practice than 
the importance of improved communications, not 
only to the stability and progress of the market, 
but to the safety of the country against famine. 
The improvement already made appears to have 
been sufficient to prevent the grave calamities of 
earlier years, notably in the famine of 1896-97. 
This famine extended over a greater area and 
affected a larger number of persons—225,000 square 
miles and 62,000,000 people—than had ever been 
recorded. Nevertheless, private trade proved itself 
able to regulate the supply of food throughout 
India, and the uniform level of prices showed the 
remarkable efficiency of the railway service as a 
means of distribution. 

Summing up the situation, it appears that though 
at present the existing government organisations 
dealing with agriculture touch only a fraction of 
the country, the policy advocated by the Com- 
mission as the result of its comprehensive enquiries 
will give them a wide extension, in addition to 
co-ordinating other influences by which the work 
will be helped. An aspect of interest to engineers 
is the extent to which the improvement of imple- 
ments and machinery has to be carried. Compared 
with the 25 million primitive ploughs—or rather 
cultivators—in use, the extent to which efficient 
implements are used is infinitesimal. One reason 
recognised by the Commission is that departmentally 
the place of agricultural engineering in the service 
has been regarded as secondary, and in several 
provinces work on the improvement of implements 
has been subordinated to boring and pumping 
Operations. The circumstance that the Commission 
has recognised clearly and emphatically the need 
for both classes of work, and for their co-operation 
with the purely agricultural branches of the service, 
1s probably sufficient ground for expecting that 
this defect will be remedied. The consequent 
change in Indian practice will doubtless be slow. 
It will have to overcome the reluctance of an 
ancient industry to adopt new methods, and 
im many cases to develop a spirit of co-opera- 
tion by which appliances too costly for individual 
small holders may be provided for groups of them. 
It seems clear, however, that with the provision 
of the better and more stable markets to be expected 
from improved communications, the increase in the 
efficiency of cultivation to which efforts are being 
addressed on every side, and the resulting advance 
Mm prosperity, a steady increase must occur in the 
demand both for improved appliances and machinery 
generally. It is satisfactory to note that the 
Commission sees clearly how inadvisable it would 
be to penalise the efforts of cultivators by imposing 
4 tariff in any form on the implements and 
machinery by which the efficiency of their work 
may be improved. From considerations of merely 


million or more cultivators in order to provide 
occupation for a fraction of one per cent. of their 
number on work that can be done more economically 
elsewhere. More broadly, such a decision would 
have been regrettable as directly reducing the 
world’s supplies of food. On all grounds it is 
to be hoped that the wise conclusions of the 
Commission will continue to inspire the policy of 
the Indian Government. 








ABSENTEEISM IN COLLIERIES. 


TuE quarterly report given by the Board of Trade 
Journal of the course of the coal industry during 
June quarter, shows, unfortunately, that in spite 
of a slight increase in exports, the aggregate output 
was lower than last quarter, and lower still than the 
corresponding quarter of last year. By a curious 
coincidence, the average figures of stop or idle days 
were identically the same for the three periods com- 
pared. These, however, refer only to the days on 
which, for one or other reason, the pits did not wind 
coal, and have no relation to the absences of indivi- 
duals, through which, nevertheless, a considerable 
amount of time is lost and expense incurred. These 
absences may be due sometimes to sickness and 
sometimes to accident, and some amount of investi- 
gation, made for the Industrial Fatigue Research 
Board, has shown reason to believe that the absences 
from accident have some connection with the 
atmospheric conditions of the mine. The report 
of a more extensive investigation into the subject, 
made by the same authors, Dr. H. M. Vernon and 
Dr. T. Bedford, assisted by Mr. C. G. Warner, has 
now been published,* and serves to carry the matter 
a little further. This, perhaps, does not sound like 
saying much in favour of the work, but in fact, it is 
seldom that a report based, as this had to be, on 
statistical data, can do more. The circumstances 
to be investigated are usually too complex and 
variable to be treated according to the ordinary rules 
of deductive science, and varied one at a time. They 
have to be kept as nearly constant as the conditions 
allow, except for the variable under test, and the 
conclusion has to be drawn with more or less confi- 
dence, according on the one hand to the degree of 
statistical correlation shown, and on the other hand 
to the extent to which other investigations suggest 
the same result. When a result has been obtained 
repeatedly in such conditions, the conclusion that it 
flows necessarily from the circumstances of the case, 
and is not an accident, becomesincreasingly stronger ; 
and the method has the further merit of sometimes 
suggesting the investigation of a particular relation, 
the likelihood of which might otherwise have 
escaped notice. 

In the present report, an account is given of the 
absences which occurred among some 23,000 miners 
in a group of 10 collieries in the same district during 
periods of 21 months to six years. As is apt to 
happen when examinations are made, either on the 
basis of merely statistical material, or without the 
use of first-hand knowledge in regard to the relations 
existing between the factors of the question, the 
result may sometimes be merely to suggest the 
probability of what is already known as a fact. In 
the present investigation, for example, the conclusion 
that the temperature in a mine increases with the 
depth is exhibited by very handsome coefficients of 
correlation, but scarcely add to the knowledge of 
miners on the subject. Obviously, however, this is 
by no means an argument against the validity of the 
method; and among the other results suggested 
with a sufficient degree of statistical plausibility, if 
not with the same cogency as the one just cited, are 
several which present some interesting conclusions 
with a degree of probability which invites repeated 
or still wider enquiry. 

It has, for instance, been known that the tempera- 
ture, cooling power, and velocity of the air, age of 
the men, and possibly the season of the year, may 
have some relation to the degree of sickness and of 
accident. The absences through these causes would 
appear in the records under examination, and in 
most of these factors the variations were found to 
stand in some apparent correspondence with the 
physical factors in question. In one of them, how- 





ever, the velocity of the air, the results were 
extremely in and out, and the most probable 
explanation seemed to be that in a hot mine there 
is a critical velocity, above or below which the 
degree of sickness or accident varies with the 
difference from the critical velocity in either direc- 
tion. Thus, with a high temperature and an air 
velocity of about the critical speed, the sickness or 
accidents would increase as the temperature rose ; 
but if the speed varied notably from the critical 
rate—say, became much higher—a simultaneous 
fall in temperature might offset the effect of the 
rise of speed, and the degree of correlation might 
fall to insignificance, or even become negative. 
Here, therefore, is a clear case in which the observa- 
tions suggest a possible variant material to the 
result, which might well have escaped notice. 

Apart from results in which absences were due to 

causes beyond the control of the miner, a number 
of which were examined, a good deal of interesting 
evidence tended to show that a number were 
voluntary. This, of course, was not a previously 
unknown phenomenon. The Coal Commission had, 
for example, concluded that for the whole country 
rather less time was lost in this way than by sick- 
ness and accidents combined, and in the present 
group the voluntary absences were found rather 
higher than the involuntary. These voluntary 
absences did not appear to be arbitrary, but on the 
contrary some part of them seemed to be deter- 
mined by much the same considerations as seemed 
to be associated with sickness and accidents, and 
by others in which the extent of absence varied in 
some kind of relation with the extent of exertion 
or inconvenience involved in attendance. The 
former circumstance was suggested by the fact that 
at high temperatures the number of minor accidents 
increased, while the major accidents were not 
apparently affected, and the explanation suggested 
amounts, in effect, to qualifying the absences in 
question as voluntary to the extent that they could 
be avoided if the worker chose, but rational in so 
far as they depended on circumstances beyond his 
control. The distances of the men’s homes from the 
mine, or the distances from shaft to face, showed 
a similar relation; and it is suggested that ab- 
sences of this type could sometimes be avoided by 
remedying the condition against which the men 
reacted. Housing in the district and mechanical 
transport from the shaft bottom to or towards the 
working face should, if these conclusions are correct, 
have some such effect. 
The report draws attention to the fact that, though 
the material used is considerable, and to the extent 
of being derived from a single district must in most 
respects be homogeneous, it does not necessarily 
represent the conditions of all districts, and still 
less the average conditions for the entire country. 
With this caution, it is not likely to lead to prema- 
ture generalisations, and if its suggestions’ are 
confirmed by further or repeated enquiry, they may 
point the way to improvement at once in the 
economic working of mines, and in the comfort of 
the miners. 








Tue Stanpine Wave: Erratum.—lIn the instalment 
of an article on the standing wave, by Mr. J. H. Jones, 
which appeared in our issue of August 17, an error 
occurred in the last line of the left-hand column on 
page 194. The word there printed as “‘ minimum ” 
should have been “ maximum.” We regret the error, 
which, however, will doubtless have been obvious to the 
careful reader. 





Hiecu-Tension Erectriciry Supply REGULATIONS.— 
The Electricity Commissioners have issued an order, 
dated August 10, 1928, laying down the system of 
supplying electricity, subject to the regulations for 
securing the safety of the public and for ensuring a 
proper and sufficient supply of energy. This differs 
from the order issued in 1925 (see ENGINEERING, vol. cxix, 
page 670) in the following respects :—A voltage of 
132,000 volts is added to the voltages at which a supply 
may be given and “for traction purposes at medium 
pressures” is added to the list of purposes for which 
that supply may be given. Mains may consist of 
separate conductors insulated and enclosed in a lead 
sheath, as well as of insulated conductors laid together 
and enclosed in a lead sheath. This approval takes the 
place of that given in the previous order. Notification 
on the part of any joint electricity authority or authorised 
undertaker adopting a high-pressure system is, however, 
necessary, and special approval will be also required 
before any system of extra high pressure supply, which 
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local fairness it seems inexpedient to tax the 250 


* Report No. 51. His Majesty’s Stationery Office. | does not conform to that laid down in the order, can be 
} used. 
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|by the author, which is to deal with problems 

CP eee le | separately as the given data would demand. The 

ngineerong fconomics. By D. J. Bouton, | possible variables are very numerous, and the 

B.Sc., A.M.ILE.E. London: Chapman and x | justification for the study of ‘consumption 


[Price 21s. net.] zs 
: : ‘ : | "4 te branch cannot be denied 
THE sub-title of this work is “A Study of ie. weal it 
Economic Use and Supply of Electricity.” At the when it is once admitted that every process must 


present time, when such great attention is being | have two interested parties, the producer and the 


sven by poliiana and engineer alike to the use Somnmer The former spa and the Iter pays 
and supply of electricity on a national basis, this |), capital and equipment, and the latter seeking 
subject is all-important, and the PE of this the fulfilment of the service he desires at the least 
book is opportune. The raison détre of any | : : 

i ate ly ig | CXPense- The data are different in the two cases 
suggested national scheme of electricity OT Sl  cemiiiiet cima vilieees Seale 
naturally and legitimately cheap electricity. Aj} oe e JP 


LITERATURE. 








better criterion of success in this undertaking 
than cheap electricity is cheap power, because 
the domestic consumer or the manufacturer is 
concerned with a satisfactory competitive service 
or with the efficient production of his goods, as the 
case may be, and this is influenced not only by 
the economics of electricity supply, but by what may 
be called consumption economics. To quote the 
author, “it is in consumption that the greatest 
waste occurs ; and clearly it is no use taking great 
trouble to save a fraction in the power house, only 
to squander it wastefully in the workshop or 
the home.” The consumer must be able to appre- 
ciate exactly the meaning of economy of perform- 
ance and not remain content with such general 
descriptive adjectives as “cheap ” or “ dear.” 

In Part I of the three main divisions into which 
this treatise falls, general principles are expounded. 
The nature of capital, which must not be confused 
with capitalism, a much more recent growth, 
is investigated, and such attributes as interest, 
present and future worth, sinking funds, annual 
deposits, hire-purchase, &c., are explained and 
formule for their computation developed. In this 
and in other sections will be found a number of 
fully worked out illustrative examples. Deprecia- 
tion is most conveniently studied by distinguishing 
between total depreciation and annual or interim 
depreciation, subdividing the former into its physi- 
cal, economic, and financial aspects, and the latter 
into the accounting and the legal aspects. 

The causes of depreciation are enumerated under 
three headings :—wear and tear in tangible assets 
like plant, machinery and buildings, with which 
should be grouped any diminution of natural 
resources; depreciation due to natural causes, 
accident and theft; and thirdly, that brought about 
by changes in manufacturing processes and in the 
nature of demand, which may render equipment 
obsolescent or inadequate before it has become 
worn out from either of the first two causes. 
Whether the last item, obsolescence or inadequacy, 
which involves no alteration in the assets them- 
selves, should strictly be regarded as depreciation 
appears to be open to argument, but from an 
engineer’s standpoint the useful life must take 
into account all probable factors. Whatever the 
word ‘‘ depreciation’ conveys in ordinary language, 
in its technical sense, and as used by the author here, 
it refers only to “‘ expired capital outlay” or “the 
fall in value of wasting assets arising out of their 
use or tenure.”” The various schemes of contribu- 
tion directed to realise the total expired outlay at 
the end of the life of the asset are clearly explained, 

‘and a critical comparison of these methods is 
instituted. Referring to annual depreciation, it is 
evident that it is not a normal problem for the 
engineer-economist, since he has to make provision 
only to realise the total expiring value during the 
whole life of the concen. For the purpose of annual 
accounting, however, and for taking advantage of 
certain income-tax distinctions as between inherently 
wasting assets and those in which the waste is not 
inherent, or when a business is sold during the life 
of an asset, such interim valuations are necessary. 
These general considerations comprised in Part I 
of the book are concluded in the chapters entitled 
“ Productivity” and ‘Engineering Application, 
Basis and Method.” The work in the latter chapter 
is adequately illustrated by well-chosen numerical 
examples, in which the cost of a given service 
required from a structure is estimated by the method 
just laid down. 

Part II, “‘ Economic Choice,” is concerned with 
problems of consumption economics. The only 





| electrical services for which economic choice of plant 


is possible are transmission, motive power, trans- 
formation, and illumination. Except, perhaps, in 
connection with cables, for which Kelvin’s Law as 
modified to meet the case of insulated conductors 
may be applied, the many economic problems which 
present themselves in connection with the choice of a 
power unit cannot be determined by any general form 
of solution. All that can be done is to assess a cash 
value to each factor and to strike a balance with the 
help of the economic principles explained in Part I 
of this work. The fact that comparatively little 
attention is paid to motor efficiency in its economic 
aspect, to take one instance, is no doubt due, as the 
author states, to the difficulty of calculating, in any 
particular case, what degree of efficiency improve- 
ment would be worth while and, when calculated, 
the difficulty of requisitioning such a machine. 
A 40-h.p. motor having an efficiency of 88°5 per 
cent. can be bought for 701. In a useful life of 
20 years, running 8 hours a day for 300 days a 
year, the cost of energy consumed at ld. a unit is 
equivalent to five new motors every year of its life, 
and the annual sum wasted in machine losses is 
381. 15s., more than half the price of the motor, 
which only has to be bought once, and the cost of 
which could be spread over its whole life. A lump 
sum of 25]. in this case would be available for 
increasing the copper and iron in this machine, if 
thereby a saving of 0-5 per cent. could be effected. 
The author deals with such problems and propounds 
the idea of “ service-price ” as a step towards their 
general solution. 

Part III, devoted to the economics of electricity 
supply, is introduced by a discussion on tariffs. 
Chapters on load and diversity factors, power 
factor, and on other influences affecting costs, such as 
size of station and interconnection, contain much 
matter of a novel character in an electrical-engi- 
neering text book. All interested in the cost of 
electricity supply will be indebted to the author for 
the manner in which the extremely complex data are 
correlated and for the straightforward and 
compelling manner of its presentation. 





Steam Turbines. By Prof. E. F. Courcu. London: The 
McGraw-Hill Publishing Company, Limited. [Price 
15s. net.] 

Tue author of this elementary treatise occupies the 
Chair of Mechanical Engineering at the Polytechnic 
Institution, Brooklyn. The work is intended for 
junior students, and is probably equally suitable 
for those attending evening classes. In some 
respects the treatise is more up to date than more 
pretentious works, since notice is taken, we believe, 
for the first time in a non-British textbook, of the 
fundamental work executed by the Nozzles Research 
Committee. . Their main results have, however, still 
to be fully assimilated, and most of the guide-blade 
forms illustrated represent obsolete designs so far 
as the best British practice is concerned. In most 
respects the treatise follows traditional lines. The 
book starts with a description of turbine types and 
characteristics. This is followed by a very com- 
plete discussion of the flow of steam in nozzles. 

In this chapter, sketches are given of different 
forms of nozzle tester. In the past, nozzle efficien- 
cies have been greatly over-rated, both in Europe 
and America. The figures assumed could, perhaps, 
be realised by careful design, but not by the crude 
commercial types to which they were actually 
applied. This error was, in practice, compensated 
for by overestimating bucket friction, with the 
result that, if the coefficients assumed for this 
latter loss were applied to velocity-compounded 
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wheels, the efficiency of these came out far below 
what was actually realised in practice. This 
difficulty was overcome by assuming that the loss 
in bucket friction became proportionately less the 
smaller the steam velocity. This assumption, of 
course, conflicts with the general rule that in fluid 
flow the percentage waste in friction diminishes as 
the speed of flow increases. The value of k, = 0-85 
given by the author for the velocity coefficient is 
that which has been used for some years by certain 
builders of impulse turbines, but, in the light of 
present knowledge, there can be no doubt that it is 
too small. 

Another consequence has been that, owing to 
reliance on these inaccurate figures for the efficiency 
of commercial nozzles, there have been, of late 
years, repeated and serious failures by impulse 
turbine builders on the Continent to meet their 
guarantees. In the case of some very large turbines 
supplied to a French power station, though the 
machines were not of French make, the deficit 
was 14 per cent. The author illustrates by in- 
genious models the characteristic difference between 
impulse and reaction turbines. In the absence of 
the builders’ curves, there is often a difficulty in 
estimating the efficiency of alternators, which is 
usually necessary in forming an estimate of turbine 
performance. The author quotes, as a rough rule 
due to Messrs. Brown and Drewry, the following :— 

Efficiency of an alternator 





055 0 
= 0-98 — a rating 
3 /kilowatt rating load 
1,000 


In this connection, it must, however, be borne in 
mind that some British makers are prepared to 
guarantee alternator efficiencies of 97 per cent. 
Still, the rule may be useful in giving the general 
form of the efficiency curve. Another rough rule, 
quoted from the same authors, is that the total 
turbine mechanical loss, expressed as a percentage 
of the normal rating, is equal to 

4 


kilowatt rating 
1,000 
The treatise is excellently printed, and the engrav- 
ings are of high quality. A useful and instructive 
set of problem papers forms an appendix to the 
volume. 


Gemeinfassliche Darstellung der gesamten Schweisstechnik. 

By P. Barptxe. Berlin: V.D.I. Verlag. 

In German, as in English, the modern definition of 
the term welding has been made to include those 
processes in which the edges or surfaces of the 
parts to be united are melted and fused together 
by blowpipe flame or by electric methods of heating 
without the application of pressure. Such processes 
are also applicable to other than the ferrous metals, 
and may be used not only for new work, but have 
become recognised as a reliable means of effect- 
ing difficult or intricate repairs to broken parts 
of engines and machinery, steam boilers, ships’ 
hulls, &c. 

The training of men as acetylene and electric 
welders has, therefore, become an important matter in 
all branches of engineering and the allied industries. 
In general, the instruction which such men receive 
is almost entirely of a practical character, as is 
the case in most other branches of skilled work. 
But in welding, experience has shown that the best 
results cannot possibly be obtained unless the 
workman knows something of the properties of the 
materials with which he has to deal, and understands 
the working of the apparatus and machinery which 
he uses, as well as the reason for the operations 
which he has to carry out. To give one instance 
out of many, aluminium is admittedly more difficult 
to weld than any other common metal, but very 
few men know why. With iron, the melting point 
of the oxide is lower than that of the metal. In 
the case of aluminium, on the other hand, although 
the metal itself melts at 1,200 deg. F., the oxide 
does not fuse below 5,400 deg. F. When molten, 
aluminium has a strong affinity for oxygen, and 
speedily becomes coated with a fine film of oxide, 
which, being a well-known “refractory” to heat, 
remains solid on the molten metal, so that on 
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cooling, the parts to be welded may remain unjoined. 
To weld aluminium successfully, the film of oxide 
must be got rid of in some manner, and it has been 
left to the chemist to discover a flux which will 
dissolve the refractory oxide at the low melting 
point of the metal. In face of these simple facts, 
the tricks which have been resorted to by many 
welders appear ludicrous. It is true that aluminium 
welding is now an important industry in itself, but 
the argument just put forward will apply in many 
other directions. Successful welding is something 
more than the mere manipulation of the blowpipe 
or the electric “torch,” and it is soon made evi- 
dent that itis even more important to know the 
“reason why.” 

The text book before us has been written 
to supply this want, and without entering too 
deeply into the scientific aspect of the subject, 
the author has succeeded in imparting just that 
knowledge which will enable a man to acquire an 
intelligent grasp of his work. The book has been 
produced under the auspices of the Verein deutscher 
Ingenieure, and it will be found useful not only 
by workmen, but also by engineers and foremen, 
and those interested in the subject generally. 





Builders’ Book-Keeping and Costing. A first text-book for 
Students and Builders’ Assistants. By C. G. Dosson. 
London: Oxford University Press, Humphrey Milford. 
[Price 8s. 6d. net.] 

ENTERING upon any study with the aid of books, it 

is generally advisable to begin with a treatise not 

too ambitious in its completeness. The difficulties 
and complications occurring with more advanced 
studies may well be left till a general grip of the 
methods to be used has been achieved. This prin- 
ciple seems to be well appreciated by the author 
of the little book, of some 180 pages, now under 
review. A succinct statement of the principles of 
double-entry book-keeping is first given, followed 
by an explanation of the way in which these prin- 
ciples may be applied to the needs of the building 
trade, while still conforming to the fundamental 
methods which any rigid system of accounts must 

Tespect. 

The author, in dealing with costing, notes the 
marked distinction there may be between the cost- 
ing of work done in a factory and the costing 
of outside building operations, affected, as may 
be the case, by weather conditions, variations 
in the cost of supervision, delays in delivery of 
material, the small proportion of routine work and 
uncertainty as to wastage, loss, or damage to 
material and plant, the result being that experience 
of past building work, though useful, has but a 
modified value in any fresh case. The use of the 
various books required in a complete system of 
account keeping, beginning with the ledger, is ex- 
plained in great detail, and illustrated by the treat- 
ment of an imaginary set of accounts from the 
opening of the books to the presentation of a balance 
sheet. This method is particularly useful ; it is 
indeed difficult to conceive how the business of 
account keeping can be elucidated in any other 
way. The descriptive matter is clear and convincing. 
soles for practice appear at the end of the 


This little treatise should be of use to those who, 
having no previous acquaintance with book-keeping, 
wish to acquire an understanding of a mystery 
difficult only when not understood, and of: great 
use also to those who wish to gain greater assurance 
on the conduct of keeping books relating to the 
builders’ business. It is indeed a book most likely 
to be appreciated at its value by those already fairly 
familiar with the matters treated. 





Technique de L’Etirage: Etude Générale. By M. G. 
DE Latrre. Paris: L’Usine. 
Tuts treatise is rather more comprehensive than 
other volumes included in the series produced by the 
well-known French technical journal L’Usine, com- 
Prising, as it does, over 240 pages. It is essenti- 
ally a Summary of French practice in the manu- 
acture of tubes, and is written primarily for the 
benefit of the French tube industry. The methods 
and machinery described may not, therefore, be 
entirely in accord with British ideas, but, for this 
reason, it is possibly more interesting to the tube 
trade in this country than would bea similar book 


which dealt only with British practice. A very 
useful theoretical study of the design of dies, 
calculations of power required for drawing, &c., is 
included. 

The title may be somewhat misleading to readers 
in this country, as the term étirage, whilst cover- 
ing the drawing of tubes, rods and sections such as 
is performed on the straight drawbench, does not, 
as might be expected, include the drawing of wire, 
the French term for the latter operation being 
tréfilage. The most important product of straight- 
line drawing is the tube ; consequently, the greater 
part of this treatise deals with the manufacture of 
tubes, and chiefly those of weldless steel, with 
special reference to tubes used for the construction 
of bicycles and aeroplanes. The section concerned 
with non-ferrous tubes comprises only two short 
chapters, which scarcely do justice to this branch of 
the tube industry. It must not be concluded, how- 
ever, that the book is not of interest to those 
engaged in the manufacture of copper and brass 
tubes, as some useful notes are given in the two 
chapters mentioned, and, as the author states, the 
technique does not differ greatly in general principles 
from that for the manufacture of steel tubes. A 
short section is also devoted to the production of 
solid sections, with reference to the extrusion 
process. 

The larger part of the book deals very fully with 
modern practice in the manufacture of steel tubes, 
commencing with some notes on the composition 
of steel of various qualities suitable for tubes, 
tables giving physical characteristics, chemical 
analyses, heat treatment and test results being in- 
cluded. Thestudy of the processes of manufacture 
begins with the lingot or billet, and, consequently, 
with the piercing machine, which forms the hollow 
shell as the first stage towards the finished tube. The 
three well-known systems employed for piercing are 
compared, viz.:—The Mannesmann, the Stiefel, 
and the Ehrhardt; the first two producing the 
shell in a rotary machine by rolling, and the last 
by a press. The author explains his preference for 
the Stiefel system, and it is believed that this view 
is shared by many in this country. 

It is a pity that no illustrations of piercing 
machines, or diagrams to illustrate the different 
principles on which the several machines of this type 
operate, are included, as these would be of consider- 
able help to readers not familiar with this class of 
machinery. A useful diagram is, however, appended, 
showing the lay-out of a complete tube plant on the 
Stiefel system, including accessory machines, such as 
tube rolls, sizing and straightening machines. No 
mention is made of the Pilger mill, which is very 
largely employed in this country and on the Conti- 
nent. With regard to the piercing machine itself, 
some useful data and theory are given respecting 
power consumption, speeds, roll angles, design of 
piercing plugs, &c. Similar consideration is also 
given to the tube-rolling mill, which reduces the 
diameter and thickness of the pierced shell, the 
cross rolls, sizing mill and straightener. As in the 
case of the piercing machine, the inclusion of more 
illustrations and drawings of these important items 
in the tube mill would have added very greatly to 
the interest and value of the book. 

The second chapter continues by considering the 
drawbench and the drawing process, both hot and 
cold, with the necessary accessory machinery, 
including die-grinding machines, and pointing and 
tagging machines of various types, of which several 
illustrations and diagrams are given. Ample space 
is also devoted to the acid-pickling process, and 
to notes on lubricants for drawing dies. The 
theory of cold drawing is treated in an interesting 
manner, and is illustrated by curves and tables 
giving results of experiments. A complete section 
is devoted to the question of resistance to elonga- 
tion. The two methods of mandrel and plug 
drawing are discussed and compared, details of plugs, 
mandrels, &c., being illustrated. Only a short section 
deals with annealing, but some interesting notes on 
the influence of annealing temperature on various 
grades of steel are given. Details of annealing- 
furnace equipment are, however, lacking. Straight- 
ening machines and appliances are fully described, 
and it is remarkable to note that these are mainl 





of the reeler type, no reference to the multiple-roll 


machine for tube straightening, so popular in 
America, is made. 

The third chapter explains, with the aid of tables 
of dimensions, the requirements for cycle tubes, 
the standards of several countries being given, and 
also for aeroplane tubes. Similar information is 
given for square, oval and stream-line section tubes, 
with details of a geometrical construction for the 
design of dies for drawing tubes of these special 
shapes. Chapters four and five deal with the pro- 
duction of copper and brass tubes, respectively, and 
whilst both these contain much useful information 
on the manufacture of non-ferrous metal tubes and, 
in conjunction with the more detailed description 
given in previous chapters of steel-tube production, 
form a fairly complete summary of practice, this part 
of the book could be amplified with advantage. With 
regard to copper tubes, the piercing and rolling by 
the Stiefel process is recommended, with the state- 
ment that the Mannesmann process can be success- 
fully applied. This part of the treatise is followed 
by a second and smaller part, dealing with the 
drawing of solid sections, other than circular or 
square, and giving a general outline of the extrud- 
ing process. In this, the methods explained for 
the design of drawing dies for various irregular 
shapes constitute the most interesting feature. 

An appendix gives details of tests for strength, 
hardness, &c., of aeroplane tubes and boiler tubes, 
as required by associations concerned with their 
use, and another appendix describes a Schneider 
patent die for sections. Such illustrations of machi- 
nery as are included are mostly of French con. 
struction and design, and are not in any way 
remarkable, or representative of very modern 
development in this class of machinery. At the 
same time the book gives a very fair represen- 
tation of good French practice in the seamless- 
tube industry, and also, with few exceptions, of the 
same process in operation in this country. It is 
well worth the study of all interested in the manu- 
facture of tubes and sections. A similar volume, 
but of larger scope, and including both British and 
American practice, is badly wanted. 








VEHICULAR TUNNEL UNDER THE DETROIT RIVER.— 
On page 637 of our last volume we noted that the final 
arrangements had been completed for the financing of 
the proposed vehicular tunnel under the Detroit River, 
between the cities of Detroit, Michigan, and Windsor, 
Ontario. We are now able to report that the work has 
been begun at both ends. The tunnel, which will be 
5,360 ft. in length, is being built by the Detroit and 
Canada Tunnel Company, incorporated in the State of 
Michigan, U.S.A., together with a Canadian subsidiary 
concern, the Detroit and Windsor Subways Company. 
In accordance with the conditions of contract, the tunnel 
will become the property of the public after about 
60 years. 

Soviet PurcHASES IN GREAT BriTain.—It is by no 
means surprising to find, according to the August issue 
of the Bank for Russian Trade Review, that the pur- 
chases made fin Great Britain by the Soviet Union 
since the recent break in Anglo-Soviet relations have 
fallen very considerably. To take actual figures, it 
may be mentioned that, during the period October, 
1926, to June, 1927, the value of the orders placed in 
this country was 13,145,133/., and the value of the ship- 
ments to the U.S.S.R. was 13,019,729/., while during the 
period October, 1927, to June, 1928, these figures fell 
to 4,218,8937. and 4,471,087/., respectively. During the 
third quarter of the financial year 1927-28 the orders 
placed by the Soviet trading organisations in Great 
Britain amounted to 1,487,879/., while the actual ship- 
ments of goods amounted to 1,540,9197. As compared 
with the previous quarter, these figures constitute a fall 
in the value of orders to the extent of 107,191/., but an 
increase of 393,480/. in the value of shipments ; it should 
be noted, however, that the figures concerning certain 
important orders for machinery and technical equip- 
ment are not yet available. To analyse the Anglo- 
Soviet trade during the April-June quarter, the values 
of the more important items may be quoted as follows, 
the first figures in each case being the values of the 
orders placed, and the second those of the shipments :— 
Metals, 296,556. and 308,028/.; wire, 67,2911. and 
17,4931. ; tinplates, 15,9997. and 1,955/.; machinery, 
485,5511. and 505,298/. ; electrical appliances, 11,402/. and 
3,4411. ; and motor cars and cycles, 49,548/. and 14,3311. 
The most important item was machinery, orders for 
which rose by 183,463/. as compared to the previous 
quarter, and a further increase is anticipated for the 
final quarter, in consequence of the placing of new orders 
for textile machinery and electrical equipment by 
Arcos, Limited. The goods shipped to the Soviet 
Union during the quarter under review are classified 
according to their origin as follows :—Goods produced in 
Great Britain, 42°7 per cent. ; goods produced in British 


Y | Colonies and Dominions, 42 per cent. ; goods of foreign 





origin, 15-3 per cent. 
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4,000-B.H.P. VICKERS-M.A.N. TWO- 
STROKE DOUBLE-ACTING DIESEL 
ENGINE. 


THE first M.A.N.-type two-stroke double-acting Diesel 
marine| engines to be constructed in this country 
are now being built by Messrs. Vickers-Armstrong, 
Limited, at Barrow-in-Furness for H.M.S. Medway, 
a naval repair vessel. Messrs. Vickers-Armstrong 
hold a licence for this type of engine for both marine 
and land service, the licence agreement, however, 
covers two-stroke engines only, the firm continuing 
to build their own well-known types of four-stroke 
engine. 

A general view of the port engine of the Medway 
is given in Fig. 1 annexed. It has four cylinders 27 -6 
inches in diameter by 47-25 in. stroke, and develops 
4,000 b.h.p. at full load at 115 r.p.m. Official trials 
covering eight hours’ run at full power, and three days’ 
run at 80 per cent. of full power, have been completed 
satisfactorily and without incident. In service, the 
engines will normally be called upon to run at cruising 
speed only. The cylinders are in pairs, with the three- 
stage compressor for the injection air situated between 
cylinders Nos. 2 and 3 and direct-driven from the 
crankshaft. Each cylinder jacket is bolted to an 
entablature midway up the engine, and the valves of 
the liners are secured at the top and bottom entabla- 
tures respectively. The upward impulse loads are 
taken by long bolts passing through the columns from 
the bedplate to the upper entablature, the bolts being 
given an initial tension somewhat greater than the 
working load. The engine is mounted on a deep cast- 
iron bedplate which will be carried directly on the 
tank top, and which forms a receiver for the lubricating 
oil as it passes to the drain tank. The crankshaft 
is of the semi-built-up type. 

The main pistons are each made in four parts, the 
ends being of cast steel and each carrying seven piston 
rings. The central skirt, which is divided longitudi- 
nally, is of cast iron. The hollow piston rod has a 
collar at its upper end, which is gripped between the 
piston ends, while the lower end terminates in a coned 
connection to the single slipper cross head. The 
guides on the inboard side of the engine are not water- 
cooled. The piston rod carries an internal pipe for the 
passage of cooling water to the piston, sliding trombone 
pipe connections being arranged for the water service. 
Fresh water is used for cooling throughout the engine, 
except for the one compressor which is cooled directly 
by sea water in order to maintain low temperatures when 
the boat is serving in tropical waters. The piston rod 
gland in the lower cover has packing consisting of 
cast-iron rings, such as is used in gas engine practice. 
A light packing gland is also fitted where the piston 
rod passes into the crank-case. The connecting rods 
have forked upper ends, and both top and bottom 
bearings are of cast steel lined with white metal. 

The cylinder covers, one of which is illustrated in 
Fig. 3, opposite, are of cast-steel, built up in sections, 
in order to avoid casting strains and to facilitate the 
cleaning of the water spaces. A single central spray 
valve is fitted to the upper cylinder, the lower cylinder 
having two spray valves independently operated. An 
air valve, relief valve and indicator cock are fitted to 
both ends of the cylinder. The valves are operated by 
push rods actuated by cams, the camshaft being 
situated level with the lower entablature. The cam- 
shaft, which is illustrated in Fig. 2, is driven by spur 
and bevel gearing at the centre of the engine. There 
are two fuel pumps for each cylinder which are mounted 
in pairs above, and driven by, the camshaft. The 
cylinder-scavenging arrangement is interesting, the air 
passing through ports in a direction inclined towards the 
piston and moving in an approximately circular course, 
following the exhaust gases which escape through ports 
nearer to the cylinder cover, at the top or bottom, as 
the case may be. No valves are necessary in the air 
supply system; the arrangement gives a very good 
scavenging effect with a low air pressure. The scavenge 
pumps are of the tandem double-acting type and are 
driven from the forward end of the crankshaft. 

Reversing and starting of the engine is carried out 
by means of a single lever at the centre of the engine 
on the lowest platform, which is locked when the 
turning gear is in use. 

The lever admits air to a piston which opens the main 
starting valve at the aft end of theengine. The starting 
air passes through the main reducing valve to the cam- 
operated starting valve at each cylinder. When the 
engine has made one or two revolutions on air, the lever 
is pulled further over and fuel and blast air are admitted 
to the engine. The operation is effected through the 
lower end of the lever, which closes a small air valve and 
opens a vent. By this means the blast air pressure is 
released from a ram, which has hitherto kept the main 
blast valve closed, and the fuel pump suction valves 
open. Blast air is then fed to the engine, followed by 
fuel, as the fuel suction valve control gear passes to the 
running position, under the action of springs. The 
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lever is then brought to its mid position in the fore and 
aft direction, and running continues under the control] 
of the separate fuel pump lever. To stop the engine 
the lever is pushed a short distance further outboard, 
which reverses valves controlling the fuel and blast 
and shuts off both services. Reversing is performed 
by the same lever which puts a servo-motor in action 
which, in turn, moves the camshaft endwise. 

These Vickers-Armstrong engines conform in general 
design to M.A.N. practice, but considerable modifi- 
cations have been made in the design of the bedplate, 
scavenge pump and exhaust and scavenge air collectors. 
The latter, instead of being water-cooled castings secured 
to the column, and making a sliding joint with the 
cylinders, are made of lagged steel plate, welded and 
stiffened and rigidly secured to the cylinders. 








Tae InpustRIAL DEVELOPMENT oF CanapA.—During 
the past five years, Canadian industrial production has 
made very rapid strides. According to the Minister of 
Trade and Commerce of the Dominion, the total gross 
value rose by no less than 40 per cent. during the five 
years’ period 1922-1927, and the number of employees 
from 475,000 to 600,000. In 1900, the total value of the 
goods manufactured in Canada was less than 500,000,000 
dols., while to-day the figure stands at 3,500,000,000 
dols., and the annual exports of Canadian manufactured 
goods were now equal to the value of the total pro- 
ductions in 1900. 





SAFETY PRECAUTIONS FOR 
MACHINERY AT MINES. 


ALTHOUGH much has been accomplished during recent 
years in the prevention of accidents in connection with 
machinery, much still remains to be done. Thus, & 
recent Home Office report on accidents in factories 
records in a year no less than 1,363 accidents, \of which 
50 were fatal, due to unfenced machinery. In the face 
of such figures it is only too clear that the situation still 
leaves much to be desired, and it is reasonable that 
greater precautions should, where possible, be taken to 
protect workers against loss of life or limb. At mines 
the number of accidents every year both on surface and 
underground, caused by machinery of various kinds, 
seems to indicate a disregard or failure to appreciate 
the dangers to which workers coming in contact with 
moving parts, are exposed. Accidents in general 
may here be summarised roughly into three groups :— 
Those due to unforeseen circumstances against which 
it is impossible or impracticable to provide ; those due 
to ignorance or carelessness; and accidents which are 
directly attributable to the lack or inadequacy of 
protection provided for workers. 

The remedy against ignorance is more or less obvious. 
More trouble should be taken by officials in selecting 
suitably intelligent operatives for certain classes of 
work, and in instructing them how to avoid any dangers 
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which it may involve. Carelessness’may be combated 
in the same way, with the addition of suitable rules and 
regulations, infringement of which is consistently and 
ngorously .punished by a suitable penalty. Adequate 
protection of machinery, however, is a matter for which 
the management is responsible. Perhaps the principal 
reasons which have mitigated against the more extensive 
use of fencing for machinery are the extra trouble and 
xpense involved ; custom—not having used fencing 
before, and the reluctance to adopt new methods ; 
indifference or ignorance of suitable safety precautions; 
and the complication and reduction of accessibility 
of machinery, accompanied by increased difficulty in 
repairs, oiling, adjustment, &c. 

In view of the importance of the subject, it will be 
Senerally admitted that these reasons can hardly be 
accepted as adequate excuses. In fact, only the last 





can logically be considered as a valid argument, and 


3. 


even this can in the great majority of cases be shown to 
be readily overcome by the employment of suitably 
designed devices. In the interests of, all, attention 
should be given, not-only by managers and superinten- 
dents, but by the workers themselves, to the safety 
publications of the Factory Department of the Home 
Office and of the Mines Department. Much useful 
information is given in Safety Pamphlet No. 5, 
issued by the ‘Mines Department,* which has been 
published with the object of emphasising the dangers 
of coming into contact with moving parts of machinery, 
and of promoting generally a better standard of pro- 
tection in connection with machinery at mines. The 
descriptive matter is brief and concise, but is made 
more clear by means of many illustrations. 

* Fencing and Other Safety Precautions for Machinery 
at Mines: London: H.M. Stationery Office, Adastral 
House, Kingsway. Price 6d. net. 
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Attention is drawn to the fact that;the majority of 
accidents are attributable to one or more of three avoid- 
able causes: (a) Inadequate fencing, or complete lack 
of fencing of dangerous moving parts; (b) trespassing 
rashly amongst machinery which is surrounded by 
the usual post and rail fence; (c) oiling machinery 
while in motion, unnecessarily. It is obvious that 
many of the suggestions made in connection with these 
subjects must be on the lines of devices now commonly 
adopted in factories and workshops. These, therefore, 
need not be referred to at length. The pamphlet 
naturally covers all types of machinery used about 
mines and underground. 

Underground plant, especially haulage plant, requires 
to be fitted with particularly strong guards to withstand 
roughusage. These must be well designed and carefully 
fitted, if they are to be efficient. Since haulage plant 
has frequently to be moved, the guards require to be 
easily detachable. Fly wheels should in all cases 
be protected by strong guards and provision made to 
prevent development of excessive speed. Numerous 
accidents have occurred with drums and rope wheels, 
through the operator falling, or being drawn on to 
the drum, while he was adjusting the lapping of the 
rope. Usually, the attendant has left the controls to 
attend to this, and so, when caught, there is nobody 
present to stop the machinery. If the drum is kept in 
correct alignment and suitable feed pulleys provided, the 
necessity of adjusting the rope may be avoided. Perfor- 
ated guards of sheet-metal should be fitted in front of 
the drum and fence rails fixed between the attendant and 
the drum, to prevent him reaching over to the latter. 

Deflecting pulleys in rope haulages are sometimes 
subjected to heavy stresses, if the load on the rope is 
heavy and the angle of deflection great. The supporting 
frame and pedestals must therefore be of sufficient 
strength and well set. The fixing bolts of the pedestal 
should not be subjected to the load on the rope. The 
spokes of the pulley and rope feed should be guarded 
by a strong fence, which must be readily detachable so 
as to give access to the pulley when necessary. In the 
event of the rope flying out of the pulleys at curves 
on the haulage road, there may be danger to persons 
between the rope and the inside of the curve. Hence 
passage ways should be placed on the outside of the 
curve, and a conspicuous notice should be posted 
warning against the danger. The casing for all under- 
ground pulleys is usually constructed of wood, and 
as already mentioned is specially designed for strength 
and ready detachment and refitting. In the case of 
tightening carriages and return wheels in endless rope 
haulage, accidents have occurred through the cover of 
the casing giving way and allowing the feet to pass 
between the spokes of the wheel. 








THE TRADE SITUATION IN 
BARBADOS. 


A REPORT on the trade situation in Barbados has 
been received by the Department of Overseas Trade 
from His Majesty’s Trade Commissioner in the British 
West Indies, who recently paid a visit to that Colony. 
Generally speaking, the conditions, at any rate for the 
moment, appear to be most encouraging. Concurrently 
with an exceptionally large sugar crop, money is plenti- 
ful, and business is particularly good in the dry goods 
stores with resultant benefit to British trade, and more 
particularly to that of the United Kingdom, most 
of the business being, in fact, with this country. 
Foreign competition is still keen in the trade for hard- 
ware stores, but Continental countries have superseded 
America, and are now our principal competitors. In the 
case of some of the very low-priced goods, it is almost 
surprising that the landed cost in Barbados should cover 
even the bare cost of the materials, to say nothing of 
the workmanship. The condition of the roads is such 
that there is no very great business even of medium- 
priced cars, consequently trade in this respect has made 
little progress. There is, however, a good demand for 
motor parts, including tyres of United Kingdom manu- 
facture, while the trade in motor cycles and cycles is 
almost exclusive to these islands. United Kingdom 
manufacturers are still predominant in the imports of 
sugar machinery, but {it should bejfully realised that 
American traders are gaining groundjvery rapidly in this 
class, imports from that country last year being more 
than double those of the previous year, and nearly 
three times those, of 1925. The only other mention of 
machinery made,in the report is of that required in 
connection with the new water works at Belleville, 
which are nearing completion, the machinery for which 
has been supplied by manufacturers in the United 
Kingdom. America still leads in the imports of 
electrical apparatus, and has almost the entire trade 
in gramophones and steel cabinets. Finally, as 
regards railway material, it is expected that only general 
running stores will be required for some time to come. 
The United Kingdom supplied 23 wagons and sume 
spares in 1927, valued at 4,9801., and 558 tons of fuel 
oil, valued at 2,160/., were imported from Trinidad. 
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THE MARKET FOR ENGINEERING 
MACHINERY IN KOREA. 


A rEporT of considerableYinterest to engineering 
firms in Great Britain, has been received by the 
Department of Overseas Trade, 35, Old Queen-street, 
London, 8.W.1, from His Majesty’s Consul General at 
Seoul, Korea. Active attention is being paid in 
Korea at the present time to the extension of railways 
and roads, the development of hydro-electric power 
schemes, harbour works and the reclamation of land. 
The work to be carried out, in connection with these 
schemes, naturally entails the purchase of considerable 
quantities of engineering materials and machinery, and, 
according to the report, allowing for the fact that the 
great majority of orders somewhat naturally goes to 
Japan, the position of British firms in this market is 
far from what might be desired, or even expected. Our 
two principal competitors are the United States of 
America and Germany, both of whom appear to be 
reaping considerable profits from the situation. To 
quote two examples, it may be mentioned that, in 
connection with the Chosen hydro-electric power scheme 
near Kanko, Hamheung, with which is associated a 
plan to erect an artificial fertiliser plant, Polish, 
American, German and Italian firms were in the 
field for the supply of pipe-lines, the first mentioned 
securing the order, while the orders for power stations, 
electrical equipment, &c., have gone to Germany and 
Japan. The Railway Bureau also reports that, in the 
matter of catalogues, &c., there were fewer available 
from British than from American and German concerns, 
while in certain lines British makers were not repre- 
sented at all. In air-compressors, America is stated to 
have practically a monopoly. 

Two reasons have been put forward by the Consul 

General, in his report, for this unfortunate state of 
affairs, namely, the high cost of British machinery, 
and inadequate representation. As an illustration of 
the former, a case is given in the report, of tenders being 
offered by British and American firms, for a thirty-ton 
crane for the Railway Bureau, when the American 
contract price, which was exactly half that of the 
British firm, was accepted. The American crane is 
described as roughly finished, the margin of capacity is 
very much smaller, and it will probably last only half 
the time that the British one would, but it certainly does 
the work required of it. There are further reasons 
why the cheaper article is usually chosen. It is always 
difficult for those responsible to support satisfactorily 
their preference for the more expensive but perhaps 
better quality article, and there is also the fear that the 
appliance may become obsolete before the extra 
outlay has been repaid by service. Inadequate 
representation in Korea is undoubtedly a very potent 
cause of our ill success. Orders, if not placed direct, 
are mainly given through import houses, who have 
branches in all the leading countries, and it seems that 
practically no British firm is connected intimately with 
any of these concerns, with the result that orders very 
rarely reach this country. The suggestion of any 
British manufacturers opening a branch office in the 
district, is practically impossible on the ground of 
expense, while the local import houses, in all probability, 
would combine against it. However, three methods 
are suggested in the report by means of which the 
problem may be solved. It is recommended that no 
effort should be spared in endeavouring to interest the 
London branches, of the principal local import houses, 
in British machinery suitable for the Korean market. 
A second obvious method followed largely by American 
and German firms, is to employ travelling represen- 
tatives, not only to visit the local import houses, and 
those responsible for the letting of contracts, but also 
of bringing to the notice of those actually working on 
the site the particular advantages of the products 
of the firm they represent. Finally, there is a third 
method, which it is believed has been successfully 
employed in Japan itself, namely, of arranging for a 
permanent representative in the office of one of the 
local import houses, who could be responsible for the 
affairs of a group of manufacturers. 
» The report concludes with a strong recommendation 
that, before adopting any of the above-mentioned 
schemes, a thorough preliminary survey should be made 
of the district, in order that the peculiar conditions and 
requirements may be clearly understood ; in connection 
with which it may be mentioned that a series of maps 
may be seen at the Department of Overseas Trade, 
which show clearly the projected schemes as'regards the 
railways, roads and hydro-electric stations, and those 
already in operation. 








Moror VEHICLE REGISTRATIONS IN Pers1a.—Accord- 
ing to a statement recently received by the Department 
of Overseas Trade, from the acting-secretary in charge 
of commercial affairs at Tehran, the numbers of motor 
vehicles, &c., registered in Persia during 1927 were as 
follows :—Motor cars, 2,930, an increase of 8-6 per cent. 
on 1926; lorries, 1,254, an increase of 21-9 per cent. ; 
motor cycles, 375, an increase of 21-3 per cent. ; cycles, 
5,874, an increase of 46-8 per cent. on 1926. 





THE DIESEL-ELECTRIC TANKER 
*“* BRUNSWICK.’’ 

THE trials of the Diesel-electric oil tanker Brunswick, 
which has been built for the Atlantic Oil Shipping 
Company of Philadelphia by Messrs. Scotts Shipbuilding 
and Engineering Company, Limited, of Greenock, took 
place on the Clyde on Wednesday of this week. The 
representatives of the shipping company expressed 
themselves well satisfied with the results and the ship 
has now left on her maiden voyage. The Brunswick 
is, we understand, the ninth electrically-operated 
vessel to be placed on this service, but while the other 
eight were converted from steam propulsion she has 
been designed from the beginning for this method of 
working. As a result of previous experience care has 
been taken to make the equipment as simple as possible 
and a point worthy of mention is that no engineer 
with special electrical knowledge will be carried. 

As regards the ship herself the dead weight is 13,000 
tons and the gross tonnage 8,947 tons. She is 469 ft. 
between the perpendiculars, 63 ft. beam, 26 ft. 6 in. 
draught and 36 ft. 9 in. moulded depth. The longi- 
tudinal system of framing is used and the erections 
consist of a comparatively small top-gallant forecastle 
for cargo and stores and a long poop for housing the 
crew. Below this poop is the propelling machinery, 
while above are the officers’ accommodation, wheel- 
house, &c. By far the greater content of the ship is 
occupied by the ten pairs of main and summer tanks, 
the piping in connection with which has been specially 
arranged for the carriage of light oils. The weight of 
cargo oil that can be borne is 12,400 tons, together 
with 500 tons of bunker oil. This part of the ship has 
a free board of only about 10 ft. when she is fully 
loaded. Though the Brunswick can hardly be correctly 
termed a thing of beauty, she gave ample evidence of 
her capacity for carrying out her duties and her con- 
tractors, the majority of whom are British firms, are 
to be congratulated on the results. 

The propelling machinery is divided into four units, 
each of which consists of a six-cylinder Diesel engine 
of the Ingersoll-Rand type direct-coupled to a 600-kw. 
250-volt direct-current generator running at 225 r.p.m. 
These engines were manufactured by Messrs. Carel 
Fréres of Ghent, Belgium. The bore of the cylinders 
is 19} in. and their heads are arranged so as to form a 
pre-ignition chamber. The stroke is 24in. Operation 
is on the four-cycle system with solid injection of the 
fuel. Only one fuel pump per engine is provided, the 
oil being subsequently passed through a distributor, 
so that it is admitted to the appropriate injection valve 
at the proper time. Each engine is also coupled to a 
75-kw. auxiliary generator, which supplies power at 
250 volts for excitation and for operating the pumps 
and other subsidiary equipment. The main generators 
are connected in series and one, two, three or four are 
used, depending on the propeller power required. 

The main propelling motor has a rated output of 
2,800 s.h.p. at a speed of 95 r.p.m. It is made up of 
two units, the armatures of which are connected in 
series. This enables power for about three-quarter 
speed to be developed with only one of these units 
in commission. Control is effected by varying the 
excitation of either the generator or the motors, and 
the latter can therefore be run at constant speed 
without racing under all conditions. The speed 
regulation is, in fact, very sensitive. 

The control is carried out from the bridge by means 
of a lever, which is attached to a small controller, 
ahead or astern movement being effected by moving 
this lever to one or other side of a central point. This 
operation switches a small motor into circuit, and the 
latter in turn alters the setting of a reversing potentio- 
meter rheostat, which is common to each generator 
field-circuit. The motor is fitted with ‘‘ follow-up” 
gear, so that it switches itself out when it has moved 
the field rheostat to a position in which the field strength 
of the generators corresponds to the speed indicated 
by the position of the controller. Mishaps due to too 
rapid operation of the latter are prevented by a relay, 
which ensures that the alterations of the field strength 
will only occur at the proper time. 

There are no interrupting devices in the propelling 
circuit, though the latter is connected through a 
circuit-breaker and current-limiting resistance to the 
ship’s structure at a point between the two motors. A 
generating set can be switched in or out without stopping 
the motor. Provision is made for automatically 
re-setting the control gear should the excitation fail, 
and hand control of the potentiometer is possible should 
a fault occur on the rheostat motor. Complete power 
reversal can be carried out in about eight seconds 
from the bridge and in about 30 seconds by hand. 
The generators are cut in and out of circuit by me- 
chanically operated ‘‘ set-up ” switches, which are inter- 
locked to prevent ‘“‘live-switching,” de-excitation 
taking place before the main switch can be moved. 
The auxiliary generators are self-excited and, in addition 
to providing the main excitation, also supply the 





auxiliary plant. They cannot be paralleled, but each 


supplies a separate power circuit. All the auxiliaries 
are electrically driven, the aggregate rating of the 
motors being 550 h.p. Push-button control is largely 
used. The whole of the above electrical equipment 
was manufactured by Messrs. the British Thomson- 
Houston Company, Limited, of Rugby, while a separate 
35-kw. Diesel-electric generator made by the Rathburn- 
Jones Engineering Company, of Toledo, U.S.A., is also 
provided. 

The steering gear was supplied by Messrs. John 
Hastie and Company, of Greenock, and is of the 
Hele-Shaw type. It is electrically operated from the 
bridge either by a small hand wheel or automatically 
by a Sperry gyro compass. " 

The cargo oil is filled or discharged through a 12-in. 
main pipe on deck at four positions, each of which has 
two 6-in. hose connections. Inside the tanks there is a 
10-in. main line port and starboard for the main tanks 
and a 6-in. main pipe port and starboard for the 
summer tanks. The three oil pumps are of the rotary 
type and are driven by 80 brake horse-power motors 
in the engine-room. They each have a capacity of 
1,800 barrels per hour. 








ENGINEERING STANDARDS IN AUSTRALIA.—Under the 
direction of the sectional committee, appointed by the 
Australian Commonwealth Engineering Standards Asso- 
ciation, and of which Mr. A. J. Gibson, of Sydney, is 
the chairman, considerable progress has been made 
in the drawing up of uniform regulations for boilers. 
The work has-been split up, according to the various 
types of boilers, amongst a number of sub-committees 
and panels, which have been set up throughout the 
different States of the Commonwealth, the organisation 
being now almost complete. The State panels, under 
the respective chief inspectors of machinery, are, for the 
moment, concerned principally. with the preparation of 
draft rules for power boilers. Constant touch is main- 
tained with the corresponding organisations in other 
countries, in order that the work in Australia may be 
thoroughly up to date and in accordance with the best 
practice throughout the world. 





Eectriciry Suppty in SaLrorp.—According to the 
report of the city electrical engineer, Mr. L. Romero, 
for the year ended March 31, 1928, the electricity sold in 
Salford during the twelve months amounted to 60,696,636 
kw.-hours, an increase of 13-8 per cent. over the amount 
of the previous year. The percentage increase in the 
electricity sold for “all-in”? domestic purposes was, 
however, as high as 40-9 per cent., that sold for power 
increasing by 15-5 per cent., and for street lighting 
19-6 per cent. Of the total electricity sold, 98-16 per 
cent. was generated at the Agecroft station, 0-02 per cent. 
at the Frederick Road station, while 1-82 per cent. was 

urchased from Manchester. The coal cost per kilowatt- 

our sold fell from 0-375d. to 0-173d., largely due to the 
reduction in the price, while the fuel consumption 
decreased from 2-33 lb. to 1-97 Ib. The total works 
costs were 0-6d. r kw.-hour, compared with 0-824d. 
per kw.-hour in 1926-27. The change over from the 
direct to the alternating-current system of supply is 
now proceeding, and at the date of the report 923 cookers 
were connected to the mains. The total connections 
amounted to 76,508 kw., an increase of 9-4 per cent. over 
the previous year. 


THE CLARENCE River BripGe.—Although it is nearly 
fifteen years since the proposal for the construction of the 
Clarence River Bridge, connecting Grafton with South 
Grafton, New South Wales, was first approved by the 
Public Works Committee, the cost at that time being 
estimated at approximately 225,000/., it was only on 
July 11 this year that the first rivet, in the construction 
of the foundation caissons, was formally struck by 
Mr. Buttenshaw, the Minister of Public Works. The war, 
of course, was the principal reason for the delay, and 
the matter was not brought forward again until 1922, 
when negotiations were entered into with the Federal 
and Queensland Governments to construct a uniform- 
gauge line from Grafton to South Brisbane, which 
scheme included the building of a bridge over the Clarence 
River. It was finally decided that the cost of the 
construction of this line should be met equally by the 
three Governments, but that the New South Wales 
Government should be entirely responsible for the bridge, 
which, as a combined railway, road and footbridge, 
will be second to the Sydney Harbour Bridge, at present 
under construction, the cost being now estimated at 
539,900/., which sum includes 83,962/. for the road 
section. The new bridge, which was designed originally 
only to meet the requirements of the railway, will now 
be a two-deck structure with a footway on each side, 
having an overall length of some 1,500 ft. The founda- 
tions will consist of seven concrete piers, the height from 
which to the double railway track and two footways, 
will be 11 ft., a concrete roadway, capable of taking 
three motor-cars abreast, being 27 ft. above the railway. 
Provision is made for an electrically-operated bascule 
span, the lifting section being 77 ft. wide, thus allowing 
vessels of considerable size to pass up the river. The 
Railway Department are responsible for the general 
designs, while the contracts for the manufacture of the 
caissons, valued at 22,000/., and the superstructure, 
valued at 144,500/., have both been placed with the 
Clyde Engineering Company ; and as the delivery of the 
last of the material is not due until October, 1930, the 
bridge will not be ready for service until 1931, or about 
the same time as the Sydney Harbour Bridge. 
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SUSPENSION SPRINGS FOR MOTOR 
VEHICLES. 


Durine the war considerable numbers of vehicles 
are said to have been constantly out of action, await- 
ing the renewal or repair of their suspension springs, 
and something resembling the extreme conditions met 
with during the war may be found in those under which 
motor vehicles have to work in many parts of the 
colonies and the Dominions. As far back as 1922, the 
War Office drew the attention of the Department of 
Scientific and Industrial Research to the importance 
of this matter, and a Committee was set up represent- 
ing the War Office, the industry, and scientific specialists, 
to consider generally the question of the material and 
design of laminated springs, the reference being ex- 
tended subsequently to include coil springs. It has 
been determined that an account of the more important 
investigations shall be included in the Special Engineer- 
ing Reports of the Department, and a beginning has 
been made by the publication of a report by Mr. G. A. 
Hankins on The Endurance of Spring Steel Plates 
under Repetition of Reversed Bending Stress.* 

The primary purpose of these tests was to determine 
the fatigue limit of spring steel, and, in order to make 
the tests more representative of materials as actually 
used in laminated springs, they were carried out on a 
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flattish curve to indicate the fatigue limit. In the 
earlier stages of the investigation, endurance tests were 
then run at stresses below and above the stress corres- 
ponding to the discontinuity, and showed fair corres- 
pondence between the fatigue limit and the stress at 
the discontinuity of the vibrations curve. It was 
found that for a given speed the amplitude of the 
vibrations remained constant so long as the plate was 
uninjured. When failure occurred it usually took the 
form of a crack or cracks just inside the fixing jaws, 
and was accompanied by an increase in the amplitude 
of vibrations, which in some instances was very slow, 
and several million reversals of stress occurred before it 
reached the limit at which an appreciable crack was 
formed, and the cut-out came into operation. The 
average value of the fatigue limits, as given by the 
deflection test described above, lay between + 16-8 
tons per square inch fora 2 per cent. silicon — 0-92 per 
cent. manganese steel (carbon 0-35 per cent.) quenched 
in water, to + 13-7 tons per square inch for a 0-50 
carbon steel quenched in water, with a mean value of 
+ 15-3 tons per square inch for all specimens. Much 
the same results were obtained by considering the 
endurance tests alone. The figures are much lower 
than would be obtained by the usual cantilever 
endurance test, and cannot be taken as necessarily 


slight discontinuity which occurred in the resulting 


again, or more, as that of plates tested unmachined 
in the special machine, though each machine applies 
reversed bending stresses. The assumptions made 
for the purposes of calculation appeared on testing 
to involve errors of only some 3 per cent., and it was 
desired therefore to ascertain the separate effects of 
the pressure applied in the clamping jaws and of 
the surface defects which are removed in the specimens 
prepared for the cantilever machine. Accordingly, 
the results obtained by the unmachined plates were 
compared with those of tests on specimens shaped 
as shown by the dotted lines in Fig. 2, but otherwise 
left unmachined. In these specimens deflection tests 
no longer seemed to correspond with the fatigue 
limits ascertained by endurance trials, but the fatigue 
cracks occurred at the beginning of the radius 1 in. 
outside the jaws, and the estimated fatigue limits, 
though less than obtained from machined specimens 
of the same material in the cantilever machine, were 
very much higher than in the tests with the plain 
oblong plates. The difference between the results 
given by these modified specimens and those of the 
rotating cantilever machine was taken to be due to the 
effect of surface defects, and the difference between the 
results given by the oblong and the shaped specimens 
in the present machine to that of the clamps. 

Seeing, however, that in the ordinary design of a 


machine on which plates could be used without machin- 





accurate for individual specimens. Their significance 


Fug.1. GENERAL ARRANGEMENT OF SPRING PLATE TESTING MACHINE. 
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ing, instead of on the usual rotating cantilever machine, 
the specimens for which have to be accurately finished. 
Figs. 1 to 3 show the general arrangement of the 
machine. The test material consisted of spring plates 
about 12 in. long by 3 in. wide and % in. thick, not 
cambered, but heat-treated in various ways. The plate 
is clamped at one end; the other end carries a bearing 
block, in which a shaft having two out-of-balance discs, 
is driven by an external motor through a spiral-spring 
drive. The bearing block carries a pointer moving in 
front of a fixed scale, which enables the amplitude of the 
forced vibrations of the spring, caused by the unbalanced 
Weights, to be observed through a small telescope. 
his amplitude depends on the speed of the motor, 
With which the vibrations are synchronous, and on the 
out-of-balance weights, and by an automatic cut-out 
the driving motor is shut off when the amplitude exceeds 
4 given limit. Friction is minimised by a continuous 
oil supply, provided by a small centrifugal pump, and 
kept flowing continuously through the bearings by the 
Vibration of the spring. The driving motor runs at a 
Maximum speed of 2,500 r.p.m., and at a speed of about 
“WW r.p.m. the unbalanced weight gave a calculated 
stress of + 15 tons per square inch. 
The first series of tests included nine varieties of 
steel, quenched at 820 deg. C. either in water or in 
oil, and let down from 900, 950 or 1,000 deg. C. to 
tempering temperatures of 350, 400 or 450 deg. C., 
Iudged by the smoke, sparkle or flare of a piece of dry 
Pg This heat treatment was stated to have been 
one at the works, and from measurements of Brinell 
ardness and otherwise the results seem to have been 
“mewhat variable. The general procedure consisted 
Ps Plotting the square of the speed of the forced vibra- 
9 against the amplitude at that speed, according 
© the method developed by Gough, and taking the 





* Department of Scientific and Industrial Research. 
ain eerng Research: Special Report No. 5. H.M. 
ery Office, Kingsway, London, W.C.2. — Price 
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lies in their being made in conditions similar to those 
which occur in practice, so that the average results 
enable the resistances of the several materials under 
practical conditions to be compared. 

A second series of tests was made on some’ similar 
specimens heat treated in various waysin the laboratory, 
and confirmed the impression that the method of 
tempering by the wood indications is not reliable as 
compared with the use of a suitable salt-bath or other 
type of furnace, with which some treatments of certain 
specimens were found to give fatigue limits 20 to 30 
per cent. higher. 

In a third series of tests it was found that the 
fatigue limits given by testing machined specimens 
in the usual cantilever machine were half as large 








for July last year. 
imports of crude 
is to be found in ingots, steel blooms, 
sheet and tinplate bars, and wire rods, although the 
total was partly offset by a decrease in pig-iron. — 
regards the exports, the figures show a steady decline, 
those for July this year being 18-3 per cent. less than 
a year ago, the only item to record an increase being 
railway rails, the exports of which rose from 25,000 tons 
to nearly 35,000 tons. 


laminated spring some static compressive loading 
normal to the plane of the plates must occur in order 
to hold them together, a clamp of the design shown in 
Figs. 4 to 6 was applied to spring plates of the shaped 
design at the point of maximum stress. In this 
clamp the spring under test is gripped between the 
block A and the inner bottom face of the holder, and 
static pressure is applied to it by the compression 
of spring washers provided between the block A and 
an upper block B, to an extent determined by the 
adjustment of the tightening screws, and calibrated 
in an ordinary compression testing machine for various 
distances between A and B. Tests with and without 
the clamp showed no appreciable difference in the 
amplitude of vibrations, but it was found that the 
plates failed at the clamp when compressive stresses 
were applied through it, and the fatigue limit was 
reduced by about 10 per cent. for a mean compressive 
loading of 2 tons to 4 tons per square inch. Bearing 
in mind that in an unmachined plate, such as is used 
in practice, local stresses at high points on the rough 
surface may be much higher than the mean, it is 
suggested that the mean compressive pressures should 
be kept low and surface irregularities avoided as far 
as possible. 

In considering this report it seems desirable to 
remember that where the leaves of springs are 
tempered individually by the wood indications, it is 
not because the method is thought to give results 
as accurate as can be obtained by the suitable use 
of furnaces, but because of the importance of avoiding 
warping. Considerable accuracy of heat treatment 
is now obtainable in works furnace practice, where it 
can be applied, and at some stage of these investigations 
it would seem desirable that the results for springs 
which in practice can be made by bulk treatment in 
furnaces, should be compared with specimens so treated 
in the works, where necessarily a considerable volume 
of experience is available. At some stage, moreover, 
it is to be presumed that the effect of cambering, 
if any, will be examined. 

















NewcastLE Froatine Dock, AustTRALIA.—Although 
the question of dredging was raised, it appears that the 
cost of this necessary work, in connection with the 
new floating dock to be put into service at Newcastle, 
New South Wales, was omitted, when the Bill, for the 
dock’s construction, was drafted. The actual cost of 
the construction of the dock was estimated at 400,000/., 
towards which the Commonwealth was to contribute 
135,000/. It is now reported that the cost of dredging 
the approach to the dock, to a sufficient depth for the 
passage of ocean-going steamers, has been estimated at 
an extra 180,000/. The problem is to be considered by 
the Cabinet, and it is believed that the Government 
will meet the dredging expenses. 





British OVERSEAS TRADE IN IRON AND STEEL.— 
Comparative statistics relating to the retained imports 
and British exports of the principal classes of iron 
and steel and manufactures were published in a recent 
issue of The Board of Trade Journal for July, 1928, 
June, 1928, and July, 1927, and show that, although 
the imports of this class slightly increased during 
July this year as compared with the previous month, 
the figure is still nearly 120,000 tons less than that 
The recent increase in retained 
iron and steel which took place 
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THE REHABILITATION OF ROLLING- {tion of the cut blooms and crop ends, as delay to the | not be altered. There have been quite a number of 


MILL EQUIPMENT IN BRITISH 
STEELWORKS.* | 
By G. A. V. RussEti, Wh.Ex., Assoc. M.Inst.C.E. | 
(Continued from page 245). 

In most cases the application of a proper manipulator | 
in conjunction with a revision of operating conditions | 
will suffice to endow the plant with sufficient extra | 
tonnage capacity to enable it to cope with the previous | 
production in the shorter working period, but some- | 
times other comparatively small changes may be| 
necessary. Often the screw-down gear is too slow,|! 
causing seconds to be lost at each major adjustment of 
the rolls. There are very few plants where a high-speed | 
gear could not be readily applied with little trouble and | 
expense. Again, the author recalls some mills in 
which, but for the long slender rolls employed and their | 
resulting weakness, substantially heavier draughts | 
could be taken, thus reducing the passes required and | 
power consumption. In such cases he considers it| 
would be worth while to equip the mill with shorter 
rolls of the typical American bull-head pattern. For| 
example, a 36 in. by 8 ft. mill could, with great advant- | 
age, be fitted with rolls of this type, about 6 ft. 6 in. | 
long, with a bull-head centre position, about 31 in. | 
in diameter, wide vnough to allow rolling, say, 30-in. 
slabs, and with two or three gates for blooms, billets | 
and edging. Should the extra lift impose too great an | 
angularity on the top spindle there are various types 
of universal spindle ends available to transmit the | 
driving torque smoothly under such conditions. 
These spindle ends lend themselves to easy fitment to 
existing pinion ends. | 
The shearing facilities available at many old plants 
are defective, more by reason of the handling arrange- | 
ments than on account of the shortcomings of the shears 
proper. Under a régime of intensified production, it 
would be necessary to ensure an uninterrupted evacua- | 





* Paper read before the Institution of Mechanical | 
Engineers, South Wales Branch, Swansea, on April 3, 
1928. Abridged. 


mill, through failure of the shearing equipment to keep 
step, could not be tolerated. In some mills, especially 
those rolling a comparatively large tonnage of short 
blooms or billets, it would be advantageous to provide 
means for multiple cutting up, after cropping. This 
procedure would also save power and reduce mainten- 
ance on the shears. 

The importance of increasing the tonnage capacity of 
the blooming mill cannot be over emphasised. It is 
where steel can be broken down most economically, and 
advantage should be taken of this to effect the greatest 
reductions compatible with the finishing-mill practice. 
There are few works in Britain where the production of 
billets or sheet bar is so great as to render the employ- 
ment of a costly continuous mill really necessary, and, 
in the author’s opinion, unless such mills are worked 
well up to capacity, their high standing charges, and 
the heavy maintenance due to the multiplicity of roll 
stands and drives, more than counterbalance their low 
labour cost. Consequently, it should not be difficult to 
approach their conversion cost on moderate tonnages 
by simpler means. The usual reversing billet or sheet- 
bar mill suffers from handicaps that are inherent to it, | 
and, whilst there are such mills which could be con- | 
siderably improved in detail with resulting advantage | 





three-high mills installed during the last 15 years with 
reversing drives, both steam and electric, in plants 
where capital cost was not the prime consideration, 
and selection was made entirely on the basis of operating 
suitability. 

In sheet production, the author believes that the 
advantages of starting with a wider sheet bar, for the 
heavier foot weights, are generally appreciated» by 
operators, but as sheet bar is usually finished in tongue 
and groove passes, it is difficult for the steelworks at 
present to produce a range of widths readily. This 
source of economy in sheet rolling cannot, therefore, 
be tapped. As is well known, the newer continuous 
sheet-bar mills in the United States are equipped 
entirely with plain rolls, the width of the product being 
controlled by edging stands. These mills can thus very 
readily be set up for any width of bar required. This 
very desirable feature could be possessed by a three- 
high, sheet-bar mill, were it arranged as a universal mill 
with, say, one pair of vertical rolls. Such a mill could 
be designed on very rugged lines so as to be capable of 
using drafts as heavy as those employed in continuous 
mills. Without sacrificing stiffness, the horizontal 
rolls could be made as small as 20-in. diameter to keep 
down the power consumption. Such a stand, perhaps 


| suitable tilting tables, preferably of the travelling type, | of handling material at the rolls and of re 
| on at least one side of the mill. 


in tonnage capacity and rolling cost, it is difficult to | in conjunction with a two-high finishing stand peng 
see how they could even then prove serious rivals to | Which the last pass would be taken, together = “4 
the continuous system. With a three-high mill,| proper equipment of tables and chutes, would make, 
however, the possibilities of high tonnages and low| very efficient producer of sheet bar. 

labour costs are much greater, and it appears opportune| As with blooms, it is doubtful if the disposal arrange 
for us in this country to reconsider our general attitude | ments frequently met with in our older works for ape 
to the medium-sized three-high mill. With such mills, | with billets or sheet bar would not break down wit 
more than one piece can be engaged in the rolls at a/| faster working. In any case, the labour-saving 
time, and provided the product is fairly uniform, as in | features developed with continuous mills are worthy 5 
billet and sheet-bar production, schemes for semi- | consideration, such as a flying shear in conjunction 
automatic rolling can be devised, which are not prohibi- | a piling device to enable stacks of bars to be dealt with. 
tive in first costs, and which dispense with much labour. | In looking into the possibilities of speeding up ani 
The conversion of a reversing-mill plant into a three-| cheapening production in our heavy reversing-* 
high one should not entail much beyond the substitu-| plants engaged upon rolling rails and _shapes, : : 
tion of the three-high mill train, and the provision of | investigator will be confronted chiefly with provi 
movil 
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facilities will also demand his attention. It is com- 
paratively rare, in plants falling under this category, to 
find the mill train or its drive the factors immediately 
limiting production. Although surprisingly good work 
in roll changing is observable in British steelworks, 
one cannot help feeling that with better equipment a 
good deal less time would be lost on this score. Open- 
topped housings are not employed in this country to 
anything like the extent that they are by our compe- 
titors, neither have coupling box or spindle-shifting 
devices come into general use. The guide support 
and mounting frequently do not receive sufficient 
consideration in the design of roll housings, and these 
Vital matters are left too much to the roller’s ingenuity. 
Roll adjustment, both vertical and axial, is often diffi- 
cult and uncertain. Owing to bad chock design, 
settings are not easy to maintain. A new stand of 
housings for a 28-in. reversing mill designed to overcome 
many of the drawbacks cited above is shown in Figs. 8 
to ll, page 274. It will be noted that a simultaneous 
coupling box shifter, hydraulically operated, is fitted. 
With labour rates at their present high level there is 





| 


| 


By having recourse to the principles underlying the 
design of the side guard type, as used in blooming 
mills, but with suitable modifications to take care of 
differences in duty, it appears likely that a more 
generally satisfactory manipulator could be evolved. 
When one turns to the finishing ends of rail and struc- 
tural mills, it is apparent that cooling facilities or 
straightening and finishing processes often, separately or 
jointly, exert a retarding effect on production, and in 
some ways these infiuences are cumulative. Cooling 
beds of inadequate area, and in bad condition, yield 
a product that demands more rectification, and conse- 
quently throws an increased burden upon the straighten- 
ing equipment. Many old plants cannot increase their 
cooling bed area on account of space restriction, and, 
if improvement is to be obtained, it must therefore be 
sought for in augmenting the cooling capacity of the 
available area. The usual skid-operated bed has an 
inherently low-cooling capacity on account of the close 
packing of material upon it. This imprisons a blanket 
of hot air under the material, which cannot readily 
escape, and a constant stream of fresh air cannot obtain 


4 double incentive to improve the handling of material | access to the material. If the bars could be spaced out 
atthe rolls. In reversing mills with single drives, where | to give a passage for the heated air, not only would the 
only one pass can be taken at a time, the advantages | circulation under the bed be very much more active, 


of travelling tables over stationary are sufficiently 


consideration. 


appreciable to make their installation worth careful | 


None of the manipulators at present | 


but the bars would be cooled on all four sides simul- 


taneously. 


These more uniform cooling conditions would result 


employed for mills with fixed tables can be said to fulfil | in less warpage in addition to greatly accelerated cooling. 
all the requirements in a really satisfactory manner. | These appear to be the fundamental conditions which 
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should underlie the improvement of cooling bed per- 
formance. A bed suitable for heavy products em- 
bodying these features, is shown in Figs. 12 to 14. Two 
such beds, which have been designed and patented by 
Mr. Willis McKee, of Cleveland, Ohio, U.S.A., are 
installed in one of the largest American plants for 
cooling billets and blooms. They have been operating 
successfully for some five years, and in spite of frequent 
loadings with 12-in. blooms, although they were 
designed for 5-in. billets, have cost practically nothing 
in maintenance. Moreover, they also show a low 
power consumption. Owing to the lifting traversing 
action employed for the movement of the material 
across the bed all need for greasing disappears, which 
constitutes an additional saving. 

The intermittency of useful effect which charac- 
terises the action of reciprocating gag presses, and 
machines of like type, makes it inevitable that the 
cost of straightening by such means is high. The 
output per man engaged is relatively very low. This, 
apart from the difficulty of obtaining an efficient flow 
of material, when several such units have to be fed 
from one point and their products again assembled, 
renders it highly desirable to substitute a machine of 
the rotary type. This could be located on the run-out 
from the cooling bed, and could deal with the bars as 
they pass along this table. Such machines have long 
been employed on the Continent for even the heaviest 
shapes, and, of late, their use has been extended to 
rails of all types. It is considered that the punish- 
ment received by high-carbon rails in passing through 
one of these five-roller straighteners is somewhat less 
severe than that given them under ordinary gag 
presses. On both the grounds of quality and cost 
of production, therefore, these machines are preferable. 
One unit is capable of dealing with about 40 tons of 
rails per hour, and it has been found that between 90 
and 95 per cent. of the output will pass inspection 
without further hand straightening. A typical machine 
of relatively simple construction and consequent low 
cost is shown in Fig. 15, on page 276. 








(To be continued.) 
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VENTILATION PROBLEMS IN METAL- 
MINES. 


Tuer factor above all others which differentiates 


metal mining from colliery practice is the freedom of | 


the former from conditions liable to cause explosions. 
It is only natural, therefore, that the question of 
ventilation in metal mining should receive, compara- 


tively speaking, only secondary consideration, instead | 


of being, as it is in colliery work, one of the utmost 
importance. Nevertheless, as metal mines become 


more extensive, and, more especially, when they reach | 


great depths, the problem of ventilation assumes 
importance so great that the continued operation of the 
mine often depends upon its adequate solution. 


that ventilation data as obtained from colliery practice 
would necessarily be applicable. In making calcula- 
tions, for instance, friction factors for various types of 
airways must be used. Moreover, in view of the variety 
of conditions prevailing, only a very limited number of 
friction factor determinations appear to be available, 
and it is probable that even these are but seldom used. 
Constant factors apparently are preferred, either 
Atkinson’s or Fairley’s, despite the fact that any one 
factor must have but narrow application even when 
only approximate results are required. A series of 
experiments on the resistance that metal mine airways 
offer to the flow of air, conducted with the object of 
determining frictional factors for typical airways, 
was recently carried out by the U.S. Bureau of Mines, 
at Butte Montana, in co-operation with the Anaconda 
Copper Mining Company.* 

Under usual mine conditions, as is well known, the 
resistance of airways varies as the square of the velocity 
of the air flow, but it is dependent upon a number of 
other factors. The size or clear area of airways affects 
resistance even more than is evident from the above 
statement. For example, if the same amount of air 
is passed through two drifts both with similar pro- 
portions (width 1: height 14), and similar in other 
respects, except that the clear area of one is twice as 
great as that of the other: the resistance developed 
in the smaller drift will be 5 -66 times as great as in the 
larger. It is, therefore, of the utmost importance to 
provide openings as large as possible for main air 
courses. Mine resistance is effected by the character 
of the surface of the airways, and this can be gauged 
by direct comparison of the friction factors. As regards 
power consumption, the relationship is directly pro- 
portional to these factors, but in respect to the flow of 
air induced by a given pressure, the volume of flow 
through airways having different friction factors will 
vary as the square root of the ratio of the friction 
factors. This follows from the fundamental condition 
that resistance varies as the square of velocity. 

In the majority of mines, especially deep metal mines, 
most of the total resistance to flow of air arises in the 
inlet or outlet air courses or shafts. When it is possible 
to reduce the frictional resistance to the air flow in 
such openings, such as rectangular multicompartment 
shafts with open timber framing, decided improvements 
in ventilation may be effected. This has been well 
shown in the Butte district, where by surfacing inside 
timbers of open-framed upcast air shafts to make each 
shaft compartment a separate smooth-surfaced air 
duct, and by installing new fan equipment to handle 
the larger volumes of air, the total circulation through 
the Butte mines of the Anaconda Copper Mining Com- 
pany was increased from approximately 1,500,000 to 
3,000,000 cub. ft. per minute. The smooth lining of 
horizontal air courses for high velocity air flow has not 
received as much attention as that of shafts, probably 
on acccount of the greater lengths and more permanent 
nature of the latter. The question of smooth lining 
should also be considered in connection with substitutes 
for timber in the support of mine workings, especially 
solid and sectional concrete linings. 

Variations in the shape of airways have a marked 
effect on the resistance to air-flow, because they present 
different proportions of frictional surface to clear area, 
and minimum resistance will naturally be given by a 
circular cross-section. Taking for a given character 
of surface the resistance of a circular airway as 1, 
then the resistance offered by rectangular airways of 
equal clear area will be as follows: Square, 1-13; 


Con- | 
ditions in metal mine workings are not such, however, | 





1 to 1-5 rectangle, 1-15; 1 to 2 rectangle, 1-19; and 
1 to 5 rectangle, 1-51. The resistance of a shaft | 
having three square compartments, with a total clear | 
area equal to that of a circular shaft with the same | 
type of surface, will be 1-95 times that of the circular | 
shaft. It is, however, exceptional for metal mines to | 
have circular shafts; but a decided advantage in 
ventilation might be gained, when an air shaft becomes 
necessary, by adopting this form. 

The influence of such factors as regularity of surface, 
sinuosity, curvature, and crookedness of airways, and 





* Resistance of Metal-Mine Airways. By G. E. McElroy 


and A. 8. Richardson, U.S. Bureau of Mines Bulletin 261, 
price 35 cents. 
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obstructions, though usually of secondary importance, 
may, under certain conditions, affect vitally the venti- 
lation of a mine. The velocity of the air movement 
will be the deciding factor in considering the advisabi- 
lity of reducing resistance due to local conditions. 
For example, at an assumed velocity of 400 ft. per 
minute, the resistance due to a right-angled bend may 
be taken as 0-015-in. of water. By rounding off the 
bend the maximum reduction in loss would be about 
0-Ol-in. of water, which would, in general, have but an 
inappreciable effect on the ventilation system. If, how- 
ever, other measures were taken at the same time which 
would have the effect of increasing the velocity at this 
point, the reduction of the resistance by rounding off 
the bend might be worth while. The velocity of air 
currents in secondary airways sometimes becomes 
extremely high, as when ground pressure has reduced 
the area by closing in timber; it may occasionally 
exceed 2,000 ft. per minute. The loss of pressure at a 
right-angle bend may then exceed 0-25-in. of water, 
and improvement at a number of such places would 
have an important effect upon the ventilation system. 

The most common type of obstruction met with in 
metal mine airways is probably abandoned ventilation 
doors, and experimental data indicate that the resistance 
of such frames is equivalent to about three times the 
velocity pressure, or about twice that of right-angle 
bends. When these obstructions are located in high 
velocity air courses it pays to remove them. Miscel- 
laneous pressure losses can best be expressed in terms 
of equivalent velocity pressures, as other common 
methods of expression require a knowledge of test condi- 
tions to permit of even approximate application of 
data. 








The calculation of total mine resistance by the use of 
friction factors for new ventilation systems must be 
governed by careful judgment, for the reason that it is 
almost impossible to estimate and predetermine the 
exact distribution of the air as it flows through the 
mine, and, as a result, the resistance of the various 
sections cannot be exactly calculated. In theory, the 
flow of air may be controlled and regulated, but in prac- 
tice, the leakage losses through gobs, brattices and doors 
run so high that efficiency of distribution in a large 
mine, gauged by delivery at the most distant workings, 
is generally extremely low. Further it is essential to 
know that obstructions, restrictions, sharp bends, or 
other local causes of resistance do not occur in main 
airways, or that these are taken into account. 

In making air measurements, places should be selected 
where the cross section is regular and the air flow is 
not disturbed by turns in the airway. For practical 
purposes, an anemometer is sufficiently accurate, 
provided it has been calibrated against air measure- 





ments made by accurate methods. For very accurate 
measurement, however, velocity-pressure methods or 
velocity determinations are essential. Delicate instru- 
ments are corroded by the humid air commonly en- 
countered in mines, which often carries fine particles of 
acidic dust with it. Only by frequent calibrations 
can the extent of the damage be realised. Although, if 
carefully calibrated, the anemometer is fairly reliable, 
very inaccurate results can be obtained with a good 
instrument unless proper attention is paid to the method 
of determining the average velocity. The common 
practice of holding the anemometer in the hand and 
walking backwards and forwards, moving it so that 
the whole area of the airway is traversed, may easily 
give results up to 30 per cent. too high. It is preferable 
to mount the anemometer on a shaft, and keeping out 
of the air current, to hold it for equal lengths of time 
at a number of positions, each of which represents an 
equal area of the airway. If it is not possible to stand 
out of the air current, the operator should stand on one 
side, and make a correction for the clear area. 
Calculations of pressure losses should be based on 
differential total pressures and not on differential 
static pressures. This rule can be ignored only in 
the case of airways of uniform and regular cross section. 
In calculating differential velocity pressure in irregular 
test sections the approximate effective areas (those 
through which air actually flows) should be used rather 
than the gross areas of the sections. In very irregular 
airways, determinations should be made in overlapping 
sections to eliminate tosomeextent, by averaging results, 
the errors due to inaccurate estimations of effective 
areas. For comparison, all results involving the 
density of air should be expressed at a standard density, 
for which 0-075 Ib. per cubic foot is suggested as being 
approximately an average for mines at or near sea-level. 
The tests conducted by Messrs. McElroy and Richard- 
son were made as accurately as mine conditions per- 
mitted, and it is believed far more accurately than any 
similar determinations hitherto attempted in metal or 
coal mines, with the exception of some work recently 
completed in the Bureau of Mines’ experimental mine 
near Pittsburgh, which was initiated and directed for 
six months by one of the present authors (Mr. McElroy). 
Special air-measuring stations were built for all th® 
more important test locations where the air flow could 
be measured by velocity-pressure methods and the 
necessary operations carried out in an instrument 
chamber adjoining the airway. Special anemometer 
air-measuring stations were constructed for all test 
locations of minor importance, and the anemometers 
and methods used were calibrated against simul- 
taneous air measurements at a major station by velo- 
city-pressure methods. In measuring air flow in this 
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way, the velocity pressure must be determined at a 
certain number of points in a plane at right angles to 
the air flow; from these determined pressures the 
average or mean velocity throughout the section is 
computed. By multiplying this velocity by the area 
of the plane the volume of the air flow per unit of time 
is obtained. 

Velocity pressure cannot be measured directly but 
must be determined as the differential pressure between 
the static pressure and the total pressure (algebraic 
sum of static and velocity pressures). The authors 
assumed that the static pressure is constant at all 
points of a plane at right angles to the air flow. This 
point has been definitely proved for stream line air 
flow in pipes but not for turbulent air flow, because all 
instruments and methods now available for deter- 
mining static pressures in turbulent flow are to some 
extent unreliable; velocity pressure components 
exerted through the openings of the instruments, 
cause the observed pressure to differ from the true 
pressure. Experience indicates that the methods and 
instruments used in this test work reduce this course 
of error to @ minimum, 

The fact that in airways of irregular area the air 
stream does not occupy the total area is seldom recog- 
nised and may lead to very inaccurate determinations 
of volume. With the object of making the effective 
area of air flow the same as the actual area at the 
measurement plane, a short rectangular duct of regular 
area and shape was constructed in airways that were 
not smooth lined or of regular area and outline. This 
duct carried all the air past, and caused the plane of 
air measurement to be completely occupied. In 
timbered and rock sections this duct reduced the area, 
but such reduction was made gradually, on about 15 
deg. slope on the approach side, although not always 
on the departure side. A duct was 10 to 20 ft. long, 
and the air measurement plane was 4 to 5 ft. from the 
departure end. In smooth-lined shafts of regular area 
the same result was attained by bratticing off the shaft 
compartments at a dead-end station, and the instruments 
were operated through a horizontal slot in the brattice. 

The air-measurement instruments used were of 
special design, and included a Pitot tube in an adjust- 
able holder and a sectional impact tube. The former 
was designed for determining velocity and_ static 
pressures at the centre of air-measurement planes. 
The static pressures were also used in conjunction with 
those obtained by the impact tube for determining 
velocity pressures at representative points in the air- 
measurement plant. The impact, or total pressure 
tube, was designed to allow air-measurement planes 
up to 12 ft. wide to be traversed from an adjoining 
chamber by operating the tube through a narrow slot 
and supporting and guiding it with a wooden frame- 
work in the chamber, or with wires strung just back 
of the air-measurement plane, or both. The position 
of the end of the tube in the airway could be controlled 
from the instrument chamber by means of a sliding 
guide piece. Air measurement planes were divided 
into 16 to 24 equal areas of 1 to 1} sq. ft. for traversing 
purposes, 

The centre Pitot tube and the impact tube were 
connected, through equal lengths of heavy-wall rubber 
tubing, to two different gauges set up in the air-measure- 
ment station. On these gauges the velocity pressures 
at the centre point and at each of the traverse points 
(centres of equal areas into which the air-measurement 
plane was divided) were determined simultaneously. 
From these data the relation of the velocity at the 
centre, to the mean velocity of the plane could be com- 
puted. This latter relation, termed “centre con- 
stant,” was then used during test work in which the 
velocity pressure at the centre of the section only was 
observed. This method avoided the long, tedious 
traversing that would otherwise have been necessary for 
each test and reduced the number of observers needed, 
_ Owing to their comparatively easy operation and the 
simple computations which they involve, the use of ane- 
mometers would have been preferable throughout the in- 
vestigation. Anemometer measurement, however, was 
considered too unreliable for use as a basic method with- 
out a previous investigation of the subject under metal 
mine conditions, and such a general investigation did 
not appear practicable at the time. It was accordingly 
decided to make occasional anemometer tests as work 
progressed, and when enough data had been accumu- 
lated at major test stations, to use anemometer air 
Measurement at a number of minor test locations. 
Hence at 10 locations where conditions either did not 
Warrant more accurate methods or were not practic- 
able, anemometers were employed. These were cali- 
brated against velocity-pressure measurements at the 
major air measurement stations for horizontal upward 
and downward flow, with only one or two mean velocities 
available. For horizontal air flow the corrections so 
determined could be safely extrapolated for higher or 
ower velocities by reference to complete calibration 
a furnished by the United States Bureau of 
tandards. For vertical air flow no complete calibra- 
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tions were available or made, and the few data obtained 
were used only for one shaft location. 

Two types of differential pressure gauges were used. 
Ellison inclined draught gauges, having a 1-in. range, 
were employed for measuring differential pressure of 
0-1 in. or over. Lower pressures were generally 


were calibrated in place against Wahlens. 

The true index of the power requirement of mine 
airways is the mean total pressure required to move 
air from one point to another. The differential mean 
total pressure between two planes in an airway can 
not be determined directly, but must be calculated 
from the existing differential static pressure (which can 
be determined directly), and from the differential of 
the mean velocity pressures at the two planes, which 
must be calculated from volume and area determina- 
tions; therefore, the area at each observation point 
must be taken into account, except in continuous 
airways of uniform area, Average areas of test sec- 
tions were determined at relatively small intervals, 
depending on the accuracy desired and the difficulty of 
obtaining measurements. At major test stations areas 
were measured about every 5 ft., with a special form of 
three-ply level rod for regular sections and a special 
pantograph for irregular rock sections. The latter 
was of the lazy-tongs pattern, fitted with an exten- 
sion arm on the outer end to facilitate following the 
recesses of mine sections, and set to draw the section 
to a scale of 10 to 1 on a drawing board, which was 
mounted on a mine car. Actual areas were obtained 
from the sections in the office with a planimeter. 
Absolute pressures for calculation of air weights were 
obtained with a small aneroid barometer, which was 
regularly compared with a laboratory standard before 
each trip underground. 

Test locations were selected as to type and facilities 
for test work, and were usually on high-velocity return 
air courses, as accuracy was more conveniently 
attained with high velocities (1,000 to 2,400 ft.p.m.), and 
these locations interfered least with mine operations. 
Nineteen locations were employed, of which nine were 
major—the division into two groups being made 
owing to the method of air measurement. In minor 
locations this was done by means of anemometers, 
and the determinations of data in general were not 
quite so precise as in the major stations. 

During the last decade much thought has been 
devoted to the simplification of the methods of expres- 
sing and calculating mine resistances. In England the 


formula :— 
P = RQ 


is favoured, in which Q is the quantity of air flow, or 
area times velocity; and R is a unit of resistance for 
which the term “‘ Atkinson ” has been suggested. To 
determine values for R for application of existing data 
for the transformation of data, standard units must 
be selected and the relation of R to other methods of 
expressing resistance must be developed. In the selec- 
tion of units it has been proposed that P (unit pressure) 
should be expressed in pounds per square foot and Q in 
cubic feet per second. However, in practical applica- 
tion, pressures are measured in inches of water, 
quantities are expressed in cubic feet per minute, 
and velocities are measured and expressed in feet per 
minute. The authors, therefore, favour these practical 
units and, to avoid confusion and to be consistent, 
write the general formula for mine, fan, and mine airway 
resistances :— 
H = RQ 


where H signifies pressure in inches of water, and the 
unit for Q is fixed at 100,000 cubic ft. per minute, so 
as not to make R, the resistance factor, too incon- 
veniently small. 

It was felt by the authors that tables of values for 
R for substitution in the above formula would be of 
great practical benefit in solving mine-resistance 
problems, since R gives a definite relative value for 
purposes of comparison without regard to quantity, 
and is thus especially adapted to many distribution 
problems. However, R is a combination of so many 
variables with differing rates of variation that the 
question of tables of values is difficult. The authors, 
therefore, decided to develop a chart for the rapid deter- 
mination of both R and H, that is, resistance factors 
and actual resistances in inches of water for any par- 
ticular quantity of air flow. 








BOILER EXPLOSION INQUIRIES. 


In accordance with the Boiler Explosions Acts, 1882 
and 1890, preliminary inquiries have been conducted 
by Board of Trade officials into a number of explosions. 
Reports of the investigations have been published recently 
and of some of these we give brief summaries below. 

Explosion of a Steam-heated Kier.—The violent 
explosion of a kier, used in the process of bleaching 
and finishing linen and cotton fabric, occurred on 
May 25, 1927, at the works at Newmills Bleachfield, 








Fifeshire, of Messrs. J. and G. Marshall, Limited. 
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measured by Wahlen gauges, and the Ellison gauges 


The kier consisted of a vertical, cylindrical mild-steel 
shell, surmounted by a cast-iron ring, and having 
a bottom riveted to the shell and a cover bolted to 
the cast-iron ring. The overall height of the kier was 
9 ft. It was the owners’ intention to operate the 
kier at a pressure very little above that of the 
atmosphere, and the form of jointing material adopted 
for the cover had hitherto, by leakage, limited the 
pressure to the amount desired. The use of a softer 
jointing material than usual, which caused the: cover 
to be more or less steam-tight, allowed a dangerous 
pressure to accumulate in the kier. The safety valve 
was inadequate to relieve the accumulation of vapour, 
with the result that the cover was forced from its 
position and thrown upwards. 

Explosion of an Economiser.—Much material damage 
was caused by the fracture of 27 tubes of an economiser, 
made by Messrs. E. Green and Son, Limited, of 
Wakefield, and comprising 384 cast-iron pipes arranged 
in four groups, through an accident occurring on August 
17, 1927, at the works of Messrs. Ribbleton Mills, Limited, 
Preston. The economiser was fitted in connection 
with three Lancashire boilers working at a pressure 
of 160 lb. to 165 lb. per square inch. When the mill 
was closed down on the evening of August 16, the 
boiler fires were banked, the flue dampers at the 
back of the boilers were closed, but the inlet and 
outlet dampers to the economiser were left open, 
instead of those to the by-pass valve. On the morning 
of August 17, when raising steam, the by-pass flue 
dampers were left closed, and the hot gases from 
the boilers, the draught in which was intensified by 
the running of the induced draught fan, were allowed 
to pass through the economiser chamber for some 
two hours, during which time no water was being 
circulated in the economiser tubes. These became 
overheated, and as the feed check valves on the 
boilers were not open during this time, there is every 
reason to assume that a steam pocket was formed in 
the tubes and headers nearest the hot end of the 
economiser, and that the equilibrium of the steam 
and water in the tubes was disturbed on the opening 
of the feed check valves at or about the time that 
the mill engine was started, resulting in a violent 
shock of water hammer. It is emphasised in the 
report that the likelihood of such occurrences would 
be greatly reduced if the dampers were more clearly 
marked to indicate their position, and notices explaining 
the proper and safe method of handling them were 
placed at the damper levers and feed valves. 

Rupture of a Steam-heated Table-—The explosion 

of a steam-heated table, the upper portion of which 
was of cast iron and the lower of mild-steel plate, 
occurred on September 22, 1927, at the Falkirk Iron 
Works. The table was used in connection with the 
tinning of hollow-ware, and steam for heating it 
was led through a 14-in. diameter valve about 40 ft. 
from a boiler; an insulated steam pipe of the same 
diameter and about 500 ft. in length was used for 
the sole purpose of supplying steam to the table. 
When the latter was installed, a combined reducing 
and safety valve, set to a pressure of 10 lb. per square 
inch, was fitted to the steam pipe near the table. 
This fitting, however, was removed about a year 
prior to the explosion, because it leaked slightly. 
The 1}-in. diameter valve near the boiler leaked, 
and allowed sufficient steam to pass, when shut down, 
to supply the table. With the object of ensuring 
a safe pressure on the table an order was given to 
maintain this valve shut, and this was done. The 
pressure on the boiler, at the time of the explosion, 
was approximately 70 lb. per square inch, and the 
evidence points clearly to the fact that the table was 
subjected to a pressure much greater than that 
allowed for by the designers, namely, 10 Ib. per 
square inch. 
Fracture of a Cylinder Casting—The explosion of 
the cylinder casting of a steam lorry, owned by the 
Permanent Way Department of the London County 
Council, occurred on August 18, 1927, when the 
vehicle was travelling along a Hackney street. The 
engine had a high-pressure and a low-pressure cylinder ; 
piston slide valves were used, and the whole unit, 
consisting of cylinders and valve casings, was attached 
to a stool riveted to the boiler shell by a rectangular 
flange. The internal dimensions of this saddle at 
the flange were 7} in. by 5% in. and the thickness 
of the metal was about } in. The explosion occurred 
suddenly ; the casting fractured through the branch 
by which it communicated with the boiler. The 
cylinders were thereby separated from the boiler, 
the contents of which escaped. The fracture was 
quite new, no sign of any previous flaw was found, 
and all the working parts were free and clean; there 
was no evidence of seizing. The accident was attributed 
to the weakness of the casting, the dimensions of 
which were too light to afford the necessary strength 
for the arduous conditions of service required ; 
furthermore, there were practically no stiffening ribs 
on the casting. 
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CEMENT AND CONCRETE. 


Ir is common knowledge that there is still much 
work to be done before the properties of cement and 
concrete can be said to be as completely and as exactly 
understood as is desirable or as is the case with 
the metals employed in constructional work. Efforts, 
directed to remove this disadvantage, are being made 
in many countries, and gradually a wealth of know- 
ledge is being accumulated which may prove to be 
of the greatest value in the future. Not merely are 
the producers of cement concerned with this matter ; 
every user of concrete has an interest in the ques- 
tions involved, and thus the work has been undertaken 
by manufacturers’ organisations, professional and 
scientific bodies and national research laboratories. 
Amongst the associations outside Great Britain that are 
carrying out investigations in a systematic way, the 
American Society for Testing Materials may be 
cited as an excellent example. So far, much research 
work has been put on record by this institution and 
the quest is being continued. It is one of the 
difficulties of this experimental work that it takes a 
great amount of time for its performance, since age 
is a factor of importance. 
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the manufacture of the specimens and variations in 
the aggregates used. 
BENDING STRENGTH OF CONCRETE. 

Ease of operation and the cheapness of the necessary 
apparatus have led to the adoption of the bending 
resistance test as the measure of quality of concrete 
for making pavement slabs. Great diversity was 
commonly found in the methods of testing and thus it 
was necessary to find the relationship between the 
results obtained with the more commonly used types 
of equipment and methods of operation. Messrs. 
T. F. Willis and F. N. Wray presented a paper on the 
subject which had the title “The Effect of Several 
Mechanical Features of Testing on the Determination 
|of the Flexural Strength of Plain Concrete.” Three 
| different types of testing machines were used. In the 
| first, the test specimen was clamped for part of its 
length on a plate, at the end of which there was a 
knife-edge. The overhanging end of the concrete 
| beam was loaded through a bearing, taking the form of 
|a knife-edge or roller, from a long steel lever provided 
| at its end with connection by cable to a windlass for 
|loading, the pull being measurable by means of a 
|dynamometer. The second type of machine was one 





Inconsistencies in results | dea ‘ : 
ae | designed by Messrs. Clemmer and Burggraf and used in 
have also caused troubles, but must be anticipated | g J 68 


some earlier investigations. In this case the specimen 


in work of this class in which so many variables | was fastened by bolts and straps to a plate on top of a 


have to be faced and the particular effects of each 
isolated from those of the others. A valuable addition 


to existing knowledge was made when various reports | 
and papers were submitted to the American Society | 


for Testing Materials at the recent annual meeting 
held at Atlantic City. 


Although chemical composition has an undoubted | 


effect upon the strength characteristics of a cement, 
the many experiments, so far conducted have failed to 
reveal any simple relationship. Much of the trouble, 
it was thought, might be due, according to these 
reports, to the fact that the cement for study was 
obtained from warehouses, and thus, to the variables 
of the amount of grinding of the clinker and the nature 
and amount of retarder used, must be added those of 
the nature and amount of change due to storage. It 
seemed to be desirable, for this type of investigation, 
that the various clinkers should be ground in the 
same mill, the same amount of the same retarder 
should be used and that the storage conditions should 
be similar. This was seen from the Report of the 
principal committee dealing with cement. No definite 
relationship could be established between the normal 
consistency of the cement and the flow of concrete 
produced with it. There also appeared to be no 
definite connection between the consistency of a 
cement and the strength of the concrete made from it. 
With a view to discovering a simple and rapid method 
of making tests of times of setting, much experimental 
work was done. Penetration tests on fluid cement 
pastes were performed with a standard 300 gramme 
Vicat needle apparatus and with a modification of it 
weighing 100 grammes. Here, again, there were great 
variations and many apparent inconsistencies. Results 
using the standard Vicat apparatus were found, how- 
ever, to be more reliable than those with the newer 
modifications of it, and thus it appears to be necessary 
to confine all further work to the use of the commonly- 
employed appliances. Final decision of the exact time 
limit to be put on the determination of penetration 
was deferred until much more test work had béen 
conducted in the various laboratories. 

A great amount of attention has been given in America 
to the standardisation of the methods of testing cements 
and many tests have been made with a number of 
different cements by the various testing authorities. 
Disparities in the results were found, and where reasons 
for their existence were recognised, modifications of the 
testing code were mace. It was pointed out that before 
it would be practicable to use tests of fluid cement-water 
mixtures as a basis for the specification of Portland 
cement, further tests must be made on a large number of 
cements, by various operators, to establish proper 
standards, and further, that studies were necessary of 
the times of setting and soundness of Portland cement, 
using fluid cement-water mixtures. Investigation was 
also desirable to determine the possibility of getting a 
satisfactory test for cement which would not take so 
long as the usual 7- and 28-day tests. Perhaps the 
most comprehensive set of tests ever carried out with 
cement, a total of about 62,000 determinations, was 
that made for the American Society for Testing 
Materials in 47 different laboratories. As far as tests 
with cement were concerned, nothing was brought out 
in the experiments which warranted any change in the 
present standard methods of strength tests. A well- 
defined relationship between the tensile strengths of neat 
cements and of standard mortar briquettes, made from 
them, was found at all ages. Again, the committee 


concerned with the work had to recognise wide differ- | 
ences in the results obtained in testing concretes made 
from standard cements ; they accounted for them by 
the recognition of differences in the manipulation and 


| heavy concrete base. A wooden extension arm was 
| fixed to the overhanging part and carried a container, 
at its free end, for use in loading by water or shot. 
The third method consisted in using an ordinary testing 
| machine to make one-third loading tests, in which the 
| load was divided in application between the two sections 
at one-third the supported length of the horizontal 
concrete test beam from each end. The experiments 
showed that in the first and third methods, where the 
load was applied through bearings, the results were 
affected by the length of span and the type of bearings. 
Increasing the span decreased the modulus of rupture, 
and the effect was greater when fixed knife-edge 
bearings were utilised instead of roller bearings. When 
knife-edges were used for spans less than 20 in., the 
modulus of rupture was higher than was the case with 
roller bearings in use ; with long spans the effect of the 
bearings was negligible. With the Clemmer-Burggraf 
machine, the rate of application of the stress, within the 
range studied, had no effect on the results. Abrams’ 
method of third-point loading gave the lowest results, 
and the variations showed the necessity for the 
establishment of a standard method of making the 
bending test. 


FREEZING AND THAWING TESTS ON CONCRETE. 

Investigations of disintegration in the abutments 
and piers of structures in certain rivers led to the 
conclusion that it was largely, if not entirely, due 
to ordinary weathering conditions. Little information 
was available of the effects using concrete of varying 
quality, and this prompted Professor C. H. Scholer, 
of the Kansas State Agricultural College, to conduct 
interesting tests, forming the basis of his paper on 
‘“Some Accelerated Freezing and Thawing Tests on 
Concrete.”” Field investigations were made on existing 
structures, and to check the conclusions on the 
character of the actions, specimens of concrete of 
known, though differing, qualities were planted beside 
the original structures. In the laboratory, specimens 
were subjected to alternate freezing and thawing. 
It was found that the repeated freezing, at low 
temperatures, and thawing, at those of an ordinary 
room, provided a valuable means of studying the 
durability of concrete and aggregates. Variations 
in the water-cement ratio of plastic workable concrete 
caused a very marked effect on this durability. The 
use of unsound aggregate was markedly shown in the 
production of unsound concrete, the resistance of the 
mortar to disintegration being found to be only 
slightly effective in protecting the aggregate. Naturally 
the results were, as yet, only comparative, as it was 
not possible to translate the results of these accelerated 
tests into expected length of life under ordinary 
natural conditions. 


VoLUME CHANGES IN CEMENT. 

Structures made from Portland cement expand when 
kept in water and contract on exposure to air, but 
have been found to change their length in unexpected 
measure when transferred from the one medium to the 
other. In the year 1914, at the annual meeting of 
the American Society for Testing Materials, Professor 
Alfred H. White showed that such structures retained 
the properties of expanding when wetted, and 
contracting when dried after twenty years of exposure 
to the weather, and even after they had been baked 





to 600 deg. F. In a paper presented by the same 
author, this year, he discussed ‘‘ Volume Changes of 
Portland Cement as Affected by Chemical Compo- 
sition and Ageing.” Experimental work amply 
confirmed that expansion in water and contraction 





in air was a universal characteristic of cement of 





the most diverse chemical compositions. Neat cement 
bars left in water continuously always showed a slow 
expansion for two years, which might amount to 
0-15 per cent. Bars of similar cements left to dry 
in the air after removal from the moulds all shrank, 
unless they contained free lime, and the shrinkage 
amounted to between 0-3 per cent. and 0-5 per cent. 
Should bars be transferred from water to air, and 
sufficient time be given for complete drying, a shrinkage 
of 0-2 per cent. to 0:3 per cent. would be observed. 
The reactions were very slow. Free lime caused an 
unusual expansion during the first few weeks that 
cement was exposed to water. Once hydration was 
completed, which should be the case in a year, the 
volume changes afterwards should be normal. When 
bars of neat cement containing free lime were kept 
in air after removal from the moulds, the usual 
contraction lasting a few weeks was followed by an 
expansion due to the hydration of the lime. Magnesia, 
in combination as silicate, was entirely harmless, 
no matter how much was present in the cement. 
The magnesia hydrated very slowly, and only when 
much was present was any marked expansion caused. 
In water, this occurred between the third and the 
tenth year of exposure. Lime might replace magnesia 
from combination in the process of burning, and thus 
might liberate free magnesia. Cases had been 
found where a cement with a total magnesia content 
of 4-45 per cent had so much of it in the free condition 
as to be the cause of undue expansion. It gave but 
little trouble through expansion, however, if the 
cement products were kept continuously in air. The 
cements which were most constant in volume were 
those low in alumina, and containing more iron oxide 
than alumina. Those high in alumina content showed 
rather considerable volume changes. Ageing of a 
cement containing free lime removed its harmful 
effect, but did not seem to eliminate or, indeed, to 
lessen the normal volume changes of a cement. 


RESISTANCE OF CEMENT TO SULPHATE WATERS. 


Standard Portland cements from different sources 
vary greatly in their resistance to waters containing 
various sulphates in solution. Under similar exposure 
conditions the more resistant cements have been found 
to outlive those of lesser resistance by as much as 
eight times. As a result of tests made by Mr. Dalton G. 
Miller, referred to in a contribution entitled “‘ Resist- 
ance of Portland Cement Concrete to the Action of 
Sulphate Waters as Influenced by the Cement,”’ it was 
found that cements which failed quickly in the labora- 
tory, in solutions of sodium sulphate, usually offered 
little resistance to attack by mixed salts in actual 
work. As the standard physical tests and chemical 
analyses of cements provided no index to this, it was 
necessary to institute an accelerated test. After much 
experimental work the author recommended for the 
purpose that standard cement briquettes should be 
submerged for six months in a 1 per cent. solution of 
sodium and magnesium sulphates. 

Mr. Edward M. Brickett advocated the claims of 
“A Plastic Mortar Compression Test for Cement.” 
He contended that the sand-mortar tension test and 
the compression test of a fluid cement-water mixture 
failed to indicate the concrete-making qualities to a 
satisfactory degree. In contrast with these results 
a compression test of a plastic mortar, gauged to the 
same water-cement ratio as the concrete, offered very 
good possibilities of being a future standard specifica- 
tion test. In his paper, the author showed by experi- 
mental evidence the reasons for his claims. The 
work, so far, had established the relationship between 
plastic mortar, and the concrete, made from the same 
cement, when both were gauged to the same water- 
cement ratio. Studies must still be made of the 
possibilities of using any available sand rather than the 
standard ones so far experimented upon. 


STANDARD SPECIFICATIONS. 


A great amount of work has been done recently by 
a committee of the American Society for Testing 
Materials on the drafting of proposed specifications 
for concrete pavements and bases. A report was 
submitted detailing the tentative suggestions regarding 
quality of aggregate, the methods of sampling and 
testing, proportioning and mixing, protection and 
curing, and field tests. ; 

On account of the fact that certain sizes of sewer pipe 
showed a tendency to break at relatively lower loads 
than pipes of other sizes, Mr. F. B. Lysle decided 
to investigate the Society’s specifications for both 
vitrified-clay and cement-concrete pipes in relation 
to a formula for fibre strength appearing in another of 
the A.S.T.M. specifications. As a result of his work, 
it seemed probable that the specifications for the 
actual pipes had been drafted on the arbitrary assump- 
tion of safe loads deduced from an accumulation of 
test results. It was suggested that this should not 
have been done ; a definite unit fibre strength should 
have been assumed, and the thickness of the barrel of 





the pipe and the load associated with regard to it. 
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THE keen engineer’s first visit to a new engineering | tending more along the lines of centralisation of the 
factory is often rendered somewhat distracting by | oil supply and automatic distribution. 
the contending claims of what is there being manu-; There seems to be a distinct advance in finish, 
factured, and the ways and means by which it is | possibly because the feverish days of the war and 
being changed from the raw material to the finished | of the boom period which followed it, had accus- 
product. This state of affairs is not likely to occur | tomed us to a machine more rapidly put together, 
at the Machine Tools and Engineering Exhibition | but the finish is not superficial, quality is evident, 
now open at Olympia, where machines and pro-/ probably indeed, it is better than in more leisurely 
cesses occupy virtually the sole place, and this| days, thus, for one thing the practice of ageing 
assemblage of tools and appliances, nearly all of} machine tool castings before use seems to be becom- 
which are actually at work, thus presents the aspect | ing more widespread. Another characteristic of 
of a vast machine shop with a fascinating variety | the exhibits more in evidence than formerly is the 
of tool and without the usual attendant collection | ubiquity of the electric motor for the drive. The 
of large castings, piles of similar parts, or shop) relatively few machines of foreign origin in part 
impedimenta. Attention may thus be concentrated | belong to the specialist class, in which also may be 























Fig. 1. 


on the actual instruments of production, and there is 


15-In. ComBINATION TuRRET LaTHE; Messrs. H. W. Warp anp Company, LIMITED. 


| found some interesting British examples. With these 


a collection of them, which the British machine tool | impressions we must pass on now to the description 


trades may justly claim, demands serious considera- | 
tion from the engineers of the world. The vitality | 
of these trades is reflected in the scale of the | 
exhibition, which occupies the whole of the ground | 
floor and gallery of the main building with machinery 
weighing altogether about 5,000 tons and valued 
at something like 750,000/._ This mass of machinery 
has been erected in working order in under fifteen 
days, and the amount of current needed to keep it 
in motion has necessitated an extra electric cable 
being laid into Olympia. All parts of the country 
are represented by the 200 or more exhibitors, and, 
with the exception of the very heaviest  boiler- 
making tools, which from their size are unsuitable 
for exhibition, all branches of the machine tool 
trade are represented. 

With the space at our disposal the field is too 
wide for us to indicate precisely in what directions 
each branch of the machine tool industry has pro- 
gressed since the exhibition of four years ago, these 
can be ascertained, to some extent, from particular 
study of the descriptions to follow, but it does appear 
that increase of size and increase of speed of opera- 
tion are, in some classes, very salient features. For 
example, grinding machines are markedly heavier 
and wider in their application, whilst woodworking 
machinery has been speeded up. In the lathe 
class, size is not so much a factor; the merely big 
lathe has a limited market, and the development 
and simplification of control seem to be cardinal 
features. Generally, two points, one at least hitherto 
somewhat neglected but both helping towards 
bigger output, are now receiving more thought. 
These, are, accessibility in the direction of ease in 





overhaul and repair, and lubrication, the latter 


of such of the exhibits as we think will prove of 
general interest. 

Our account of the exhibits may, perhaps, be most 
appropriately opened by dealing with the parent of 
the machine tool, 7.e., the lathe, of which a striking 
display is in evidence. We select, first, some 
examples of the lathe, which embody the latest 
developments, from the stand of Messrs. H. W. 
Ward and Company, Limited, Selly Oak, 
Birmingham, the largest being a new design of 
15 in. (No. 15) combination turret lathe ; a general 
view of it is given in the annexed Fig. 1. It is 
a high-power lathe suitable for the rapid manu- 
facture of components from bars, castings, or 
forgings, this particular machine being intended for 


|the production of cylinder liners and pistons for 


Petter oil engines. The height of centres is 15 in., 
with a swing over the bed of 32in. The hole in the 
spindle is 8} in. in diameter. The length of bed is 
13 ft. 6in., with a maximum distance between the 
spindle-nose and turret face of 72 in. The swing 
over the top of the cross-slide is 21 in., and both 
the turret and the saddle have a longitudinal 
automatic feed of 54 in. in length. The bed is of 
box section with two feet. These are bolted to a 
base which is extended to form a tray for the swarf 
and cutting compound, and which provides a very 
rigid foundation. The guides on the bed are 
narrow, but the saddles have bearing portions of 
exceptional length to eliminate any tendency to 
cross-winding. The rear guide is fitted with a steel 
rule, and the saddles have adjustable pointers so 
that single pieces can be made to length without 
interfering with the stops. 

The headstock, shown in Fig. 2, on Plate X XIII, is 


of the single-pulley all-geared type, the pulley run- 
ning on ball bearings on a stationary shaft in order 
to avoid belt pull on the driving shaft. The driving 
clutch consists, in essence, of internal and external 
self-adjusting metal cones, held whilst driving by a 
compression spring. Sixteen spindle speeds, ranging 
from 6 r.p.m. to 180 r.p.m. per minute, are provided, 
with eight speeds in reverse, the driving pulley 
rotating at 350 r.p.m. The speeds are clearly 
marked on the indicator plate seen at the back of 
the headstock in Fig. 2, and any one may be selected 
by appropriate use of the levers above it. Each 
lever is connected to the driving clutch as well as to 
its particular sliding gear. Depressing a lever 
disengages the driving clutch, and a horizontal 
movement then slides the desired gear into place. 
Accidental displacement of the levers is guarded 
against, and no gear can be moved until the clutch 
has been disengaged; further, conflicting gears 
cannot be engaged. All the sliding gears are 
mounted on six-splined shafts, a method ensuring a 
positive drive under all conditions. Only the final 
driving gear is attached to the spindle. All the 
gears run in oil, a sight dial being provided to 
indicate the level. The spindle, of carbon steel, 
runs in long parallel, capped, gun-metal bearings. 
The gears are protected by dust-proof covers. 

The several motions are given to the saddle, 
Fig. 3, and to the turret and slide, Fig. 5, through a 
gear-box situated at the front of the machine 
below the headstock, from which motion is trans- 
mitted to it through a train of gears. This box is 
shown in Fig. 4. Of the three shafts issuing from it, 
the upper one is the lead screw, the middle one the 
saddle feed, and the lowest one the turret feed. The 
rate of feeds are controlled primarily by the levers 
situated above the dials at the left of the figure, 
each dial having five operative positions separated 
by “out” indications. When the lever is on 
one of this latter the feed shafts and lead screw are 
both stationary. Of the other pair of levers at the 
right hand, the upper one reverses the direction 
of rotation, and the lower one further regulates the 
rate of feed for the saddle by its alternative positions 
of “ fine ” and “coarse.” A similar adjustment for 
the turret feed but with three positions, is carried 
on the turret apron. There are thus 10 rates of 
feed, both ways, for the automatic sliding and 
surfacing motions of the saddle, ranging from 16 
to 347 spindle revolutions per inch of traverse, 
and threads of three different pitches, and either 
r ght or left hand, can be cut with one lead screw. 
(he lead screw is detachable, and the indicator 
plate between the pairs of levers gives particulars of 
the screws which can be cut with lead screws of 
different pitch. The turret has 15 rates of feed 
both ways, which are quite independent of the 
saddle feeds. These range from 9 to 217 spindle 
revolutions per inch of traverse. The enlargements 
on the feed shafts to the right of Fig. 4 are spring- 
operated slipping clutches, which permit the 
rotation of the gear-box shaft without any move- 
ment of the feed shaft should either the saddle or 
turret slide meet with any obstruction. 

As will be seen from Fig. 3, the saddle cross slide 
is of rigid design, with a square turret, having four 
spring-indexing positions, at the front, and a tool 
post in the rear. There are six stops for the sliding 
motion and four for the surfacing motion, all 
automatically tripping out the feed when desired. 
The usual hand control is also fitted. The turret 
and slide, shown in Fig. 5, can also be operated by 
hand, both as regards rotation and movement along 
the bed. Automatic rotation is effected through a 
friction clutch adjustable to suit the weight of 
varying tool equipments, and deriving its motion 
from a constant speed shaft situated at the rear of 





the bed. The rotation can be arrested, if necessary, 
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by hand pressure on long toolholders, and is there- | diameter and length, fitted with ring oilers at the 
fore quite safe in operation. The turret can be | front and back necks. The end thrust is taken by 
rigidly locked by a split-ring device actuated by | ball-thrust washers, and the spindle has a hole 
the horizontal lever seen on top of the slide. The | through its entire length. The pinions are of steel | wheel running on the spindle, to which it can be 
stops for the longitudinal movement are carried on| and are protected by efficient cast-iron guards. 


a splined shaft located along the front of the 
machine, and seen in Figs. 3 and 5. This shaft is 
connected with the turret rotating mechanism by a | 
chain and bevel drive, so that the proper stop, | 
corresponding with the particular tool in use, 
is automatically turned into position. The slide can 
be rapidly traversed along the bed by a clutch | 
engaging with the constant-speed shaft above | 
referred to. The use of this clutch automatically 
frees the hand star wheel so that it does not rotate 
whilst the slide travels along the bed. 

Another new design of Messrs. Ward’s is their 7-in. | 
(No. 7) capstan lathe, which will handle bars or tubes | 
of any section up to a maximum outside size of 
2 in., and chuck work up to the full swing of 14} in. 
This we illustrate by Figs. 6, 7, 8 and 9 on Plate 
XXIV. From the general view given in Fig. 6, it will 
be seen that several features already described in con- 
nection with the 15-in. combination turret lathe are 
embodied in this machine also, for example, the 
method of changing the speeds by the selecting 
levers on the single pulley all-geared headstock, 
the feed gear box, and so forth. The headstock is 
shown from front and back, with covers removed, 
in Figs. 8 and 9, which figures serve to give a good 
idea of the gears in both this and the 15-in. machine. 
{n the 7-in. machine, however, the four selecting 
levers provide only eight spindle speeds, viz., 20 
r.p.m. to 416 r.p.m., with a driving pulley speed of 
600 r.p.m. Fig. 7 shows the details of the main 
driving clutch. The cone, which is withdrawn by 
depressing the selecting lever before the horizontal 
movement which changes the gear, is seen to the 
left of the spring by which it is loaded. The saddle 
is supplied either of the plain sliding type, or fitted 
with chasing motion, as shown in Fig. 6. Threads 
of three different pitches, either right or left hand, 
may be cut with one lead screw. A useful device 
in the chasing motion, which exists also in the larger 
lathe above described. It advances the tool towards 
the work simultaneously with the engagement of 
the nut with the lead screw. The motion also 
controls the withdrawal of the tool and nut, so that 
threads can be cut into a narrow recess beneath a 
shoulder without damage. 

The capstan rest can be clamped to the bed in 
any desired position. The turret may be rotated, 
either automatically or by hand. If the former 
method is used, the stroke of the slide is 8 in., and 
if the latter be employed, a stroke of 11 in. may be 
obtained. The automatic feed to the capstan slide 
is derived from the gear box below the headstock, 
which provides five changes. These are doubled by 
a lever on the apron of the capstan rest, there being 
then 10 rates ranging from 13 spindle revolutions to 
270 spindle revolutions per inch of traverse. 
Another new design on this stand is the 8-in. 
combination turret lathe. As, however, this 
machine is, generally, an intermediate size between 
the 7-in. above referred to and the 10-in. machine 
which we have previously described, we do not 
propose to deal with it in detail here. Of the 
other lathes on the stand, the 4-in. capstan lathe 
for bars or tubes of any section up to }-in. across 
with the firm’s wire-feed motion, may, though not 
a new design, be mentioned as possessing features 
of interest. 

Messrs. George Swift and Sons, Limited, Claremont 
fronworks, Halifax, are exhibiting a 10}-in. gap- | 
bed belt-driven lathe, and a 15-in. motor-driven | 
lathe. The first of these machines is illustrated in | 
Figs. 11 to 19 on pages 281 and 282. The bed, | 
10 ft. in length, is of strong box section, well ribbed, | 
and has broad working surfaces with square edges, | 
a narrow guide being provided for the saddle. 
The width across the body is approximately seven- 
eights of the total width across the shears, giving 
great rigidity under heavy cuts. A gap is provided 
giving a swing of 17}-in. radius, with a width of 
12in. The fast headstock is fitted with a four-speed 
cone with broad faces, and has a back gear giving 
a ratio of 8 to 1. The range of spindle speeds is 
from 10 to 320. A forged-steel spindle, made from 
high-carbon steel, runs in parallel bearings of large 

















The loose headstock is fitted with the usual adjust- 
ment for taper turning, and the spindle has a full 
bearing in the headstock in all positions. 

The saddle has a long bearing on the bed, and while 
the front shear is somewhat exceptionally wide, the 
length of the longitudinal guide is approximately 
eight times its width. The narrow guide reduces 
the possibility of distortion to a minimum, and 
ensures a high degree of accuracy when turning 
parallel work. The compound slide rest is of the 
usual type, with swivel and index for taper turning. 
The normal tool holder is fitted with bolts and plates. 
The apron, shown in detail in Figs. 17 to 19, is of 
the double-walled type, giving two bearings for all 
shafts. The gears are all machine-cut, and are of 
steel, with the exception of the worm wheel, which 
is of phosphor-bronze. The sliding and surfacing 


| motions are controlled by a stud on the apron. 


When the stud is pushed in, the sliding pinion is 
engaged, while the withdrawal of the stud engages 
the surfacing pinion. The drop worm for engaging 
the feeds is instantaneous in action, the engagement 
and disengagement being obtained by the move- 
ment of one lever on the front of the apron. A 
safety device is fitted so that the worm cannot be 
engaged when the screw-cutting motion is in use, 
and vice-versa. Micrometer adjustment is fitted to 
the surfacing screw, and a safety slipping device is 
fitted on the feed shaft, between the feed box and 
the apron, making it practically impossible to have 
a breakage, as the shaft slips under undue pressure. 
The feed shaft is geared up independently of the 
leading screw. 

The screw-cutting gear-box, mounted below the 
fixed headstok, is shown in detail in Figs. 12 to 16. 
It will be seen that it is of the magazine type. 
Forty different pitches are available, ten being 
obtained through ‘the movement of a sliding wheel 
and tumbler, and ten by the movement of a control 
lever to the right of the tumbler. These changes 
are doubled by changing a pair of wheels at the 
end of the gear-box. The range of pitches obtain- 
able is from 2 to 28 threads per inch. Special 
pitches are obtainable by the substitution of 
alternative change wheels. The range obtainable 
without changing the wheels at the end of the box 
is from 24 to 84 cuts per inch. The change gears 
are enclosed in a hinged cover. The reversing 
motion, shown in Fig. 16, for cutting right- and left- 
hand threads, and also for the sliding and surfacing 
motions, is self-contained in the gear-box, and can 
be changed while the lathe is running. When 
cutting odd or metric pitches, the lead-screw 
nut may be kept in engagement for the return 
stroke by utilising the reversing mechanism. The 
lead screw is 1{ in. in diameter, and is claimed to 
be accurate within 0-006 in. per 6-ft. of length, or 
within 0-003 in. in any given foot of length. A dial 
is fitted on the apron to enable the nut to be 
engaged at the correct turn when screw-cutting. 
The lubrication of the lathe has received careful 
attention throughout. 

The second lathe shown by Messrs. Swift is 
illustrated in Fig. 10 on page 281. It has many 
features, such as the form of the bed, in common 
with the machine already described, but is a 
more powerful tool. The bed is 16 ft. long, and will 
admit a length of 9 ft. 8 in. between centres. The 
lathe has 15-in. centres, and, by utilising the gap, 
work can be turned up to 53 in. in diameter by 
18 in. wide. The main driving motor, which is 
mounted in line with the fixed headstock, as shown 
in the figure, is of 12} h.p., and runs at 900 r.p.m. 
It is geared to the headstock through spur gearing, 
a friction clutch being introduced between the 
motor shaft and the reduction gear. The hand 
lever for operating the clutch is visible in Fig. 10 
on top of the headstock. The latter is treble- 
geared, sixteen speeds being obtainable in all. 
Four speed variations are obtained by the engage- 
ment of any one of four sliding pinions on the first- 
motion shaft with the corresponding wheel on the 
second-motion shaft. The latter shaft is per- 
manently geared to a third-motion shaft, which 
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carries two spur pinions, either of which can be 
locked to the shaft by a clutch. These pinions, 
which are of different size, engage with a compound 





locked by means of a clutch. The arrangement of 
wheels so far described gives eight speeds. To 
obtain the other eight speeds, a second pinion is 
attached to one of the spur wheels on the third 
motion shaft, and this pinion engages with an 
additional wheel running loose on the spindle, to 
which it can be locked by a clutch. The spindle 
may thus be driven directly from the third-motion 
shaft, or through the double-reduction train formed 
by the two pairs of wheels on the third-motion shaft 
and spindle. Assuming the first-motion shaft to 
be running at 250 r.p.m., a range of spindle speeds 
from 4-7 to 200 r.p.m. is obtainable. The various 
clutches and selector mechanism are operated by 


jthe three levers visible on the front of the head in 


the illustration. Suitable interlocks are provided 
to prevent the simultaneous engagement of two 
wheel trains. 

The details given of the saddle of the 103-in. 
lathe apply equally to the larger machine, but the 
leading screw is driven from the headstock by change 
wheels of the normal type. These wheels are inde- 
pendent of the train driving the sliding and surfacing 
shaft. The latter is driven through the feed gear- 
box, which can be seen in the figure at the left- 
hand end of the shaft. Six different feeds are 
obtainable, ranging from 8 to 57 cuts per inch. 
The only other feature calling for special comment 
is the tailstock. This is clear of the front shear 
and the guiding slot for the saddle, and is traversed 
by an arm extending over the front shear and carry- 
ing a pinion meshing with a rack below the latter. 
The usual arrangement for taper turning is provided, 
and two bolts are employed to clamp the tailstock 
to the bed. A rack is fitted between the second 
and third shears, and a pawl on the tailstock engages 
with this rack to eliminate any possibility of slipping 
if the bolts are not adequately tightened up. 

The exhibit of Messrs. John Lang and Sons, 
Limited, of Johnstone, near Glasgow, consists 
mainly of lathes, including a number of their well- 
known standard products. We may mention, 
however, a 6}-in. centre sliding, surfacing, and 
screw-cutting lathe with a 6-ft. gap bed and a 
12-speed, all-gear headstock, arranged for motor 
driving by means of a belt, the motor being placed 
in the cabinet stool under the headstock and the 
cabinet doors being provided with louvres for 
ventilation purposes. A similar, but larger, lathe, 
with 103-in. centres and a 10-ft. gap bed, is also 
being shown, this lathe being fitted with a direct 
motor drive. In this case, the motor is mounted 
on a stool bolted to the bed and connected through 
a flexible coupling and reduction gear to the driving 
shaft of the headstock. A stopping and starting 
lever is provided on the apron. Another exhibit on 
this firm’s stand is an 8}-in. centre sliding, surfacing 
and screw-cutting lathe, with 8-ft. gap bed, having 
a new design of three-step cone friction-geared 
headstock with two gear ratios, a square turret 
carrying four tools, a quick-withdraw motion on 
the tool slide for use when screw-cutting, and four 
automatic knock-off stops to the sliding and sur- 
facing feed motion. One of Messrs. Lang’s 12$-in. 
centre lathes with a direct motor drive is in use on 
the stand of Messrs. Samuel Osborn and Company, 
Limited. 

Special attention should, however, be called to 
the 24-in. swing surfacing and boring lathe, which 
we illustrate in Figs. 20 to 23 on Plate X XV, and in 
Figs. 28 and 29 on page 283. This lathe is provided 
with a 12-speed, all-gear headstock, arranged for 
belt-motor drive, the motor being located in the 
bed of the lathe, under the headstock, as_ will 
be understood from Fig. 20, although Fig. 28, on 
page 283, shows the arrangement of the drive more 
clearly. The latter figure also shows the jockey 
pulley, which is arranged to give the greatest possible 
contact of the belt on the pulleys, The spindle 
speeds provided range from 7 r.p.m. to 192 r.p.m. 
The motion from the driving pulley is transmitted 
to the constant-speed driving shaft through a 
spring-loaded metal-to-metal friction clutch, which 
is illustrated, in the dismantled condition, in Fig. 23. 





From the driving shaft, the motion is transmitted 
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by spur gears to the shafts at the front of the| required from the operator to a minimum. Oil is| mounted on a spigot at the end of the main gear- 
headstock, which is shown, with the cover and| raised, by means of a pump, to a reservoir, from| box to give four additional feeds, six times finer 
spindle removed, in Fig. 21. These shafts carry | which it runs by gravity to all the gears and bearings, | than those given by the main gearbox; these fine 
the speed-changing gears. All the sliding gears /| and an oil-level indicator is provided to show when | feeds are such as may be required for special work 
are of heat-treated nickel-chrome steel, and are | the supply requires replenishing. |or for boring steel from the solid. The saddle is 
mounted on castellated shafts of large diameter| The self-acting sliding, surfacing, and screw-| designed to withstand the strain of high-speed work, 
having six splines or feathers machined from the| cutting motions are positively driven by gear|and is guided longitudinally on the front shear of 
solid. The friction clutch is released or engaged | connections from the lathe spindle to the gearbox, | the bed with the centre of the guide as close as is 
by the levers shown in front of the headstock in| which has been re-designed and is now totally | practicable to the rack. This, of course, decreases 
Fig, 20; by pulling any of the levers outwards, the| enclosed; four gear ratios, to give four different | the tendency of the saddle to twist as it moves along 
operator releases the clutch and applies a Ferodo- | feeds, ranging from } in. to ,'; in. per revolution of | the bed, and also lessens the strain on the feed 


lined brake which slows or stops the mechanism, 
allowing the sliding gears to be engaged without 
shock or damage by the side movement of the 
‘ame levers, An interlocking device is provided 
‘0 tender it impossible to put conflicting speed gears 
into mesh. Special attention has been given to 
the lubrication of the internal parts of the head- 
“tock, so as to reduce the amount of attention 


| the spindle, and a reversing motion, are provided.| mechanism. A taper wedge, acting on a square 
| The lower lever, seen on the left in Fig. 20, operates | face, is provided for the adjustment of the saddle 
a sliding key, which engages any of the four gears | on the front shear of the bed. The cross-slide screw 
in the bottom range to give the variation in the | is fitted with a large micrometer dial reading to 
rate of feed per revolution of the spindle. The top| 0-001 in., and adjustable wedges are fitted to the 
handle operates the clutch mechanism in the gear-| cross and swivel slides. 

| box to change from right-hand to left-hand feed| The apron under the saddle is of the centralised- 
|motion or screw-cutting. A fine-feed gearbox is! control type, in which one lever operates both the 
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engagement”and disengagement of the sliding and | 


surfacing feed motions, and the change from the 
sliding to the surfacing feed is made by turning the 
same lever through 180 deg. The separate worms 
provided for the sliding and surfacing feeds are 
carried in one drop-worm box, which is pivoted 
in the main body of the apron and drops in a 
plane parallel to the axis of the lathe, instead of 
at right angles to it, as is the case when the box 
is pivoted on the feed shaft. An important feature 
of the arrangement is that the self-acting feed is 
disengaged instantaneously when tripped, irrespec- 
tive of the direction of rotation of the feed shaft. 
By lifting the feed-control lever, the worm box is 
raised and the worm for the sliding feed is brought 
into engagement with its worm wheel. A slight 
downward pressure on the same lever releases the 
catch of the drop-worm box and disengages the 
feed, while, by rotating the lever for half a turn, the 
worm for the sliding feed is moved from its position 
and that for the surfacing feed is brought into place 
under its mating worm wheel. In this position also, 
a slight upward or downward pressure on the 
feed-control lever serves to engage or disengage the 
feed. It will be obvious that, with this arrangement, 
it is impossible to engage the two motions simulta- 
neously, and an interlocking device is provided 
so that when either of the self-acting feed motions 
is in use it is impossible to engage the screw-cutting 
mechanism, or vice versa. 

The cross-slide on the saddle carries the large 
hexagon turret, which measures 12} in. across the 
flats, and is separately illustrated in Fig. 22 on 
Plate XXV. The arrangement, it may be pointed 
out, avoids the necessity for using formed tools, 
except in special cases. The turret is also mounted 
on a swivel slide, which may be set to an angle for 
the production of taper work by hand feed. Fig. 29, 
on page 283, shows the turret slide and turret 
in the dismantled state, and serves to illustrate 
their construction. The spigot of the slide, on 
which the turret revolves, is fitted with a steel bush, 
case hardened and ground, and the bore of the turret 
is similarly fitted, so that these parts can be made 
to a high degree of accuracy, and will resist wear 
almost indefinitely. The locating-plunger guide, 
which can be seen bolted to the turret slide in 
Fig. 29, is also cese hardened and ground in- 
ternally where the plunger moves, and the plunger 


itself is similarly treated, as also are the bushes | 


fitted in the locating holes in the turret. The 
operation of locating and binding the turret are 
accomplished in a novel manner, both operations 
being effected by a single lever shown in Fig. 29. 
The movement of this lever first releases the friction 
bind on the turret, while further movement with- 
draws the locating plunger, which is then rotated 
by hand to the required position; a single move- 
ment of the lever then suffices to locate and bind the 
turret. 

The lathe illustrated in Figs. 30 and 31, on page 
283, is one of Messrs. Lang’s new products, and 
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'has been designed for the rapid production of 
accurate work in the toolroom. It is described as 
the makers’ 8}-in. centre precision toolroom lathe, 
and is capable of admitting work 2 ft. in length 
between the centres, and of swinging 13 in. clear 
|of the bed and 9 in. clear of the saddle. The 
bed is 6 ft. in length, 12 in. wide on the face, 
9} in. wide in the body and 8 in. in depth, the 
great width provided, especially in the body, giving 
the high degree of rigidity necessary for accurate 
work. The fast-head, as shown in Fig. 31, has the 
| gearing, giving large and small reductions, in front, 
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and, to ensure a high belt velocity at all spindle 
speeds, the steps of the cone have been made of 
large diameter. Actually, the steps are 7} ID. 
9 in., 104 in. and 12 in. in diameter, and the width 
of face 23 in. With a two-speed counter-motion, 
twelve spindle speeds, in either direction of rotation 
and progressively graded, are obtained, four through 
the cone directly, four with the small gear reduction 
of 3-3 to 1, and four with the large reduction of 
10 to 1. These speeds range from 9-3 to 240 r.p.m- 
when the countershaft pulley makes 150 r.p.m- 
The hollow spindle, which has a hole 2} in. 
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diameter, is of hard crucible steel, and runs in 
parallel gunmetal bearings. The saddle has longi- 
tudinal guides, the length of which is about eight 
umes the width, so that the tendency for the saddle 
to twist when moving along the bed is greatly 
reduced. The compound slide rest, having large 
bearing surfaces to resist wear, is fitted with a 
Swivel arrangement for conical turning and a 
machine-divided index. Adjustable taper wedges 
are provided on all slides to enable wear to be 
taken up. The saddle is also provided with a 
large micrometer dial and swivel slide screws reading 
to 0-001 in., and a single-bolt tool-holder, while 
a for the centre height of the tool, is 


A particularly interesting feature of the tool is 
* centralised-control apron which is provided for 
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the engagement and disengagement of the self- 
acting sliding and surfacing motions by means of 
separate drop-out worms controlled by a single 
handle. Among the many advantages claimed for 
this feature, it is pointed out that the design 
gives instantaneous engagement and disengagement 
of the feed motions ; it is impossible to engage the 
screw-cutting feeds while the sliding and surfacing 
feeds are in action and vice-versa, and it is impossible 
to put the sliding and surfacing feeds into action 
together. The universal gear-box is also an 
improvement on the usual magazine type of box, 
as it enables pitches suitable for cutting worms to 
either metric or inch units to be obtained without 
the use of any loose change wheels. Another 
important point in connection with the design of 
the gear-box is that the enclosed front prevents the 
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The 
range for screw threads is from 1} to 80 threads 
per inch, and for pitches, in inches, 0-037 to § ; 
the pitches in millimetres range from 0-19 to 10. 
A swing frame at the end of the gear-box, which is 
illustrated separately in Fig. 30, is provided, so 
that any special threads can be cut by using suitable 


possibility of any foreign matter entering it. 


change wheels. The feeds provided range from 
44 to 240 cuts per inch. The lead screw is used 
exclusively for screw cutting, and its error is 
within + 0-001 in. in any 6-in. length, or within 
+ 0-003 in. in the whole length. 

It should be mentioned, before passing on, that 
a reverse-motion lever enables the direction of the 
sliding, surfacing and screw-cutting motions to be 
changed, and that an automatic knock-off stop, 
operating in both directions, is provided on the 
sliding and screw-cutting motions. The loose head 
can be adjusted laterally for taper turning, and the 
lathe includes a full equipment of chucks, &c. If 
desired, a 12-speed, all-geared headstock can bz 
fitted, and a square turret can be provided in place 
of the ordinary tool-slide. 

Many of the girder drills installed in shipyards 
and other constructional works are employed 
almost continually in drilling holes of one particu- 
lar size, and, in such cases, a single-speed and feed 
machine, which can be built relatively cheaply, 
meets all requirements. A girder drill of this 
type is being shown by Messrs. William Asquith 
(1920), Limited, of Halifax, but, in this case, the 
machine is so designed that, by adding standard 
parts, it can also be supplied as a three- or six-speed 
tool, with either one or three feeds. It is shown 
in Figs. 24 and 25 on Plate XXVI, as a six-speed 
machine with three feeds. Fig. 25 is a front view 
of the drill, the radial arm appearing foreshortened. 
The machine is usually fitted with electric cables 
leading directly to the saddle from a convenient 
position overhead, but, if desired, the cables may be 
led into the base of the column, the latter, in this 
event, being fitted with collector gear to pick up 
the current in any position of the arm. 

The machine is driven by a 5-brake horse-power 
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motor of the horizontal type. The motor is mounted 
directly on the saddle, as shown in Fig. 25, the 
supports being so arranged that any standard 
type of motor can be fitted. The radial arm is of 
very stiff construction, with ample bearing surfaces 
to take both the weight of the saddle and the 
drilling thrust. The portion of the arm bearing 
on the pillar is ground, and is of sufficient length 
to ensure complete rigidity. It is supported on 
ball and roller bearings, and can be swung through 
a complete circle with a minimum of exertion. 
The pillar is also ground on the bearing surfaces. 

The saddle is carried on the arm by means of 
roller bearings, the movement being controlled by 
a handwheel on the front of the casting. The 
saddle and arm are locked simultaneously by a 
movement of a single lever. _The drilling spindle 
is made from high-tensile steel. It is provided 
with six splines, and is carried in a sleeve in which 
it is supported in all positions and suitably balanced. 
A quick vertical adjustment is obtained by a hand- 
wheel, centrally located on the front of the saddle, 
as shown in Fig. 24. The mechanism is arranged 
so that when the drill makes contact with the 
work, a further slight movement of the handwheel 
engages the power feed. Reverse movement of the 
same handwheel first disengages the power feed, and 
then withdraws the drill. The main drive to the 
spindle is through a high-efficiency worm gear. The 
worm wheel is made of heat-treated steel, and the 
worm of phosphor bronze, both wheel and worm 
running in an oil bath. 

Another entirely new machine exhibited by 
Messrs. William Asquith is illustrated in Figs. 26 and 
27, on Plate XXVI. The leading features of this 
drill are a direct drive from motor to spindle, 
simultaneous locking of the arm to the column 
and of the saddle to the arm when the feed is 
engaged, and automatic stop for the feed. The 
direct spindle drive results in the elimination of 
the spiral or bevel gears normally employed, and, 
in consequence, the weight of the machine as a 
whole is reduced while the efficiency of the drive 
is high. The drill is entirely controlled from the 
saddle, mainly by push buttons or switches, render- 
ing it very easy to operate. 

The baseplate is of cast iron, stiffened up by 
internal ribs. It is provided with T-slots for secur- 
ing the work, and with the usual trough from which 
the emulsion is returned to a sump on the underside 
of the baseplate. The column is made in two 
diameters, no sleeves being employed. It is ground 
on the outside to suit the bore of the arm, which 
isalso ground. The armis carried on roller bearings, 
and is particularly easy to swing. It is of very 
stiff section, and is machined on the top and one 
side face to receive the saddle. The arm is elevated 
and lowered by a separate reversing motor, mounted 
on the top of the column, as shown in Fig. 26. The 
controller for this motor is built into the saddle, 
and is arranged so that the arm is lowered at twice 
the elevating speed. The controller cannot be 
moved into the running position until the locking 
device for the arm has been disengaged. Safety 
trips are provided at the upper and lower limits of 
the traverse, and a safety nut is incorporated in 
the lifting gear to prevent the arm from falling in 
case of damage to the screw. 

As will be clear from both figures, the saddle is 
very compact, and all the controls are within 
convenient reach of the operator. The saddle is 
carried on four adjustable ball-bearing rollers, 
running on two guides on the top face of the arm. 
The saddle is traversed by the larger of the two hand- 
wheels visible in Fig. 26. The spindle, which is 
provided with six splines, revolves in the barrel on 
ball and roller bearings. An ejector is fitted to 
the spindle to release the drill, or other tool, without 
using a drift. ‘The spindle barrel is made from steel, 
and is ground on the bearing surfaces. The feed 
rack is integral with the barrel. 

The spindle is driven by a two-speed electric 
motor, through hardened and ground spur gearing. 
A range of 24 speeds is provided, a 12-speed gear 
box being mounted on the saddle. The changes in 
the gear-box are all made with a single lever, the 
selection being facilitated by the provision of a 
direct-reading speed chart. The gear-box shafts 
are splined throughout, and no loose keys are 





employed. The gears are lubricated on the cascade 
system. The controller and selector switch for the 
spindle motor are located on the saddle, as shown 
in Fig. 27, and enable fast or slow speeds to be 
obtained for either direction of rotation, eliminating 
reverse bevels and friction clutches. 

The machine is suitable for tapping holes in 
steel up to 2-in. Whitworth size. The operator 
has complete control when tapping, and can start, 
stop, or reverse the spindle instantly by a light 
touch of the hand. When the selector switch is 
thrown over, the spindle controller gives a fast speed 
forward for drilling small holes. In addition to the 
power feed, fine hand feed and quick adjustment are 
available. The feed-locking motion is power- 
operated, the depression of a button on the saddle 
locking the arm on the pillar and the saddle on the 
arm, at the same time engaging the automatic power 
feed. Pressing the button a second time disengages 
the feed and releases the arm and saddle. A simple 
device is fitted which enables the power-locking 
motions to be applied without engaging the auto- 
matic feed. 

Among other drills shown by Messrs. Asquith, 
mention may be made of a universal portable 
machine, and one of the box-body type. The 
former of these was described on page 266 of vol. 
cxiv of ENGINEERING, and the latter on page 358 of 
vol. cxviii. It may be added, however, that the 
machine of the box-body type is now fitted with 
power drive for elevating the table. 

Messrs. A. A. Jones and Shipman, Ltd., of 
Leicester, are showing a representative selection of 
drilling machines, mainly of the light, high-speed 
type. A number of these machines are standard 
models which have been previously described in our 
columns, but several new machines are to be seen 
on the stand. The 25-in. drilling and tapping 
machine, illustrated in Figs. 32, 33, and 34 on Plate 
XXVIT has been designed with a view to producing a 
highly efficient machine capable of drilling holes up 
to 2 in. in diameter in steel, as silent as possible in 
action, and with the controls situated in the most 
convenient position for the operator. The machine 
can be supplied with direct motor drive, or for belt 
driving, as shown in the illustrations. To reduce 
transmission losses to a minimum, the model is 
fitted throughout, including the loose pulley, with 
ball bearings, all of which have dust-proof hous- 
ings. The general lay-out of the machine is 
in accordance with the maker’s usual practice, 
and it is therefore only necessary to refer to 
the leading features. The upper cone pulley 
is independentiy mounted, running in ball bear- 
ings housed in the main frame. By this arrange- 
ment, the top shaft is relieved of all belt 
stresses. The shaft itself is hollow for internal 
lubrication, and is neatly housed in a dust-proof 
casing, of which the top half can be readily removed 
to give access to the shaft. The back gear is totally 
enclosed, and is of the chain-driven type, running 
in an oil bath. The drive is through spiral bevel 
and pinion gear to a six-splined drill spindle. 

The four-speed feed box is a self-contained unit, 
totally enclosed, and located at the side of the head, 
as shown in the figures. The gears are changed 
by means of the two levers visible in Fig. 34. These 
operate dog clutches, giving positive operation, 
which is claimed to be infallible. The automatic 
feed is through a large wormwheel and hardened- 
steel worm running in an oil bath, the engagement 
being by an instantaneous trip mechanism. A 
pump for cutting liquid can be fitted if required, a 
reservoir being incorporated in the base. The 
liquid returns, through wide channels in the 
table and base, to a sump provided with a door to 
give ready access for cleaning. The distance from 
the centre of the spindle to the column is 12% in., 
and the spindle is bored No. 4 Morse taper. The 
spindle is 12 in. in diameter in the bearing, and 
1}; in. in diameter at the driving end. Eight spindle 
speeds are obtainable, varying from 100 r.p.m. to 
400 r.p.m. on direct drive, and from 16 r.p.m. to 
65 r.p.m. through the back gear. The feeds are 
175, 121, 73, and 51 revolutions per inch. The 
length of feed is 12 in. The table has a working 
surface 24 in. in diameter and a vertical adjust- 
ment of 20 in. The machine requires a maximum 
of 3 b.h.p. for the drive. 
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A second drilling machine shown by the same firm 
is illustrated in Figs. 35, 36, and 37 on Plate XXVII. 
This is on somewhat similar lines to the one already 
described, but has a higher spindle speed, and is 
limited to holes 14 in. in diameter. The frame is 
particularly rigid for a tool of this type. The top 
shaft unit is totally enclosed, as in the all-ball. 
bearing machine, but in this case, plain bearings, 
with ring oiling, are employed. The removable 
cover, giving ready access to the working parts, is 
again employed, and may be taken as typical of 
the attention given to accessibility throughout the 
machine. The back gear ratio is 4 to 1, and the 
back gear clutches and pinions are of hardened 
steel. The spindle speeds obtainable are 19], 275, 
390, and 560 without the back gear, and 48, 69, 
97, and 140 with the back gear. The back-gear 
operating lever has a definite locating stop for 
positioning. The spindle is 1% in. in diameter in 
the quill, and has a minimum diameter of 1} in, 
The distance from the centre of the spindle to the 
column is 10} in., the length of feed is 10} in., and 
the maximum distance between the spindle end and 
the table is 30 in. By swinging over the table, a 
maximum clearance of 40} in. is obtainable for the 
work. A new type of feed-box has been fitted. 
This gives three changes of feed, of 72, 150, and 300 
cuts per inch, through nickel-chrome sliding gears 
operated by a knob and positioning pointer, the 
whole of the gearing being enclosed. An automatic 
feed mechanism, with instantaneous trip, is provided 
for the power feed. The feed-box is driven by roller 
chain from the main spindle, with an enclosed 
tensioning device for the chain. 

The largest machine on this stand is a 42-in, 
heavy duty drilling machine. This is a new 
model, and is of unusually heavy construction, 
so that it is adequate for continuous severe duty, 
Two views of it are given in Figs. 39 and 40 on Plate 
XXVII. It is capable of drilling holes up to 3 in. in 
diameter, with a spindle feed of 16in. The maximum 
height from base to nose of spindle is 54 in. Like 
the other machines mentioned above, this model 
has now a combined top shaft and back gear unit, 
mounted on ring-oiled bearings and wholly enclosed. 
Forced lubrication is provided to all loose running 
gears. The top half of the cover can be readily 
removed for access to working parts. The back 
gear lever has a positive positioning stop. Eight 
spindle speeds are obtainable, four on direct drive 
and four with the back gear. The new type of 
feed box, mentioned above, is incorporated, and 
can be seen in Fig. 40. This gear was described 
in detail in ENGINEERING, vol. cxxv, pp. 715-7, 
but we may add that the device, by the abolition 
of the dive-key method, has proved probably the 
most silent and positive feed gear yet incorporated 
in drilling machine mechanism. Six rates of feed 
are obtainable. The leading dimensions are given In 
Figs. 39 and 40. 

Among the lighter machines on Messrs. Jones and 
Shipman’s stand we select three for notice. Of 
these a }-in. tapping machine is illustrated by 
Fig. 38, on Plate XXVII. This has a four-speed 
gear-box drive, and is generally similar to the firm's 
well-known sensitive drilling machines, but it 18 
noticeable for the completeness of its controls, 
These have been arranged so that, if desired, the 
operator may have both hands free whilst at work. 
Thus, in Fig. 38, it will be noticed that the sensitive 
hand lever is also connected to a pedal by a lever 
attachment. The hand-screw motion 1s also 
similarly controlled by a pedal, the connection here 
being made by a wire cord which is coiled on @ 
pulley on the handwheel spindle. The act bl 
depressing the left-hand pedal gives the necessary 
torque to produce rotary motion of the spindle, 
The other two examples selected are of bench 
drilling machines and are illustrated on page 289, 
Figs. 41 and 42 showing a single machine with @ 
vertical motor drive, and Figs. 43 and 44 a = 
spindle drill with countershaft motor drive. T e 
single machine is a 12}-in. high-speed sensitive 
drill built to run continuously up to 7,000 r-p.m 
and suitable for drilling holes from the — 
practicable up to ys in. in diameter. It Is -: 
with ball bearings throughout, including te 
tension roller for the belt, and a three-step coné 
pulley on the motor shaft enables three speeds, 0: 





XZ 


4,360, 
obtain 
speeds 
feature 
the hi: 
the op 
are co 
length, 
Well co 
cushior 
spring ( 
Teplace 
The pl 
has a | 
Ment, 1 
clip. 1 
touch t 
on the 
Minimy 
adjusta 
the spri 
Messr 
have re 
drilling 
€ssentia 
three 
rou 
Carried, 
up to th 
machine 
For rep 





28, 
ble 
_is 


the 
the 
ed 
75, 
69, 


for 


nd 


del 
nit, 
sed, 
ing 
dily 
ack 
ight 
rive 
» of 
and 
bed 
-7, 
tion 
the 
ited 
feed 
nin 


and 
by 


rm’s 
it is 
rols, 
the 
ork. 
itive 
ever 
also 
here 
on a 
t of 
sary 
ndle. 
ench 
285, 
th a 
hree- 
The 
‘itive 
p.m, 
illest 
itted 

the 


cone 
is, of 








SEPT. 7, 1928.] 


ENGINEERING. 





285 











DRILLING MACHINES: MACHINE TOOL EXHIBITION. 


MESSRS. A. 


Fig. 41. ||] 


A. JONES 


Spindle with Morse 


%e Dia. Holes 


f ‘x 








“—--—-------- = $4, -----------) >| 


| fag ee ae ae eee © 


AND SHIPMAN, 


Fig. 42. }) 






LIMITED, 


ENGINEERS, 


LEICESTER. 














> 
“ENGINEERING” 



































Fig. 43 i >, 
H 
\Adjustable 
Depth Stop 
zl 
= 
ne  £=gsa 
! 
| 
' - 
| 2 
+ Saas 





(874 [) 


4,360, 5,500 and 7,000 r.p.m. respectively to be 
obtained. The 3-spindle machine can be run at six 
speeds by the use of the countershaft. A noticeable 
feature of both machines is the care taken to guard 
the high speed rotating parts in order to protect 
the operator. It will be noticed that the spindles 
are covered by telescopic guards throughout their 
length, and that the spindle pulleys are also 
Well covered. Another point of interest lies in the 
cushion spring feed return in which a compression 
spring enclosed in a tube, let into the spindle bracket, 
replaces the more usual clock spring type of return. 
The plunger rod, round which the spring is coiled, 
has a threaded portion at the bottom for adjust- 
ment, which is attached to the quill housing by a 
dip. This device affords an extremely sensitive 
touch to the feed, as it results in an even pressure 
on the drill, and drill breakages are reduced to a 
minimum. The springs rarely need renewal. An 
adjustable depth stop will be noticed in front of 
the spring bracket. 
Messrs. Alfred Herbert, Limited, of Coventry, 
ave recently developed a line of multi-spindle 
€ machines with horizontal spindles, the 
‘sential feature of these machines being that two, 
three or four heads are mounted on a horizontal 
Tound a central fixture, in which the work is 
carried. The saddles carrying the heads are fed 
up to the work by mechanical means on the standard 
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a camshaft can be provided, thus rendering the 
machine fully automatic, the only duty required 
of the operator being the placing of the parts in 
position and removing them after the work has 
been completed. 

The machine illustrated in Fig. 45, on page 286, 
is shown in operation on one of Messrs. Herbert’s 
stands, it being engaged in boring and reaming 
the gudgeon-pin holes in aluminium pistons. The 
indexing fixture, shown to a larger scale in Fig. 46, 
holds 12 pistons, and the machine operates on four 
simultaneously, the pistons being finished at the 
rate of four a minute. The machine is motor driven, 
the drive to the spindles being taken through steel 
spiral bevels, and the feed for the heads being 
operated by cams driven by hardened-steel worms 
engaging with phosphor-bronze wheels. Three 
independent speeds are provided for each spindle, 
enabling holes of different diameters to be drilled 
or reamed at the most suitable speed. The trip 
mechanism is automatically operated, and the heads 
can be arranged to work in any order or simul- 
taneously. Machines of this type can be arranged 
for tapping, as well as for drilling and reaming, a 
reverse tapping mechanism being fitted at the end 
of each bed. A safety device is provided to prevent 
the heads from being fed up to the work before the 
jig is in position, and an adjustable safety clutch is 
fitted to prevent breakage of drills. The heads 





machines, but hydraulic feed can be fitted if desired. 
repetition work, indexing fixtures driven from 


can be set either independently or simultaneously 
by means of the single handwheel visible at the 








right-hand end of the bed in Fig. 45. Equipment for 
removing the swarf by suction can be provided if 
required. The heads are interchangeable, and can 
be arranged for various numbers of drills according 
to the sizes of the holes to be drilled. For instance, 
a single head can be arranged for 14 drills up to 
#s in. in diameter, for 10 drills up to $ in. diameter, 
for six } in. or { in. drills, for four 1}-in. drills, 
or for two 1}-in. drills, but the spindles can be 
added or removed as desired. The machines can 
be arranged to operate on cycles of 20, 40 or 60 
seconds duration, as required, other cycles being 
obtainable by changing the main driving pulley or 
motor sprocket. 

In addition to lathes Messrs. George Swift and 
Sons, Limited, Claremont Iron Works, Halifax, are 
showing typical ranges of drilling machines, 
and shapers. Among the drilling machines is one 
of entirely new design for girder drilling and 
similar classes of work. This machine, illustrated 
in Figs. 47 to 50, on page 287, has been designed 
for repetition work, and has one spindle speed 
and one feed only. As will be clear from Fig. 47, 
the power is supplied by a motor mounted on 
the top of the saddle with its armature vertical. 
From the motor shaft, the drive is taken through 
a single-reduction gear to the drilling spindle, 
the gear wheels being shown by dotted lines in 
Figs. 49 and 50. They are also shown in plan 
in Fig. 48. Below the large driving wheel on 
the spindle there is a second smaller wheel, forming 
the first unit in a wheel train for transmitting the 
power for the feed. The wheel train embraces 
a worm and worm wheel, and terminates in a 
pinion engaging with a rack cut on the spindle 
bush. Only parts of the wheel train can be seen 
in the figures. The power feed is engaged through 
a friction clutch, and, when this is disengaged, 
the spindle can be readily raised or lowered by 
the hand motion. The spindle itself is a high-carbon 
steel forging, revolving in a long steel bush and 
fitted with a ball journal bearing at the bottom 
end and a ball thrust washer at the top. The 
spindle is normally bored No. 4 Morse taper, 
but can be supplied with No. 3 Morse taper if 
required. The spindle is located close to the arm 
to reduce the side-twisting stresses to a minimum, 
and it is balanced by a compensating spring, as 
shown in Figs. 49 and 50. 

The saddle is carried on roller bearings, and is 
traversed by the usual star handle, operating a 
rack-and-pinion motion. The movement of a 
lever, visible in Fig. 47 to the right of the spindle, 
locks the saddle to the arm and the arm to the 
pillar. The latter is ground to receive the arm, 
and the provision of ball and roller bearings enables 
the arm to be swung over with very slight exertion. 
The pillar itself is of relatively large diameter, and 
is sufficiently rigid to enable the full power of the 
motor to be utilised without appreciable deflection. 
The motor develops 54 h.p. at 1,450 r.p.m., and is 
normally supplied for 220 volts direct current, 
although alternating-current motors can be fitted 
if required. The starter is mounted on a conve- 
nient position on the saddle, as shown in Fig. 47. 
The maximum drilling radius from the centre of the 
pillar is 6 ft., and the minimum radius | ft. 4 in. 
The spindle is normally supplied to revolve at 
300 r.p.m., but other speeds can be arranged for, 
if required. The rate of feed is 95 cuts per minute. 
The overall height of the maching is 9 ft. 1 in., the 
height of the bottom of the spindle above the floor, 
when in its highest position, being 4 ft. 3 in. 

Another new machine shown by Messrs. George 
Swift and Sons is illustrated in Figs. 51 to 55, on 
page 288. This tool is the firm’s latest model radial 
drilling, tapping and studding machine, and has a 
maximum drilling radius of 6 ft. 3 in. The base is 
normally supplied in the form shown in Fig. 51, 
but the machine can also be supplied mounted on 
a box bed. The normal base is cast with internal 
ribs, located to give adequate rigidity for all positions 
of the arm. It is planed on the top, with T slots 
cut from the solid. The usual trough is provided 
to collect the lubricant. 

The column which carries the arm is mounted on 
a stationary pillar, and revolves on ball and roller 











bearings. The column and pillar are securely 
locked together when drilling. Both pillar and 
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column are ground on all contact surfaces. The 
elevating motion for the arm is operated by the 
lever visible at the bottom of the column in 
Fig. 51. It is fitted with an automatic knock-off 
motion, which comes into operation when the arm 
is in either the highest or lowest position. The 
elevating screw is fitted with ball-thrust washers, 
and a safety device is provided to ensure that the 
motion is not put into gear while the arm is locked 
to the column. The arm is of hollow box section, 
suitably ribbed to resist twisting stresses. The 








top bearing surface for the saddle is square. A 
combined locking motion is provided, as in the 
girder drill already described, a movement of the 
locking lever on the saddle locking both the latter 
to the arm and the arm to the column. The saddle | 
is carried on roller bearings, and is traversed by 
a steel rack and pinion, the racking wheel being 
rotated by the star handle seen to the left of the | 
saddle in Fig. 51. 

The driving motor, which is of 10 h.p., is mounted 
on a bracket at the back of the arm, as shown in| 
Fig. 51. The motor spindle is geared up to the) 
driving shaft, the wheel on the former being of case- 
hardened steel, and that on the latter of phosphor 
bronze. The arrangement of the gear-box is shown | 
in Fig. 53. Nine speeds are provided, the control | 
being by two levers, with an interlocking arrange: | 
ment, so that twc sets of gears cannot be engaged | 
at the same time. In addition to the main gear- | 
box, there is a subsidiary box on the saddle, giving | 
two alternative speeds, so that 18 spindle speeds | 
are obtainable in all. All the gears are of steel, | 
case-hardened where necessary. The feed-box, which | 
forms part of the saddle, and is shown in Figs. 54 | 


| tapping speed, by moving the lever on the saddle | close to the drill point. 


| drilling spindle has a vertical traverse of 18 in.,| and towards the grinding wheel. 





INDEXING FIXTURE USED IN 
Macuininc Motor Pistons. 


Fic. 46. 


|angle, from 90 deg. for rivet drills, to 180 deg. for 
| flat-end drills. The drill to be ground is held by its 
jancove in a self-centring chuck. Its point is sup- 
ported in a bush, one of a series of standard sizes 
provided with the machine. By means of a floating 
arrangement fitted to the chuck spindle, the drill 
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DovusLE-HEAD MULTIPLE DRILLING MACHINE. |is allowed to rest on the lower side of the bore.in 


the bush, and, consequently, it is unnecessary to 
have an exactly fitting bush for each size of drill 
traverse of the spindle. The latter is made of |to be ground. During the grinding operations, the 
high-carbon steel and is ground to fit the sleeve. | drill revoives in the bush, and, by means of a com- 
Ball-thrust washers are provided at both ends, and | bined swivelling and reciprocating motion which 
the lower end is bored No. 5 Morse taper. The| is also imparted to it, the requisite clearance is 
spindle has both hand and power feeds, quick | given to the cutting edge. The amount of the 
advance and return, and reverse motion for use| Clearance can be varied to suit the conditions met 
when tapping. The sleeve is of sufficient length | with in drilling hard or soft metal. 
to give full support to the spindle, and the latter is The rotary, swivelling and reciprocating move- 
placed close to the arm to minimise twisting stresses. | ments of the drill are imparted to it by the rota- 
The spindle is balanced by a compensating spring. | tion of the horizontal hand wheel, visible in the 
The quick hand motion is operated by the star| figure. This hand wheel is geared to the spindle 
wheel in the centre of the saddle, shown in Fig. 51,| by spiral gearing, which causes the spindle to make 
while the horizontal wheel to the right gives a fine| two revolutions for each revolution of the hand 
hand-feed motion. The lever operating the friction | wheel. At the lower end of the hand-wheel spindle 
clutch for starting, stopping or reversing, visible | there is a crank, which is linked by a connecting-rod 
above the star wheels in the figure, is connected to|to a bracket attached to the side of the machine. 
rack-and-pinion motion, giving a smooth engage-| When the hand wheel is rotated, therefore, the 
ment of the clutch. . When tapping holes, the tap| work head as a whole, and with it the drill, will 
can be withdrawn at approximately four times the | swivel to and fro about a pivoting point situated 
Just beneath the hand 
from double to single gear. The gears throughout wheel there is a cam which, through the agency of 
are totally enclosed and run in oil or grease, while | a lever and an adjustable block, imparts a recipro- 
the main bearings are syphon-lubricated. The | cating movement to the chuck spindle away from 
Variation of the 
the vertical traverse of the arm being 3 ft. The! position of the adjustable block varies the amount 
range of spindle speeds is from 27 r.p.m. to 500 r.p.m., | of clearance given to the drill. 
and the range of feeds from 30 cuts to 120 cuts per} The two-to-one ratio between the hand wheel 
inch. The machine will drill holes up to 3 in. in| and the chuck spindle results in the swivelling and 
diameter, will tap Whitworth threads up to 2} in.| reciprocating movements of the drill being re 
and gas threads up to 44 in. peated twice for each revolution of the work, as is 
Messrs. Swift are also exhibiting a drilling machine | required in the case of a two-lipped drill. In one 
of the type described on page 8 of vol. cxiii of| of the other machines, the universal type, the gear 
ENGINEERING. The machine exhibited is a 4-ft. l-in. | ratio can be altered to 3 to 1 and 4 to 1, so that 
model, arranged for belt drive. ‘either two, three or four-lipped drills may be 
Three types of twist-drill point-sharpening and| ground on the machine. In the third, or automatic, 











and 55, gives four alternative feeds, obtained by | point-thinning machines are shown by Messrs. | machine, either of these types of drill may be ground 


the movement of one lever. An index-plate is pro- | Herbert Hunt and Sons, Elsinore-road, Old Trafford, 
vided to indicate which feed is in use. The feed worm | Manchester. They consist of a standard machine 
and clutch are of steel, and are case-hardened. A| for grinding 2-lipped drills, a universal machine 
ball thrust is provided on the worm shaft, and the | for 2, 3 and 4-lipped drills, and a further machine, 
feed rack is cut on the steel bush which carries | with entirely automatic drive, for 2, 3 and 4-lipped 
the spindle, the rack pinion being made from| drills. The standard machine is illustrated in 
specially tough steel. An automatic trip motion, | Fig. 61,on Plate XXIX. It is suitable for drills from 
with an indexing dial, is provided to prevent over-!} in. to 2 in. in diameter, and having any cutting 


with fully automatic motion communicated to the 
work head. In all three machines, any variation m 
the included angle of the drill point requires 4n 
adjustment of the bracket, to which the crank of 
the swivelling motion is anchored. Sufficient 
adjustment is provided to accommodate all in- 





cluded angles from 90 deg. to 180 deg. The thinning 
of the drill point is accomplished by bringing the 
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RADIAL DRILLING, TAPPING AND STUDDING MACHINE: MACHINE TOOLEXHIBITION, 


CONSTRUCTED BY MESSRS. GEORGE SWIFT AND SONS, LIMITED, 
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reciprocating motion after the gear being ground has 
completed the desired number of revolutions. The 
spindle is made in two parts, the inner spindle A, 
in Fig. 58, supporting the gear to be ground at one 
end and carrying the index plate D at the other 
end. At the gear end, it runs in a conical bronze 
bearing having adjusting nuts F at the back, and 
at the rear end it is made an accurate working fit 
in the outer spindle B, which carries the involute 
cam G, together with the mechanism for operating 
the index plate on the inner spindle; the outer 
spindle is here supported on a special double-row 





(570) 


ball bearing, which is arranged to give freedom of 
oscillation when small pinions are being ground. 
The inner spindle, it will be seen, is bored with a 
hole 13 in. in diameter for a depth of 20} in. from 
the axis of the grinding-wheel spindle—to enable 
drive-shaft pinions of large diameter to be accom- 
modated. The front end of the spindle is bored to 
No. 13 B. & S. taper, and a hole is provided for a 
draw bolt, as will be clear from Fig. 58. 

The oscillation of the work spindle is effected by 
the co-action of the vertical reciprocating motion of 
the slide C, and the cam G in contact with a roller 
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abutment fixed at a base-circle radius, as shown in 
Fig. 60, which illustrates four stages in the cycle 
of operations involved in grinding the face of 
one tooth. The cam is kept in contact with the 
roller by means of a spring-controlled rack J 
and tension gear K, fixed to the rear of the cam 
and mounted on the outer spindle, as is most 
clearly shown in Fig. 59. To minimise spring 
movement, the rack is mounted on a slide L, which 
is reciprocated vertically by an equal amount, but 
in the opposite direction, to the work-spindle slide 
C, the tension gear having a pitch-circle diameter 
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Fie. 65. Douste Dry GRINDER witH ExuausT Fan. Fig. 


approximately equal to twice the _base-circle 
diameter of the gear being ground. By this means, 
the spring tension, which keeps the cam in contact 
with the roller, is kept constant. A vernier setting 
gauge is fitted to enable the roller to be accurately 
located at the base-circle radius. 

The indexing mechanism, which is most clearly 
illustrated in Fig. 59, is of a particularly simple 
and robust construction, and is positive in action. 
Attached to the cam G is a plunger box N, in which 
a plunger M slides transversely across the axis of 
the work spindle. The cam, plunger box and index 
plate oscillate as an integral unit during the grinding 
portion of the stroke, indexing taking place near 
the end of the up stroke and being timed so that 
the end of the stroke coincides with the completion 
of the indexing movement. To operate the index 
plunger, a trip O is provided, and on the up stroke 
of the slide, the trip comes into contact with the 
pawl P, which disengages the plunger from the index 
plate. As the plunger is moved transversely in 
the plunger box, the locking pawl R is allowed 
to engage with the index plate, holding this 
stationary while the plunger completes its move- 
ment and engages with the next division on the 
index plate. The trip dropping into the next 
division throws the locking pawl out of action, 
thus completing the operation of indexing. The 
locking pawl, it should be mentioned, is normally 
kept out of engagement with the index plate by a 
semi-circular plate S. 

A device, which space considerations prevent us 
from describing in detail, is provided to enable a 
fresh gear to be rapidly located on the work spindle 
in exact relationship with one previously ground, 
so that the teeth of the gear can be brought into 
contict with the grinding wheel without waste of 
time. A truing device is also mounted on the guard 
Surrounding the grinding wheel, and is always in 
position for truing the wheel while work is pro- 
ceedin.. This enables the working face of the 
wheel to be kept accurately at right angles to the 
grindi:-wheel spindle, and parallel with the 
axis of the work spindle. The machine illustrated 
18 driv; n by a 5-h.p. motor, located as shown in 
Figs. 56 and 57, and is capable of grinding the teeth 
of gears up to 7 in. in pitch diameter and up to 
1} In. in width of face. It operates at the rate of 
60 strokes per minute. The firm are showing several 
other vrinding machines for surface and cylindrical 
work, and for special purposes, but we must defer 
our reference to these until a subsequent issue. 


The exhibit of Messrs. B. R. Rowland and Com- 
pany, Limited, Climax Works, Reddish, near 
Stockport, includes examples of grinding wheels 
made by the vitrified, silicate, and elastic processes, 
the abrasive material used being either silicon 
carbide, which is suitable for grinding cast iron and 
brass, or corundum for grinding steel, wrought 
iron, &c. A large selection of wheels for rough 
grinding is shown, as well as a variety of precision 
wheels for cylindrical grinding, tool and cutter 
grinding, and surface grinding, and for use on centre- 
less grinding machines. Segments, suitable for the 
various standard segmental grinders, and made in 
both the above-mentioned abrasive materials, are 
also being exhibited. Messrs. Rowland, as is well 
known, are manufacturers of refractories, and part 
of their exhibit is devoted to the display of various 
types of muftles, bricks, &c., for use in case-hardening 
furnaces and tool-steel heating furnaces operated 
at high temperatures. Mention should also be 
made of the carbite tiles shown by this firm. These 
tiles, owing to their non-slipping character, are 
suitable for use on factory staircases, and for the 
floors in the neighbourhood of certain machine tools 
which are liable to become covered with oil. 

The grinding machines manufactured by the 
firm, of which several examples are exhibited, are 
of a comparatively simple construction, their 
outstanding feature being the fitting in all cases 
of a new type of steel adjustable safety guard 
designed to comply with the Home Office regulations. 
Dust-exhausting equipment is also fitted in most 
cases. Fig. 65 on this page illustrates a 24-in. 
electrically-driven double dry floor grinder, suitable 
for fettling iron and steel castings, &c., or for use 
in connection with steel constructional or general 
work. It will be seen from the illustration, which 
has been reproduced from a photograph of the 
back of the machine, that the motor shaft is extended 
at each end and continued through the bearings of 
the grinding machine, the wheels being mounted on 
the outer ends. The main bearings are of the roller 
type. Such machines are obviously convenient 
for use in foundries and other shops in which there is 
no line shafting, as they can be moved from place 
to place with little trouble. The arrangement of 
the dust-exhausting fan will be clear from our 
illustration without explanation. The machine 
illustrated in Fig. 66, on this page, is a 20-in. elec- 
trically-driven wet tool grinder, with a single wheel, 
which is driven through a silent chain from a motor 





66. 20-In. Wet Too. GRINDER. 


combined wet and dry grinder illustrated in Fig. 62, 
on Plate X XIX, is another very useful tool, which 
is especially suitable for small workshops, such as 
those on board ship. The motor used, which is 
arranged similarly to that of the larger machine 
above referred to, has been designed and constructed 
for the purpose by Messrs. The Metropolitan- Vickers 
| Electrical Company, Limited. A particular feature 
of the design is that the overall length has been made 
sufficient to enable two operators to work on the 
machine at the same time, if necessary, and also to 
give ample space round the wheel for grinding long 
and awkward pieces. Other grinding machines 
exhibited by the firm are an 18-in. combined ring 
and periphery grinder, 30-in. and 18-in. double 
dry grinders for belt driving, and a combined 20-in. 
wet and 24-in. dry grinder, also arranged for belt 
driving. 

The grinding machines of Messrs. The Lumsden 
Machine Company, Limited, Gateshead, at all events 
the four large examples which occupy this firm’s 
stand on the ground floor, show that, in several 
directions, original lines of design have been deve- 
loped since the previous exhibition. The heavy 
vertical spindle machine illustrated in Fig. 63, on 
Plate X XIX, is a structure giving an impression of 
strength and rigidity, and, as its rotating table is 
72 in. in diameter, its segmental grinding wheel is 
36 in. in diameter, and it will admit work 36 in. in 
depth between the grinding face and the table, it 
does not belie its title of “‘ heavy.” The table and 
wheel are of course set eccentrically, and the entire 
surface of the table is therefore covered by the wheel. 
The wheel is driven direct by a 60 h.p. motor, 
which is supported on a girder of box section. The 
girder is itself carried on and connected with the base 
by a machined cylindrical column, and one of * D” 
section with its flat face machined. The space 
between the columns is spanned by a girder which 
carries the grinding wheel and which may be clamped 
to the columns at any height to give coarse adjust- 
ment. The feed takes place from the sliding 
girder, the horizontal hand controi, and the auto- 
matic vertical control shafts, being seen at the 
right hand of the figure. The grinding wheel 
spindle is splined, and is free to move vertically in 
the motor armature. The wheel and girder are 
balanced to a large extent by the weight on the 
left-hand side of the machine. The table is driven 





independently of the wheel by a separate motor. 
The other vertical machine, with a rotary table, 


| mounted on the back of the pedestal. The 12-in. | shown in Fig. 64, on Plate X XIX, has a more familiar 
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outline. It has a table 24 in. in diameter and a 
grinding wheel 12 in. in diameter. The wheel is 
belt’driven from a motor mounted on a hinged plat- 
form on the back of the column, this device being 
adopted to ensure effective belt tensioning. Any 
motor of suitable power, &c., can be used, provided 
it is fitted with ball bearings and has a thrust 
bearing to carry the armature weight. The bed is 
formed with a bracket at one side, not seen in the 
figure, which carries a separate motor for driving 
the table and the water pump. The column, which 
is of particularly massive construction, is adjustable 
on four points on the bed to enable the wheel to be 
correctly aligned with the table. The wheel spindle 
is carried in a ram or quill, situated in the upper 
portion of the front of the column, and the feed is 
controlled either by hand or by a variable automatic 
motion. There is an accurate trip motion on the 
feed, and a quick withdrawal motion to take the 
wheel clear of the work. 

The other two machines on Messrs. Lumsden’s 
ground-floor stand are shown in Figs. 67 and 68, 
on Plate XXX, from which it will be seen that, in 
both, the table is jof the reciprocating type, 
though the wheel spindle is vertical in one 
case and horizontal in the other. Taking Fig. 67 
first. This shows a machine with a segmental wheel 
24 in. in diameter, and having a face grinding 
capacity of 24 in. by 60 in. through a depth of 20 in. 
The bed and the back column are two separate 
castings, the latter being adjustable on the former to 
ensure alignment of the wheel, as in the example 
described in the preceding paragraph. The housing 
carrying the wheel, spindle, and driving motor runs 
upon guides on the back column, the traverse being 
made by power. The head is firmly clamped to the 
column by a single-lever control during grinding. 
The feed is given through a ram, either by an auto- 
matic hydraulic device or by hand. A sensitive trip 
motion is fitted. The table is reciprocated by the 
hydraulic cylinder seen at the left of the figure, 
in which the working fluid is oil under a com- 
paratively low pressure, a wide range of speed 
variation being thus obtained. The hydraulic 
appliances and the water pump for the grinding 
wheel are driven by a separate motor. 

The photograph reproduced in Fig. 68 is not that 
of the machine actually exhibited, being of a slightly 
smaller size, but it represents the example shown in 
all essential particulars, and, as the splash guards 
are removed, the construction of the bed and 
table are better seen. The machine exhibited has 
a segmental grinding wheel, 30 in. in diameter, 
mounted on a horizontal spindle carried in a ram 
with which the feed is regulated. It has a face 
grinding capacity of 72 in. by 25in. The housing 
is mounted on adjustable points on the bed to 
secure correct alignment. The spindle drive is 
by means of a belt from a motor mounted at the 
back of the machine and not visible in the figure, 
which, however, shows the oil pressure system for 
operating the traversing table very clearly. A special 
rotary pump is driven by a belt from the small pulley 
on the spindle, and draws from an oil reservoir on 
the bed to deliver to a cylinder under the table. 
A reverse valve, which is actuated either by hand 
or by the adjustable stops on the table, controls the 
reverse motion of the table, the speed of the table 
being controlled by a hand-operated throttle valve. 

Norton grinding machines have achieved a very 
high reputation, and the new semi-automatic 
machine of this make, exhibited on the stand of 
Messrs. Alfred Herbert, Ltd., of Coventry, is certain 
to attract considerable attention. This machine, 
which is illustrated in Fig. 69, on Plate XXX, is of 
12 in. by 18 in. capacity, and the automatic features 
should allow of very zapid handling of the work. 
These features include the stoppage of the work, 





cutting off the flow of grinding compound, and 
reversing the wheel feed, at the end of each job. 
The maximum swing of 12 in. allows room for 





and swivel tables are of stiff cross section, and the 
front edges are kept low to enable the operator 
to handle heavy work conveniently. One flat and 
one V-way are provided on the tables, the surface 
being sufficiently large to ensure a long life. The 
swivel adjustment is located at the left-hand end 
of the tables. The motor for driving the work is 
mounted directly on the head stock. It is of 1 
horse-power, the speed being arranged to suit the 
class of work being dealt with. As already stated, 
the rotation of the work is stopped and started 
automatically, the motions being regulated by 
pneumatic control. The automatic regulation can 
be cut out when required. The tailstock is of 
substantial proportions, with a 2§-in. diameter 
spindle. The centre is withdrawn from the work 
by foot-controlled pneumatic cylinder. 

The wheel slide and spindle are of the usual 
Norton type, but improved spindle bearings are 
employed, which are adjustable while the spindle 
isin motion. The spindle is 3} in. in diameter, and 
is made from heat-treated alloy steel. It has a 
length overall of 37} in.; the larger bearing is 
3} in. diameter by 8% in. long, and the smaller bear- 
ing 2} in. diameter by 7 in. long. Thespeed, with a 
20-in. wheel, is 1,150 r.p.m., and the maximum 
size of grinding wheel that can be fitted is 20 in. 
in diameter by 9 in. wide. The spindle bearings 
are fed with oil from a reservoir in the wheel 
slide, the oil passing through sight glasses on 
the front of the slide. The main drive is from 
a 25-horse-power motor mounted near floor level 
at the back of the machine. From the motor 
spindle, the drive is taken to the main shaft by a 
6-in. belt, provided with an adjustable idle pulley, 
and completely encased. The drive from the main 
shaft to the spindle is by a second 6-in. belt, also 
provided with a jockey pulley. The wheel feed is 
limited by an adjustable stop, the rate of feed being 
variable through a wide range by change gears. 
The feed in the inward direction is positively con- 
trolled by a cam, and is automatically reversed on 
the completion of a job. Each hole in the index 
corresponds with a reduction in the diameter of 
the work of 0-00025-in. Six automatic feeds are 
available, ranging from 0-025 in. to 0-300 in. per 
minute. The minimum cycle of operations is 
10 secs., and the maximum 2 mins. The standard 
Norton micrometer adjustment for wheel wear is 
fitted on the index wheel. The oil pump is mounted 
on the end of the main driving shaft, a large tank 
being provided to ensure an abundant supply of 
clean cutting compound. 

The extensive exhibit of Messrs. Alfred Herbert 
Limited, of Coventry, includes, in addition to the 
Norton grinder described above, a new universal 
cutter and tool-grinding machine known as the 
Herbert No. 17. A general view of the machine 
fitted with auxiliary countershafts for circular 
grinding and automatic longitudinal traverse is 
given in Fig. 75 on page 291, while Figs. 76 and 77, 
on page 291 and Figs. 70 to 74 on Plates XXX and 
XXXI show details and examples of the 
work for which it is suitable. The special features 
of the machine are that it occupies a very small 
space, since the knee does not move round the 
column, the grinding-wheel head swings to any 
angle, fast and slow hand motions to the table are 
provided, it is suitable for re-cutting worn milling 
cutters by grinding, and is adaptable for circular 
grinding, including external, internal, parallel, 
and taper. Work up to 10 in. in diameter and 
27 in. in length can be accommodated between 
centres. 

As will be seen from Fig. 75, the machine is 
entirely self-contained, no separate countershafts 
being required even when equipped for circular 
grinding, as is the case with the machine illustrated. 
If desired, the drive can be obtained from a single 
motor mounted on the machine. The grinding- 
wheel headstock is mounted on a graduated swivel 


steadies, or a cradle for holding the work before the | base at the top of the column, and the wheel spindle 
weight is taken by the centres. Single cuts up to|is driven, at speeds of 3,222 r.p.m., 4,492 r.p.m., 
9 in. in length may be taken, and tapers may be/ or 6,190 r.p.m., through two pairs of hardened-steel 


ground up to 24 in. per foot. 


spiral gears running in oil baths. The lower pair 


The base is very substantial, and is provided} is driven by three-step cone pulleys from a self- 
with thick walls to give rigid support to the various | contained countershaft on a pillar bolted on to the 
units. It rests on three points and no foundation is} back of the column. In this way, a smooth and 
required, other than a sound floor. 


The sliding | practically noiseless drive is obtained. The swivel- 





ling movement of the headstock enables disc, 
saucer, and cup wheels to be used with the spindle 
parallel to the work or set at any angle up to 
90 deg. This arrangement, in conjunction with 
the swivelling adjustments of the table and work 
headstock, frequently enables two or more sharpen- 
ing operations to be carried out without removing 
the cutter. 

The knee is a strong box-casting sliding on the 
front of the column, and is moved by a telescopic 
screw and hand wheel, giving a, vertical adjustment 
of 15 in. The hand wheel is provided with an 
adjustable graduated index disc. The saddle is 
particularly long, to afford a good support to the 
table, and its movement is obtained through a 
rack and spiral pinion, operated by two hand wheels, 
giving the quick and slow motions, respectively, 
The machine is provided with two tables, of which 
the lower is supported by one vee and one flat 
slide on the saddle, while the upper table swivels 
on the lower one. Separate graduations are 
provided for large and small angles, with a fine 
screw adjustment for the latter. The movement is 
obtained through a rack and pinion, operated by 
two hand wheels, giving quick and slow motions 
in a similar manner to that mentioned above in 
connection with the saddle. The working surface 
of the sliding table is 47 in. long by 5} in. wide, 
while that of the swivelling table is 41 in. by 5 in. 
The longitudinal traverse provided is 32 in., and 
the transverse adjustment is 7} in. 

The automatic longitudinal traverse, with which 
the machine illustrated in Fig. 75 is fitted, is an 
extra fitting, which is very useful forsurface grinding, 
and is almost essential if much circular grinding is 
to be done. Three rates of traverse are obtained 
by the movement of a knurled knob. The reverse is 
operated by stops on the table through a lever 
and connecting rod, means being provided to 
enable the work to be moved clear of the grinding 
wheel for gauging when grinding holes. The 
traverse motion is engaged and disengaged by a 
friction clutch, and the drive is effected by a belt 
from the main countershaft. Of the other details 
of the machine, we may mention that the tailstock 
is provided with a spring adjustment to allow for 
the expansion of slender cylindrical work during 
the grinding process, and that the tooth rest is 
carried in a universal holder which can be attached 
either to the table or to the grinding-wheel head. 

The universal attachment which can be supplied 
with the machine is illustrated in Fig. 76 on page 291. 
It will take cutters up to 16 in. in diameter and is 
provided with a holder having an adjustable 
swivelling jaw by which taper or parallel shanks 
can be held. The vertical and horizontal graduated 
swivels provided, together with the vertical move- 
ment obtained by the screw, give complete universal 
adjustment. The tooth rest can be mounted on 
the vee holder when necessary, and the spindle 
carrier of the swivelling work-head may also be 
mounted on the attachment in place of the vee 
holder. For general surface grinding, a universal 
swivel vice can be supplied, but surface grinding 
can also be done by clamping the work to the table 
or hand-rest, or mounting it on a magnetic chuck, 
as shown in Fig. 70 on Plate XXX. For grinding 
between centres, a dead centre with driving pulley 
is mounted on the swivel head, and for work which 
does not require the use of the tailstock a live 
spindle and pulley are furnished. The work may 
be held in a four-jaw chuck or on a . raw-back 
arbor. The internal-grinding attachment, which is 
shown in use in Fig. 73 on Plate XX XI, is driven by 
belt from the main grinding spindle. Its spindle, 
which is of tool steel, hardened, ground and lapped, 
has three speeds, of which the highest is 21,400 r.p.m. 
Fig. 77, on page 291, shows the index grinding 
attachment which is used for work that requires 
accurate spacing by an index plate, such as grinding 
the teeth of clutches, the flats on arbors, or for 
the reconditioning of worn cutters. Special attach- 
mets are supplied for grinding saws up to 36 in. 1n 
diameter and for grinding hobs with spiral flutes. 

A few examples of the use of the machine ani its 
attachments are illustrated in Figs. 71 to 74, on 
Plate XXXI, of which Fig. 73 has already been 
referred to. Fig. 71 shows the machine set up for 
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Fie. 75. MacuINnE Firrep with AvuxILIARY COUNTERSHAFTS. 


cutter which is mounted on an arbor in the swivel 
head ; the tooth rest, it will be noticed, is fixed to the 
table. The operation of grinding a taper reamer 
is illustrated in Fig.72. For roughing reamers, the 
tooth-rest may be mounted on the table as shown, 
but for finishing them the rest is best mounted on 
the grinding-wheel head. In grinding a form- 
telieved cutter, which is the operation illustrated in 
Fig.740n Plate XX XI, the cutter is set up with the 
face to be ground away from the operator. A saucer 
wheel is used and the grinding is done by the 
convex face of the wheel, which is mounted with 
that face outwards. The transverse adjustment 
of the table is set so that the ground faces of the 
teeth are exactly radial, and the tooth-rest is fixed 
to the table and set to the back of the tooth being 
ground. ‘The cut is put on by means of the knurled 
huts on the tooth rest without interfering with the 
transverse adjustment of the table; formed gear 
cutters are dealt with in a similar manner. 

A universal tool and cutter grinding machine 
made by Messrs. A. A. Jones and Shipman, Limited, 
Leicester, displays the qualities of accessibility and 
Provision for rapidity of working usually found in 
this firm’s designs. It is fitted with a swivelling 
wheelhead table having a spindle for external grind- 
'ng on one side and internal grinding on the other 
80 that the change from one operation to the other, 
can be made easily and quickly. The machine is 
also suitable for grinding inserted tooth and re- 

ved cutters, hobs with spiral flutes, milling 
cutters on their arbors, flat form tools, and irregular 








shapes. A general view of the machine is 
given in Fig. 80 on page 292 and some illustra- 
tions of details in Figs. 78 and 79. The 
height of, and distance between, centres are 
respectively 6 in. and 37 in., the swing with 
high centres being 16 in., and the length with 
high centres being 48 in. The bed casting is 
formed in one piece of T-shaped cross section 
in plan, and contains the feed mechanism 
pump and control levers with a tool cabinet 
in its lower portion. As shown in Fig. 80, 
the work table slide overhangs the bed so 














that the latter is covered throughout its 
longitudinal traverse of 37in. The back slide 

will also cover its ways in any working 
position, the lateral traverse being 9 in. The 
work table fits flat on the slide and swivels on 
a centre spigot and nut, a positive taper adjust- 
ment of 14 deg. being provided. It is adjusted by 
a graduated screw and has scales indicating both 
degrees and taper per foot. The working surface is 
574 in. by 6 in., and angular and straight T slots 
run the whole length. Drainage channels and splash 
guards are provided. 

The wheel head table has a working surface of 
22 in. by 8 in., and can swivel on the cross slide for 
the full circle without interference. The back slide 
has a circular T slot for this purpose and gradua- 
tions on the table indicate the amount of angular 
displacement. The slide and table are stabilised by 
the pendant weight seen to the left of Fig. 78. The 
table is slotted along its whole length, and carries 





Fie. 77. Inpex Grinpina ATTACHMENT. 


a rectangular column for the external grinding wheel 
head and a bracket for the internal grinding attach- 
ment. The former is adjusted by a vertical screw 
through’a pair of mitre gears and a graduated hand 
wheel. It is locked in position by a lever nut and 
has a travel of 7 in. The latter is adjustable by a 
bolted connection to the bracket. The wheel-head 
column also carries on the back a ball-bearing jack- 
shaft, vertically adjustable, for the drive to the 
internal grinding spindle. The external grinding 
wheel spindle is of a hardened and ground alloy 
steel, and runs in phosphor bronze bearings carried 
in taper housings with steel adjusting nuts and 
grit-excluding washers. One end of the spindle is 
tapered, screwed, and feathered to hold wheel 
flanges, the other being screwed for flanges holding 
cutter grinding wheels. The thrust is taken by 
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ball bearings. There are three wheel speeds, of | 
1,500, 2,424 and 3,860 r.p.m. respectively, and | 
12 internal wheel speeds ranging from 3,080 r.p.m. | 
to 33,000 r.p.m. Effective wheel guards with wind | 
vanes are fitted. The work head spindle, of alloy | 
steel, hardened and ground, is bored for a No. 2 
Morse taper and has a hole straight through. It | 
carries a two-speed driving pulley and is screwed | 
on the nose for pulley-bush and chuck. It has a/| 
bolt lock for dead centre, and the thrust is taken | 
on ball bearings. There are eight work speeds, 
ranging from 72 to 275 r.p.m. for external work, 
and 72 to 440 r.p.m. for internal work, with a 
countershaft speed of 500 r.p.m. The back centre 
poppet has a spring loaded plunger. It is fitted 
with a diamond holder for trueing the wheel with 
the work between the centres. 

The control handles are conveniently grouped at 
the front of the machine. The slide traverse is 
driven by four-step cone pulleys, operating through 
bevel gears and dog clutches, the final motion being 
given to the slide by a rack and spur wheel. The 
hand power is disengaged by the control lever as | 
power is applied. Fig. 79 shows the arrangement 
of the hand gear and the feed mechanism for the 
cross traverse. This is carried on a portable cover 
on the bed and is therefore very readily accessible. | 
The method of lubrication by pipes from an external 
oil reservoir may be noted. The hand cross traverse 
consists of a ten-pitch screw with sensitive adjust- 
ing mechanism giving positive movement to) 
0-0002 in. The power cross traverse is actuated | 
from a reverse plunger through a graduated lever | 
and adjustable connecting rod to a pawl engaging | 
with a toothed wheel. It can be set to give 0-0002 
in. to 0-0012 in feed to the screw per stroke, and an | 
automatic device is fitted to stop the feeding motion | 
when the work is ground to size. A quick cross | 
traverse is also provided. The cooling liquid is 
distributed by a centrifugal pump driven by belt | 
from the overhead countershaft, and is filtered 
before it returns to the pump. The counter- | 
shafting comprises three shafts on six bearings. The 
back shaft carries fast and loose pulleys, a four-step 
cone to drive the work drum, ard pulleys for the 
feeds and pumps. The front shaft is fitted with the 
work drum, four-step cone and friction clutch to 
drive it, and a short middle shaft carries the four- 
step driven cone, the wheelhead pulley and belt 
tension pulley rocker arms. The cones and pulleys 
on the bed are lubricated by the Tecalemit system 
as shown in Fig. 78. A full equipment of acces- 
sories, seen at the bottom of the illustration, in 
Fig. 80, is provided. 

The exhibition opened on Wednesday last and 
will close on the 22nd inst. We will continue our 
description of the display in subsequent issues. 


(To be continued.) 
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LAUNCHES AND TRIAL TRIPS. 


single-screw triple- 
Main dimen- 
Built 


‘* ALPHERAT.”’—Cargo steamer ; 
expansion engines. Trial trip, August 24. 


Hartlepool, to the order of Messrs. Van Nievolt, Gou- 


driaan and Company’s Stoomvart Maatschappij, Rot- | 


terdam. 

* JUVENAL.’’—Oil-tank steamer; twin-screw triple- 
expansion engines. ‘Trial trip, recently. Main dimen- 
sions, 535 ft. by 74 ft. by 40 ft.. Designed for a gross 


tonnage of 18,000 tons and a carrying capacity of 14,000 | 


tons on a draught of 29 ft. Built by the Cantiere Navale 


Triestino, Monfalcone, for the Compania General de | 


Combustibles, Buenos A:res. 

“Pato Reau.’’—Motor tug; single-screw, Bolinder 
engine. Trial trip, August 27. Main dimensions, 50 ft. 
by 13 ft. 6in. by 6 ft. Built by Messrs. John I. Thorny- 


| croft and Company, Limited, Woolston, to the order of | 
Messrs. The Forestal Land, Timber and Railway Com.- | 


pany, Limited, for service on the River Plate. 


‘““IsLEwortH.’’—Cargo steamer; single-screw triple- 
expansion engines. Launch, August 30. Main dimen- 
sions, 415 ft. by 54 ft. by 29 ft. Designed to carry about 
8,400 tons deadweight on a draught of 24 ft. 10 in. 
Built by Messrs. Cow 
Company, Limited, Blyth, to the order of Mr. R. S. 
Dalgliesh, Newcastle-on-Tyne. 


n Dry Docks and Shipbuilding | 


H.M.S. ‘ Orus.’—One of the six ‘0’ class sub- 
| marines ordered by the British Admiralty under the 
| 1926 Naval Programme. Launched, on August 31, by 
Mrs. Grace, wife of Rear-Admiral H. FE. Grace, Admiral of 
Submarines. Built by Messrs. Vickers-Armstrongs, 
| Limited, at their Naval Construction Works, Barrow-1n- 
Furness. 


** OILPIONEER.’’—Oil-tank motorship ; — single-screw, 
Neptune-Polar Diesel engine. Launch, September 3. 
Main dimensions, 424 ft. by 53 ft. 5 in. Designed to 
carry about 8,500 tons. Built by Messrs. Swan, Hunter 
and Wigham Richardson, Limited, Newcastle-on-Tyne, 
for the British Oil Shipping Company, Limited, of London. 


‘* CARISBROOKE.”’—Single-screw trawler for service 
at Grimsby. Launch, September 3. Main dimensions, 
120 ft. by 22 ft. by 12 ft. 6in. Built by Messrs. Coch- 

| rane and Sons, Limited, Selby. 


‘* PENNARD CAsTLE.”—Single-screw trawler for service 
at Swansea. Launch, September 3. Main dimensions, 
130 ft. by 24 ft. by 13 ft. 9in. Built by Messrs. Cochrane 
and Sons, Limited, Selby. 


| “* Larran.”—Passenger and cargo steamer ; cingle 
screw triple-expansion engines. Launch, September i 
Designe 


| Main dimensions, 345 ft. by 48 ft. by 30 ft. : 
for a deadweight carrying capacity of 4,800 tons. Built 
by Messrs. Barclay, Curle and Company, Limited, W = 
inch, Glasgow, for Messrs. The African and Eastern Trade 
| Corporation, Limited. 
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LABOUR NOTES. 


Ix the course of his presidential address to the 
Trades Union Congress, which opened at Swansea on 
Monday, Mr. Ben Turner suggested that it wastime they 
moved forward in the matter of trade union structure. 
It might be well for them to consider, he said, whether 
one union for all workers was a wise possibility. 
Personally, he was attracted to the ideal, if with it, they 
had industry and group decentralisation. “I am 
antique or advanced enough,” he said, ‘‘ whichever way 
you look at it, to believe in the ideal of, say, one co-op. 
for the co-operative movement and one trade union for 
the trade union movement, but with machinery esta- 
blished within our movement for the wellbeing of crafts- 
men, and the development of all separate industries, 
the unity of all being thus co-ordinated. Amalgamations 
are taking place that have behind them, in one section, 
industry organisation; in others, cosmopolitan organi- 
sation. It is rather too ‘ higgledy-piggledy ’ in its way, 
and it is desirable that some real plan should be thought 
out to see what is the best line for trade union develop- 
ment in the future. We need more trades unionism. 
we need more unity in our unions, and how to get it 
is our problem. I don’t want to jump from the frying 
pan into the fire, nor be carried away by dogmatism 
or crankiness, but to have every live man and every 
woman into their respective trade unions.” 





On the question of unemployment, Mr. Turner ex- 
pressed the opinion that the hours of manual workers 
at least should be reduced so as to overcome part of the 
problem. ‘I am committed,” he said, ‘‘ to the ideal 
of a weekly minimum wage for 52 weeks per year. 
When we have 1,000,000 people wanting work, what 
work there is should be better spread out among the 
people who can do it, and thus ease the burden of 
unemployment by readjustment. This can’t happen 
under a social industrial system like ours, but our 
minds might bend and tend towards it. Unemploy- 
ment is a perpetual nightmare. It is a sad civilisation 
that cannot rearrange its business mind to overcome 
this menace. It is the biggest tragedy of this age. 
It is always with us. It is worse than ever it has 
been in my lifetime, and I have known at least five 
big deep trade depressions that have inflicted sorrow 
on the multitude. Unemployment, of course, is a 
product of ourcommercialsystem. It is breaking down 
the physical standards of the nation. It is making a 
‘C4’ population, especially in our coalfields. There 
needs to be a big slice of immediate land nationalisation 
and colonisation in this country. It is said that 
agriculture doesn’t pay. Unemployment doesn’t pay, 
consumption doesn’t pay, cemeteries don’t pay, but 
land will pay for being tilled, and it will bring forth the 
foods man requires, and better by half till our own land 
than send men as waifs and strays toYother outposts 
of the Empire, where they must fight Nature in more 
brutal fashion.” 





Mr. Arthur Shaw moved: “ That in view of the 
facts as reported to the affiliated unions this: Congress 
hereby endorses the decision of its Disputes Com- 
mittee, and here and now expels the National Union 
of Seamen from affiliation to and membership of the 
Trade Unions Congress.” Mr. W. R. Smith, who 
seconded, said it was a regrettable step, but exclusion 
of the Seamen’s Union was a duty. The resolution 
was adopted. 

The following resolution moved by Mr. Bromley 
M.P., was carried :—‘‘ That if at any time there appear 
to the General Council to be justification for any 
Investigation into the conduct of any union on the 
grounds that the activities of such union are detrimental 
to the interests of the trade union movement, the 
General Council shall summon such union to appear 
before it in order that such activities may be investi- 
gated, the General Council to have power to suspend the 
union from membership until the next Congress, which 
shall have authority to deal with the case.” 





_A resolution submitted by the National Boot and 
Shoe Operatives urged that the relief of unemployment 
should be made a national charge, and that pending 
this, the restrictive conditions in the Unemployment 
Grants Committee’s circular with respect to relief 
Work grants to local authorities should be removed. 
Mr. Clynes, M.P., speaking in support of it, said that on 
no social or economic problem had the Government 
shown itself so unworthy, untruthful and callous as 
on that of unemployment. There was nothing more 
contemptible as an act of policy than the Prime 
Minister's pitiful appeal to employers to try to solve the 
Problem for him by finding a place for one, two, three, 
or four men, if possible. Mr. Clynes advised the holding 
of great conferences of local authorities in particular 
areas which, he said, would make the movement so 
‘trong and formidable with a powerful local backing, 








that even this Government might pay some attention 
to public and national opinions. The resolution was 
adopted. MA Bhares 

On August 20, 1928, the number of unemployed 
persons on the registers of Employment Exchanges 
in Great Britain was 1,308,200. Of these, 846,800 
were wholly unemployed, 387,700 were temporarily 
stopped and 73,700 were persons normally in casual 
employment; 1,020,000 were men, 42,400 boys, 
210,400 women, and 35,400 girls. On August 13, 1928, 
the number of unemployed persons was 1,314,159. 
Of these, 845,749 were wholly unemployed, 394,279 
were temporarily stopped, and 74,131 were persons 
normally in casual employment; 1,020,983 were men, 
39,812 boys, 218,220 women and 35,144 girls. The 
number of unemployed persons on August 22, 1927, 
was 1,044,355, of whom 819,306 were men, 36,111 boys, 
155,382 women, and 33,536 girls. 


Leeds Board of Guardians and Leeds Corporation 
some time ago entered into an arrangement whereby 
men entitled to relief but not to unemployment 
benefit, should be employed by the Corporation 
through their ordinary departments on ordinary work 
such as roadmaking at the ordinary district rate. 
To help in this, the Guardians paid to the Corporation 
the amount of relief which the men would have 
received if they did no work at all. The men worked 
the ordinary week of the Corporation departments, 
namely, 48 hours, from Thursday of one week to 
Wednesday of the next, and their unemployment 
contribution cards were stamped in the ordinary way. 
They worked alternate weeks, and when they became 
entitled to unemployment benefit they gave way to 
others not so fortunate as themselves in that respect. 





‘“One would imagine,” says the weekly organ of 
the Trades Union Congress General Council, “‘ that 
in the absence of National effort, this endeavour to 
deal with the local problem would receive everybody’s 
blessing, and that those who denounced the payment 
of money for nothing would be particularly pleased ; 
but Mr. Baldwin’s Government in their 1927 Unemploy- 
ment Insurance Act, had already taken steps to 
prevent any such commonsense arrangement. The 
fourth schedule of that Act provides that where a 
person is employed by a local authority and a contri- 
bution towards his remuneration is made by the 
Poor Law authority, he shall not be regarded as an 
employed person unless he has previously been in 
receipt of unemployment benefit and is employed 
in full-time work provided by the authority.”’ A test 
case was accordingly taken to the High Court by 
the Minister of Labour under Section 10 of the 
Unemployment Insurance Act, 1920, and the Attorney- 
General submitted that the man was not insurable 
because he was working alternate weeks from Thursday 
of one week to Wednesday of the next, whereas a 
week under the Act is a calendar week. Therefore, 
he was not working full time in any week, and as a 
consequence was ruled out as an employed person 
by the fourth schedule of the 1927 Act. 





For Leeds Corporation, Sir Henry Slesser pointed 
out that the men worked the normal hours—48 per 
week—worked in corporation departments, but the 
Judge upheld the Attorney-General’s contention and 
decided that the man was not insurable. ‘ This 
means, of course,’ the General Council’s organ goes 
on to say, ‘‘ that men engaged on this work cannot 
have their cards stamped. They are, thereby, pre- 
vented—although working in an insurable occupation, 
from qualifying for benefit, and in April next, when the 
first statutory conditions, namely, 30 stamps in the 
preceding two years, comes into operation, if those 
men have not got the necessary 30 stamps that fact 
will, no doubt, be quoted to show that they are of the 
work-shy class, and need not be worried about. If 
the men accept relief from the Guardians without 
working for it, they will be taken as workshies robbing 
the public. If they work for the Corporation they 
will get no stamps, and will, in due course, because 
of the absence of the stamps, be taken as workshies 
anyway.” 





In the course of a summary of the I.L.O. Draft 
Convention on minimum wage-fixing machinery, the 
Industrial Review, the monthly official organ of the 
Trades Union Congress General Council, points out 
that Article 2 leaves each Government free to decide, 
after consultation with the employers’ and workers’ 
organisation concerned, in which trades minimum 
wage-fixing machinery shall be established. This is, 
it is admitted, a wide discretion, but it is limited by 
Article 1, which insists that the machinery shall be 
set up for certain trades in which no arrangements 
exist for the effective regulation of wages by collective 


agreement or otherwise and wages are exceptionally 
low. The position reached in this respect is similar 
to that of the British Act of 1909, which was in the 
first place applied to only four trades as an experimental 
measure. It is hoped that, as a result of this discretion, 
countries to which minimum wage-fixing machinery is 
still.an experiment will not hesitate to ratify the 
Convention. 





Again, in Article 3, the writer goes on to remark, the 
form of the minimum wage-fixing machinery is left 
to the discretion of Governments, but essential prin- 
ciples are laid down, namely, that the interests con- 
cerned shall be consulted ; that employers and workers 
shall be associated with the machinery in equal 
numbers and on equal terms ; that minimum rates of 
wages fixed shall be binding and not subject to abate- 
ment by individual agreement. The recommendation 
suggests that employers and workers should have a 
direct part in the deliberations and decisions of the 
wage-fixing body, and that one or more independent 
persons should be included to ensure that effective 
decisions are reached in the event of the two sides 
dividing equally. fea 

Many of Trade Unionism’s older adherents heard 
with regret of the death of Alderman Alexander Wilkie, 
who was for nearly 50 years General Secretary of the 
organisation which is now known as the Shipconstructors 
and Shipwrights’ Association. For some years, Mr. 
Wilkie represented Dundee in Parliament, and also 
closely identified himself with the municipal affairs of 
Newcastle-on-Tyne, but his life’s work was the building 
up of the Shipwright’s society, which largely through 
his efforts, was transformed from practically a local, 
into a national, body. Lately, its financial position 
has been less satisfactory than in pre-war days, but 
there is reason to believe that a reorganisation which is 
in progress will put matters on a prosperous level again. 





According to Industrial and Labour Information, 
the weekly official organ of the International Labour 
Office, a number of undertakings in Austria, including 
the Krupp establishment in Berndorf, have recently 
attempted to introduce, in connection with the use of 
conveyors, rest periods of sufficient duration to avoid 
excessive fatigue on the part of the workers. The rest 
periods have been arranged according to a system tested 
by physicians, so as to intervene before the fatigue of 
the workers has become pronounced. The aggregate 


‘duration of rest periods for an eight-hour day is 50 


minutes. It was stated that the introduction of 
these rest periods increased the intensity of work by 
100 per cent., so that in the departments in which the 
experiment was made it was possible to dispense with 
half the workers previously employed. 





Similar experiments have been made in the leather 
industry. In this case the increase in output was not 
so great, but was still appreciable. More attention is 
now being given to the arrangement of premises, 
machinery, lighting, ventilation, working clothes, 
distribution of hours of work, &c. According to 
inquiries carried out by the Chamber of Labour, scientific 
management has increased the output of the worker 
in Austrian industry as a whole, by 20 per cent. to 
40 per cent. In some industries, particularly the manu- 
facture of incandescent lamps, the output per worker is 
said to have increased by 400 per cent. In the light 
iron industry, mining, the motor-car industry, the boot 
and shoe industry, and a part of the iron and steel 
industry, the increase is estimated at about 100 per 
cent.; in the textile trades and a number of other 
occupations it is placed between 30 per cent. and 60 per 
cent. Sa 

The Industrial Relations Committee of the National 
Metal Trades Association in the United States recently 
undertook an inquiry into wage systems. More than 
600 replies were received from members of the associa- 
tion. The inquiry showed that 54 per cent. of the firms 
who are members have adopted some kind of bonus 
system, and that this method of payment applies to 
more than a quarter of the persons employed by these 
firms. The majority of the replies indicate that the 
introduction of a bonus system brings about an increase 
in the workers’ earnings and a fall in costs. Further- 
more, greater stability and a better spirit among the 
staff, reduced costs of supervision, more accurate 
costing and better quality of goods were frequently 
mentioned as advantages gained by the introduction 
of the bonus system. The last point is particularly 
worthy of note, since the objection is current that 
adoption of a bonus system tends to lower the quality 
of the goods. Many experiments have proved that 
preference should be given to such methods of deter- 
mining wages as can be readily understood by the wage 
earners themselves, while great care should be taken 





to fix an equitable scale of bonuses. 








294 


ENGINEERING. 


[SEPT. 7, 1928. 








ALLOWANCES FOR DEPRECIATION. 
To THE Eprtor oF ENGINEERING. 

Srr,—Having read Mr. Du Brul’s paper (before the 
Am.Soc.Mech.E.), I was much interested in your lead- 
ing article of July 20, and in his letter in your issue 
of August 24. I would not presume to criticise either 
point of view. Both are clearly comprehensible and, 
to some extent, complementary. The one may be 
regarded as an attempt (doomed, in my opinion, to 
incomplete success) towards a scientific statement of 
facts at a given instant, in terms of units suitably chosen 
with reference to that instant. The other, more con- 
ventional, gives the difference between a final and 
initial state in terms of the same unit and under arith- 
metical assumptions, clearly stated, but often having 
no relation whatever to facts. My purpose in writing 
is to offer a notion, very obvious, but usually over- 
looked, that tends to make more vivid the whole de- 
preciation question. 

When a manufacturer buys a machine for use in his 
factory, he buys it, in reality, in order to sell it again. 
According to the nature of the machine, he may sell it, 
along with or embodied in what are known as his 
wares, over 10 or 20 years, in equal or decreasing 
instalments, according to his style of accounts. If, 
through inflation of currency or other unforeseen causes, 
the selling price of the wares (including the machine) 
should be abnormally high, profits are correspondingly 
expanded numerically, and the prudent manufacturer 
would carry part of these profits to a reserve, calling it, 
if need be, a machine-tool reserve, and possibly realising 
that his machine had not been sold in calibrated units. 

In the same way, if a manufacturer is prevented by 
tax collectors from selling his plant as rapidly as he 
might think reasonable, or, in other words, if he is 
compelled to sell it at less than he paid for it, his remedy 
again is to transfer from his spurious profits to a suit- 
able reserve. In this he may lose the taxation on the 
transfer, but in the long run he remains solvent and 
benefits the community. 

This may be an appropriate opportunity to put 
forward a suggestion of interest to the machine-tool 
trade. In many picture houses, the seats are hired to 
the kinema at a definite rate, which is clearly a charge- 
able expense, free from all discussions of wear and tear 
and depreciation. In some boot and shoe factories, 
machines are hired from the machine maker at a rate 
based on the operations carried out, which are recorded 
on counters ; similarly with gas meters, and often with 
gas cookers and boilers. Is it not possible to apply 
this system to machine tools and instruments in many 
branches of engineering? Hire, and hire purchase, 
have undoubtedly stimulated consumption in many 
directions, and they would appear to be much more 
justifiable where the object is to produce further 
wealth and trade. Obviously, hiring could not be 
advocated for all kinds of plant equipment, but in 
many cases, striking advantages may be foreseen. Apart 
from the depreciation question already discussed in 
your leader, there is the much more difficult problem of 
obsolescence. The fear of obsolescence is a great 
impediment to development, and the difficulty of 
assessing it, in terms of money, is a formidable obstacle 
in correct accounting. 

A possible extension of this idea lies in the creation of 
holding companies embracing machine-tool makers 
and users, but this may well be left for the present. 

Yours faithfully, 
H. 8. Rowe tt, 
Director of Research, 
Research Association of British 
Motor and Allied Manufacturers. 
15 Bolton Road, W.4. 
August 29, 1928. 





FLOW IN OBSTRUCTED PASSAGES. 
To THE EpiTror OF ENGINEERING. 

Srr,—May I ask you to find room for a few remarks 
on a hydraulic questior which, for many years, has 
been treated in various publications in a way which 
is not in agreement with facts. 

The direct cause of this letter is the Jubilee Edition 
of the Hiitte, where the sketch, Fig. 1, annexed, show- 
ing the flow in obstructed passages, is given in vol. i, 
page 358 (Fig. 30), and indicates eddies at a place 
where none can exist. 

The eddies in the two corners, as sketched, cannot 
exist, as I think the following explanation will make 
clear :—Suppose an eddy to be formed in the corner, 
as in Fig. 2; it will clearly have to rotate in the 
direction of whirl, as indicated in the annexed sketch, 
being maintained in rotation by the frictional force f, 
arising from the main current sweeping past. 

But the two walls react against the rotation by 


have a resultant which will sweep the whole eddy 
round the corner A and away, so that finally the 
correct streamline pattern, hyperbolic in character, 
will be established. 

The eddies behind the corner A must be regarded 
in a different way, in accordance with the different 
conditions prevailing there. These are illustrated in 


Fig4. 
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Fig. 3. Here we have frictional forces like f and a 
both tending to sweep the eddy onwards. But at B 
the current past the corner acts like a stiff wall, and 
the pressure behind this is small. At c, on the 
contrary, a definite pressure is found, which balances 
f+ a and keeps the whirl in its place. 
I hope this little explanation may be of use to 
clear up the point, and remain, 
Yours faithfully, 

K. G. MELDAHL. 
A/S Fredriksstad Mek. Verksted., Fredriksstad, Norway. 
August 29, 1928. 








TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
details and information relating to these may be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case :—The Town Council of Johannesburg is calling for 
tenders, to be presented by September 27, for the supply 
and delivery of one 750-kw. rotary converter and equip- 
ment. (Ref. No. 4688.)—The Indian Stores Department 
is calling for tenders, to be presented in Simla by Septem- 
ber 19, for the supply of oil-engine driven generating sets 
and air-lift or d:ep-well pumping plant. (Ref. No. 
A.X. 6776).—The Post and Telegraph Department, 
Wellington, is calling for tenders, to be presented by 
September 11, for the supply and delivery of single 
conductor cable. (Ref. No. B.X. 4704).—The South Afri- 
can Railways and Harbours are calling for tenders, to 
reach Johannesburg by October 18, for the supply of 
engine, carriage and wagon axles. (Ref. No. A.X. 6778). 
The same body is also inviting tenders, to reach Johannes- 
burg by October 4, for the supply of train-lighting belting. 
(Ref. No. B.X. 4701).—It is reported from Cairo that the 
Public Works Ministry, Tanzim Department, is calling for 
tenders for the supply of water meters. Tenders to reach 
Cairo by October 6. (Ref. No. A.X. 6790). Further 
tenders, to reach Cairo by October 3, are also invited for 
the supply of machine tools. (Ref. No. A.X. 6791).— 
The Ministry of the Interior, Egypt, is calling for 
tenders, to be presented by November 10, for the 
supply and installation of a distribution net-work 
for the village of Kena. (Ref. No. B.X. 4707).— 
The Royal School of Engineering, Giza, is calling for 
tenders, to be presented in Egypt by October 4, for the 
supply of seal Cooke, accessories for machine tools and 
electrical plant. (Ref. No. B.X. 4703).—It is reported 


Works is calling for tenders, to be presented by October 15, 
for the supply of a varied assortment of small tools. 
(Ref. No. BX 4702). 

by October 17, are also invited for the supply of an 


ENGINEERING TRAINING AND 
EDUCATION. 


year 1928-1929, which is actually the one hundred 
and thirty-third session of that institution, is now 
available. It contains, as usual, information regard- 
ing day and evening classes in civil, mechanical, 
electrical, and mining engineering, metallurgy, naval 
architecture, textile manufacture, and other technical 
subjects. The courses set out are recommended to 
students for the degree of B.Sc., and are prescribed for 
the diploma and associateship of the College. In most 
cases, the day courses for a degree in an engineering or 
scientific subject occupy four years, while those for the 
diploma cover three years. The associateship of the 
College, in chemistry, is accepted as exempting candi- 
dates from the examination for the associateship of 
the Institute of Chemistry, provided an approved 
preliminary examination has been passed. The Calendar 
contains several chapters of interest dealing with the 
constitution and history of the College, students’ 
societies, and appointments held by associates and 
other past students of the College. The day and even- 
ing classes of the forthcoming session commence on 
September 25 next. Copies of the Calendar may be 
obtained on application to the Director. 

The Sir John Cass Technical Institute-—We have just 
received from the Principal of The Sir John Cass 
Technical Institute, Jewry-street, Aldgate, London, 
E.C.3, a copy of the syllabus of classes for the 1928- 
1929 session. The classes of the Institute are intended 
for students preparing for the B.Sc. degree of London 
University, and also for higher degrees, in experimental 
science and in metallurgy. The departments of the 
Institute comprise physics and mathematics, inorganic 
and physical chemistry, organic and applied chemistry, 
metallurgy, and arts and crafts. Instruction in 
navigation and seamanship is also given. Special 
classes in spectroscopic analysis, foundry practice and 
foundry metallurgy have been arranged. The Institute 
is a recognised institution for the training of candidates 
for the examinations of the Institute of Physics and of 
the Institute of Chemistry. Copies of the syllabus may 
be obtained on application to the Principal at the address 
given above. The autumn term will commence on 
September 20 next. 

Economics Course at the Polytechnic.—We under- 
stand that, for four years past, the Polytechnic 
Regent-street, London, W.1, has, in an experimental 
way, provided courses of instruction with the object 
of making more effective contact between education 
and industry, and particulars have just come to hand 
of the course which has been arranged for the coming 
session. This course is designed to help those who 
require a sufficient training in the technique of indus- 
trial administration to undertake the management of 
business organisations, and includes such subjects as 
economics, industrial history, industrial psychology, 
personnel administration and welfare, costing, manage- 
ment and statistics. Arrangements are also being made 
with the Institute of Industrial Administration to hold 
examinations under the joint control of the Institute 
and the Polytechnic. The course commences on 
Monday, September 24. Students may also be 
interested in a related course of lectures on ‘ The 
Effect of Government on the Economic Structure of the 
United Kingdom,” to be given by the Rt. Hon. William 
Graham, M.P., and in a series of lectures to be given by 
Diplomatic Representatives of South American States 
on “The Economic Resources of South America.” 
Further particulars may be obtained from Mr. T. 
Worswick, the Director of Education of the Poly- 
technic. 

Imperial College of Science and Technology.—A pamph- 
let has just come to hand giving particulars of the course 
arranged by the Department of Aeronautics of the 
Imperial College of Science and Technology, South 
Kensington, S.W.7, for the session 1928-29, and 
primarily intended for post-graduates. Students are 
expected to have passed through a systematic training 
in physics, or one of the branches of engineering, prefer- 
ably mechanical, including a fairly high standard in 
mathematics. A complete course of study will ordi- 
narily last over two years, the first of these being 
passed, in the main, at the college, while arrange- 
ments will be made, whenever possible, for research 
and experimental work. A course of advanced study, 
lasting over one year, has been arranged for those who 
cannot give two years to the complete course, in taking 
which students ordinarily spend three terms at the 
college; one term, subject to permission, may be 
spent at a research station or at the National Physical 
Laboratory. The syllabus has been divided into two 





from Montevideo that the State Electricity Supply sections, as follows:—(1) Design and engineering, 


including aerodynamics, mathematics, design lectures, 


Further tenders, to be presented | Materials of aircraft construction, construction and 
strength of aircraft, engine design, airships, air naviga- 








forces a and 5, and the three forces a, b and f clearly | automatic voltage regulator. 





(Ref. No, B.X. 4699.) 


tion and aircraft instruments ; and (2) Meteorology. 





The Royal Technical College, Glasgow.—The Calendar 
of The Royal Technical College, Glasgow, for the 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Stocks of Cleveland 
pig iron keep low, and although sales are not heavy, the 
restricted output is well taken up, and seasonal improve- 
ment in demand is confidently looked for. Home 
business is expected to increase, renewal of contracts 
with firms in Scotland is hoped for, and signs of early 
sales to the Continent are not entirely absent. Pro- 
ducers continue to absorb a very large proportion of the 
output at their own consuming works, the requirements 
of which promise to be heavier. No. 1 grade iron is 
68s. 6d.; No. 3, g.m.b., 66s.; No. 4, foundry, 65s. ; and 
No. 4, forge, 64s. 6d. 

Hematite—Movement in the East Coast hematite 
branch is in the right direction, but is slow. While 
quotations are still far from being on a profitable level, 
it is gratifying to find values stiffening as the result of 
gradual expansion of home and export demand. Stocks 
have been reduced to quantities little more than sufficient 
for ordinary trading, and are still being steadily drawn 
upon. The minimum quotation for hematite is now 
69s., and 70s. and upward has been realised for better 
qualities. 

Foreign Ore.—Imported ore prices are well maintained, 
though consumers are still holding off the market. 

Blast-Furnace Coke.—Durham blast-furnace coke, of 
good medium quality, keeps in the neighbourhood of 
17s. 6d., delivered to works in this area, and users are not 
purchasing extensively. 

Manufactured Iron and Steel.—There is rather more busi- 
ness in one or two finished iron and steel departments, 
and demand for semi-finished steel has much improved 
as the result of a rise in price of Continental material. 
Finished steel for constructional-engineering purposes 
continues in fairly good request. Quotations, all round, 
are steady. Common iron bars are 101. 5s.; best bars, 
101. 10s. ; double best bars, 107. 15s. ; treble best bars, 
lll.; iron rivets, 11. 58s.; packing (parallel), 7/. 10s. ; 
packing (tapered), 10/.; steel billets (soft), 61. 15s. ; 
steel billets (medium), 7/. 2s. 6d.; steel billets (hard), 
7l. 12s. 6d. ; steel rivets, 111. ; steel ship plates, 8/. 7s. 6d. ; 
steel angles, 7/. 17s. 6d. ; steel joists, 71. 17s. 6d. ; heavy 
sections of steel rails, 81. 10s.; black sheets (No. 24 
gauge), 10/.: and galvanised corrugated sheets (No. 24 
gauge), 137. 15s. 

Imports of Iron and Steel.—Statistics just issued give 
the imports of iron and steel to the Tees from Holland, 
Belgium, France, Norway, Sweden, Finland, India, 
Germany and coastwise for the ten months ending 
August 31 last, compared with those for the same months 
a year ago, and for the corresponding pre-war period of 
1913-1914. Unloadings of pig iron for the past ten 
months are given at 4,928 tons, as against 99,781 tons a 
year ago, and only 312 in the pre-war period. No pig 
iron was imported last month. Crude sheet bars, billets, 
blooms and slabs unshipped to the end of August last 
totalled 145,958 tons, as against 187,241 tons a year ago 
and 33,646 tons in the pre-war period. Plates, bars, 
angles, rails, sheets and joists imported to August 31 
last amounted to 41,068 tons, as against 46,828 tons a 
year ago and 19,441 tons in the pre-war period. 

Shipments of Iron and Steel.—Official returns give the 
total shipments of iron and steel from the Tees during 
August at 81,994 tons, composed of 19,008 tons of pig 
iron, 6,297 tons of manufactured iron and 56,689 tons of 
steel. Loadings of pig iron for overseas amounted to 8,446 
tons, while coastwise clearances were given at 10,562 tons. 
Despatches of manufactured iron to foreign ports were 
returned at 4,054 tons, and the coastwise shipments 
recorded were 2,243 tons. Of the steel cleared, 48,674 
tons went abroad, and 8,015 tons went coastwise. As 
usual, Scotland was the best customer for pig iron, taking 
8,772 tons; while Italy received 2,825 tons; Wales, 
1,350 tons; Denmark, 1,280 tons; and Germany, 1,205 
tons. The chief importers of manufactured iron were : 
Cape of Good Hope (979 tons), and Netherlands, 716 
tons. India was again the heaviest purchaser of 
steel, with an import of 17,218 tons. Other principal 
receivers of steel were: Australia, 4,987 tons; Argentine, 
4,094 tons; Cape of Good Hope, 3,020 tons; Japan, 
2,778 tons; Nigeria, 1,878 tons; Natal, 1,697 tons; and 
Siam, 1,609 tons. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 
_ Iron and Steel.—Conditions obtaining in the staple 
industries of this district are somewhat varied. In the 
bulk steel trade, the position tends to improve, though 
recent falling off in foreign competition has been main- 
tained, with the result that several orders from abroad are 
finding their way to this district. Acid steel is in only 
moderate request, but basic material is finding a larger 
market. Rolling mills are better employed, while heavy 
constructional shapes are an improving line, but castings 
re not so prominent. Departments producing railway 
tolling stock are improving. Indian trade has fallen 
away, but some good orders are likely to be received 
from East, West and South Africa and the Soudan. The 
outlook in shipbuilding is better than for some time past, 
and local makers of ship steel and marine forgings and 
castings are likely to benefit from contracts recently 
placed in shipyards having local connections. A big 
a of electrical plant continues to go into consumption, 
oth on home and foreign account. Wire rods are 
focerate, but improvement is anticipated in the near 
uture. Colliery plant was never so dull as at present, 
_ the outlook does not offer much encouragement. 
n the special-steel section, business has broadened con- 
siderably. Automobile steel and fittings are going away 





to users in the Midlands in substantial quantities, while 
French engineers are also taking large supplies. Aircraft 
steel is also prominent. The uses for stainless steel and 
rustless iron continue to multiply, with the result that 
output for this year will, it is confidently expected, 
exceed last year’s record output. The tool trades are 
suffering from the depression being experienced in other 
industries. Builders are good customers, but require- 
ments from shipbuilders, collieries, and textile factories 
are meagre. Files, saws, edge and plantation tools are 
weak, but farm, garden, and roadmaking implements are 
active. 


South Yorkshire Coal Trade.—Compared with a month 
ago, the position shows a welcome improvement, and, in 
some instances, the demand exceeds the supply, with the 
result that prices tend to harden. The export market 
is broadening and large supplies are being conveyed to Hull 
from this district. Industrial fuel is stronger, and as more 
orders are received in the bulk steel trade, the position 
will show further improvement. House coal is a better 
market than for some time past, especially in the best 
grades, while inferior sorts are also expanding. Blast- 
furnace coke is firm, both on home and foreign account, 
while foundry and furnace varieties are steady at recent 
figures of 19s. to 19s. 6d. per ton. Gas cokes are mode- 
rate, ranging from 20s. to 23s. per ton, f.o.b. the Humber. 
Quotations :—Best branch handpicked, 26s. to 27s. 6d. ; 
Derbyshire best bright house, 21s. to 22s. 6d. ; best house 
coal, 19s. 6d. to 20s. 6d. ; sereened house coal, 16s. to 17s. ; 
screened house nuts, 14s. 6d. to 16s.; Yorkshire hards, 
14s. 6d. to 16s.; Derbyshire hards, 14s. 6d. to 16s. ; 
rough slacks, 8s. 6d. to 9s. 6d. ; nutty slacks, 4s, 6d. to 6s. ; 
smalls, 3s. to 4s. 6d. 








NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

Welsh Coal Trade.—Conditions in the Welsh coal trade 
remain unsatisfactory. The volume of business passing 
is insufficient to keep collieries employed regularly, with 
the result that numerous temporary stoppages are being 
effected throughout the coalfield. Prices, however, show 
no alteration, as they are maintained on the basis of the 
stabilisation-scheme level. The necessity of raising 
the minimum price, if an economic position is to 
restored, is, however, revealed by the latest joint audits 
of the accountants representing the coalowners and the 
Miners Federation. It is shown that, in the three 
months ended July, a loss of 805,000/. was sustained, 
equal to ls. 63d. per ton, compared with 574,0001. in 
the corresponding period of last year, or 1s. 04d. per ton. 
Output suffered a reduction of 823,500 tons, from 
11,138,718 tons to 10,314,218 tons, while there was a 
lessening of exports to the extent of 660,078 tons, 
from 6,140,862 tons to 5,480,784 tons. Since February of 
last year, the Welsh coal trade has suffered in actual loss 
on working by no less than 3,707,665I. 

It has been announced that Messrs. Stephenson, Clarke 
and Associated Companies, Limited, has been appointed 
sole vendors of coal and coke produced by the Powell 
Dufiryn Steam Coal Company, Limited, and its allied con- 
cerns, the Great Western Colliery Company, the Lewis- 
Merthyr Company, the Rhymney Iron Company and the 
Windsor Steam CoalCompany. Mr. Ewart R. Evans has 
been appointed a local director of the vendors, and placed 
in charge of the sales of some 9,000,000 tons of coal and 
350,000 tons of coke normally produced by the combine. 

Shipments of coal in the past week amounted to only 
373,590 tons, of which 243,510 tons were shipped at 
Cardiff, 62,590 tons at Newport, 43,270 tons at Swansea, 
21,800 tons at Port Talbot, and 3,420 tons at Llanelly. 
Exports to the Argentine were raised from 35,500 tons to 
53,100 tons, to Canada from 18,300 tons to 19,700 tons, 
to France from 92,600 tons to 93,500 tons, and to Por- 
tugal from 6,900 tons to 19,600 tons, but to Italy fell 
from 81,900 tons to 20,300 tons, and to Egypt from 
55,200 tons to 21,650 tons. 

Iron and Steel.—Shipments of iron and steel goods in 
the past week totalled 19,227 tons, compared with 23,507 
tons in the preceding week, exports of tinplates and 
terneplates being lowered from 9,542 tons to 4,389 tons, 
black plates and sheets from 2,716 tons to 2,610 tons, and 
other iron and steel goods from 6,947 tons to 6,337 tons, 
but those of galvanised sheets were raised from 4,302 tons 
to 5,892 tons. 








DEMAND FOR ELECTRICAL GENERATORS IN BUDAPEST. 
—The commercial secretary at Budapest reports that a 
local firm desires to be put in touch with British manu- 
facturers of small, portable, hand-driven, electric genera- 
tors for wireless purposes. Firms desirous of offering 
generators of United Kingdom manufacture can obtain 
further particulars of this enquiry on application to the 
Department of Overseas Trade, 35, Old Queen-street, 
London, 8.W.1, when reference number B.X. 4645 
should be quoted. 





REVERSIBLE FLOATING CAISSON FOR THE PoRT OF 
Lonpon AvtTHORITY.—Messrs. Swan, Hunter and 
Wigham Richardson, Limited, successfully launched, 
from their Wallsend Shipyard, on September 4, a rever- 
sible floating caisson to the order of Sir Robert McAlpine 
and Sons (London), Limited, for the Tilbury docks 
improvements of the Port of London Authority. The 
caisson, the dimensions of which are 114 ft. by 25 ft. 6 in. 
by 44 ft. 1 in., is built of mild steel, and is divided, by two 
watertight decks and two bulkheads, into five chambers. 
It will float, with all gear aboard and tanks empty, at a 
draught of 26 ft. 10 in., and it is provided with an 
electrically-operated vertical centrifugal pump, capable of 
delivering 1,000 gallons per minute against a total head 
of 31 ft. A pair of 7-in. diameter hand pumps are also 
fitted on the bottom deck of the air chamber, 





NOTES FROM THE NORTH. 


Guiascow, Wednesday. 

Scottish Steel Trade-—There has been little change 
in the state of the Scottish steel trade during the past 
week, but a good undertone prevails. The general demand 
has not improved very much, although some of the works 
are well supplied with orders. Inquiries at present 
are good, and on the whole the outlook is much better. 
In the black-sheet trade the heavier gauges are still very 
quiet, but light sheets are moving freely, and makers are 
well provided with orders. Prices are unchanged, and 
are as follow :—Boiler plates, 10J. 10s. per ton ; ship 
plates, 8/7. 7s. 6d. per ton ; sections, 7/. 17s. 6d. per ton ; 
sheets, 4 in., 81. 15s. per ton ; and galvanised corrugated 
sheets, No. 24 gauge, 13/. 7s. 6d. to 131. 12s. 6d. per ton, 
all delivered at Glasgow stations. 


Malleable-Iron Trade.—In the West of Scotland 
malleable-iron trade, makers are finding difficulty in 
securing orders for bar iron, but are busy in re-rolled steel 
bars. In the latter connection, there has been a con- 
siderable amount of business passing recently and prices 
keep firm. The market quotations are as follow :—Crown 
bars, 101. 5s. per ton; and re-rolled steel bars, 7/. 73.6d. 
to 7l. 10s. per ton, both for home delivery. The export 
prices are 91. 15s. and 7/. 5s. per ton, respectively. 


Scottish Pig-Iron Trade.—There has been no improve- 
ment in the conditions in the pig-iron trade of Scotland 
over the week, and the present output is more than equal 
to the demand. Consumers are not busy, and the tonnage 
being specified for in nearly all instances is on the small 
side. The current market quotations are as follow :— 
Hematite, 74s. per ton, delivered at the steel works ; 
foundry iron, No. 1, 75s. to 76s. per ton, and No. 3, 70s. 
to 71s. per ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, September 1, amounted to 886 tons. Of the 
total, 759 tons went overseas and 127 tons went coastwise. 
For the corresponding week of last year, the figures were 
446 tons overseas and 103 tons coastwise, making a total 
shipment of 549 tons. 

Scottish Shipbuilding.—The shipbuilding returns for 
the past month tend to show that a fair amount of activity 
has been general, but the new tonnage booked does not 
quite make up for the big output from the various yards. 
The contracts reported during the month of August 
number 13, including a racing yacht, and one or two of 
these vessels, are of fairly large tonnage. The output 
figures for the month were as follow :— 


Vessels. Tons 





The Clyde Seis 0. Tie tetsdeges a 74,124 
The Forth ous aaa dee 8 4,023 
The Tay ... sa Aer sas 1 5,360 
The Dee and Moray Firth ae 3 455 

Total... ae aa 32 83,962 


The Clyde tonnage is interesting from the fact that it 
is nearly double that of the previous month, and is much 
larger than that of any previous month this year. It 
raises the year’s total to 147 vessels of 416,203 tons, 
which is rather more than double the output for the same 
eight months of either of the two previous years. The 
total for this year, to date, compares very favourably 
with the record figures of 1920, which were 142 vessels of 
440,174 tons. 





THE ASSOCIATION OF SPECIAL LIBRARIES AND INFOR- 
MATION BuREAUX.—We have just received a copy of the 
programme for the fifth annual conference of the Associa- 
tion of Special Libraries and Information Bureaux, 
which is to be held at New College, Oxford, from Septem- 
ber 14 to 17, 1928. The arrangements are as follows :— 
Friday, September 14, visit to the Clarendon Press at 
3.30 p.m.; reception at New College at 6.45 p.m. ; 
dinner at 7.15 p.m., followed by an address by th 
president of the conference. The General Session will 
commence at 8.30 p.m. with “The Work of Aslib,”” by 
Dr. R. S. Hutton, followed, at 9 p.m., by “‘ Patent Law 
Reform, with Special Reference to the Search for Novelty,” 
by Dr. A. P. Thurston. Saturday, September 15, Sectional 
Meetings, 9.30 a.m. to noon; A. “ The Direct Reproduc- 
tion of Books and Manuscripts,” by Mr. N. Parley ; 
B. ‘Certain Aspects of Agricultural Research,” by Dr. 
E. H. Tripp; C. “‘ The Literature of Scientific Manage- 
ment,” by Mr. J. F. Marsden; Informal Discussions 
from noon to 12.45 p.m.: 1. “‘ Existing Types of Indexes 
to Technical Periodicals,” by Mr. Johnson . 
2. ‘* An Index to Business Data,” by Mr. V. Garrett ; 
3. “Cartography and the Research Worker,” by Mr; 
J. N. L. Baker, M.A. ; Annual General Meeting from 5.30 
p-m. to 6.30 p.m.; Sectional Meetings from 8.30 to 
10 p.m.: A. “ The Librarian as Archivist,” by Mr. H. 
Jenkinson, M.A.; B. ‘‘ Vocational Selection and Guid- 
ance,” by Mr. F. M. Earle, B.Sc.; C. ‘* Unification of 
the Library Resources of London,” by Mr. A. Esdaile. 
Sunday, September 16, General Session :—9.30 to 11.45 
a.m., ‘Scientific Abstracts,’”’ by Dr. W. Rosenhain, 
F.R.S.; 11.45 to 12.45 p.m., “Civic and Regional 
Surveys: their Relation to Information Bureaux,” by 
Mr. A. Farquharson, M.A.; Informal Discussions from 
5 to 6 p.m.: 1. ‘A Book-Review Digest,” by Mr. C. R. 
Griffin; 2. ‘The Durability of Paper,” by Capt. J. S. 
Allan and Mr. N. Parley; 3. ‘‘ Information on Accident 
Prevention,” by Lieut.-Colonel J. A. A. Pickard, D.S.O., 
and Mr. C. G. Ingall; General Session, Part 1, 8.30 to 
9.15 p.m., “The Necessity for the Standardisation of 
Bibliographical Methods,” by Dr. S. C. Bradford ; 
Part 2, 9.15 to 10 p.m., “The Aslib Directory,” by 
Lieut.-Colonel J. M. Mitchell, M.C., followed by the report 
of the sectional meetings and resolutions. 
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PULVERISED-FUEL EQUIPMENT ON) 


S.S. ‘“* STUARTSTAR.”’ 


As is well known, considerable development work 
has been done, especially in the United States, in 
adapting pulverised fuel to marine practice, and a 
definite step forward was made when the tow-boat 
Illinois was so equipped a short time ago. This was 
followed by the installation of a similar plant on board 
the Mercer,* a cargo steamer of some 13,130 tons 
displacement. The results in both cases were satis- | 
factory, and it is therefore gratifying to learn that our | 
own shipowners have not been behindhand in_ this | 
respect, and that pulverised fuel is now being employed | 
on a British ship. That this will lead both to greater | 
economy and higher efficiency, and at the same time | 
render possible the use of a coal that, cannot be | 
employed in ordinary grates, seems likely from the | 


figures obtained in the first trials. 


The ship in question is the Stuartstar, a cargo vessel | 
of 10,500 tons belonging to the Blue Star Line. Her | 
boiler equipment consists of two double-ended and | 
two single-ended Scotch boilers, all fitted with four | 
grates at each end. A short time ago, one of the 
single-ended boilers, the evaporative capacity of which | 
is 16,000 Ib. of steam per hour under hand _ firing | 
conditions, was converted to pulverised-fuel firing, | 
and the ship completed her first round trip of some 
13,000 miles with the new equipment early on Friday 
morning last. The engineering staff of the Blue Star | 


Line express themselves as highly satisfied with the 
results; in fact the conversion of one of the double- 
ended boilers is now being undertaken, as a_pre- 
liminary to the adoption of pulverised-fuel firing 
throughout. 


The equipment installed is of Woodeson type, and 


was manufactured by Messrs. Clarke, Chapman and 
Company, Limited, of G.teshead-on-Tyne. Particulars 
of thissystem have already been given in ENGINEERING, 
but it may be stated here that it consists essentially 
of an electrically-driven turbo-pulveriser, which is 
made up of a fuel feeder and distributor, a set of 
pulverisers arranged in stages, and a fan for the delivery 
of the pulverised product. Pulverisation is accom- 
plished by impact only, and, as the air supply can be 
varied, the degree of fineness of the particles carried 
away can also be regulated. The fan propels the fuel 
and air in a stream, and thus supplies the burners 
through a vertical pipe rising in front of the boiler 
and then carried horizontally to the nozzle. Hot air 
is introduced directly into the pulveriser for drying 
purposes, so that no separate drier is required. The 





* See ENGINEERING, vol. oxxiv, Page 788 (1927). 
t ENGINeering, vol. cxxii, page 7 


0 (1926). 
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Fic. 2. CENTREING DURING FLoop. 


secondary air is supplied by a separate fan to the 
annular space surrounding the burner nozzle. In 
the Stuartstar installation, the raw coal is fed into 
the pulveriser by hand, the energy absorbed by the 
auxiliary equipment being about 0-04 horse power-hour 
perton. No alteration was made to the boiler itself, 
the working pressure of which is 200 lb. per square 
inch without superheat. 

This installation, it is claimed, allows smaller coal 
to be used than is possible with hand firing. For trans- 
| port reasons, however, it is not intended to employ 
| low-grade or dirty fuel. In fact, the coal burned on 
| the voyage that has just been completed had a calorific 
value of 12,900 B.Th.U. per Ib., with 13 percent. of ash 





and a fusing temperature of 1,160 deg. C., the volatile 
| matter being 32 per cent. and the moisture 2 per cent ; 


it, however, cost 6s. per ton less than the coal used in 
the hand-fired boilers. The consumption of this fuel 
on the voyage was about 14 tons, or some 2 tons less than 





that of the hand-fired boilers, while the boiler efficiency 
was about 80 percent.,or some 15 per cent. in excess of 
the figures obtained with the unconverted boilers. The 
mean content of carbon dioxide in the flue gases was 
15 per cent., with a maximum of 17 per cent., as 
against 8-5 per cent. with the hand-fired boilers. he 
mean furnace temperature was 2,400 deg. F., on the 
outward voyage and 2,542 deg. F. coming home, with 
a maximum of 2,730 deg. F. Moreover, as there 1s no 
need to open the furnace doors, steaming is more 
uniform with pulverised-fuel firing, and the same 
average steam can be obtained with a lower output. 

It was stated that, as a result of these experiments, 
it is hoped to equip one of the large passenger vessels 
of the line, such as the Andalucia, of 23,000 tons cis- 
placement, which ply between this country and S uth 
America, with pulverised-fuel firing, and if this is done, 
the outcome will be awaited with interest by both 
marine and land engineers. 
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| GEAR-TOOTH GRINDING MACHINE; MACHINE TOOL AND 
ENGINEERING EXHIBITION. 


CONSTRUCTED BY THE CHURCHILL MACHINE TOOL COMPANY, LIMITED, ENGINEERS, BROADHEATH, MANCHESTER. 


(For Description, see Page 279.) 
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Twist-DrILL GRINDING MACHINE; Messrs. HERBERT HUNT Fic. 62. 
Messrs. B. R. RowLanp AND CoMPANY, LIMITED. 
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PERIODICALLY, we are reminded by most attrac- 
tive exhibitions at Olympia that the British machine 
tool industry is capable of turning out a great 
variety of tools of excellent quality. On the face 
of it, these shows might be taken to indicate 
pleasantly prosperous conditions in this branch 
of engineering, yet if we look more closely into 
the matter, it must be admitted that appearances 
belie the true state of affairs. The farmer, in this 
land of climatological vicissitudes, somehow manages 
to drag out a very cheerful existence, in spite of 
his. industry being well advanced on the road to 
ruin. In the same way, the British machine tool 
maker personally seems to find life not at all 
unbearable, though facts certainly show his 
industry to be far from flourishing. 

In the review of the machine-tool trade for 1927, 
published in our issue of March 2 (vol. cxxv, page 
248), we pointed out that while our machine-tool 
exports were, in value, practically twice as great 
in that year as in 1913, they had shown little or 
no increase since 1923. On the other hand, retained 
imports were on a far higher scale than formerly. 
Further, we drew attention to the fact that in.the 
matter of international exports, the trade of Ger- 
many had grown rapidly to four times the value of 
our business, and that of the United States to 
something like three times our value. 

Facts such as these indisputably point to a failure 
on our part, not only to secure a fair share of the 
export business accessible to the three counties most 
interested, but also to retain a due proportion of our 
home market. The show, opened on Wednesday of 
this week at Olympia, is excellent enough to convince 
anyone that we can hold our own with others in de- 
sign and quality, and that the ill-success so apparent 
cannot be traced to failure in this direction. One is 
forced, therefore, to the conclusion that it must 
have more to do with policy than with the product. 

We hear a great deal in these days of the progress 
of the American special machine, and of the wonder- 
ful developments which are taking place as a result, 
in manufacturing plants in the United States. 
While all the world may become thus highly 
organised mechanically in some distant future, 
it cannot be contended that at present the world 
demand for tools has been exhausted when the 





requirements of these specialised factories have 
been met. In a paper read before the American 
Society of Mechanical Engineers, a description was 
recently given of the development of tools for such 
a plant as that manufacturing for and maintaining 
the Bell System telephones. The number of types 
of apparatus involved reaches 13,000, with no less 
than 110,000 components. This plant employs 
35 engineers and 85 designers on studying machine 
methods and producing machinery designs or 
improving manufacturing processes. Clearly, when 
the user can organise on such a scale, developments 
will follow lines on which the tool maker, working 
from his side alone, could not venture. But this 
is only made possible by the scale on which manu- 
facturing is now carried on in the United States, 
and the tool maker is put in the position of meeting 
a definite shop proposition narrowed down to 
closely defined limits. He usually has the satis- 
faction of knowing that when he has combined in 
an acceptable fashion, his own knowledge with the 
requirements and experience of the user, the contract 
will be for a sufticiently large number of machines 
to make the order a satisfactory one from his point 
of view. In fact, cases are not unknown in which 
the tool makers have held off until such a number 
was assured. 

All said and done, such trade only forms a part 
of the total, even in such a country as the United 
States. The bulk of the work is done on more 
general lines, simply because a great deal of it 
will not, even with the application of the utmost 
amount of ingenuity, lend itself to stereotyping. 
Here, where our manufacturing methods are not, 
at their best, cast on the same gigantic proportions, 
the works requiring special machines are relatively 
few and the demand at best is for single tools, instead 
of dozens. In such cases, it may be attractive to 
the buyer to deal in the American market. The 
factory methods of that country have been so 
loudly proclaimed that it is natural that he should 
wish to adopt a tool successfully applied over there. 
He is also faced with the possibility that if he tries 
to get his requirements met over here and allies 
himself with a tool maker for the purpose, the 
machine produced may be inordinately expensive. 
This is the unavoidable consequence of the small 
demand. Yet it is satisfactory to know that even 
in such lines, our makers can make headway, 
and that to-day designers and makers are ahead 
of the requirements of the most modern factories in 
the country. 

We have referred to the non-specialised work 
to be done. Of this there is a great amount, 
all over the world, including both the United States 
and this country. While American special machines 
may contribute in no small degree to our retained 
imports, it is not generally accepted that the special 
purpose tool is imported largely by this country 
from Germany. If this is so, it follows that for some 
reason or other Germany is supplying us with tools 
which our makers could equally well produce, 
which certainly ought not to be the case. Possibly 
price may have something to do with this, but we 
recently heard the complaint seriously made that 
British firms would send a member of their staff to 
Leipzig at considerable expense, but would not 
dream of sending one to Halifax to see what could 
be done for them there. This may sound somewhat 
peevish, but we are not sure that the buyers may 
not have some justification for this alleged attitude. 
In recent years, the German machine tool industry 
has taken very energetic steps to make itself known 
to the outside world. The annual exhibition of 
machines at Leipzig is an event which is unequalled 
in its way, and the fact that it occurs at twelve- 
months intervals only gives regular buyers of 
machines the opportunity of watching advances, 
and the excuse of putting off decision for a few 
weeks or so with the object of first seeing the latest 
practice at the Fair. 

It is to be regretted that customers have no 
such opportunity here. Once in four years, as we 
have said, we enjoy the exhilaration of a first-class 
show at Olympia—then the various firms retire 
into their shells, or works, and nothing more is 
heard of them till within a week or ten days of the 
next show. Even when the attempt is made to 





interest them in the legitimate desire of the technical 
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Press to let people know what attractive features 
are embodied in their machines, the response met 
with is enough to make Editors despair, were it not 
for the fact that the latter are out to assist the 
industry in spite of itself, and by dint of no little 
charitable persistence, ultimately manage to inform 
their readers at home and abroad how things are 
trending. We cannot help feeling that some of 
the lack of success must be due to this modesty on 
the part of the industry, and that our failure in 
this national activity is traceable to the fact that 
compared with others, we do not keep people 
about the world, and evén those in our own land, 
familiar with our capabilities. There is no doubt 
that in this age of publicity in one shape and another, 
business usually goes to the more active—some- 
times, we may admit, at the expense of quality. 

We feel convinced that one show every four 
years is not sufficient to stimulate our trade to 
prosperity, and to retire modestly to the back- 
ground in the interludes is fatal. The position 
of our industry should be such that every possible 
purchaser at home should feel that, with a very 
small class of exceptions, he could get anything he 
wanted here, and would instinctively turn to Messrs. 
So and So or someone else, as the makers to meet 
his needs. Again, with regard to exports, Colonial 
and foreign buyers cannot be expected to hold off 
for long intervals and then all rush over to this 
country in a particular three weeks, to see what we 
have to show them. We are pleased to find that on 
this occasion organised visits are being arranged to 
the exhibition from Canada, Australia, Germany and 
Holland, and this certainly is a beginning. But it 
touches the fringe of the subject. Officials from 
abroad are constantly in this country—sometimes 
on business, sometimes on leave; but commonly 
even in the latter case with instructions to give 
attention to anything coming to their notice which 
may make for progress in their own work. Now, 
of all the visitors arriving on our shores, only those 
reaching us in one sixty-eighth part of the cycle the 
industry has chosen for itself have any chance of 
gleaning what we are doing in machine design here. 
Visitors to Leipzig,on the other hand, or to our 
British Industries Fair, are better placed, for these 
fairs are open for about one twenty-sixth part of 
the complete cycle. Thus, we arrive at the idea to 
which expression is so often given, that machine 
tools might well be representatively staged at the 
Birmingham British Industries Fair, where the 
engineering section is undoubtedly becoming a very 
important feature. 

So much for the visitors to exhibitions here! 
But there are other possible purchasers who cannot 
come to us, and to whom we must go if we want to 
trade in their part of the world. The machine tool 
industry in this matter is in exactly the same 
position as the soap maker or any other manu- 
facturer. He must take steps to convince the 
market he wishes to trade in that his is just the 
article needed. The demand is undoubtedly there. 
Those of our tool makers who are active in this way 
have no need for regret, and that more business does 
not come to us, especially in the Empire can only 
be due to mistaken methods or even lack of any 
method at all on the part of others. 

We have before now discussed the possibilities 
of Canada, where preference gives our makers a 
definite advantage. Certain firms are successful 
there, and others might well be also. The country 
is not yet replete with highly organised factories 
such as are to be found to the south of it, and most 
of the engineering at present takes the form of 
general work. By this we do not mean that 
manufacturing methods are not followed, but the 
country is undergoing development, and the factory 
stage has not been extensively reached. There must 
be thousands of jobbing and millwrighting shops 
up and down the country, fitted up with shapers, 
drills, lathes, &c., to say nothing of the larger 
requirements of the bigger works. These could 


be well catered for by our industry. The same 
is the case with Australia, India, South Africa 
and other parts, to say nothing of foreign countries. 
In Canada, at least, if not in other countries, facilities 
exist for showing people what we make, but any 
visitor to the Dominion can hardly fail to be 
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the fact by our firms. We are content to leave 
the representation of British industry to makers of 
toffee and soft drinks, perambulators and carpets, 
and make no effort to show how we can contribute 
constructively to the developments of the country. 
But the machine-tool maker over here pleads 
that his firm is only a small one, and cannot stand 
the expense of exhibiting abroad. This certainly 
is a point which, to save the industry, needs to 
be seriously tackled. It is well known that many 
of our firms doing excellent work are so small that 
showrooms even at home are not considered feasible, 
let alone demonstrations abroad. The only remedy 
for this as we see it, is combination and the placing 
of the industry on a totally different footing, so 
that it may take aggressive action instead of leaving 
all of this to other countries. It would be possible 
to do in combination things it would not be possible 
to accomplish separately, either by way of demon- 
stration, or in other classes of publicity. In other 
countries the machine tool industry appears to 
be better organised in this respect. A leading 
maker of lathes last year stated before a technical 
institution that what the industry needed was the 
help of someone with a million pounds. It is, 
perhaps, allowable to suggest that if the units of 
the industry were larger it might be easier to 
enlist the help of capital required for expansion. 
The difficulties in this way are now undoubtedly 
considerable, as Colonel Nugent, of the British 
Federation of Industries, pointed out at the last 
dinner of the Machine Tool Trades’ Association. 
Here naturally, we revert to the possibility of 
notice being taken abroad of our products, if the 
industry could bring itself to throw off some of the 
inexplicable reticence which shrouds its doings for 
about 205 weeks out of every 208. From the policy 
adopted it might be thought that only once in four 
years did our builders attempt to make improve- 
ment in their machines. We know that this is 
not the actual case, and we are perfectly willing 
to lend our assistance in making this known to 
others. The fact remains, however, that there is 
little or no spontaneity on the part of the industry 
itself in this direction, and it has only itself to thank 
when, after advances have been made and reminders 
repeated several times, matters are dropped through 
the inertia of those we would assist to help them- 
selves. And then the respected President of the 
Machine Tool Trades Association tells us that the 
industry does not get a good press. Well-a-day ! 





CRAFTSMANSHIP AND SCIENCE. 

A very wide field ranging from philosophy 
to craftsmanship was covered in the presidential 
address to the British Association, delivered by 
Sir William Bragg last Wednesday evening. For 
our own part, we find ourselves in better agreement 
with his philosophical views, slightly as these 
were developed, than with his observations on the 
relationship of science to industry. It would seem 
that Sir William is in agreement with the late 
James Ward, who maintained that considered as 
a realm of ends through which an increasing purpose 
runs, the Cosmus may have a meaning, whereas 
if it be a realm of things governed wholly by 
immutable mechanical or physical laws, it is merely 
‘a tale told by an idiot, full of sound and fury 
signifying nothing.” In this connection it is curi- 
ous to note that the biologist is often much more 
mechanistic than the physicist, who now-a-days 
almost universally accepts Sir J. J. Thomson’s 
dictum that a scientific theory constitutes a policy, 
not a creed. Hence, even the great generalisations 
of the conservation of energy and of momentum 
may not hold good to the bitter end. Indeed, it 
is difficult to reconcile the phenomena of life with 
the perfect conservation of momentum; although 
the Compton effect shows that momentum is con- 
served even when the units concerned are as small 
as the electron. 

Laplace claimed that there was no scalar 
effect in dynamics, and that if the scale of the 
universe were suddenly altered, we should have no 
means of detecting the change, even though the 
size of the sun should thus be reduced to that of 
a pinhead. The discovery of the quantum seems 
to have undermined this contention, and the new 
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wave mechanics, now exciting such interest amongst 
physicists, is an attempt, and a marvellously suc- 
cessful one, to represent mathematically the dis- 
continuities which experience proves to exist. It 
is interesting to recall that, rather more than a 
century ago, Fourier showed that discontinuous 
functions could be expressed in a continuous form 
as the sum of a series of sines or cosines. It is, 
however, noteworthy that such expressions conceal 
the discontinuity rather than abolish it, since such 
series if differentiated a sufficient number of times 
will always diverge. Hence, though unity may 
be represented by a simple sine series, the series 
is a representation only and is not the same thing 
intrinsically. Whether the new wave mechanics is 
essentially more than this, is perhaps an open 
question, although it has proved extraordinarily 
effective in co-ordinating atomic characteristics. 
The younger school of physicists seem, however, 
more and more inclined to be content with the 
power of calculating effects,in place of visualising 
them, although Kelvin’s contention, that mechanical 
models alone possess the property of making physical 
phenomena intelligible, seems perfectly sound. It 
must not, however, be forgotten that in the ulti- 
mate nothing is intelligible. Both continuity and 
discontinuity are, at bottom, equally incompre- 
hensible, and thus, whilst it is inconceivable that 
a thing can act where it is not, it is equally impos- 
sible to conceive how motion can occur in a plenum. 
All that is feasible is to describe the novel and 
strange, in terms of what is familiar, and mechan- 
ism is so common, that we are apt to ignore its 
fundamental mysteriousness. 

Since a scientific theory is a policy, no apology is 
required for the fact that, as Sir William Bragg 
pointed out, two apparently inconsistent theories 
are held to-day in respect to the nature of light. 
Each policy is, in fact, followed in that field within 
which it successfully works. It is, of course, un- 
satisfactory that the two classes of optical pheno- 
mena have not yet been co-ordinated into one 
comprehensive generalisation, but, according to 
Sir James Jeans, the present status of mankind 
is that of an infant three days old. The 300,000 
years or so during which man has existed on the 
earth constitute in fact a very small fraction of his 
probable future. So far as can be seen at present, 
the earth will still be inhabitable by humanity 
1,000 million years hence, although Sir James states, 
the climate will then be a great deal cooler. It is 
not surprising, therefore, that we are far from having 
scientific theories finished off totus teres atque rotundus. 
With greater knowledge, which apparently man 
will have a very long time to acquire, many of his 
present difficulties will disappear, though the ocean 
of ignorance will still remain infinite. 

Webster defines a craftsman as one skilled in some 
trade or manual occupation. At times, in his 
address, Sir William Bragg seemed to accept this 
definition, but elsewhere and more frequently he 
seems to consider craftsmanship and industry as 
synonymous terms. He further claimed that ability 
to export deperded on craftsmanship, and contended 
also that craftsmanship was promoted by science. 
If the ordinarily accepted meaning of the term be 
retained, we are inclined to think that neither of 
these two propositions can be maintained. In 
fact it is science which makes it possible to dispense 
with craftsmanship. A familiar instance is the heat 
treatment of steel, where the pyrometer now fre- 
quently replaces the eye of the experienced crafts- 
man, and often makes possible more uniform results 
than the craftsman is able to secure. Indeed, 
craftsmanship should not be expended on the attain- 
ment of ends realisable in a less expensive way. 
The march of science and technological advances 
have made it possible to economise the craftsman 
in many industries and to employ unskilled labour in 
his stead. Fortunately, new fields are continually 
opened up to him, as the older are closed, and to-day 
as high a degree of craftsmanship is being displayed 
in the construction and adjustment of fine tools 
and instruments as was ever possessed by those re- 
sponsible for the wonderful contents of Tutanka- 
men’s tomb. As high, but not, we believe, higher. 
Indeed just as the highest intelligences of the stone 
age, must have been the peers of the <lite of Athens, 
(since they raised mankind from savagery to 
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barbarism), so the craftsman of that era showed as 
high a degree of manual skill in fashioning his flint 
implements, as has been displayed by his successors of 
more than 100 milleniums later. It would probably 
be fair to say that the artists who some 50,000 years 
ago drew the bulls in the caves of Altamira, were in 
the matter of craftsmanship the equals of Velasquez. 
Each successive generation has had more knowledge 
and better tools than its predecessors, but it is very 
doubtful if there has been any increase in manual 
skill, which according to Webster and in general 
acceptation is the very essence of craftsmanship. 

That exports are but slightly dependent on 
craftsmanship has been repeatedly demonstrated. 
In the earlier half of the Nineteenth Century, 
three-fourths of the porcelain made in this country 
was exported, and as a contemporary writer states, 
it was found in every city from Paris to St. Peters- 
burg, from Amsterdam to Stockholm, and from 
Dunkirk to the extreme South East of France. 
Owing to its excellent finish and its mechanical and 
physical properties, it displaced, everywhere, the 
local makes, although authorities on ceramics seem 
agreed that a superior craftsmanship was embodied 
in these. 

Again, when Sir Charles Parsons sent to Chicago 
the 20,000-kw. turbine, which has since secured the 
flattering designation of ‘“‘ Old Reliability,” it was 
not superior craftsmanship that brought the order 
to this country. It was the “know how” which 
had little or nothing to do with manual skill. The 
Bosch magneto, again, which deservedly secured 
an international reputation in pre-war days, was 
made by labour of a very unskilled type. Sir 
William Bragg suggests that in cases like this, 
where mass production is involved and little intelli- 
gence demanded from the workers, “ cheap people 
of little intelligence will be found, in the end, to be 
in charge.” This may be true as regards the actual 
machines, but certainly not of the undertaking as a 
whole. There is always a high class of mechanic 
employed in the tool room, and mass production, 
moreover, requires a very able staff to dispose of 
the enormous output. It is again hardly correct 
to suggest that a mass product always represents 
‘“‘a temporary lull in the movement of imagination 
and knowledge.” The law of evolution applies 
here, as elsewhere, and just as certain organisms 
appear to have remained unchanged throughout 
immense stretches of geological time, so there are 
certain mass products, such, for example, as the 
Nettlefold wood screw, which may well remain 
substantially unchanged for centuries. 

The craftsman has always known many facts of 
high scientific interest, but for long, science was 
little able to help him or the industry he served. 
Since these important facts of observation and 
experience were neither correlated nor classified, 
each had to be learnt as an individual item of 
knowledge, and for this, long apprenticeships were 
necessary. ‘To-day, much has been done. Large 
groups of phenomena are shown to be simply 
inter-related, and hence much knowledge is easily 
acquired and transferred. In every new industry, 
however, problems crop up for which contemporary 
scence fails to find an answer. A common result 
is that the solution is found by empirical methods 
and accepted simply as a fact of observation. The 
purification of water by sand filtration provides a 
striking instance of this. The fact of purification 
was established by engineers, but contemporary 
Science, in the person of the chemist, often denied 
this, since their analyses showed the effluent from the 
filter to be no better, chemically considered, than 
- Taw water. It was nearly 60 years after James 
‘Simpson introduced the process, before Koch 
vented the plan of studying bacteria by growing 
them in colonies, and thus provided the means of 
investigating the biological condition of the water 
before and after filtration. Science thus rationalised 
the empirical procedure, and was then able to suggest 
many improvements in the current technique. A 
More recent instance of what we have in mind is 
— by the discovery that certain dopes stop 
: _ in petrol engines. Science afforded no 
i anation of these observations at the time, and 

ough laboratories the world over have been 


studying the matter ever since, there is still no 


Whilst science hardly promotes craftsmanship, it 
is undoubtedly very useful to industry, and a 
steadily increasing number of leading firms have now 
their research laboratories, in which the investiga- 
tions made have an immediate practical aim. 
Great improvements have thus been effected in every 
branch of manufacture, but in general, it is improve- 
ments rather than revolutions that originate in this 
way. In general, really novel departures are due 
to some outsider. Thus, Neilsen, who invented the 
hot blast, was not an iron master, and the Michell 
thrust block was not due to a marine engineer. It 
seems probable, therefore, that if any method be 
discovered, for winning the millions of tons of ex- 
cellent fuel contained in coal seams too thin to 
work by existing methods, the inventor will not be 
a mining engineer. Our own mining engineers 
have been charged with technical incompetence, 
and Sir William seems to support this charge by 
the statement that British coal-mining practice has 
been improved upon by our foreign competitors. 
It would be interesting to know the basis of this 
statement, since, so far, specific particulars of these 
supposed improvements in our underground methods 
of work have been singularly lacking. 

Another charge to which Sir William also seems 
to give countenance, is that modern conditions 
are opposed to the pursuit of beauty. We believe 
this to be mistaken, and to be due to the persistent 
belief that taste is absolute, not relative. The 
early engine builders introduced Greek mouldings 
into their castings. To-day, the engineer aims at 
getting pleasing results by a study of form and 
proportion, rather than by surface decoration, 
which, in fact, is carefully eschewed. Some of our 
designers of machinery have a fair claim to the 
title of artist, whilst, unfortunately, there are 
others who seem merely capable of assembling 
discrete elements into something that may work, 
but which still conveys the impression of being 
an assembly rather than an organised whole. In 
this connection, we may note that we have heard 
the distinction between the Cathedral of Cologne 
and that of Rheims as being that the latter was the 
work of an artist, whilst Cologne was an assemblage 
of samples of craftsmanship. 








MACHINERY FAILURES. 


A NOTABLE point brought out in the annual report 
on machinery failures published by the British 
Engine, Boiler, and Electrical Insurance Company, 
is the low limit of stress recommended for crank- 
shafts, connecting rod bolts and other component 
parts of prime movers. Thus, the comments made 
on the failure of a rolling mill engine shaft, in 
which the normal nominal stress was but 4,000 Ib. 
per square inch, with a possible occasional maximum 
of 8,500 should the rolls jam, include the statement 
that the latter figure is about double that adopted 
for the shafts of similar engines of first-class design. 
In this case the breakage occurred in the crank web, 
which was 8 in. thick and 14in. wide. Anexamination 
made after the failure showed that the steel had been 
overheated and had a large, coarse grained structure. 
Nevertheless, the shaft had stood up for 520 million 
revolutions during its life of 35 years. In another 
case, the crankshaft of a gas engine failed in the 
journal neck after twenty years’ service, during which 
it had made 220 million revolutions. In this case 
the stress calculated in the usual way was 13,000 lb. 
per square inch, which the company’s experience, it 
is stated, proves to be too high. In the case of 
another gas engine in which the shaft failed after 
fourteen years’ service, the calculated stress at the 
point of failure, which was the fillet between the web 
and shaft, was 10,500 lb., whilst it should not, it is 
stated, have exceeded 6,000 lb. per square inch. 
Failure occurred in this instance after about 380 
million revolutions. In another crank web failure, 
which occurred after 20 million revolutions, the 
calculated stress amounted to 15,970 lb. per square 
inch. On connecting rod bolts a stress of 4,100 Ib. 
per square inch is stated to be a perfectly reasonable 
figure, but fractures have occurred under even this 
low nominal stress due to a slack nut allowing one 
bolt to pass over the whole of the load to its fellow. 
The figures quoted above contrast strangely with 
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in some bridge work specifications, yet to all 
appearance, we shall, to the end of time, have 
structural engineers maintaining that safe limits 
of stress can be fixed wholly by academic con- 
siderations, and that experience may be ignored. 
Part of the discrepancy between the nominal 
factors of safety in bridge work and in engine 
practice is due to the fact that there is in the 
former case a smaller discrepancy between the 
true and the calculated stresses; but in the main 
the high factors needed in machines are due to the 
metal being much more severely tried. The 
stresses vary through wider limits and are often 
reversed. The latter condition is very unusual in 
structural steel work, and in any case bridges are 
very lightly worked as compared with machinery. 
An estimate made in 1922 by a committee of 
American engineers gave 15,000 million repetitions 
of stress as the useful life of a steam turbine shaft. 
The corresponding figure for steam engines was 
estimated at 1,000 million, whilst the main 
members of bridges were, it held, only fully loaded 
about two million times in the course of their useful 
life. Even rails, which are generally made of a 
hard steel, only take their full load due to the engine 
and tender weights, about half a million times during 
their life, and good rails are frequently stressed up to 
15 tons per square inch without apparent injury. 

An interesting point referred to in the report 
are the drawbacks associated with the common 
practice of machining crankshafts out of the solid. 
When this is done the metal in the webs is neces- 
sarily strained across the grain, and although steel 
has not the fibrous structure of wrought iron, 
etching proves it to have a very distinct grain along 
the direction in which it was rolled. 

In an appendix to the report, Mr. L. W. Schuster, 
M.A., describes a number of experiments in which 
specimens cut from such cranks gave very much 
worse results in bending tests when tested across, 
than when bent with the grain. With steel of the best 
quality there was, it is true, little if any difference 
in the test results, but with less satisfactory 
material the cross grained specimen cracked at 
much smaller angles of bend. 

Unfortunately, not a few of the fractures recorded 
were due to material, either of bad or indifferent 
quality to start with, or else damaged by improper 
heat treatment. In one case it turned out that a 
cracked billet was used for the shaft forging. During 
the forging operation this crack had opened, but 
the damage was patched up and concealed by 
autogenous welding, which failed, however, to reach 
the. bottom of the crack. In another case, a 
shaft of an expensive alloy steel containing 0-43 
per cent. carbon, 1-43 per cent. of chromium and 
2-83 of nickel, had been damaged by tem- 
pering at too low a temperature, so that it was 
excessively hard and brittle. It failed, in fact, 
after ten weeks’ service in a petrol engine, running 
at 1,000 r.p.m. 

Several instances are recorded of shafts running 
for considerable lengths of time in a cracked con- 
dition. In one instance, the crack had extended 
halfway through the shaft before the final failure. 
With the higher speeds now general cracks may 
spread seriously in relatively short spaces of time, 
whilst in the days when engine speeds ranged from, 
say, 35 to 60 r.p.m., a cracked shaft has been known 
to run for years. 

Two strips of impulse turbine blading are noted 
in the report, and in another case the shrouding of 
some reaction blading fouled the casing and cut 
grooves #-in. deep without a strip resulting. The 
damage Was only discovered on opening up the 
turbine for a periodical inspection, and fourteen 
rows of blading had to be replaced. The mishap is 
attributed to a badly worn flexible coupling which 
started heavy vibrations and caused the shaft to 
whip. 

In one of the two accidents to impulse turbines 
above mentioned, a broken blade was flung into 
the condenser with force sufficient to cut in two a 
condenser tube. The mean bucket speed was 
640 ft. per second, and the material was a 5 per cent. 
nickel steel, but the root was badly designed, so 
that a crack started at the sharp junction of this 
root with the body of the blade. A curious failure 
of the impeller of a turbine water gland is noted. 
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This impeller was of stainless steel and was keyed 
to and shrunk on a sleeve which, in its turn, was 
pressed on the shaft. Whilst at work this impeller 
split along the full radial depth, the opposing edges 
of the crack being 2 in. apart at the circumference. 
A similar accident was reported in 1922. In 
making the damage good, the new impeller was 
provided with a boss. 

In quite a number of cases in which a turbo- 
generator has gone wrong, the fault has, in the 
first instance, been attributed to the turbine, 
which has been accordingly opened up, only to find 
it in perfect order, the guilt'lying with the generator, 
due generally to deterioration of the insulation and 
the movement of the conductors in their slots. In 
one instance, just as the set had been got up to 
the full speed of 3,000 r.p.m., violent vibration set 
in and on the attendant tripping the emergency 
gear, the machine stopped within 3 or 4 seconds. 
Evidently the jam must have been a very tight one 
to form so effective a brake. 

Two instances are reported of failures of the bolts 
clamping together the discs of squirrel-cage motors, 
due to them having been overstrained by using 
them instead of a press, when assembling the 
stampings. 

A static condenser makes its appearance in these 
reports for, we believe, the first time. This was of 
220 kv.-a. rating, and was designed for a voltage of 
550. It was used for reducing the wattless current 
in the windings of an alternator and was controlled 
by a current breaker of 230 ampere capacity. It 
consisted of 2,229 spools of plain and metallised 
paper rolled together, each having a capacity of 
one micro-farad. Whilst in service the circuit 
breaker opened, and smoke was seen coming from 
the condenser oil tank. Subsequent examination 
showed that the accident was due to a gradual 
deterioration of the oil, the temperature of which 
had been noted as abnormal for some time before 
the breakdown occurred. 

There were, it appears, a very large number of gas 
and oil engine failures due to neglect during the past 
winter’s frost. Undrained jackets burst, whilst 
in some cases although the jacket was drained on 
stopping work, the drain cock was closed so that the 
jacket filled again owing to a leaky supply tap. In 
other cases the water pipe leading to the jacket 
froze solid, so that though the supply cock was 
opened the engine was started with a dry jacket. 
The report recommends that drain cocks should be 
of not less than }-in. bore, and should be fitted at 
the lowest point of the pipe supplying the jacket 
with water. 

Amongst crane failures may be mentioned that of a 
Goliath crane, the travelling wheels of which were 
fitted with independent electric motors, an arrange- 
ment not recommended by the company, as it is 
difficult to ensure against cross binding of the wheels. 
Preference is given to the plan of mounting a single 
motor overhead and driving the wheels on both 
sides by down shafts. 

In an appendix to the report, Mr. N. J. Hockley, 
A.I.E.E., explains the principle of the leakage 
indicator on two-wire insulated direct-current 
systems, and its application to feeder protection. 
Mr. L. W. Schuster, M.A., draws attention to the 
unreliability of a formula proposed by S. Timoshenko 
for determining stress concentrations at holes in a 
flat plate. In advancing the formula, its originator 
had shown that it gave practically correct results 
in a particular case applied as an arithmetical test. 
Mr. Schuster, who has contributed, in previous 
reports, a number of valuable papers on stresses in 
curved beams and the like, shows that the agreement 
obtained in the particular case discussed was purely 
accidental, and that in general the rule proposed 
leads to very erroneous results, 


_ GENUINE Wrovucur Iron.—A leaflet drawing atten- 
tion to the real nature of wrought iron has reached us 
from Messrs. John Bagnall and Sons, Limited, Wednes- 
bury, South Staffordshire. In this it is pointed out that 
the cheap rolled products of foreign mills, which have 
been entering this country in increasing quantities 


during the past few years, are called ‘‘iron,’’ but bear 
little relation to genuine wrought iron. This is proved 
by the fact that this material corrodes relatively quickly, 
whereas true wrought iron, made by the puddling process, 
has withstood daily wear and tear and the onslaught 
of rust in many instances for over half a century. 
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THE BRITISH ASSOCIATION AT 
GLASGOW. 

THE imposing pile of buildings of the University 
of Glasgow this year accommodates all the 
sections of the British Association, The Bute 
Hall, which is being used as the reception room 
of the Association, the James Watt Laboratories 
for Engineering, the institutes for Botany, Zoo- 
logy, Anatomy, Natural Philosophy, Public Health, 
&c., and the Chemistry Department were later 
additions, built in harmony with the style of 
the original design of Sir Gilbert Scott. Glasgow 
University itself dates back to 1450, as we mentioned 
last week, and owes its existence to Bishop Turnbull, 
of Glasgow, and King James II of Scotland. The 
Faculty of Engineering, which includes electrical 
engineering, naval architecture and mining, was 
only established in 1923. At the same time, the 
University was affiliated with the Royal Technical 
College in George-street, founded under the will 
of Dr. John Anderson in 1796, and a similar arrange- 
ment was concluded with the College of Agriculture. 
These combinations added substantially to the 
resources of the University. James Watt was one 
of the first students of Anderson. 

Articles on the development of these and other 
learned institutions are contained in the general 
book for the Glasgow meeting, which has been 
edited by Professor J. Graham Kerr. The honorary 
local treasurer, Sir John S. Samuel, Ceremonial 
Secretary to the Corporation of Glasgow, has con- 
tributed an article on the Local Government and 
Municipal Enterprises of Glasgow, and the Industry 
and Commerce of the Clyde Valley, and the Harbour 
of Glasgow and the Clyde from Glasgow to Greenock 
are reviewed by Professor W. R. Scott and Dr. John 
Bruce Murray. Both these writers take a somewhat 
serious view of the future. After forty years of 
steady progress, Glasgow is again confronted by 
a great crisis, Dr. Scott points out, but he also 
sees the beginning of the resumption of economic 
progress. Dr. Murray urges the need for the com- 
plete canalisation of the Clyde. 

The population of the City and Royal Burgh 
of Glasgow is estimated at 1,124,174—an increase 
of nearly 100,000 inhabitants over that of the 
last census, but the municipal area was consider- 
ably increased in 1926. By Tuesday last, about 
2,500 members had notified their intention of 
attending the meeting, but the actual attendance 
figure of 3,000 will probably be exceeded. 

The first Wednesday of a British Association 
meeting is occupied with meetings of the Council, 
the organising committees and other committees, 
and with the delivery of the Presidential address, 
which was given by Sir William Bragg at 8.30 p.m. 
in St. Andrew’s Hall, after the members had been 
welcomed by the Lord Provost of Glasgow and the 
Vice-Chancellor of the University. Sir William’s 
address dealt with Craftsmanship and Science and 
is referred to elsewhere in this issue. At its con- 
clusion a vote of thanks to the President was 
proposed by Sir Henry Fowler. In subsequent 
issues we shall report the proceedings of the various 
sections, commencing as usual with those of 
Section G (Engineering). 


(To be continued.) 











PERSONAL.—The name of Messrs. Automatic and 
Electric Furnaces, Limited, Elecfurn Works, North-road, 
Holloway, London, N.7, has been changed to Messrs. 
Wild-Bartield Electric Furnaces, Limited. The manage- 
ment and the address both remain the same.—The 
French Government has recently conferred the honour 
of Chevalier of the Legion of Honour on Mr. Daniel Metz, 
head of the Citroén Company in England, for distinguished 
service in fostering business relations between Great 
Britain and France. 

ConTRActTs.—Messrs. Boleckow, Vaughan and Company, 
Limited, Middlesbrough, have received an order from 
the Birkenhead Corporation for 150 tons of B.S.S. No. 8 
high silicon tramway rails and_fishplates.—Amongst 
recent orders received by Messrs. W. Crockatt and Sons, 
Limited, 62 and 64, Darnley-street, Glasgow, S1, for their 
electric salinometers, are 30 instruments for the British 
Admiralty for the County class cruisers, as wel: as 
instruments for H.M.A.S. Australia and Canberra, 
and for Argentine and Chilean destroyers at present 
building. Other orders include outfits for the Southern 
Railway Company’s 8.8. Worthing, the P. and O. Steam 
Navigation Company’s new turbo-electric ship Viceroy 
of India, in addition to orders for several power stations 
on land. 
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THE INSTITUTE OF METALS. 


Tue twentieth annual autumn meeting of the 
Institute of Metals opened on Tuesday last, at the 
University, Brownlow Hill, Liverpool, -and closes 
to-day. The proceedings on the first day com- 
menced at 8 p.m., when the president of the 
Institute, Dr. W. Rosenhain, F.R.S., occupied the 
chair. In the course of a brief introductory speech, 
he stated that the autumn lectures, the seventh 
of which would be delivered that evening, were of 
a practical nature, and were intended for engineers 
and users of metals generally. He then called 
upon Mr. F. G. Martin to deliver his lecture. 





Non-FEerrovus METALS IN THE SHIPPING INDUSTRY. 


Mr. Martin, who had chosen the above subject 
for his lecture, stated that the rapid strides made 
in the efficiency of the marine engine and its 
auxiliaries not only called for higher duty from its 
materials of construction, but demanded newer 
and better ones, with the result that to-day, although 
the main interest still centred about steel and iron, 
the range of non-ferrous materials called into service 
had greatly extended, and there was hardly any 
of the commercial metals which did not play 
some part in the construction of the modern ship 
and its engines. Taking as an example an ordinary 
cargo boat, 450 ft. long, 60 ft. beam, 35 ft. depth 
moulded, and capable of carrying approximately 
10,000 tons deadweight, the total amount of steel 
plates and sections in the hull of such a vessel 
would be approximately 3,500 tons, together with 
some 50 tons of steel castings. Non-ferrous metals 
entered into the manufacture of the vessel’s engines 
which in the case cited would develop about 6,000 
h.p. If the ship were propelled by means of 
reciprocating machinery, this, excluding boilers, 
would weigh some 176 tons, and would comprise 
70:75 per cent. of cast-iron, 23 per cent. of steel, 
cast and forged, 3-25 per cent. of yellow metal, 
and 1 per cent. of white metal. If, on the other 
hand, the vessel were propelled by turbines, the 
total weight of the machinery would be about 
67 tons, again excluding boilers, and, expressed as 
percentages as before, the various metals would 
fall into the following proportions :—Cast-iron, 
58 per cent. ; steel, cast and forged, 33-75 per cent. ; 
gunmetal and other yellow alloys, 1 per cent. ; 
white metal, 0-25 per cent., and blading material, 
5 per cent. A Diesel engine developing about 
6,000 h.p. would have a total weight of approxi- 
mately 1,400 tons, which figure included the main 
engines, auxiliary engines, and other fittings. 
The propelling machinery would be made up of 
41-1 per cent. of cast-iron, 54-6 per cent. of steel, 
3-9 per cent. of brass and other yellow metals, 
and 0-4 per cent. of white metal. 

With the introduction of the Diesel engine as 
a means of marine propulsion, there had been 
developed the electric winch, with the result that, 
on the cargo vessel under consideration there would 
be approximately 20 winches, which with their 
motors and accessories would absorb 15 tons of 
copper, 1 ton of phosphor bronze, gunmetal, «c.., 
and about 1 ton of copper ’bus-bars and brass fittings 
on the switchboards. Furthermore, there would 
be about 25 miles of electric cables, weighing some 
30 tons. The increasing use of fuel oil, whether in 
the internal-combustion engine, or burned under 
boilers to raise steam, had brought with it a number 
of troubles. The ordinary electric cable, as supplied 
to ships, for instance, rapidly deteriorated under 
the influence of fuel oil. A successful solution of 
this difficulty had, however, been reached by two 
Liverpool engineers. They had substituted a 
cellulose product for the rubber, which surrounded 
the internal core of copper and acted as the insu- 
lating medium. This not only eliminated the 
necessity for tinning the copper, but also rendered 
the use of lead sheathing no longer imperative. 
The resultant cable was much more flexible than 
the older form, and could be turned back on itself 
without fracture. Furthermore, it was particularly 
resistant to the action of fuel oil ; in fact, prolonged 
immersion in this liquid appeared, if anything, to 
increase its efficiency. 

The propeller constituted one of the most out- 
standing examples of the replacement of a ferrous 





metal by a non-ferrous one in the shipping industry. 
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A good example of a mercantile marine propeller 
metal had an «® structure and contained from 
59 per cent. to 60 per cent. of copper, from 35 per 
cent. to 37 per cent. of zinc, 1 per cent. of iron, 
from 1 per cent. to 2 per cent. of manganese, and 
2 per cent. of aluminium. This alloy gave an 
ultimate strength of some 33 tons per square inch 
and an elongation in 2 in. of 28 per cent. The 
so-called Admiralty propeller metal gave a slightly 
stiffer blade, with rather less elongation. This 
alloy contained from 56 per cent. to 57 per cent. of 
copper, from 40 per cent. to 41 per cent. of zinc, 
1 per cent. of tin, 1 per cent. of iron, from 0-25 per 
cent. to 0-5 per cent. of manganese, and 0-25 per 
cent. of aluminium. The ultimate strength of this 
material was 36 tons per square inch, and the 
elongation in 2 in. 25 per cent. The study and 
control of casting conditions, by the increasingly 
close co-operation of foundry and laboratory had 
largely eliminated from propeller metals such 
defects as porosity and oxide films, and had gone 
far to ensure a strong and finely grained structure 
rather than a coarse and brittle one. In the making 
of 88: 10:2 gunmetal castings an instance was 
furnished of tried and most welcome practical help 
from the metallurgist to both the brassfounder and 
the engineer. The paper published in 1917 in the 
Journal of the Institute of Metals by Professor 
Carpenter and Miss Elam was generally recognised 
as part of the fundamentally important literature 
on the subject. In it were investigated and clearly 
described the correct conditions for casting gun- 
metal and the defects likely to occur through 
faulty materials or wrong practice; the whole 
paper was an outstanding example of direct help 
with practical problems which was the result of 
careful laboratory research combined with a 
thorough grasp of practical considerations. 

The most generally satisfactory type of bearing 
metal for marine work was a tin-base alloy, con- 
taining antimony and copper, of the composition 
used by Rosenhain and Fry in their investigation of 
the properties of bearing metal—namely, tin, 
86 per cent., antimony, 9 per cent., and copper, 
5 per cent. This material comprised a reasonably 
soft matrix containing two types of hard con- 
stituent, the cubical crystals of the tin-antimony 
compound and the needle-shaped copper-tin crystals. 
The latter were the first to solidify from the molten 
state, and, by forming a solid network, they main- 
tained the grain fine and the distribution of the 
other constituents even, given proper casting 
conditions. Ifconditions wereimproperly controlled 
the harder portions became segregated. Fusion 
began in this material at about 238 deg. C. In 
cases in which lubrication had been careless, or 
from any cause had failed, it was possible to obtain 
evidence of local fusion and_recrystallisation. 
General experience in marine work would emphati- 
cally discourage the use of the more fusible bearing 
metals, especially those of the lead-base type, i.c., 
lead, 74 per cent. to 75 per cent., tin, 8 per cent. to 
9 per cent., and antimony, 16 per cent. to 17 per 
cent. Fusion in this material began rather above 
182 deg. C., but, in any case, the alloy was dan- 
gerously soft much below this temperature. 

Turning now to the steam turbine; in spite of 
the attacks of stainless steel, the materials used in 
blading were almost entirely non ferrous. They 
included such diversified alloys as 96:4 cupro- 
manganese and Monel metal for the high-pressure 
Stages, and brasses, including 70 : 30 metal, for the 
Intermediate stages and the low-pressure ends. It 
could safely be said, and it was certainly his own 
experience, that the failure of blading was only 
rarely to be attributed to faulty material, i.c., to 
material which was either intrinsically unsuitable, 
or which had been worked up from unsound ingots, 
or, again, which had been improperly treated either 
mechanically or from the point of view of tempera- 
ture. It might appear a simple matter to attach a 
Tow of blades of perhaps 1 in. in length, as at the 
inlet end of the high-pressure turbine, in such a 
Manner that it was free from the possibility of the 
Incidence of undue stress as the turbine worked up 
— gradually rising temperature, bringing in the 
: € pb differential expansions, to its running speed 
re 00 r.p.m. or 4,000 r.p.m. It was, however, a 
nore difficult matter to be equally sure of the blading 
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at the other end of the turbine, when the length of 
12 in. or 15 in., or more, introduced a tendency to 
whip and lag, and where, with the greater diameter 
of the rotor, the peripheral speed was greatly 
increased, although the temperature rise was com- 
paratively small. These constructional difficulties, 
together with those introduced by the erosive and 
corrosive action of the energy member, had been 
very largely overcome, and marine engineers 
responsible for the construction, no less than the 
inventors of the different turbines, were to be 
congratulated upon the successful service obtained 
in this field from the non-ferrous metals. 

In few cases was it more necessary to bring about 
co-operation between the corrosion researcher, the 
metallurgist, and the engineer, than in the matter 
of condenser-tube corrosion. An examination of 
the problem showed that it was very necessary to 
concentrate on design. Condenser design had made 
relatively little progress of late years, at all events 
from the corrosion-prevention standpoint. In this 
connection, reference might be made to a valuable 
system of observation in use in many ships, whereby 
the position of each unsatisfactory tube, and of the 
joints on the tube where failure occurred, were 
regularly recorded on standard plans. When 
sufficient records of this type were available, they 
might supply information of great value. The 
latest attempt to fight corrosion had been by the 
deposition of metallic chromium on the water side 
of the condenser tube. This method had presented 
difficulties, but, apparently, the metallurgist had 
been able to overcome them, and a tube, plated in 
this manner, was now on the market. It had the 
additional advantage of possessing, at the normal 
temperatures of condensers, and at the normal 
water speed of about 5 ft. to 6 ft. per second, a 
marked increase in conductivity for heat, of the 
order of 20 per cent. Marine engineers would watch 
the progress of this tube with marked interest, and 
it was pleasing to note that it had been the result 
of the labours of two Liverpool workers. 

On Wednesday morning, the 5th inst., at 10 a.m., 
the members assembled at the Adelphi Hotel, 
and the Chair was taken by Dr. Rosenhain. A 
civic welcome of the Institute to the City was 
extended by the Lord Mayor of Liverpool, Miss 
Margaret Beavan. Ina brief speech, Dr. Rosenhain 
thanked the Lord Mayor for her cordial welcome. 
The minutes of the previous meeting having been 
dealt with, the secretary read a list of the names of 
members, nominated by the Council, to be balloted 
for in connection with the election of the Council for 
1929. Among these nominations were the follow- 
ing: President, Dr. W. Rosenhain ; Vice-presidents, 
Mr. T. Bolton and Sir Henry Fowler, K.B.E. ; 
Members of Council, Messrs. H. A. Ruck-Keene, 
J. Steven, W. G. Turner, O.B.E., H. B. Weeks, 
R. Lloyd Gibbins and Dr. H. Moore, O.B. E. 


CoRROSION OF CONDENSER TUBES BY IMPINGE- 
MENT. 


Dr. Rosenhain then called upon Mr. May to 
present to the meeting the eighth report to the 
Corrosion Research Committee of the Institute, 
which report related to the impingement attack 
of condenser tubes, its causes, and some methods 
of prevention. This contribution to the proceedings 
will be found on page 309 of this present issue. 
Mr. S. B. Freeman, who opened the discussion, 
stated that scientists were now getting down to 
solid ground in the matter of the corrosion of con- 
denser tubes, and this after what was, after all, a 
comparatively short period of research. Ship- 
owners had, in the past, been put to great expense 
through condenser-tube failures. The seventh 
report to the Corrosion Committee had been fol- 
lowed out by most engineers interested in the 
manufacture of tubes, and great attention had also 
been paid to that excellent little pamphlet entitled 
‘Notes on the Corrosion and Protection of Con- 
denser Tubes.” In the eternal war which was 
carried on between the forces of corrosion and 
those of preservation, the following points might 
be noted. Firstly, in order to lessen the concen- 
tration of air, the water path through the condenser 
was designed to provide, as far as possible, an easy 
unbroken flow. Secondly, to prevent dezincifica- 
tion in tubes of 70:30 metal, 0-2 per cent. of 
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arsenic was added. Thirdly, to prevent erosion, or 
impingement attack, the size of bubbles was 
reduced by the fitting of a grid of steel plate 0°75-in. 
thick, drilled with l-in. diameter holes situated as 
close together as possible, in the water box at the 
inlet end. In the fourth place, in order to convey 
free air away, large air-escape pipes were fitted 
to the upper portion of the water boxes. Finally, 
cupro-nickel tubes of 40°20 alloy were substituted for 
brass, or brass tubes, electrolytically coated inter- 
nally with chromium, were fitted. 

As regards cupro-nickel allays, it was found 
that the 40-30 alloy was a more resistant metal 
than the 40-20, but the lower nickel had been 
adopted on the score of first cost. The aluminium- 
brass alloy mentioned in the paper as being a useful 
material for the production of tubes was to him a 
new departure. He would like to know why there 
was no addition of arsenic made to this alloy in 
order to prevent the slow dezincification mentioned. 
In view of the author’s ability to measure the 
film potential of condenser-tube metal, would it be 
right to assume that the user might purchase and 
fit tubes in a condenser, induce the formation of a 
protective film by immersing them in sea water, 
testing to show the increase in film potential as 
the film formation took place, and arranging a 
connection extending outside the condenser to 
indicate if the film was breaking down, when a 
change of speed of circulating water or some de- 
aerating device could be brought into play to 
restore the film-forming condition. If this were 
indeed the case, the problem of condenser tube 
corrosion was being solved at an exhilaratingly 
rapid rate. 

The next speaker, Mr. U. R. Evans, suggested 
that a more complete interpretation of impinge- 
ment attack could be obtained by applying a 
suggestion made by Mr. May himself, in conjunc- 
tion with Dr. G. D. Bengough, five years ago,* 
namely, that the tendency of corrosion products 
to arrange themselves round the air bubbles, 7.e., 
at the air-water surface instead of at the metal- 
water interface, must clearly interfere with scale 
formation of the metal. A large bubble, on im- 
pinging, would probably flatten itself somewhat 
against the surface and, on leaving it, might easily 
pull off part of the skin of corrosion products, 
exposing the bright brass, as Mr. May had himself 
definitely shown. The exposed brass would be 
anodic towards the film-covered brass around it, 
as Mr. May had also demonstrated directly, and, 
therefore, an electric current would flow, and 
corrosion would occur, until such time as the place 
healed up by the formation of fresh adherent 
protective matter. There appeared no need to 
assume differences in metal-ion concentration, 
although if the bubble did carry off metallic ions 
as well as insoluble products, this’ would increase 
the electric currents, and, therefore, intensify the 
corrosion. Small bubbles would not, presumably, 
flatten themselves to the same extent, owing to 
the additional work which would be required to be 
done against surface torsion, and would, therefore, 
be less detrimental, as Mr. May had found. 

He himself had been specially interested in Mr. 
May’s use of potential measurements to follow the 
breakdown and repair of protective films. In 
work concerning protective oxide films on iron and 
zine, he had lately been using a method based on a 
similar principle, although, since the changes 
occurred with these metals enormously more 
rapidly, the experimental procedure was somewhat 
different. If at an incipient breakdown, the heal- 
ing forces predominated over the undermining 
forces, the potential moved in one direction ;_ if 
the breakdown extended, by undermining or 
otherwise, the potential moved in the other direc- 
tion. In these latter cases, if sufficient time were 
given for the corrosion to become actually visible, 
wide corroded areas are found, whilst, in the first 
case, microscopic areas, or none at all, were obtained. 
The fact that visual observations, when they could 
be secured, confirmed the potentiometric observa- 
tions, increased confidence in the method, and in 
Mr. May’s hands this would be a most useful and 
reliable means of quickly appraising the value of 
different alloys or protective treatments. 








* See The Engineer, July 6, 1923. 
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In recent years, continued Mr. Evans, there had 
been a constant demand on the part of practical 
men for an accelerated test which would indicate 
in the laboratory, during the course of a few hours 
or days, the results which would be obtained in 
service after some years. In some departments of 
corrosion, the provisions of an accelerated test 
which would be really reliable appeared almost 
impossible. In the department of condenser-tube 
corrosion, however, Mr. May had succeeded in 
designing a test which was undoubtedly rapid and 
would almost certainly prove reliable. For doing 
this he was entitled to the gratitude of all engineers. 

Dr. W. M. Guertler was of the opinion that it 
might not be long before the problem of the 
corrosion of condenser tubes were definitely solved. 
This would help greatly in the elucidation of some 
of the larger problems of the corrosion of metals. 
Mr. D. H. Hopper, who spoke next, stated that the 
jet-test apparatus and the measurement of the 
film potential, as described in the paper, placed 
in the hands of engineers and tube manufacturers a 
method of studying the behaviour of tube metal, 
which would prove of the utmost value. The 
aluminium-copper alloy, although indeed a new 
departure, was coming to be fairly well known among 
tube makers. 

The next speaker, Dr. W. H. J. Vernon, thought 
that Mr. May had put forward an ideal method of 
measuring corrosion, and also an ideal accelerated 
corrosion test. The author had stated that the 
measurements need not be confined to the labora- 
tory. Specimens, if suitably insulated, might be 
placed under actual working conditions anywhere 
in a condenser; also it should not be difficult to 
arrange for the potential record to be taken auto- 
matically. This automatic record of the behaviour 
of tube metal was, he himself thought, of much 
greater use and interest, than the record of the 
number of failures referred to by Mr. Martin in 
this autumn lecture on the previous evening. He 
had been particularly interested in the shape of the 
curve for aluminium-brass obtained by the films 
potential method ; it was similar to that yielded 
by pure aluminium on exposure to air, and obtained 
by the weight-increment method. The self-healing 
of the film in the latter method was shown by steps 
in the curve, and these steps appeared to correspond 
with the marked kinks in Mr. May’s curves. Taken 
altogether, the author’s method was of the greatest 
value in detecting the break down of the film, since 
it responded immediately when the slightest break 
in the film occurred, and, after all, a pin-hole might 
make all the difference between the success or the 
failure of a particular specimen. Various points 
with regard to terminology required clearing up. 
Dr. J. N. Friend had proposed the term “ surro- 
sion” for cases in which a film adhered tightly to 
the metal and virtually formed part of the metal. 
Erosion, on the other hand, occurred when metal 
was actually removed. In atmospheric corrosion 
these two agencies were both at work, and the 
resultant of the two was finally obtained. Mr. May 
had stated that dezincification was an action which 
rarely permitted any other type of corrosion to 
take place at the same time. This statement seemed 
somewhat sweeping, and he would like the author 
to expand it further. 

Mr. W. J. Talbot, who spoke next, thought that 
research should be turned not so much in the 
direction of how to use old material, but should be 
concentrated on the investigation of new and more 
resistant metals and alloys. Dr. Rosenhain, the 
next speaker, said that reference had been made to 
the sticking of the coriosion product to the air- 
bubbles in the tube. He believed that minute 
traces of some ingredient, present either in the 
water or in the metal, might tend to prevent this 
occurrence. This factor had been investigated in 
some of the flotation processes. The last speaker, 
Professor H. C. H. Carpenter, Chairman of the 
Corrosion Research Committee, stated that in his 
brief introduction to the paper he had been accused 
of setting forth the present position regarding 
corrosion in rather too sombre a light. It should, 
however, be remembered that it was 18 years since 
the investigation of the corrosion of condenser 
tubes had been commenced, and, excluding the four 
war years, they had been engaged on the problem 
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for some 14 years. He agreed, however, that the 
whole question was not an easy one to answer. 
The results set forth in the report were good, but 
as four years had elapsed since the last report had 
been published, the Institute had a right to expect 
good results. He regretted that an acknowledg- 
ment had been inadvertently omitted. The interest - 
ing figures, obtained by Mr. May, on the aluminium 
brass had been largely made possible by the work of 
Mr. Wolseley, of Messrs. Charles Clifford and Son, 
Limited. The research was proving costly; it 
had, however, been well supported by the manufac- 
turers, who bore by far the heavier share of the cost 
involved. 

In a brief answer to the discussion, Mr. May 
said that Mr. Freeman had referred to the use 
of a grid. He would like to know the type of 
grid implied, and if it were intended as a means 
of electrolytic protection, for breaking up irregu- 
larities of flow, or for breaking up air bubbles. 
This speaker had also brought in the subject of 
metallic coatings. These artificial films might 
consist of tin, nickel or chromium; most, if not 
all of them, were more noble than the metal 
beneath them. If, therefore, the coating were 
scratched, corrosion of the underlying metal would 
take place at the scratch. He understood that 
the cleaning of tubes with steel brushes was coming 
into use to an increasing extent. This meant that 
the metal coatings might become scratched ; 
consequently, under the circumstances, it was 
preferable to use tubes having naturally-forming 
films. With reference to terminology, he was not 
quite happy concerning the terms surrosion and 
erosion. The latter suggested to him the removal 
of metallic particles rather than that of corrosion 
products. He reiterated that  dezincification, 
generally speaking, did seem to prevent other 
types of corrosion from taking place. 


CoRROSION AT DISCONTINUITIES IN METALLIC 
COATINGS. 


The second paper taken was presented in abstract 
by the author, Mr. U. R. Evans; it dealt with 
“Corrosion at Discontinuities in Metallic Protective 
Coatings.” This contribution, which we intend 
to reproduce in a forthcoming issue, contained an 
account of a study made of the corrosion occurring 
at different kinds of discontinuities in coatings 
of non-ferrous metals on steel. The work included 
sprayed coatings of copper, nickel and aluminium, 
and, in addition, coatings of zinc and zinc-iron 
alloy produced by hot galvanising, electro-deposition, 
spraying, and Sherardising. 

The first speaker in the subsequent discussion, 
Mr. E. A. Atkins, stated that too much should not 
be read into the results obtained. Those who had 
to do with the coating of one metal on another 
knew that many factors affected the behaviour 
of the coating. A good coating of zinc by the 
hot-galvanising process depended, among other 
things, on the properties and the condition of 
the surface of the base metal, and also on the 
composition of the zinc utilised. Furthermore, the 
particular method used in the galvanising process 
was all-important. The financial element must 
also be taken into account. In America, galvanised 
corrugated sheets had been made using the best 
available base metals and high-grade zine. The 
resulting cost had, in consequence, been high, 
and the manufacturers had been unable to sell the 
product. The only other speaker, Dr. W. H. J. 
Vernon, said that a question raised by the work 
of the author was whether or not a protective 
coating might develop on zinc in the atmosphere. 
In the case of copper, this type of coating was 
obtained, but, he thought, the same did not occur 
in the case of zinc. In the London atmosphere, 
approximately 90 per cent. of the corrosion product 
was washed off by rain. Mr. Evans had referred to 
the work of Patterson; the latter had exposed 
his specimens in a stagnant atmosphere impregnated 
with water vapour. He, in fact, had used a closed 
vessel of the desiccator type. It did not follow 
that the same results would have been obtained 
if the specimens had been exposed to the action 
of wind and rain. Mr. Evans had employed, 
among others, a method involving the intermittent 
spraying of specimens with N, sodium-chloride 
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solution. He himself thought that the more 
extensive use of dilute solutions of sulphuric acid 
would have given more comparative results. In 
the case of inland atmosphere, the sulphate radicle 
was much more in evidence than was the chloride 
radicle. This applied generally in this country, 
with the possible exception of the Scilly Islands. 

In the course of a brief reply, Mr. Evans remarked 
that an independent body should be set up to 
settle finally whether a heavier coat of zinc than 
was customarily employed was worth the cost. 
He was aware that producers, generally speaking, 
were of the opinion that the extra cost was justified, 
but consumers, perhaps not unnaturally, were 
somewhat unwilling to fall in with that opinion 
without the assurance of scientists not directly 
interested in the matter. He quite agreed with 
Dr. Vernon that there were many cases in which 
the protective films on zinc, to which he had 
referred, would not resist all the conditions imposed. 
He would like to point out, in this connection, 
that Drs. Patterson, Vernon and himself employed 
quite different methods in their experiments. 


ALLOYS OF ALUMINIUM WITH CoPpPER, SILICON, AND 
Tron. 


A contribution entitled ‘‘ The Constitution of the 

Alloys of Aluminium with Copper, Silicon, and 
Iron,” by Dr. A. G. C. Gwyer and Messrs. H. W. L. 
Phillips and L. Mann, was next dealt with. Refer- 
ring to the ternary systems, Dr. Gwyer, who 
presented the paper, stated that aluminium, CuAl, 
and silicon had been shown to forma simple eutect- 
iferous ternary system, the eutectic of these three 
constituents containing 26 per cent. of copper, 
6-5 per cent. of silicon, and freezing at 525 deg. C. 
Again, aluminium, CuAl,, and an iron-rich con- 
stituent termed ‘‘ N,” had been shown to form a 
ternary eutectic at 32-5 per cent. of copper, 0-3 
per cent. of iron, and freezing at 540 deg. C. The 
constituent ‘“‘N’’ was formed as the result of a 
peritectic reaction at 590 deg. C., between FeAl; 
and liquid. Turning to the quaternary alloys of 
aluminium, copper, silicon and iron, Dr. Gwyer 
stated that the constituents of these alloys were 
those of the three respective ternary systems, no 
additional or quaternary constituents being met 
with. The liquidus model for the quaternary system 
over the range 0-40 per cent. of copper, 0-15 per 
cent. of silicon, and 0-10 per cent. of iron, showed 
that the series comprised a quaternary eutectic 
consisting of aluminium, CuAl,, silicon and “ X,” 
and containing 26 per cent. of copper, 6-5 per cent. 
of silicon, and 0-5 per cent. of iron, and freezing at 
520 deg. C. 
There were only two speakers in the discussion 
which followed. The first, Professor W. M. Guertler, 
referred to the great mass of information given to 
the metallurgical world by the authors. The other 
speaker, Dr. W. Hume-Rothery, thought that the 
actual figures upon which the large number of 
sectional diagrams given in the paper had been 
based, should have been quoted. These diagrams 
constituted sections through the ternary model ; 
they would be rendered much more understandable 
if the figures relating to them could be published. 
Dr. Rosenhain, in closing the discussion, stated that 
Dr. Gwyer and his co-workers did not claim that 
their diagrams represented equilibrium conditions. 
It was, in fact, definitely stated by the authors 
that the paper dealt exclusively with meta-stable 
conditions. The character of the discussion not 
being such as to warrant a reply, the meeting passed 
on to the last paper considered that morning. 


(To be continued.) 








Fuicut CADETSHIPS AND THE Sir CHARLES WAKE- 
FIELD SCHOLARSHIPS.—The Air Ministry announces that 
Aircraft Apprentices P. B, Coote, J. Whitehead and D. V. 
Angell, from No. 1 School of Technical Training oo 
tices), Halton, and Aircraft Apprentices H. B. W rigley - 
T. U. C. Shirley, from the Electrical and Wireless School, 
Flowerdown, have been selected for cadetships at the 
R.A.F. Cadet College, Cranwell, on the result of the 
examination held on completion of their three — 
training as aircraft apprentices. Sir Charles W — 

scholarships, valued at 751. each, have been awardec = 
Flight Cadet G. D. Stephenson on the result of the - 
competitive examination for entry into the R.A.F. C wis 
College, and to Flight Cadet P. B. Coote. The “ Hyde- 
Thomson Memorial Prize,” valued at about 33/., has been 





awarded to Flight Cadet T. U. C. Shirley. 
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REINFORCED-CONCRETE BRIDGE OVER THE PIAVE AT BELLUNO, ITALY. 
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| REINFORCED-CONCRETE BRIDGE AT 
BELLUNO, ITALY. 


Tue new bridge which spans the River Piave at 
Belluno, some 75 km. north of Venice, is of interest 
both on account of the methods of construction 
adopted and of the provision made to minimise stresses 
- Gm. | due to seasonal temperature variations. The river is 
; about 72 m. wide at the point where the bridge is 
located, and a single-span bridge in reinforced concrete 
was selected as the most suitable type to meet the 
prevailing conditions. A view of the bridge is given 
in Fig. 1 on page 296, from which it will be seen that 

it presents an exceptionally handsome appearance for 
this type of construction. 

In view of the relatively large span, careful con- 
sideration was given to the reduction of stresses due 
to settlement after the removal of the centreing em- 
ployed in the construction. Two methods which have 
been adopted in the past for minimising these stresses 
are to embody three hinged joints in the structure, 
or to build the bridge in two semi-arches, which are 
slightly separated by hydraulic jacks before filling in 
the crown. Both these methods were considered to be 


















































open to objection by the designer of the Belluno 
Bridge, Cav. Eugenio Miozzi, and the actual method 
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adopted was to construct the centreing with a super- 
elevation, thus producing a deformed arch which 
approximated to the intended form on removal of 
the timbering. A full discussion of the theoretical 
considerations underlying this principle of construc- 
tion will be found in the Annali dei Lavori Pubblici 
for 1927, under the title of Il Nuovo Ponte sulla Piave 
a Belluno, by Cav. E. Miozzi. 

The rock underlying the river, at the point traversed 
by the bridge, is of excellent quality, consisting of 
compact marl with a crushing strength of 300 kg. 
per square centimetre, and not subject to deteriora- 
tion on exposure to the air. The masonry forming the 
abutments of the bridge was completely bedded in the 
marl, thus precluding any possibility of movement. 
The foundations were constructed in concrete in the 
proportion of 0-8 cub. m. of gravel, 0-4 cub. m. of 
sand from the river bed, and 2-5 quintals (250 kg.) of 
cement. In the vicinity of the arch springings, the 
proportion of cement was progressively increased up 
to 4-75 quintals. 

The timbering, shown in course of construction in 
Fig. 2, page 296, was carried on seven piers. From 
the point of view of rigidity, a larger number of piers 
would have been preferable, but it was important 
that the free flow of the river, which is liable to heavy 
flooding, should be restricted as little as possible. 
Each pier, with the exception of the central one, was 
carried on three rows of 17 piles, the central pier 
having four rows of 22 piles. The piles, which were 
of larch, were fitted with steel shoes having four arms, 
embraced by a steel ring, extending up the four sides 
of the pile. They were driven through the gravel of 
the river bed to the marl, the shoes penetrating the 
latter sufficiently to form a firm seating. To afford 
additional security against any movement of the piles, 
a concrete platform was cast round each group. This 
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yas 14 m. thick, and bedded o e gravel. 
platform was 1} m. thick, and bedded on the gravel | DIAGRAME OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 


The piles were bolted together at the top with longi- 
tudinal and transverse timber baulks, on which were 
mounted the dismantling blocks which subsequently 
served for the removal of the centreing. The dis- ! 
mantling blocks are of the type introduced by Zuffer, | 
and employed on a number of recent bridges, of which | 
those at Kremgraben, Steyrling, and Salcano Palm- 


graben may be mentioned. Each dismantling block is 


in the form of a rough arch supporting the struts for 


the centring, and when it is desired to remove the | 


latter, the block springing is weakened by sawing off 


portions from the sides until the block crushes under 


the weight of the superstructure. After the first cut, 
the pressure at the base of the block is greatly increased 
and the centreing slowly descends; the second cut 
further augments the pressure, producing a further 
descent; and the third cut, if necessary, completely 
separates the centreing from the arch of the bridge. 
This method of relieving the centreing was con- 
sidered preferable to wedges, on the ground that the 


latter, while suitable for small bridges, are liable to 


lock under heavy loading, so that they can only be 
withdrawn with great difficulty. A further method 
considered was the employment of sand boxes, but 
these are less stable than the Zuffer blocks, and are 


unsuitable when, as in the case under consideration, 
In view of the latter | 


the possibility of flooding exists. 
point, it is interesting to record that, when the Belluno 
bridge was nearing completion, a rapid rise in the 
river, greater than had occurred in the previous forty- 
four years, took place. The level of the water rose 
5 m. in a few hours, so that the Zuffer blocks were 
14 m. below the surface. Large quantities of heavy 
floating material, brought down by the flood, were 
thrown against the piers, the shock, in one case, 
being sufficiently severe to give rise to grave appre- 
hension for the safety of the structure. 


the damage was found to be confined to the twisting of | 


some of the blocks on their axes, and the rupture of 
one of the concrete encasing platforms already re- 
ferred to. 

As will be clear from Fig. 1, the roadway of the 
bridge is carried on the arch by a series of vertical 


columns. The arch is continuous, but discontinuities | 
were introduced into the roadway, and the three 


columns on each side of the crown were articulated, 
as indicated in Fig. 11. 
ments was to permit the structure as a whole to expand 
and contract under seasonal temperature variations 
without setting up internal stresses of sufficient magni- 
tude to cause cracks. 


stability of the structure, they are very unsightly, 
and tend to create prejudice against the employment of 
reinforced concrete for bridge construction. 


Details of the reinforcement for the arch are given | 
The arch has a constant | 
breadth of 5-05 m., with a thickness of 1-5 m. at the | 


in Figs. 3 and 4, page 303. 


crown, increasing to 1-8 m. at the springing. The 
volumetric proportion of metal to concrete was 0-61 
per cent. for the impost, 0-57 per cent. for the crown, 
and 0-39 per cent. for the haunches. The concrete 
was formed with gravel and sand taken from the river, 
and carefully washed with fresh water. The proportion 
of these two constituents was constant throughout, but 
the weight of cement per cubic metre of sand and gravel 
varied for different sections of the arch. The quantity 
of water used was about 200 litres per cubic metre of 
aggregate. For the purpose of pouring the concrete, 
the shuttering for the arch was divided into sections 
of such a size that the largest could be filled in one day, 
and this arrangement also facilitated the variation in 
the proportions cf the aggregate referred to. There 
were 19 sections, which varied in length somewhat in 
relation to the positions of the columns for the roadway, 
the positions of the joints between the sections being 
such that they never coincided with the footing of a 
column. The five centre sections, extending over 
17 m., were poured in two stages, the mould being 
filled to two-thirds of the total depth with an aggregate 
made up of 0-5 cub. m. of sand, 0-8 cub. m. of gravel, 
and 400 kg. of cement. The remaining third was then 
filled with an aggregate containing a higher proportion 
of cement, 500 kg. in the case of the central section, 
and 450 kg. in the case of the remaining four. The 
same procedure was adopted for the three terminal 
sections at each end, extending over 13 m., but in this 
case the richer aggregate was poured first, and thus 
occupied the lower third of the section. The inter- 
mediate portions of the arch, representing the haunches, 
were poured with an aggregate containing from 350 kg. 
to 400 kg. of cement, the richer mixture being employed 
in the two sections adjacent to the crown. The various 
sections were poured in a specific order, with a view 
to minimising the distortion of the centreing, due to 
local loading, in the period that the arch was being 
constructed. The central section was filled first, then 
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Subsequently, | 


The object of these arrange- | 


The latter frequently occur in | 
monolithic bridges, and while they rarely threaten the | 





the two sections directly above the third and fifth 
piers. This was followed by filling the two end 
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Norg.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of 


‘the London Metal Exchange for “ fine foreign” and “ standard ” metal, respectively. The prices shown for 
lead are for English metal, whilst those for spelter are for virgin metal. 
for steel plates and rails, and also for hematite and Cleveland pig-iron. 


Middlesbrough prices are plotted 
The prices given in the case of steel 


plates are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. The pig-iron 
prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price of quicksilver is pet 
bottle, the contents of which vary from 70 lb. to 80 lb. The price of tin-plates is per standard box, but in 
other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 
lines represent 11. each, except in the case of the diagram relating to tin-plates, in which they represent ls. each. 








sections, and then those directly over the second and 
sixth piers, and finally, the remaining sections were 
filled alternately on the two sides of the centre. The 


| 


whole arch was completed in a fortnight, two of the | 


sections, in some cases, being filled in one day. 
Details of the roadway, and the columns on which 
it is carried, are given in Figs. 5 to 11, page 303. Each 
half of the roadway is supported by 11 series of 
columns, as shown in Figs. 3 and 11, the longitudinal 
spacing of the rows being 2-5 m. The load on the 
arch is thus distributed over a relatively large number 
of points. The lateral spacing of the columns in each 
row is shown in Fig. 5, and from this view it will also 
be seen that the roadway is provided with an over- 
hanging footway on each side of the bridge, carried on 
cantilevers. Details of the reinforcement are given in 
Figs. 5 to 9. The carriageway has a constant width of 
5 m., but the footways, which are 1 m. wide at the 
ends of the bridge, are increased in width towards the 
centre for exsthetic reasons. Reference has already 
been made to the provision made in the bridge to allow 
of free expansion under temperature variations. From 
Fig. 11, it will be seen that the discontinuities intro- 
duced into the roadway are immediately above the 
arch springing, and at points 24 m. from the first 
break. The roadway is thus made up of three parts : 
a central portion, 25-06 m. long, solid with the arch, 





arch by columns, but separated from the central 
portion and from the shore ends of the bridge, by 
the breaks dd’. 

The majority of the columns are of sufficient length 
to take up any deformations to which they may be 
subjected during the expansion and contraction of the 
structure as a whole, but it was considered advisable 
to articulate the three columns on each side of the 
bridge centre. The joint consists of three parts, of 
the form shown in Fig. 10. These parts were made 
separately from the main structure, to which the upper 
and lower elements were subsequently joined up by the 
extension of the reinforcement bars shown in the figure. 
It will be noticed, from Fig. 11, that a bridge piece 18 
introduced between the last two columns at the shore 
end. This bridge piece is 4-5 m. below the roadway, 
so that there is sufficient elasticity in the upper portion 
of the inner column to take up any movements due to 
expansion. The bridge piece, however, serves to 
stabilise the portion of the roadway between the 
points d and d’, limiting the vibration due to traffic 
and preventing excessive movement in the case 


| earth tremors, which are liable to occur in the district. 


The bridge was commenced in November, 1925, and 
opened to the public in October, 1926. The work was 
carried out by the Societ& Anonima Bellunese per 
Costruzioni Civili, Belluno, under the direction of the 


and two end portions, 24 m. long, connected to the! designer, Cav. E. Miozzi. 
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ENGINEERING FEATURES OF THE 
ZUYDERZEE WORKS.* 
By J. W. THIERRY. 


la normal discharge of 6,750 cub. ft. per second, while 
| it carries yearly to the sea 530,000 cub. yards of silt 
| and 270,000 cub. yards of sand. The question of how to 
| dispose of this water and solid matter (and of the ice 


|in winter) was formerly one of the most serious prob- 


Tue plans for enclosing and reclaiming the Zuyderzee |lems connected with the enclosing of the Zuyderzee, 


date from eighty years ago. But their realisation came | 


about only ten years ago when, after long hesitation, 
the desirability of reclaiming the land had become 
urgent, and hydraulic engineering, and the technics of 
dredging, had made such progress that the execution 
of these difficult and extensive works became possible. 
The Act of June 14, 1918, prescribed the execution of 
the work. At first, only a limited part of the works 
(i.e., the closing of the Amsteldiep, the raising of the 
banks along the north coast of the Isle of Wieringen 
and the dredging of the discharge canal between Van 
Ewijckssluis and Oostoever) could be carried out, 
owing to the financial crisis from which the Nether- 
lands was suffering. Besides this, the first years were 
occupied in investigating some of the more difficult 


and most of the solutions proposed were utterly in- 
adequate. Mr. Lely (afterwards Minister of Public 
Works) in the ’eighties suggested the only appropriate 
plan, namely, the formation of a lake, the Yssellake, 
and its use as a storage reservoir. 

General Scheme.—Mr. Lely’s general scheme was very 
nearly the same as the one in course of execution 
at the present time, which is illustrated in Fig. 2. 
It consisted in enclosing the Zuyderzee by a large 
embankment along the southern limit of the Waddenzee. 
Of the enclosed area (915,000 acres) four parts or 
polders of a total area of 550,000 acres, will be 
reclaimed separately. In the centre will be left 
a fresh water lake of 270,000 acres, containing the 
deepest and most sandy parts of the basin, In this 








Fig./. 


ORTH-BRABANT 







B 
CHANNELS: 
A - Middle Grondev. 
8 - Viueter. 


= G fe. 
D-§ ay of Breezand. 
ta- Above L.W. 

C= From OFt. to 14: 6"below L.W- 
m= More than 14.6" « o 
&3= Area to be Reclaimed. 


“ 





GENERAL MAP OF THE NETHERLANDS WITH 
PROPOSED RECLAIMING ZUYDERZEE 


~-<\D RENTHE/ 








way bridge and a road bridge will cross the sluices. 
In connection with each group of sluices a lock will be 
built, 46 ft. wide and 470 ft. long ; in view of the dense 
traffic, at Kornwerderzand a second smaller lock will 
be added, 30 ft. wide and 230 ft. long. The sluices 
near Den Oever will be built upon rafts of rein- 
forced concrete, 5 ft. to 6 ft. thick; the sluices at 
Kornwerderzand will rest upon pile foundations. 
Problems Arising in Connection with Enclosing the 
Area.—Before starting the work of enclosing the area, 
it. was deemed necessary to investigate what influence 
it would have upon the tides, especially in time of 
storm, on the seaward side of the proposed dam. 
Considering the very complicated tidal movement in 
the Waddenzee, with its many channels and connec- 
tions with the North Sea, this inquiry was very diffi- 
cult. A Royal Commission appointed for the purpose 
met, however, with considerable success after much 
labour. This success was largely due to the late and 
much regretted president, Professor H. A. Lorentz, 
whose participation in the research was the last import- 
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problems in connection with the Zuyderzee works. | 


Since 1925, however, when a fresh start was made, the | 
work has been progressing rapidly. 
Description of Zuyderzee.—The Zuyderzee, of which 

a map is given in Fig. 1, isa gulf penetrating far inland. 
It was originally, in historic times, a freshwater lake, 
the Flevo-lake, which scoured away its shores and 
flooded the adjacent country, until free communication 
with the North Sea was established. The southern part, 
roughiy a rectangle of 30 miles by 45 miles, the 
Zuyderzee proper, has an even bottom with a depth 
of from 8 ft. to 15 ft. below low water. It communi- 
cates by a funnel-shaped channel with the northern 
area called the Waddenzee. This part consists of mud 
flats and sand shoals lying between low water and high 
water (utch: wadden; compare the English: to wade), 
intersected in parts by very deep channels and tidal 
creeks. The Waddenzee is separated from the North 
Sea by a chain of islands, remnants of the former 
coast; in the deep channels between the islands a 
strong tide runs in and out. 

. In the southern part the tidal range is but small 
(8 in. to 1 ft.). Owing to the large area, however, the 
quantity of water flowing and ebbing at every tide 
1S considerable. In the northern part the range 
increases from south to north and from west to east. | 
As a consequence of the peculiar condition of the net- 
Work of channels, the tidal movement here is very 








— ‘ted, and it is only a little while since experts | 
‘ave succeeded in analysing it. 
Several streams flow into the Zuyderzee, the prin- 





cipal of which is the Yssel, a branch of the Rhine, with 





2p - i 
mr, oop r read before Section G of the British Associa- 
» in r 





lasgow, on Thursday, September 6, 1928. 


ENGINEERING 


lake the solid matter from the Yssel will settle without 
any danger of silting it up. 

The Yssellake will discharge its surplus water 
through a number of sluices into the Waddenzee. Its 
normal level is fixed at 1 ft. 4 in. below N.A.P. (normal 
Amsterdam level, the Dutch Ordnance datum). High 
tides due to storms, may obstruct the discharge for 
as long as 4} days. If such a period should happen 
to coincide with a high flood on the river, and the 
largest possible discharge of the Yssel (calculated 
approximately at 94,500 cub. ft. per second), flowed 
into the lake, the level of the lake would rise at the 
most 3 ft. 9 in. 

Around the reclaimed areas a chain of channels and 
small lakes (Gouwlake, Ylake, Eemlake, etc.) will be 
left to act as catchwater drains and at the same time 
as canals for inland navigation between the harbours 
along the Zuyderzee coast and the existing canals. 
These lakes will have the same level as the Yssellake ; 
in order to keep this level, however, when the Yssellake 
rises, they are separated from it and from each other 
by locks and sluices, which are kept open under normal 
conditions. 

Sluices of Yssellake.—The discharge sluices of the 
Yssellake are divided into two groups. Near Den 
Oever (at the eastern end of the Isle of Wieringen) three 
sets of five sluices will be built, and on the 
Kornwerderzand (a sandy shoal near Harlingen), 
two sets of five sluices, will be constructed. Each 
sluice-way will be 40 ft. wide and 165 ft. long, 
and provided with two steel sluice-gates and one 
pair of greenheart tidal gates. They will be con- 
structed in reinforced concrete and lined with basalt 
masonry to protect the walls from damage by ice. 


ant work he undertook. 
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In this research, the tidal 
movement was reduced to the question of the flow of 
seawater through a network of channels, correspond- 
ing with the existing channels, on the assumption that 
these had been subjected to training. In a channel 
with an approximately constant cross section, the 
current (velocity and phase) and the height of the tide 
at the far end can be deduced from the corresponding 
data at the mouth of the channel. In this way, and 
working from channel to channel, it was possible to 
calculate the tidal flow in any place as a function of 
the tides in the North Sea. Conversely, starting from 
these tidal data, it was possible to calculate the flow 
in the channels assuming that the proposed dam was 
built, that is, that the channels south of the dam did 
not exist. 

The result was found to be that enclosing the area 
would affect the tides in two ways: (1) The normal 
tidal movement in the Waddenzee would become much 
more pronounced ; (2) the flow through the channels 
between the islands (Texel Strait, Vlie Strait, &c.), 
would be increased. 

The intensification of the tidal effect is favourable to 
the discharge of the Yssellake sluices at low water, but 
unfavourable as regards the increase of the height of 
high water during storms. The tidal flow through the 
Texel Strait will be increased about 25 per cent. This 
necessitates the strenghening of the Helder bank. 
After the closure, in 1924, of the Amsteldiep (the 
channel between the province of North Holland and 
the Isle of Wieringen) the changes in the tide result- 
ing from this work proved to be in accord with the 
Commission’s anticipations. 

After having discovered what changes would result 








The depth of the sills is 14 ft. 5 in. below N.A.P. A rail- 





in the normal tides of the Waddenzee, the Royal 
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Commission inquired into the influence of enclosing the | fact, an extended application of the construction 
area upon tides in time of storms. Similar calculations, | commonly used in Holland for damming up creeks 
but more complicated by reason of the concurrence of | in sea marshes, when these are enclosed. But not- 
disturbing influences, led to the conclusion that the} withstanding the combined advantages of strength 
height of these tides will be increased by the construc- | and adaptability, this construction, it was thought, 
tion of the enclosing dam. The rise will be 17 in. at| would offer some serious difficulties when applied 
Helder, 45 in. at Den Oever, 37 in. at Zurig, and 24 in.| on a large scale, especially in the open sea. When 
at Harlingen, the effect decreasing northward along the | the works were started it was resolved, therefore, 
coast of Friesland. On the south-east coast of Texel| to substitute a clay core for the mattresses. In the 
the rise of such tides will amount to from 10 in. to 
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Yssellake during storms. The inner slope has a 
batter of 3:1. To protect it from wave effect, it 
is faced by stone pitching up to El. + 11 ft. 6 in. 
N.A.P. Below the waterline the slopes on both 
sides of the dam are protected against scour from 
the back wash of the waves by mattresses of brushwork 
weighted with riprap. 

Throughout the length of the enclosing dam the 





depth of the sea-bottom averages 10 ft. below. low 





3lin. This is shown in Fig. 3. 

The increase has been calculated by superposing the 
theoretically possible maxima of the astronomical 
tide and of meteorological (storm) tides. But this 
superposition is not altogether suitable. It is highly 
improbable that these maxima will ever coincide. 
In 700 years the theoretically maximum storm-tide 
in the open Zuyderzee never once occurred. And, 
owing to the resistance which the inflow of the great 
quantities of water during a storm-tide would meet 
with in the channels between the islands, it is not 
possible that the tide could ever rise to its maximum 
height. For this reason the above mentioned figures 
are on the safe side. As a consequence of adopting 
this basis, the crest of the enclosing dam has had to 
be made higher than was planned in the original 
project, and the banks along the Frisian and North 
Holland coast north of the enclosing banks, as well 
as those on the isles of Wieringen and Texel also 
have to be raised. 

If the investigation of the Royal Commission had 
not been carried out—having at first been considered 
unnecessary by some people—these works would not 
have been redesigned, and probably a very few years 
after the area had been enclosed serious calamities 
would have occurred. The calculations regarding the 
storm-tides have also been verified since the closure 
of the Amsteldiep. The (local) increase of the storm- 
tides as a consequence of this closure appear to agree | } 
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Fig.3. INCREASE OF MAXIMUM HEIGHT OF STORMTIDES. 
INCREASE INDICATED IN INCHES. 
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Fig.5. CROSS SECTION ENCLOSING DAM WIERINGEN-FRIESLAND. 
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Fig.6. CROSS SECTION OF SILL DAMS IN CHANNELS. 
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The Height of the Embankments.—Dutch engineers | search for a sufficiently sticky material in the sea 
have a well-justified fear of waves overtopping the | bottom near Wieringen, boulder clay was found in 
crest of sea walls. Long experience has taught them} large quantities. The use of this firm, tough and 
that breaches in such embankments are due in a large | heavy material was very successful. If worked up 
majority of cases to the overtopping of the work by | in its plastic state when freshly dredged, it resists 
the waves. These embankments must therefore be | wave action and scour perfectly. At first, difficulties 
built high enough to prevent this. Consequently, | were encountered when dumping it with the usual 
to be able to calculate the height of such a work it is| type of hopper barge. By using barges provided 
necessary to know the height above the water-level | with holds having almost vertical sides discharging 
to which waves will reach on the outer slope. was much facilitated. 

From observations made along the banks on the} The mattress embankment has consequently been 
coasts of the Waddenzee and elsewhere during | entirely abandoned and replaced by a boulder clay 
storm-tides it was possible to deduce the rule that, | core rising to the level of the storm-tides. The object 
in the circumstances found there, the maximum | of this is to ensure that the bank is preserved even 
height to which the waves will rise is practically | if the stone facing should become seriously damaged 
dependent upon the depth of the water in front of | during a storm, and at the same time to promote 
the bank. The relation between rise and depth is | watertightness. 
represented in the curves given in Fig. 4. These; The outside has an average slope of 4:1, and is 
curves have been used to determine the extent of the | faced with stone pitching on rubble extending to 
rise of waves in places where no observations were | 3 ft. 5 in. above storm-tide level. The stone used is 
available; to make sure, the envelope was used in| basalt from the Rhine and limestone from the Meuse. 
preference to the mean curve. | The thickness of the facing varies from 8 in. to 16 in. 

According to local circumstances, such as less| Above the stone facing there is brick paving 6 ft. 
exposure, &c., in some cases a reduced figure was| wide, above which is turfing. The outer toe, 8 ft. 
adopted. For a high berm at the level of the; in width and lying at low-water level, is also covered 
waterline during storm-tides, this reduction of the| with stone. Below the water level the natural slope 
rise of wave was fixed at from 20 to 25 percent. From| of the boulder clay is 4:1; above water it can be 
the observations it appears that a berm in reality) worked up into a steep slope. At the back of the 
results in a reduction of from 25 to 45 per cent. | core the body of the embankment is made of sand, 

Construction of Embankment for Enclosing the Area.— | covered with a layer of clay 3 ft. 3 in. thick. The 
In earlier plans for the Zuyderzee works, the enclosing | crest is at El. + 20 ft. 4 in. to + 24 ft. 8 in. N.A.P. 
embankment was proposed as a dam composed of, It is 6 ft. 6in. wide. A high berm (13 ft. 2 in. above 
piled mattresses or cradles of brushwood reaching to| N.A.P.) on the inner side provides room for a double- 
the level of low water. Above and behind this dam | track of railway and a 20-ft. road for ordinary traffic. 
the body of the bank, consisting of sand covered The level for this berm has been chosen so that the 
with clay, was to be built. This proposal was, in| road may be free from the wash of the waves of the 
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TIDAL MOVEMENT IN OPENINGS DURING CLOSING. 
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water. In the channels which have to be crossed 
the depth increases to 26 ft. (Vlieter) and 40 ft. 
(Middelgronden). 

Dam. Construction. Final Closure.—The building of 
the dam enclosing the area is on the following lines: 
First the core of boulder clay is constructed, by 
dumping it from hopper barges to as high a level a8 
possible (generally to about 6 ft. below high water). 
The clay settles to an average slope of 4:1. When 
the hopper barges cannot discharge any more because 
of the lack of depth, the clay is deposited on the 
dam by floating cranes with long jibs (up to 80 ft.) 
and grab buckets. At the same time the sand is 
dumped by hopper barges behind the boulder clay 
core. The disturbance of the water due to waves 
and currents makes this settle to a slope of about 
6:1. After dumping has become impracticable, the 
sand is deposited by suction dredgers discharging it 
from barges through pipes. The boulder clay am 
sand are dredged from the sea bottom in the vicinity. 
As soon as the dam has been raised above the normal 
tide level, the protective mattresses are sunk am 
the stone facing is applied. R 

One of the principles observed in the construction 
of the dam is that as far as possible strong currents 
should be prevented round the head of the we 
The deepest channels to be crossed, and those wit 





the strongest tidal currents, lie close to the shore 











it 
th 
rk 
he 


Ww 


~V 
hF 





SEPT. 7, 1928.] 


ENGINEERING. 





397 








on both sides. If the building of the dam were started 
from both ends, working towards the middle, these 
currents would soon be diverted by the works and 
construction would have to be carried out in swift 


currents of increasing swiftness and scouring power, 


as the passage decreased. On the other hand, on the 


shallows of Breezand, between the deeper channels, the 


tidal movement is slow, and, because of the difference 


in phase of the tides in the east and west channels, 
the direction of the flow upon the whole is parallel 
with the direction of the dam. This suggested starting 
the dam on the shallows of Breezand and keeping 
the openings in the channels for final closure. 
There are, moreover, other reasons for this decision. 
Firstly, the work in the channels is more accessible 
under all circumstances of wind and tide for the 
larger dredging plant than in the shallower sections. 
Secondly, during the process of final closure, the water 


lated that, in order to ensure the same fall and velocity 
in both openings, the opening in the western channel will 
have to have twice the width of the eastern opening. 
The construction of the embankment between 
Wieringen and Friesland (the total length of which is 
184 miles) will probably take eight years. In the first 
four years, of which already one and a-half have elapsed, 
the foundation pit of the sluices and locks on Korn- 
werderzand (4 mile in length), the embankment con- 
necting it with the coast of Friesland (length 2} miles), 
and a section of the dam on Breezand (length 4 miles) 
will be carried out. To facilitate the construction of 
the latter section, situated in the middle of the Wadden- 
zee, it was thought expedient to construct beforehand 
an artificial island halfway, with a small harbour of 
refuge on either side and storage accommodation. The 
excavation for the sluices and lock near Den Oever 





(length ¢ mile) was completed in 1922. 


Fig.8. MAXIMUM BOTTOM VELOCITY OF WATER OVER SiLL DAM. 


NORMAL TIDE 





be devoted to the possibility, with the available 
technical resources, of resisting the velocities arising, 
and of successfully ensuring final closure, even under 
somewhat unfavourable circumstances. 

With regard to the first point, calculations showed 
that in normal tides the maximum mean velocity in the 
openings will finally increase to from 12 ft. to 13 ft. 
per second (see Fig. 7). And, further, that, with a 
view to the possibility of high storm-tides during the 
last winter before the actual closure, it will be advisable 
to reduce the proportion in the width of the two open- 
ings during that winter from 2: 1 to3: 2, restoring the 
proportion 2:1 in the following spring. In the last 
winter, when the total width will be 2} miles (west) and 
13 miles (east), the maximum mean velocity during high 
storm-tides will be 15 ft. (west) and 16 ft. 6 in. (east) per 
second. In the following final summer, during a heavy 





storm (the tide rising to El. + 8 ft. N.A.P.), the maxi- 


Fig.9. cross SECTION OF BANK MEDEMBLIK- DEN OEVER. 
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flowing over the still-submerged parts of the work 
will fall into deeper water, and the danger of bottom 
scour is less to be feared. Thirdly, the daily scour of 
the tidal current on both sides of the dam will be 
less in deep channels than on shallow ground. And, 
finally, in these channels the bearing value of the soil 
is on the whole better than on the shoals, so that there 
is less possibility of subsidence and of delay in affecting 
the closure. 

_ The closing of the dam in the deep channels has one 
disadvantage. When, during the later months, con- 
ditions will be extreme and the tide will flow with much 
increased velocity, much larger quantities of sand and 
bouider clay will be required to fill up the deep gaps. 
This will, however, be overcome by raising the bed 
of the channels to the level of 10 ft. below low-water. 
Artificial bars or sills (Fig. 6) will be built beforehand 
with a crest 130 ft. wide, and with slopes of 4:1. 
These will consist of boulder clay covered with mat- 
tresses weighted with heavy stones (1 to 2 tons each) ; 
they will serve as a base for the superstructure of the 
a which will have the same cross-section as else- 

ere, 

Because of the difference in phase of the tides in the 
east and west channels, it will be essential to close in 
the two Openings at once, and it has been calcu- 








Farm 
ENGINEERING (812) 


By the end of the four-year period, a total length 
of about 7 miles will be finished. In the same perio 
the sills in the channels will be constructed, and the 
bed of the channels on both sides of the sills will be 
protected with mattresses and weighted with stones of 
from 2 to 4 cwt. each. 

After this, two openings only will remain; the 
western one, near Den Oever, about 8 miles wide, 
and the eastern opening immediately west of the 
sluice foundation pit on Kornwerderzand, 3} miles 
wide. In the following three years these openings 
will be closed at a rate of 3? miles a year; in the 
eighth year (1934) the work should be finished. 
Possibly the period of eight years may be reduced. 

Before definitely deciding on the above-described 
programme, its practicability was very carefully 
investigated. Any risk of failure in effecting the 
final closure, when once the operations are started, 
cannot be contemplated. The maximum mean 
velocities to be expected during the successive phases 
of the closure have been calculated, and, by means of 
experiments with models in an hydraulic laboratory, 
the distribution of the velocities over the crest of the 
sills with the tide flowing over them was measured. 
Finally, with knowledge of the facts gathered from 
former practice, very careful consideration had to 
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mum mean velocity might increase to 18 ft. 5 in. per 


d | second (for a total width of openings 1} miles), and even 


to 22 ft. 11 in. per second (immediately before closure). 

The experimental research in the laboratory at 
Karlsruhe, Baden, by Professor Th. Rehbock (the 
laboratory now available in Delft having not then been 
built), showed that the absolute maxima of the veloci- 
ties in certain definite places of the cross-section of the 
sills would exceed very considerably the mean veloci- 
ties. In normal tides, the maximum, on the inner 
crest line of the dams, will be 21 ft. 4 in. per second, as. 
shown in Fig. 8. This velocity will not be exceeded 
during storms in winter. Only heavy storm-tides. 
during the late summer can produce maximum veloci- 
ties (in the same place) of from 26 ft. to 30 ft. per 
second. 

Velocities of 12 ft. or 13 ft. per second occurred at 
springtides, and with an unfavourable wind during the 
closing of the Amsteldiep in 1924. The end of the 
boulder clay core on both sides of the opening have 
withstood this current without suffering any damage. 
As the same method of dam-building will be applied 
to the big dam, normal tides are not expected to. 
present any difficulty at the sides of the openings. 
Nor will they on the bottom (i.e., the crest of the sills). 
When damming the Sloe, the creek between the isles. 
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of Walcheren and Zuidbeveland, in the province of 
Zeeland (see Fig. 1), in 1870, a maximum velocity of 
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| side by a feeder drain large enough to be navigable 
| for punts and small barges. The feeder drains have 
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is 28 in. to 30 in., and the evaporation 14 in. to 16 in. 
, Estimating the water taken in locking, &c., yearly at 


14 ft. 9 in. per second occurred ; then stones from the | a depth of 4 ft. 3 in. below the water level, a bottom | 1 in., the total annual quantity of water to be drained 


riprap covering the mattresses, of a weight up to 


| width of 16} ft. and side slopes of 2:1. The arterial 


| off will amount to more than 35 in. or more than 4,930 


1 cwt., were carried away. To prevent the stones cover- | drains have a depth of 7 ft. (those destined for naviga- | million gallons. 


ing the mattresses on the sil] dams from suffering the 
same fate in a current with a velocity of 21 ft. 4 in. per 
second, their weight must be at least 
21 ft. 4 in.\2 3 
[(F ft. im) Le | owt. | = 8 cwt. 
None of the material used will be able to resist 
velocities of 30 ft., or even 26 ft., persecond. The risk 





of damage, and consequently of some delay, during the | 


last summer must be taken. Severe summer storms 


in the Netherlands, however, very seldom occur before | 
the middle of August, so that the risk will be small if | 


the fina! closure can be effected before that date. 
The laboratory research proved, moreover, that by 


building three projections on the crest of the sills, | 


as shown in Fig. 8, the velocity during a summer storm 
can be reduced from 30 ft. to 18 ft. per second. The 
possibilities of this suggestion are being investigated. 
Subsoil under the Main Dam.—The geological 
constitution of the subsoil on the dam site between 
Wieringen and Friesland is not unfavourable. At a 


depth of from —25 ft. to —40 ft. N.A.P., firm glacial. | 


formation (boulder clay and coarse sand) is found. 
Above this, layers of alluvial sea sand are found, inter- 
sected with thin strata of passably soft clay. Exten- 
sive settlements are therefore hardly to be expected. 
The dam through the Amsteldiep, however, has been 


built partially (over a length of 1,100 yards) upon a| 
subsoil in which layers of soft clay and peat from | 


15 ft. to 40 ft. thick occurred. Settlements on a large 
scale followed, and 150 per cent. more sand and boulder | 
clay were required to make up for this than was 
originally estimated. In the south-western part of the 
Zuyderzee, especially in the vicinity of Amsterdam, 
the subsoil is also very soft, and the plans of the works 
to be constructed there will have to take into account 
the possibility of extensive subsidence. 

Polder-Embankments.—The cross-section of the 
polder-embankments, given in Fig. 9, corresponds, on | 
the whole, with that of the main dam: on the side 
of the Yssellake, there is a core of boulder clay, 
watertightness being of increased importance in this 
case, behind which a body of sand is built. On the 
inner slope a berm is provided to strengthen the bank. 
This slepe will be exposed to wave action till the polder 
is drained; consequently, it is temporarily protected 
by fascine-work weighted with stone. 

The height will vary from El. + 11 ft. to + 16 ft. 
N.A.P., according to the exposure and to the depth 
in the Yssellake facing it. It has been designed in 
such a manner that, in the case of an unexpected (and | 
hardly possible) failure of the enclosing embankment, | 
the banks will be high enough to stand up against the | 
high level of the Ysellake then to be expected. 

Drainage Scheme ; Particularly in Regard to the N.W. | 
Polder.—The drainage scheme of all four polders will 
be carried out on similar lines, based on long practice | 
and a careful investigation of the modern requirements 
of agriculture in the Netherlands. The experience re- 
sulting from the reclamation of the Haarlemmerlake (in | 
the middle of the 19th Century) has led to the decision 
to make the reclaimed lands completely ready for culti- 
vation, including roads, drains and canals, before ; 
proceeding to allotment, and leaving the care and 
maintenance of the works to the polder-boards. The 
arrangements proposed for the North-west Polder, to | 
be taken in hand first, are shown in Fig. 10. 

Great stress has been laid on requirements in such | 
matters as transport by land, and especially—in view | 
of the lower costs—by water. Inland navigation being | 
a very important factor in transport in the Netherlands, | 
the craft must be able to enter and leave the new | 
polders freely and circulate in them ; in this way, easy | 
and cheap transport to and from markets is provided. | 
To meet these requirements, most of the arterial drains | 
will be dredged out to a sufticient depth for navigation. | 
By means of a number of locks they will communicate | 
with the network of inland waterways already existing | 
in the older parts of the country. On the other hand, | 
however, with a view to keeping costs as low as possible, | 
the length of roads and irains and the number of 
bridges (especially of the movable type) must be re- 
duced to a minimum. 

From past experience in many reclaimed levels, it 
has been decided to divide the land into sections of 
20 hectares (50 acres) called kavels, 800 by 250 metres 
(880 yards by 275 yards). By joining two or three 
sections, holdings of 100 acres or 150 acres can be 
established, the latter being considered about the 
limit for the intensified cultivation practised in Holland. 
By splitting up a section, holdings can be arranged for 
the smaller farmers and for the horticultural industry 
(market-gardening and flower or fruit growing). 

In planning the network of roads and drains, care 
has been taken that every section shall be bounded 
on one short side by a metalled road, and on the other 








tion, 8 ft.), a bottom width of 33 ft. to 40 ft., and slopes 
| of 2:1. The land will be drained by ditches or mole- 
| drains. The farm buildings, with sheds, stables, &c., 
| will be situated close to the roads. 
| An agricultural Commission is studying the methods 
| by which the soil, which, after the sea-water has been 
| pumped out, will be highly saline, may be made ready 
for cultivation in the shortest possible time. 
The water drained off the existing polders along 
| the part of the Zuyderzee where the North-west Polder 


carried out along the coast from Aartswoud to Van 
| Ewijckssluis and further on (to take advantage of 
; lower low water) to Oostoever, where the discharge 
takes place through sluices. In order to be able to 


accommodate the drainage water, even when the dis- | 


charge is blocked for some days by high storm tides, 
a storage lake of 1,650 acres is to be left south of the 
main enclosing dam through the Amsteldiep. The 
collecting drain and the discharge canal are being 
dredged outside the existing sea-banks; the dimen- 
sions (bottom width, 60 ft. to 75 ft.; depth, 12 ft. to 
17 ft. 6 in. below N.A.P.; level of water, 1 ft. 4 in., 
below N.A.P.) will allow of their use for navigation. 
At De Kooy they communicate with the Great North 
Holland Canal by a lock. 

Water-levels in the Polders.—The sea bottom being 
of varying depth, the water-level cannot be fixed at 
a constant height for the whole area of one polder, 
and this, therefore, has to be divided into several 
sections, each with its own appropriate level. 

To meet the requirements of agriculture, the normal 
level in each section is fixed at 4 ft. 7 in. below the 
lowest surface of the land in that section ; the capacity 
of the pumping plant has to be such as to ensure the 
maintenance of this level (+ 8 in.), except under 
special conditions of very heavy rains, &c. The soil 
consisting, as it does, chiefly of silt and clay, when 
drained, is expected to be subject to a considerable 
amount of shrinkage. An allowance of 1 ft., has been 
made for shrinkage within a short time after the water 
has been pumped out; besides this, 2 ft. 4 in. has been 
allowed for subsequent settlement at a slow rate to the 
final compacted state. The provisional level in each 
section has therefore been fixed at 5 ft. 7 in. below the 
lowest land level, while the final level (which perhaps 
will never be reached) would be 7 ft. 11 in. below the 
lowest surface. The final level has to be taken into 
account when determining the depth of lock sills, 
foundations of bridges, bottoms of canals and intakes 
of the pumping stations. 

The sea bottom in the area where the North-west 
Polder is being reclaimed, is from 1 ft. or 2 ft. below 


| low water onthe west and northsides. The maximum 


depth of 16 ft. below low water is found in the south- 
east corner. This polder will, therefore, be divided 
into four sections, the boundaries of which are the 
contours of 9 ft. 6 in., 11 ft. 10 in., and 14 ft. 2 in. 
below N.A.P. Consequently, the provisional and final 
levels will be as indicated on Fig. 10. 

One result of deciding to keep the water level low is 
that a great amount of excavation is required in con- 
nection with dredging or digging the drains and ditches. 
To economise in this, the number and length of drains, 
and especially of ditches should be reduced as much as 
possible. But if this is done, the storage capacity of 
the drained area is decreased. Consequently, during 
heavy rains the water level will rise rapidly. The only 
way to meet this difficulty is to increase the capacity 
of the pumping plant. The choice is thus one of either 
more earthwork or more expensive engines and pumps. 
In the case of the North-west Polder, the latter alterna- 
tive has been deemed preferable, this also having 
proved the more economical solution from a financial 
point of view. An incidental advantage of this plan 
is some gain in the area of cultivable land. The 
proportion of the area allowed for storage to the 
total surface of the drained area is fixed at 1 :55; 
the surface of the water will amount to about 900 
acres, and the earthwork to about 20} million cubic 
yards. 

The capacity of the pumping plant has been deter- 
mined by the necessity to drain off a rainfall of } in. 
per 24 hours within the same period. Falls of } in. 
occur on an average only once a year in the Nether- 
lands, though sometimes on 3 or 4 consecutive days. 
But considering the fact that a rise of the water level 
of more than 8 in. was deemed undesirable, and in 
view of anticipated seepage through the banks and the 
subsoil, it has been thought advisable to adopt plant 
of this high capacity. 

From observations along the coasts of the Zuyderzee 
and in reclaimed areas with low water-levels elsewhere, 
it has been estimated that the percolation will amount 
to more than 20 in. per year (about ;'; in. per day). 
The yearly average rainfall in the vicinity of Wieringen 





is being enclosed, is gathered into a collecting drain | 


| Percolation will, of course, not occur to the same 
| degree everywhere. The parts behind the bank along 
| the Yssellake (in Sections III and IV) will be most 
|liable to seepage. It is estimated that percolation 
will amount there to about five times the average. 
At first this will be sea water, and this strip will 
| therefore be drained independently from the remaining 
parts of the sections through a separate percolation 
drain. 

Pumping Stations.—At first, only one pumping 
station was planned, near Medemblik, where the land 
will be lowest. It was designed for a set of steam 
engines driving centrifugal pumps. This would have 
been the cheapest solution of the problem. On second 
thoughts, however, it was thought advisable to distri- 
bute the work over two stations, in order to ensure 
greater freedom from possible trouble. The motive 
power of the two stations would then preferably be 
different. Further, since in a reclamation scheme 
with small storage capacity it is very desirable to 
have pumping engines which can be started up quickly 
as soon as the rain begins to fall, electricity was chosen 
for the Medemblik station, while for a second station 
near Den Oever it was decided to provide Diesel 
engines. Under normal circumstances, the Medemblik 
station will drain Sections II and IV, and part of Sec- 
tion III; the Den Oever station will drain Section I 
and part of Section III, and in case of heavy rain 
will assist the other station. Moreover, a system of 
sluices and gates will allow any section to be drained by 
either station. The cost of building the two stations 
together is put at 35 per cent. higher than the cost of 
one station; working expenses will be 20 per cent. 
higher. 

The Medemblik station will contain three centrifugal 
pumps in reinforced-concrete casings, with vertical 
| shafts, each with a normal capacity of 86,000 gallons 
per minute (107 r.p.m., average head 20 ft.); the 
efficiency of the pumps will be 82 per cent. The 
cast-iron impellers will have a diameter of 8 ft. 3} in 
On the shaft of each pump there will be a 300-volt, 
asynchronous three-phase motor of 900 effective horse- 
power (107 r.p.m., 50 periods) for variable speeds. The 
electric supply will be from 50,000-volt main transmis- 
sion lines, converted by three three-phase transformers. 

The Den Oever station will contain two cast-iron 
centrifugal pumps with horizontal shaft and cast-iron 
impellers. Each pump will have a normal capacity of 
61,100 gallons per minute (133 r.p.m., lift 17 ft. 5 in.). 
The pumps are to be driven by direct-coupled Diesel 
engines with six cylinders (four-cycle, single-acting), 
having a capacity of 600 brake horse-power (133 r.p.m., 
| mean pressure 85 lb. per square inch). Both plants 


}are to be manufactured by Messrs. Werkspoor, 


| Amsterdam. 

The buildings of the pumping stations will be con- 
| structed of reinforced concrete; below the level of 
|+ 1 ft. 8 in. N.A.P. they will be watertight, in 
| order to be capable of remaining at work even when 
the polder is inundated. 

| Completion of Works; Total Costs.—If no serious 
set-back occurs, the North-west Polder will be enclosed 
towards the end of 1929 ; the draining off of the water 
will take from nine to twelve months. The dredging 
and digging of the drains and ditches and the construc- 
tion of the roads—works all of which must be executed 
under somewhat difficult circumstances—will require 
three or four years. The land is thus expected to be 
ready and in cultivation in 1934 ; the maximum agricul- 
tural value, however, will only be reached some six 
years later. If the enclosure of the other polders is 
commenced immediately after the North-west Polder 
has been reclaimed, the whole work may be expected 
to be completed about 1952. 

The total costs of enclosuring the Zuyderzee area have 
been roughly estimated at 9,000,000/., and of reclaim- 
ing the four polders (inclusive of compound interest on 
loans) at 38,000,000. The advantages to be derived 
from enclosing this area, when capitalised, are con- 
sidered to cover amply the corresponding costs. The 
returns of the reclamation are roughly placed at 
42,000,0001. the undertaking thus showing a credit 
balance of 4,000,0001. But even if this estimate should 
be too optimistic and the result should prove to be a 
deficit even four times as large, the national interests 
involved in this important enterprise would demand the 
carrying out of the works, which in any case will 
prove to be of great advantage. 











CANADIAN WHEAT AND THE PaNnaMA CANAL.— 
According to figures published recently, the cargoes . 
wheat passing through the Panama Canal aggregate. 
3,035,884 tons during the year ending June 30 last. 
Nearly two-thirds of this total, namely, 1,901,241 tons, 
was Canadian wheat bound from Vancouver to Europe. 
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SMALL ELECTRICALLY-DRIVEN 
PORTABLE AIR COMPRESSOR. 


THE use of compressed air as a working medium is 
largely increasing and is being extended to a number 
of non-engineering trades, since its employment usually 
results in economies being effected. It is not 
surprising, therefore, to find manufacturers exercising 
considerable ingenuity in the construction of the 
larger plants and in the arrangement of the smaller 
ones, so that they may be rendered as compact and 
portable as possible. A good example of recent 
design in the latter class of equipment is offered by an 
automatic electrically-driven compressor, which is 
manufactured by Messrs. Lacy-Hulbert and Company, 
Limited, of Beddington, Croydon. A view of this 
machine is given in the accompanying illustration. 
It is primarily intended for use in garages and filling 
stations for inflating tyres or for supplying compressed 
air to paraffin spray guns and other small appliances. 
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It can also be employed for operating thermostats 
in heating installations and for paint spraying, as well as 
for a number of other purposes. 

As will beseen, the operating gearis mounted on the top 
of the air receiver and consists essentially of a 1 brake 
horse-power electric motor, which is directly coupled 
to the air compressor. The latter is of the water- 
cooled type and is fitted with an aluminium piston and 
stamped-steel connecting rod. The moving parts are 
carried on ball bearings and the lubrication is automatic. 
The motor is statted up and shut down by an auto- 
matic switch. This is operated by the air pressure, so 
that a supply is always available. 

The air receiver usually supplied is a riveted drum, 
which is designed for a maximum working pressure of 
150 lb. per square inch, but it is tested to 300 Ib. per 
square inch, thus providing an adequate factor of safety. 
It is fitted with heavy type check and safety valves, 
as well as with a pressure gauge, drain cock and in- 
spection door. The welded receiver shown in the 
illustration is used only for comparatively low pressures. 
The overall dimensions of the equipment are 2 ft. 6 in. 
Ale 10 in. by 4 ft. high, and its gross weight is 
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ENGINEERING TRADE IN INDIA.—At this time of the 
year, attention should be drawn to the facilities which the 
Trade Commissioner Service can render to representatives 
of British firms visiting India, either to principals under- 
taking a special investigation of the market, or to com- 
mercial representatives, who are developing the sale of 
British goods in India. Not only letters of introduction, 
but useful assistance regarding market conditions, 
itinerary, outfit, &c., may be obtained from the Depart- 
a" Overseas Trade, 35, Old Queen-street, London, 








Pia Bi ELLINGTON (N.Z.) CHAMBER OF COMMERCE.— 
De 1528 issue of the Commercial and Professional 
Irectory of the Wellington Chamber of Commerce, 
7 in addition to classified lists of members of the 
infe ington Chamber of Commerce, statistics and general | 
so regarding the industries and commerce of 
A si ene and more particularly those of Wellington. 
plac mber of excellent illustrations of various buildings and 
ma i ot industrial or historical interest, and several 
Che ore included in the volume. The offices of the 
are situated in the Dominion Building, Wake- 


m Der 
field-street, Wellington, New Zeaalnd. 





TUBES BY ‘ IMPINGEMENT.’’* 
By R. May, A.R.S.M. 

Ir was shown in the Seventh Report that 
‘impingement attack,” like other types of condenser- 
tube corrosion, is closely connected with the formation 
and breakdown of the more or less protective films 
which form on the surface of the tubes. A study of 
the behaviour of the naturally forming films on the 
surface of various tube alloys, therefore, seemed to be 
desirable, and it was expected that this would give 
useful information regarding the suitability of the alloys 
for resisting impingement attack. In the previous 
work it had been possible to follow the formation and 
breakdown of resistant films under the influence of 
impingement, by observing the development of 
impingement attack in the jet-test. For instance, if 
a clean specimen of an alloy suffered attack, and a 
specimen of the same alloy, previously immersed for 
a few days in slowly moving sea-water, resisted, it was 
inferred that the latter specimen had developed a 
resistant film, although the film itself might be invisible. 
If, after a week or two, impingement attack appeared 
at certain points, it was inferred that the resistant 
film had broken down at these points. Methods such 
as these, after the observations had been confirmed by 
repetition, gave a great deal of useful information on 
the behaviour of the films on various alloys. However, 
the process was slow, and results were often delayed 
owing to the practical difficulty of determining exactly 
when a breakdown of the film occurred. Therefore, it 
was important that a more rapid method of following 
the behaviour of the film should be available. 

It was known that a specimen of metal, when covered 
with a film of corrosion products, has an electrode poten- 
tial different from that of the same metal without the 
film, and periodic measurements of this potential were 
used by L. H. Callendert to obtain curves showing the 
changes associated with the formation of surface films 
on aluminium. 

Experiments on somewhat similar lines have given 
useful results in the case of condenser-tube alloys, and 
curves have been obtained showing the variation in 
potential associated with protective film formation 
in sea-water under various conditions of impingement. 
Changes in the shape of the curve have been found to 
take place when a change or a local breakdown of the 
protective film occurs. It has been observed that, if 
the breakdown is a temporary one and the film 
re-forms, then the potential returns more or less rapidly 
to its previous value. On the other hand, if the 
breakdown results in impingement attack, as is often 
the case with 70:30 brass, the potential does not 
regain its original value, and often shows fluctuations 
corresponding apparently with the detachment of 
further particles of the film. As the impingement 
attack extends, the potential departs more and more 
widely from its original figure. If the violence of the 
corrosive conditions is reduced—for instance, by cutting 
off the air supply—the film immediately begins to 
re-form, and the potential at once starts to change, 
and regains its original level, often in the course of a 
few hours. Many such curves have been taken, and 
they confirm, in a satisfactory manner, the results of 
earlier work on the behaviour of the resistant film on 
70:30 brass. With the previous visual method, as 
already mentioned, the results were only deduced 
after weeks of close observation, whereas, by means of 
potential measurements, some of the results were given. 
much more definitely in a few days, or even in a few 
minutes in the case of the actual film breakdown. 

In order to avoid inaccuracies, due to polarisation 
and variations in the electrical resistance of the film, 
some form of null method was required which would 
take only the smallest possible current, even when out 
of balance. Neither a suitable potentiometer nor the 
necessary galvanometer, capable of working in series 
with a very high resistance, was available, so that the 
standard method could not be used. Therefore, it 
was decided to use a three-electrode valve for the 
purpose. This idea is, of course, well known, and it 
has been found very satisfactory for the present purpose. 
A diagram of the arrangement is shown in Fig. 1, on 


| page 310. 


An ordinary Marconi-Osram D.E.R. valve is used, 
with 33 volts on the anode, and a negative bias of 
1-5 volts on the grid. A sensitive moving-coil instru- 
ment is placed in the anode circuit to indicate changes 
of the anode current. A potential divider, in series 
with a resistance, is connected across the filament 
battery, and is arranged so that a potential of from 
0 to 500 millivolts may be applied in opposition to the 
unknown potential when this is in series with the grid- 
bias battery. The potential thus applied is shown by a 
second moving-coil instrument, calibrated in millivolts. 


A change-over switch is placed in the grid circuit, as | 





* Eighth Report to the Corrosion Research Committee 
of the Institute of Metals presented at the Liverpool 
meeting on September 5, 1928. Abridged. 

+ Proc. Royal Soc., vol. exv [A], (1927). 


shown. When the switch is in the right-hand position, 
the millivolt meter, and the portion of the potential 
divider in use, are short-circuited, and the positive pole 
of the grid-bias battery is connected directly to the 
negative lead to the filament. Under these conditions, 
the anode current shown by the instrument in the anode 
circuit corresponds with the normal grid potential, 
and isnoted. By moving the change-over switch to the 
left-hand position, the potential to be measured is 
connected in series with the grid-bias battery, making 
the grid more negative and causing the anode current 
to fall. The unknown potential is then balanced out 
by adjusting the potential divider, and the point of 
balance is shown when the anode current returns to the 
value previously noted. When this is the case, the 
reading of the millivolt meter gives the value of the 
unknown potential. 

| A third set of contacts is arranged to open the anode 
| circuit during the operation of the change-over switch. 
| This avoids the increase of anode current which other- 
| wise takes place while the grid is isolated during the 
| change-over, and permits the use of a more sensitive 
instrument in the anode circuit. The current taken 
|from the specimen is exceedingly small; the error 
introduced by connecting a resistance of 1 megohm in 
| series with the potential to be measured can just be 
| detected. Obviously, the accuracy of the method 
depends on two moving-coil instruments. The over-all 
accuracy, with the presentinstruments, is approximately 
within plus or minus 1 per cent., which is sufficient 
for the purpose required. The apparatus enables rapid 
changes of potential to be followed with ease, and it 
may be left connected and out of balance indefinitely 
without causing any measurable changes due to polari- 
sation of the corroding specimen. 

Method of Carrying Out Tests—In carrying out 
potential measurements during corrosion tests in the 
jet apparatus (described below) the specimens used are 
small discs cut from condenser tubes, with a wire 
soldered to the back. The discs are cemented into 
ebonite holders by means of Chatterton’s compound, 
and are held in the usual position opposite the jet, as 
shown in Fig. 2. The wires from the discs are carefully 
insulated to prevent them coming in contact with the 
water, and are run inside separate rubber tubes. The 
wires lead to a terminal board, so that each specimen 
may be connected in turn to the measuring instrument. 
The potential is measured between the specimens, and a 
calomel electrode is placed in a separate vessel connected 
with the tank of the jet-test apparatus by means of a 
syphon. As the measurements are only relative, there 
is no need to use a standardised calomel electrode. The 
electrode used was actually made up with sea-water, 
instead of potassium-chloride solution. This avoided 
having to take special precautions to prevent the 
diffusion of sea-water into the electrode vessel, and has 
been found constant enough for the purpose required. 
In all the alloys tested, the calomel electrode has been 
the positive pole, i.e., the cathode. The formation of a 
protective film makes the specimens more cathodic, 
and this is indicated by the potential difference between 
the specimens and the calomel electrode diminishing. 
Similarly, the breakdown of the film is shown by an 
increase of the electrode potential. 

The potential difference between the specimens and a 
calomel electrode has little direct practical significance 
in itself. What is of considerable importance, however, 
is the potential difference between the film-covered 
metal and the same metal without the film. This may 
be described as the “ film potential,” because it is the 
change in the electrode potential of the specimen due 
to the presence of the film. The film potential is 
simply the electrode potential of the clean metal 
minus the electrode potential of the film-covered metal. 
Obviously the film potential increases as film 
formation takes place, and falls in the event of a film 
breakdown, so that curves showing the changes of 
film potential with time are a more direct method of 
studying the behaviour of protective films than the 
corresponding curves showing the variation of electrode 
potential. All the curves shown are plotted as film 
potential curves. A diagrammatic curve is given 
in Fig. 3. 

In order to obtain values of the film potential it 
is necessary to know the value of the electrode potential 
of the clean metal, from which to subtract the values 
actually measured during the formation of the protective 
film. It is difficult to know what is a “‘ clean metal,” 
but for practical purposes it is assumed to be not very 
different from a metal freshly cleaned with coarse 
emery-paper or with a steel scraper. Such a surface 
may be unsatisfactory from a theoretical point of 
view, but is at any rate free from any film produced in 
sea-water. Before starting a test, specimens cut from 
the same tubes as the actual test-pieces are cleaned in 
| this way, and their electrode potentials are measured 
| as rapidly as possible. This is repeated several times, 
and the figures thus obtained are taken as the 
approximate electrode potentials of the clean alloys. 
An error in these figures obviously makes no difference 
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to the shape of the curves, but only changes the positions 
of the zeros, so that the curves remain just as useful 
for studying the behaviour of the film on any one alloy. 

A Test of the Method.—In order to test the method, 
some experiments were carried out simultaneously 
on a 70: 30 brass tube containing 0-02 per cent. of 
arsenic, and on a special brass tube containing 2 per 
cent. of aluminium, which was supplied by Dr. O. F. 
Hudson of the British Non-Ferrous Metals Research 
Association. The tube had resulted from independent 
researches on aluminium brasses carried out for this 
Association by the Research Department, Woolwich ; 
the use of this material for condenser tubes is the subject 
of a patent application. The curves obtained in the 
manner described showed important differences in the 
behaviour of the film on the two alloys, particularly 
when the film was scratched under conditions of violent 
air-bubble impingement. In the case of the 70: 30 
brass, this resulted in violent impingement attack, but 
in the case of the aluminium brass, the injury healed up 
and the potential reached the original figure in less than 
twenty-four hours. 

Some typical film-potential curves for the two alloys 
are shown in Figs.4 and 5. Fig. 4 shows changes in 
film potential during the formation of the natural 
protective films on 70: 30 brass containing 0-02 per 
cent. of arsenic, and on a special brass containing 
2 per cent. of aluminium, tested simultaneously in the 
jet apparatus, using sea-water moving at 15 ft. per 
second with no added air. Film formation on the 
aluminium brass appears to be complete at 24 hours 
from the commencement, but is still proceeding on the 
70 : 30 brass at 130 hours. Fig. 5 constitutes a con- 
tinuation of the two curves of Fig. 4, and shows the 
effect on the film potential when the film is scratched 
with the point of a needle. On the aluminium brass 
the scratch healed in eight hours, and the film potential 
returned to its original value. On the 70: 30 brass 
the healing process was not complete after 24 hours. 
Twenty-four hours after making the scratch, about 
1-4 per cent., by volume, of air was admitted. The 
film on the aluminium brass was hardly affected, but 
on the 70:30 brass the incompletely healed film 
immediately broke down and vigorous impingement 
attack started. 

Possible Uses of Film-Potential Measurements.— 
Only a few possibilities of the method have been 
studied up to the present, as it is a comparatively recent 
development. It seems likely to have important uses 
in conjunction with the jet test for the development of 
alloys resistant to impingement attack. It is believed 
that it may be very useful for the study of other impor- 
tant types of corrosion, and for investigating the effects 
of factors such as temperature, impurities, &c. Preli- 
minary work in this direction has been started. 
Observations have been made on different samples of 
seawater, using check specimens of 70:30 brass of 
known behaviour. These suggest that the method 
may be very useful as a practical means of comparing 
the corrosive properties of samples of cooling water. 
Obviously, the measurements need not be confined to 
Jaboratory tests with the jet-test apparatus or experi- 
mental condenser. The specimens, if suitably insu- 
lated, might be placed under actual working conditions 
anywhere in acondenser. Also it should not be difficult 
to arrange for the potential record to be taken auto- 
matically, if necessary. 

Further Work on Impingement Attack.—An impor- 
tant part of the programme of work decided upon 
by the Committee was the testing of various types 
of condenser tubes for resistance to impingement 
attack, and, as mentioned in the introduction, this 
led to a further study of the factors which control 
impingement attack. The apparatus used for the 
tests was an experimental condenser similar to that 
described in the seventh Report, but on a somewhat 
larger scale. This form of test was adopted because 
of the ease with which frequent observations could be 
made, and because, in the previous work with the smaller 
apparatus, it had been a fairly simple matter to produce 
violent impingement attack, similar to that well known 
n practice, without having to use greatly exaggerated 
conditions. The conclusion had been reached that the 
main factor in producing this form of attack, in the 
case of 70:30 brass tukes, was the presence of air 
bubbles in the moving water. With sea water flowing 
at about 6 ft. per seconi, it had been found that 
0-8 per cent., by volume, of air in the form of bubbles 
resulted in very violent attack, and it was believed 
that this amount of air might pass through certain 
tubes of a condenser in practice. 

The new apparatus was arranged for 24 tubes 
12 ft. long, in two nests of 12 tubes. Each nest was 
really a complete unit with its own water-boxes, and 
the two units were connected in series, in the hope of 
obtaining some of the effects of a two-pass condenser. 
The tubes were held in circular tube-plates with glands 
and ferrules of standard design, and were supported 
at the centre by diaphragms. The water-boxes were 


circular in shape, with the inlet arranged so that the 





water was directed across a diameter of the tube-plate. 
The natural sea water which was used for the tests was 
stored in a large lead-lined tank, and was circulated 
continuously at about 8 ft. per second through the 
tubes by means of a centrifugal pump. The water 
entering the tubes contained rather less than 1 per 
cent., by volume, of air in the form of bubbles. This 
air was introduced into the suction pipe, and the 
quantity was measured by means of a flow meter. 
The end of the discharge pipe from the apparatus was 
submerged, and was arranged to avoid carrying an 
unmeasured volume of air to the intake pipe. In order 
to prevent too much contamination of the water by 
corrosion products, all the iron parts of the apparatus 
were protected with a lining of hard rubber, and, in 
addition, the water was changed as frequently as 
possible. 

Tests carried out with the apparatus showed that 
impingement attack on check tubes of 70:30 brass 
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took place, but the distribution of the attack was 
not that usually observed in an ordinary two-pass 
condenser, and could not be explained satisfactorily 
with the information which was available. At the 
inlet of the first pass, where particularly violent 
impingement attack was expected, it only took place 
incipiently and soon changed to other types of corro- 
sion. At the inlet of the second pass, where the attack 
was expected to be more moderate, it was found to 
occur vigorously. It was quite clear that some of 
the conditions in the new apparatus differed from those 
of practice to a much greater extent than was the 
case with the earlier type of experimental condenser. 
This difference, the nature of which was not at all 
obvious, introduced a serious element of doubt, which 
it was necessary to remove before the results of the 
tests could be interpreted. 

The decision to undertake a further study of the 
factors which control impingement attack was greatly 
encouraged by a very important paper by Sir Charles 
Parsons,* in which a previously unsuspected cause 
of impingement attack was brought to light, i.e., the 
possible occurrence, in certain tubes of a condenser, 
of high shock pressures due to intermittent cavitation 
in the water. He showed that the vortex action long 
known to occur in the water boxes of a condenser 
may be much more violent than was formerly supposed, 
and, in some cases, may result in the formation of 
vortices with cavities at their centres. Such vortices 
were demonstrated in a striking manner in his experi- 








* See ENGINEERING, vol. exxiii, page 433 (1927). 





mental water boxes with tangential inlets, and the 
vortices were shown to wander from tube to tube in 
certain areas of the tube plate. The entry of a vortex 
into a tube was shown to cause a very sudden partial 
arrest of the water stream in the tube, and this 
obviously resulted in violent shock and impingement 
in the vicinity, giving vigorous attack on the tube ends. 
The importance of Sir Charles Parsons’ observations was 
at once realised, although it was not possible to accept 
without reservations his suggestion that the attack 
observed was due to actual erosion of the meta].* 

It was thought that the difficulties with the experi- 
mental condenser tests would be cleared up if it could 
be shown that intermittent cavitation occurred. 
Accordingly, the water boxes were fitted with plate- 
glass covers, so that the interiors could be examined 
while running. By turning off the air supply and 
allowing bubbles to disappear, the ends of the tubes 
could be illuminated and observed very clearly. No 
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trace of cavitation was seen either at the inlet of 
the first pass, where there was only incipient impinge- 
ment attack, or at the inlet of the second pass, where 
active impingement attack was takin§ place. 

Tt was, of course, not expected that such a pronounced 
vortex action as occurred in Sir Charles Parsons’ 
water boxes would be seen, since the inlet was radial 
and not tangential. On the other hand, it seemed 
possible that the rotating motion of the water at 
either side of the entering stream might be sufficient 
to produce two smaller vortices with cavities at their 
centres. Such, however, was not the case ; neither 
was there any sign of the “ silvery-looking fringes” seen 
by Sir Charles Parsons at the inlet ends of some of 
his tubes. In fact, when the air was turned off, the 
only sign that the water was in motion was the move- 
ment of small fibres sticking to the sides of the 
water box. By admitting a small amount of air, 
rotating motions of the water were shown clearly, 
and bubbles tended to collect at the centres. The 
rotation, however, was so irregular that there seemed 
to be little tendency for the air to be concentrated 
through certain tubes. The observations seem to 
show that cavitation was not responsible for the 
differences observed in the behaviour of the tubes 
in the first and second passes of the experimental 
condenser. The absence of visible cavitation at the 
inlet of the second pass, where impingement attack 
was active, appears to show that cavitation, although 
it may be of great importance in certain cases, 35 
not the only possible cause of impingement attack. 
It is much more likely that the attack in the second 
pass was due to the presence of air bubbles, as described 
in the Seventh Report, and elsewhere. 

The Effect of Bubble Size on Impingement Attack.— 
With the normal amount of air (0-8 per cent.) passing 


 *See the present author’s written contribution to 
the discussion of Sir Charles Parsons’ paper. § ro’ 
Inst. N. A., 1927. 
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through the apparatus, the tube ends could not be 
observed clearly, owing to the mist of small bubbles 
in the water. It was noticed that the misty appearance 
was slightly more pronounced at the inlet of the first 

ass than at the inlet of the second. This, of course, 
meant that the air was being broken up very finely 
in the pump and inlet pipe, and that the small bubbles 
were coalescing, to some extent, in the tubes of the 
first pass. In the Seventh Report, it was shown that 
certain observations on the distribution of impinge- 
ment attack in condenser tubes might be explained 
on the assumption that air bubbles are less harmful 
when they are very small. The assumption seemed 
to be a reasonable one, but direct experimental 
evidence was lacking. It was thought that the 
unusual state of the bubbles at the inlet of the first 
pass might account for the unexpected distribution 
of impingement attack. The point required further 
investigation, and it was decided to use the jet test 
apparatus for the purpose, to avoid interfering with 
the tube tests in progress in the experimental con- 
denser. 

-A new and convenient form of jet-test apparatus had 
been constructed, and was in course of adjustment 
when the decision was made. A diagram of the 
apparatus is shown in Fig. 8. Experiments were 
carried out, and it was found that, by varying the 
turbulence in the centrifugal pump and adjusting 
the air supply which was admitted to the suction pipe, 
it was possible to vary the size of bubbles in the sea- 
water delivered to the jets. A number of tests were 
made with different adjustments, using specimens 
from the same batches as the check tubes tested in 
the experimental condenser. Definite results were 
obtained at the two extremes of possible adjustment. 

It was found, with a large air supply and with the 
pump running at a high speed, giving a water-speed at 
the jets of about 15 ft. per second, that the air bubbles 
became very small, owing to the excessive turbulence 
inthe pump. Under these conditions, no impingement 
attack took place where the jets impinged on the 
specimens, the very small air bubbles being apparently 
harmless. At the other extreme, with only a small 
quantity of air admitted to the apparatus, and with 
the pump running at a lower speed, giving a velocity 
at the jets of 6 ft. per second, the air reached the jets 
in slightly larger bubbles, and moderate impingement 
attack took place. Subsequently, the apparatus was 
altered so that air could be admitted under pressure 
through a mixing device between the pump and the 
jets. This enabled the size of bubbles to be controlled 
more definitely, since the air no longer had to pass 
through the impeller of the pump. It was found that, 
with a water speed of 10 ft. to 15 ft. per second, and 
with about 1-5 per cent. of air, in bubbles somewhat 
larger than those which could be obtained with the 
previous arrangement of the air supply, impingement 
attack was exceedingly violent. 

These results obtained with the jet test tend to 
confirm various assumptions on the effects of bubble 
size made in the Seventh Report, and seem to show 
that the matter is even more important than was 
supposed. It would appear that the size of the air 
bubbles may easily determine whether or not impinge- 
ment attack takes place, where other conditions are 
favourable for this form of attack. The possibility 
that very small bubbles may be harmless under condi- 
tions of strong impingement was not properly realised 
when the influence of bubble size was dealt with in 
the Seventh Report. The results also appear to fit in 
with the observations made in the experimental 
condenser tests, and terid to confirm the previous 
surmise that the absence of strong impingement attack 
in the first pass was connected in some way with the 
smallness of the air bubbles. The actual size at which 
air bubbles become harmless is a matter for further 
investigation. 

Notes on the Jet-Test Apparatus.—The jet test 
Apparatus used in the experiments on the effects of 
bubble size was intended chiefly for comparative tests 
on condenser tubes, and was a development of the jet 
test described in the Seventh Report. The essential 
idea of the test is extremely simple, and consists simply 
of causing a jet of sea water containing air bubbles to 
impinge on the surface of a specimen of the metal to be 


tested. When certain conditions, to be described, are 
fulfilled, impingement attack takes place in the case of 
many condenser-tube alloys, and the depth of attack 
shows the resistance, or otherwise, to impingement 


attack. In the present apparatus, the specimens are 
strips 3 in. long cut from the tube to be tested ; they 
are supported in ebonite holders in a fixed position at 
a distance of 2 mm. from the jet orifice, which is 2 mm. 
in diameter. The direction of impingement is normal 
to the surface. A number of holders with the speci- 
Mens attached are immersed in sea water in a circular 
stoneware tank of 12 gallons capacity. The sea water 
is drawn from the tank through a filter, consisting of 
one thickness of loose cotton filter cloth, and is delivered 
to the jets by means of a small vertical-spindle centri- 





fugal pump. This pump is an important part of the 
apparatus, and the success of the tests depends on its 
running without stopping for long periods. All the parts 
exposed to the liquid are made of ebonite, in order to 
avoid unnecessary contamination. The specimens are 
the only exposed metal in the system. 

The speed of the water at the jets is usually from 
10 ft. to 15 ft. per second. With this water speed, 
and with the conditions of impingement used up to the 
present, air bubbles are essential for impingement 
attack on the 70:30 brass tubes used for check 
purposes. The manner in which the air is introduced 
has a great influence on the rate of impingement attack ; 
this is connected with the size of the resulting bubbles 
which reach the jets, ashas beenshown. In the original 
jet test described in the Seventh Report, little attention 
was paid to the size of the bubbles, and, by good fortune, 
the approximately correct conditions were obtained at 
the first attempt. However, a rather large quantity 
of air (about 3 per cent.) had to be used, and it appeared 
desirable to reduce this quantity to a figure more likely 
to occur in practice. 

Much experimental work has been done on the 
conditions which it is necessary to maintain in the jet- 
test apparatus in order that impingement attack on 
check tubes may take place with certainty, without 











Fig.8. 














Air Inlet 













































































Specimens 
S —— ——. ss 
eS] 2805535 SS 
(882.F.) “ENGINEERING” 


using excessive amounts of air, and without making 
the conditions of impingement such as to produce 
obvious cavitation. The work has shown that, pro- 
vided the speed with which the water impinges on the 
test pieces is higher than about 6 ft. per second, and 
that the water contains about 1 per cent., by volume, 
of air bubbles in suspension, then the requirement for 
strong impingement attack by normal sea water on 
70: 30 brass may be roughly summarised in one simple 
statement having a number of necessary consequences 
of a practical nature. This is :—that the air bubbles 
shall be violently broken up into smaller bubbles at 
the point where the water impinges on the metal. This 
implies that the conditions of impingement shall be 
sufficiently violent to break the bubbles, and that the 
bubbles reaching the jet shall be large enough to be 
capable of being broken. 

In carrying out tests, it is important that the 
apparatus shall run continuously, and that the air 
supply shall be maintained day and night throughout 
the test. If there is a stoppage, even for a few hours, 
the specimens have a chance to protect themselves 
with a film which may, or may nots resist further 
attack. For this reason it has been found advisable 
to include check specimens of 70:30 brass in each 
set. The failure of the checks to develop impinge- 
ment attack shows that the test has not been reliable. 
In comparing alloys by means of the jet test, it is 
frequently an advantage to make a small scratch with 
a needle on the specimens where the jet impinges. 
This may be done at intervals of about a week, and en- 
sures that it is the initial film of the metal that is being 
tested, and not a highly protective film or scale which 
may have formed accidentally during a favourable 
period ; for instance, during a temporary stoppage. 
For such comparative purposes, a test lasting 28 days 
is usually adopted. 

The jet test, in addition to its uses for the investiga- 
tion of the factors which control impingement attack, 
has become a valuable means of making comparative 
tests on samples of condenser tubes in order to deter- 





results, with tubes tested up to the present, are in agree- 
ment with those obtained in the experimental con- 
denser with the same kind of tubes. .The order of 
resistance of tubes to impingement attack found by the 
tests also agrees with that which may be deduced 
from practice where sufficient information on similar 
tubes is available. 

It is important to note that the jet test need no 
longer be regarded as a test carried out under greatly 
exaggerated conditions, such as are usually implied 
in the term “ acceleration test.’”” The conditions of 
impingement are not necessarily excessive, and if 
careful attention is given to the size of the air-bubbles, 
the percentage of free air required in the water is not 
unreasonable ; about 1 per cent. seems to be sufficient, 
and it is believed that amounts of this order may easily 
pass through certain tubes in many condensers. The 
** acceleration” obtained with the jet-test is probably 
due to the steady maintenance of corrosive conditions, 
which, in many condensers, may occur only inter- 
mittently. 

Impingement Attack in Condensers and its Preven- 
tion.—It has been shown by Sir Charles Parsons* that 
intermittent cavitation, when it occurs, may result in 
impingement attack or, as he called it, erosion, and 
many cases of such attack in actual condensers must 
be ascribed to this cause. On the other hand, it has 
been shown in the present report that impingement 
attack may still occur as a result of air-bubble impinge- 
ment when no such cavitation can be detected, and 
it appears certain that this must account for many 
other practical cases of impingement attack. In 
either case, the actual observed attack appears to be 
identical, and the attacked surface of the metal shows 
no microscopic or other differences. Thus it would 
seem that collapsing “ vacuum” bubbles may have 
the same ultimate effect as impinging air bubbles, 
and it is of interest to consider the nature of the attack 
which they may produce. At the present time it 
cannot be said that the fundamental mechanism of 
impingement attack is completely understood in some 
of its details. In cases of the attack due to the impinge- 
ment of air-bubbles, the action is undoubtedly electro- 
chemical to a large extent, and, as shown in the Seventh 
Report, it may be regarded as due to the continual 
removal of metal ions from portions of the surface. 
Differences in metal-ion concentration cause differences 
of potential, and currents flow tending to equalise 
the metal-ion concentration by corroding metal at the 
point from which metal ions have been removed. 
The metal ions liberated at this point are removed 
in turn, and the attack proceeds. 

Fortunately for condenser tubes, the naturally 
forming protective films do not always break down 
under conditions which favour impingement attack, 
and it is clear that the properties of the films themselves 
are of great importance. It was shown in the Seventh 
Report that the film is easily removed from the surface 
of copper by moving sea-water alone. In the case of 
70 : 30 brass this is not sufficient, and the breakdown 
of the film is now known to require either the occurrence 
of cavitation or the presence of air-bubbles of suitable 
size. A few tube alloys have protective films which 
seem to be practically immune from breakdown under 
conditions of violent impingement. The development 
of such alloys appears to be a hopeful line of work. 

The resistance, or otherwise, of condenser tubes to 
impingement attack, often depends on a delicate balance 
between fiim formation and film removal, as was shown 
in the Seventh Report. Thus, in the case of 70: 30 
brass which is undergoing impingement attack, a 
temporary reduction in the violence of impingement 
may allow film formation to get ahead of film removal, 
and the film may become strong enough to resist 
further violent impingement for considerable periods. 
The effect is particularly important with 70 : 30 brass 
and Admiralty alloy, and it accounts for the special 
liability of such tubes to impingement attack when 
new. When the conditions remain favourable for a 
long enough period, the protective film may become 
sufficiently strong to resist subsequent impingement 
almost completely, and this explains why such tubes 
often give very good results in practice. Hopes were 
entertained that impingement attack might be com- 
pletely prevented by this means, but it has not yet 
been possible to define with sufficient exactness what 
are the necessary favourable conditions for film 
formation, apart altogether from the practical difficulty 
of arranging for such conditions to prevail at the start 
of the tube’s life. 

The Control of Impingement Attack in Condensers.— 
The film breakdown which leads to impingement attack 
is largely of a mechanical nature, and may be influenced, 
to an important extent, by the conditions of water 
movement met with in condenser practice. Obviously 
a high average water speed through the tubes will 
tend to increase impingement attack, but it is now 
certain that this is not the chief controlling factor. 





* Loc. cit. 
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Most condenser tubes appear to resist the action of 
rapidly moving sea water, provided there is no 
cavitation, and provided that the quantity and size 
of the suspended air bubbles are not such as to be 
harmful. 

Sir Charles Parsons has shown that a rotating motion 
of the water in the inlet water box, under certain 
conditions, may result in intermittent cavitation in 
the water, with severe attack on the tubes situated 
near the centre of rotation. Thus both the recognised 
eauses of impingement attack, namely, air-bubble 
impingement and cavitation, have an important con- 
trolling factor in common. There is little doubt that 
if all rotating motion of the water in the inlet water box 
and inlet piping could be prevented, impingement 
attack would be much less frequent. Probably it 
would occur only in cases Where sufficient air is present 
in bubbles of the correct size to be harmful without 
first undergoing concentration, or where certain other 
exceptional conditions are prevalent. 

Apparently, it is easy to prevent intermittent cavi- 
tation by means of a grid ‘placed across the water box 
in front of the tube plate, as was demonstrated by Sir 
Charles Parsons. Even a wire grid of several inches 
mesh may be sufficient in some cases. However, where 
the attack is due to the presence of air bubbles in 
suspension in the water, a grid may not be effective, 
because it may still permit the occurrence of a moderate 
rotating motion of the water, sufficient to concentrate 
air bubbles but insufficient to cause cavitation. Even 
the grid illustrated by Sir Charles Parsons, in which the 
depth of the passages is considerably greater than 
their width, would not be expected to prevent entirely 
the concentration of the air bubbles by a moderate 
rotating motion of the water prior to the grid. __ If this 
occurs, the water passing through certain areas of the 
grid may carry more than the normal percentage of 
air in bubbles, and these air bubbles may not have time 
to disperse before entering the tubes occupying certain 
positions in the tube plate. 

However, there seems to be a possibility that a grid, 
such as the foregoing, under certain conditions, may 
be effective in preventing the more injurious effects 
of air bubbles. It has been shown that very small 
bubbles are comparatively harmless, and that the size 
of the bubbles can be controlled by the turbulence of 
the water. Therefore, it would seem that, if the grid 
is carefully proportioned so that the velocity and tur- 
bulence in the passages through the grid are somewhat 
greater than at the inlet ends of the tubes, then the 
bubbles may be broken finely enough to be harmless 
when they reach the tubes. With such a grid, the con- 
ditions in the first pass of the condenser would be very 
similar to those in the second pass, in which it is well 
known that impingement attack is not usually serious. 
It is realised that a grid arranged on this principle 
would have its disadvantages, and might not be prac- 
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| tubes, but the special aluminium brass used to obtain 
| the curves shown in Figs. 4 and 5, page 310, may be 
| taken as an example to show how film-forming pro- 
| perties may be developed to resist particular conditions. 
| The development of special tubes is likely to be simplified 
considerably by the use of the jet-test apparatus for 
preliminary tests, particularly when it is possible to 
follow the behaviour of the resistant film during the 
test by actual measurements, such as are described in 
the first portion of the present report. 

In conclusion, it must be stated that impingement 
attack is not the only type of condenser-tube corro- 
sion, although it is possibly the most important. Often 
a tendency for the occurrence of other types of corro- 
sion may co-exist with actual impingement attack, and 
in this respect condensers and condenser tubes show 
great differences. In recommending tubes for use in 
any particular condenser, it is as well to consider very 
carefully any such tendencies, because at present no 
single tube is known which is equally resistant to all 
types of corrosion. Two tubes have been mentioned as 
being specially resistant to impingement attack, 
namely, the 70:30 cupro-nickel and a special alumi- 
nium brass; the latter as a tube is still in the experi- 
mental stage. The 70:30 cupro-nickel has shown a 
very slight tendency to oxide pitting, but it is not 
thought to be serious. The aluminium brass, in its 
present stage of development, definitely undergoes a 
very slight dezincification. In certain corrosive condi- 
tions this may be actually an advantage, because 
dezincification is an action which rarely permits any 
other type of corrosion to take place at the same time. 
A number of other tubes are known to possess a marked 
resistance to impingement attack, but they cannot be 
dealt with until more is known regarding their resist- 
ance to other types of corrosion. 








CATALOGUES. 


Cables.—Messrs. British Insulated Cables, Limited, 
Prescot, Lancs., have issued a list of cables, having an 
aggregate length of over 700 miles, supplied by them for 
working pressures of 20,000 to 25,000 volts. 

Fans.—Messrs. James Keith and Blackman Company, 
Limited, 27, Farringdon-avenue, London, E.C.4, have 
issued new catalogues of volume fans and ventilating 
fans. Full tables of particulars are given for the volume 
fans. 
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A GENERAL-PURPOSE TOOL FOR 
GARAGES. 
THE equipment of small garages witha ranve of 
tools, necessary for dealing with all the work they may 
be called upon to perform, requires a certain amount of 
care, if undue expenditure is to be avoided. This 
particularly applies in cases where, though the too! may 
be useful, it is not likely to be employed in a very large 
number of cases. One solution which is worth con- 
sideration in this connection lies, therefore, in the 
purchase of some form of driving unit to which a 
number of attachments can be made. Though the 
price of such an equipment may be comparatively 
high, its first cost is balanced by its general utility, 
A piece of apparatus which may be mentioned in this 
connection, is the Stow-Lindy general-purpose tool, an 
illustration of which is given on this page. It is sup- 
plied by the Rothermel Corporation, Limited, of 24, 
Maddox-street, Regent-street, London, W., and consists 
essentially of a }-h.p., 110-volt motor connected to a 
5-ft. length of flexible shaft through a short line of 

















Electric Drills for Coal, &c.—The Consolidated Pneu- 
matic Tool Company, Limited, 170, Piccadilly, London, 
W.1, have issued a special descriptive catalogue of their 
Little Giant flameproof electric drills for operating on 
coal or stone. 

Enclosed Motors.—A list of totally-enclosed squirrel- 
cage induction motors, from 2$ h.p. to over 200 h.p., is 
to hand from Messrs. Walter McGee and Son, Limited, 
Paisley, giving specification, dimensions, wiring diagrams 
and consumption curves. 








ticable where the water contains a large quantity of 
foreign material. 

The most obvious thing to do in order to minimise 
impingement attack in condensers is to arrange the 
water passages to prevent, as far as possible, all 
rotating motions of the water in the inlet water box 
and inlet piping. At present, it is not known to what 
extent this ideal is practicable—it may be easier said | 
than done. A tendency in this direction is noticeable 
in the more modern condensers, and tangential inlets 
are becoming considerably modified. At present, many 
precautions are taken to ensure the correct flow of 
steam into the condenser, and its correct distribution 
over the tubes. It seems likely that similar precau- | 
tions may be taken with regard to the cooling water 
when the full importance of preventing rotating motions 
of the water becomes more generally recognised than 
it now is. 

In existing condensers which suffer from impinge- | 
ment attack, and in which it may not be possible to | 
moderate the corrosive conditions by mechanical means, | 
the most hopeful and practical method of prevention, 
as far as is known at present, is to use a type of tube | 
which is specially resistant to impingement attack. | 
The development of such tubes seemed remote when 
the Seventh Report was written, but, at the present 
time, important advances appear to have been made. | 
In fact, some of the cupro-nickel tubes now on the 
market are able to resist impingement attack almost 
completely under violent conditions in laboratory 
tests, and, as is well known, good results have been 
reported in actual practice. The 70:30 cupro-nickel 
seems to be very good. 

The prospect of less expensive tubes also being able | 
to resist impingement attack seems hopeful, and tube- 
makers are giving attention to the development of 
such tubes with special film-forming properties. The 
work is in the experimental stage, but some promising 
tubes have been produced. Some of these have shown 
very satisfactory resistance to impingement attack in 
laboratory tests, and are able to re-form their protec- 





tive films after mechanical injury, even under violent | full tables of dimensions. All the machines are suitable 
for line-shaft drive, but are also seated and drilled on 


conditions of air impingement. At present it is too 
early to make any definite statement regarding such 





|The principal parts are illustrated and specified with 
| ample explanatory matter. 


| appliances for loading, unloading and conveying grain 
| may be judged from No. 140 of the ‘* Occasional Letters *’ 


Tubes.—Tables of the weight in pounds per foot of 
wrought-iron and steel tubes, and a formula for calculating 
weights of tubes in any other material, have been issued 
by Messrs. Stewarts and Lloyds, Limited, 41, Oswald- 
street, Glasgow. An approximate formula is also given 
for rapid calculation where precision is not required. 

Electro-Medical Apparatus.—We have received three 
new catalogues from Messrs. Watson and Sons (Electro- 
Medical), Limited, 43, Parker-street, Kingsway, London 
W.C.2, dealing with artificial-sunlight apparatus, X-ray 
apparatus for use with Metalix tubes, and Muller hot- 
cathode tubes. All these catalogues contain ample 
explanatory matter. 

Oil Engines.—A series of heavy-oil engines, of the 
surface-ignition type, in sizes from 22} h.p. to 90 h.p., 
is described in a catalogue received from Messrs. Petters 
(Ipswich), Limited. Three one-cylinder and three two- 
cylinder engines, all of the vertical type, are dealt with. 


Evcavator.-—Messrs. Priestman Brothers, Limited, Hull, 
have issued a catalogue of a mechanical shovel mounted 
on caterpillar tracks with petrol, paraffin or oil engine 
drive, and provided with means to enable it to be used 
as a navvy shovel, skimmer scoop, trench shovel, drag- 
line, grab, or crane. The scoops are of $ cubic yard 
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belting; the motor can be arranged to run at 900, 
1,800 and 3,600 r.p.m. At the other end of the flexible 
shaft is a driving head which, when out of action, is held 
in a clamp, and to this a number of attachments, such 
as scratch bushes, buffing wheels, sanding or grinding 
wheels, rotary files and drills may be fixed as required. 
The same applies to two larger machines which are 
also supplied by the same firm. These are similar 
in design to the one just described, but are equipped 
with a 4-h.p. and 1-h.p. motor, respectively. The 
apparatus can be arranged for attachment to a bench, 
or, as shown in the illustration, can be fixed on a small 
carriage, equipped with castors, so that it is easily mov- 
able from place to place. 

A similar, though somewhat larger, tool has been 
designed for use in places where a supply of electricity 
is not available. This consists of a 2-2-h.p. petrol 
engine, mounted on a stretcher, and arranged so that a 
speed adjustment from 1,400 to 2,200 r.p.m is avail- 
able. In this case, a 10-ft. length of flexible shaft is 





capacity, and the crane-lifting capacity is 1} toms at 
20 ft. radius. 
Grain-Handling Plant.—The enormous advance in 


issued by Messrs. Henry Simon, Limited, 20, Mount- 
street, Manchester, who design and supply complete 
plants for this purpose. The letter describes the mech- | 
anical equipment of two new granaries at Avonmouth, | 
of which full particulars will be found in our issue of | 
May 11 and 18 last, on pages 565 and 591. | 

Machine Tools.—A catalogue of the milling machines, 
received from Messrs. J. Parkinson and Son, Shipley, | 


provided, and the equipment, which weighs 176 lb., 
should, therefore, be of great utility in bridge construc- 
tion and on railways, as well as for certain other 
engineering and agricultural purposes. 

The sanding wheels supplied for use with both the 
above apparatus are of easily replaceable design. 1 he 
two sections of the wheel flanges are cast from an 
aluminium alloy, the sanding disc being a linen-bound 
abrasive band mounted on a rubber filler band. 





ORDNANCE SURVEY OF THE ARGENTINE REPUBLIC. 





shows six plain and three universal machines of standard The commercial secretary at Buenos Ayres has forwarded 


| type, and one specially designed for repetition work in| to the Department of Overseas Trade, 35, Old Queen- 


|large quantities, and also a large variety of accessory | street, London, S.W.1, a memorandum on the progress 


| parts, which together provide equipment for a very ex- | 
j tensive range of work. The illustrations cover both 
| machines and supplementary parts, and there are very | 


| 
the frame top to receive electric motors. | 


of the ordnance survey of the Argentine Republic, which 
has been undertaken by the Argentine Military Geo- 
graphical Institute. A copy of the memorandum may 
be obtained, by interested United Kingdom firms, on 
application to the Department at the above address, 
when reference number B.X. 4654 should be quoted. 
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CONTINUING our account of the grinding machines 
at Olympia, we may first refer to the exhibit of 
Messrs. The Churchill Machine Tool Company, 
Limited, Broadheath, near Manchester, who are 
showing a range of plain cylindrical, surface and 
internal grinders as well as a number of grinding 
machines for special purposes, in addition to the 
gear-tooth grinding machine which we described on 
page 287 of our last week’s issue. 

Fig. 81, on this page, shows the firm’s crankpin- 
grinding machine, which is made in two sizes admit- 
ting crankshafts 50 in. and 60 in. in length, respec- 
tively ; both sizes swing 16 in. over the table and 
use grinding wheels 30-in. in diameter. The special 
features of the machine are that the work is driven 
from each end, a quick hydraulic withdrawal and 





gauge is carried by the steady, and is thus automati- 
cally withdrawn when the wheel-head recedes. It 
will be obvious that the provision of this gauge is 
an important factor in rapid production, since the 
operator is not obliged frequently to use a micro- 
meter or limit gauge on the work, and need have no 
fear of spoiling it when approaching the correct 
size. For average crankshafts of motor-car engines, 
the time to grind each pin is about three minutes, 
this time including roughing and finishing, as well 
as all the necessary handling, wheel truing, sizing, 
and incidental operations. 

A particularly interesting machine shown is illus- 
trated in Figs. 82 and 83, on page 314, this being the 
firm’s new vertical-spindle surface grinder. In this 
machine the wheel employed is of the ring or seg- 








Fie. 81. CRANKPIN GRINDING MACHINE ; 
CoMPANY, 


return is provided for the wheel head, arrangements 
are made for automatic gauging of the work, and 
automatic withdrawal of the steady rests is provided. 
The drive to the work head is transmitted through 
belts carried by a swinging arm at the left of the 
machine. The driving shaft for the two work 
heads is mounted on the front of the bed, as shown 
in the illustration, and is driven by spiral-bevel 
gears, the work-head spindles being driven by silent 
chains enclosed in oil baths. The synchronised 
drive thus obtained avoids any difficulties from tor- 
sional stresses in the work. 
“SThe wheel-head is of very massive construction 
and is fitted with a spindle of large diameter, this 
being necessary in order to avoid vibration from 
the large grinding wheel that must be used for crank- 
pin grinding. The wheel-head slide can be quickly 
withdrawn and returned by hydraulic power, thus 
enabling the grinding wheel to clear the webs 
when passing from one pin to another. The steady 
rest is normally in position for grinding, but it is 
automatically withdrawn from the work when the 
grinding wheel recedes ; it is returned by the same 
movement that brings the grinding wheel into the 
working position. These movements are controlled 
by a single lever, but hand adjustment of the grind- 
ing wheel is also provided. The table of the machine 
18 provided with a power traverse operated through 
& gear box, which gives a slow speed suitable for 
wheel truing. 

The firm’s automatic sizing gauge, with which 
the machine is fitted, indicates the size of the work 








while the grinding operation is in progress. This 
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mental form, 18 in. in diameter, and the work is 
mounted on a reciprocating table, the wheel being 
moved downwards automatically by a definite 
amount at each stroke of the table. The table is 
of rigid construction and runs on “vee” ways 
which are automatically and continuously lubri- 
cated ; its main dimensions are given in the figures 
so that they need not be repeated here. The longi- 
tudinal traverse is effected hydraulically, oil under 
pressure being supplied for the purpose by a pump 
of the gear type. Control of all the table move- 
ments is effected by means of a valve located in 
front of the machine, as indicated in Fig. 82. Any 
length of traverse, up to the maximum shown in 
Fig. 82, can be obtained by means of adjustable dogs 
carried on a steel rack at the front of the table, 
the dogs acting in conjunction with a reversing lever. 
An independent dog is, however, provided so that, 
when desired, the table can be run out past the re- 
versing lever and come to a stop without disturbing 
the dogs. This facilitates the inspection, removal 
and re-loading of the work. 

As will be clear from the figures, the machine is 
entirely self contained, being driven by a direct- 
coupled, constant-speed motor of about 40 h.p. 
The motor is coupled to a main driving shaft at the 
back of the machine, and from this shaft the drive 
is taken through spiral-bevel gears, running in an 
oil bath, to an enclosed vertical shaft at the rear 
of the column. The upper end of this shaft carries 
a pulley, from which an endless belt, provided with 
an automatic tensioning device, is taken round 
a pulley on the spindle-driving bracket. This 





arrangement, the makers claim, transmits ample 
power to the wheel, and is regarded by them as 
preferable to an all-gear drive. The wheel spindle 
is of high-carbon steel and runs in ball journal 
bearings. A ball thrust motion is fitted, together 
with a balancing device, which eliminates all drop 
or lost motion and ensures a solid cut. The wheel 
head is also counterbalanced, and is mounted in long 
slides on the main column, which can be seen in 
Fig. 83. The spindle is well supported, bothin the 
wheel head and in the driving bracket at the top of 
the column. This driving bracket is a self-contained 
unit. The pulley is carried on a sleeve running in 
ball journal bearings on each side, so as to avoid 
any twisting strain from the pull of the belt. The 
spindle itself slides freely through the sleeve, to 
which it is keyed by four keys, so that no belt pull is 
transmitted to the spindle and it is quite free to 
move in a vertical direction. The automatic down- 
ward feed to the wheel is hydraulically operated, 
and ranges from 0-00025 in. to 0-003 in. per stroke, 
but fine and quick hand motions are provided, 
operated by a handwheel in front of the bed, as 
shown in Fig. 82. Water is supplied to the work 
from a large tank at the back of the machine, the 
water returning to the tank after passing through a 
settling tank which is mounted on rollers, as shown 
on the left of Fig. 82, so that it can easily be with- 
drawn for cleaning. 

The only other exhibit of the firm with which we 
can deal in detail is the internal grinder illustrated 
in Figs. 84 to 86, on Plate XXXII. This machine, 
which is known as the “ Intermatic,” also includes 
the automatic sizing device referred to above, 80 
that after the first hole has been ground to size, 
succeeding holes are finished within the same fine 
limits of error. As will be understood from the 
illustrations, the machine has a traversing table 
carrying the work headstock, the grinding-wheel 
spindle being mounted on a heavy stationary cross- 
slide provided with an automatic cross-feed. The 
work-table is operated hydraulically, this arrange- 
ment giving an infinitely variable range of traverse 
speeds between the maximum and minimum limits, 
and also providing a quick withdrawal when the 
work has been completed; hand control for the 
table is, however, also provided. 

The sequence of operations, after the first piece 
has been ground, is as follows: chuck work, rough- 
grind, true wheel, finish grind, and remove work, 
and all thé controls, which are clearly indicated in 
Fig. 84, are arranged so that this sequence can be 
quickly and easily followed. The feed to the 
cross-slide of the grinding wheel is obtained by a 
special form of cam, designed so that, when the 
roughing-out stage has been completed, the wheel 
is automatically moved out of contact with the 
work for truing. When the finishing stage has 
been completed and the work has been sized, the 
wheel is again withdrawn, so that no further cutting 
takes place. In addition to the cam feed, however, 
anindependent feed, with coarse and fine adjustment, 
is provided, the former being used for the rapid 
positioning of the wheel, and the latter to compen- 
sate for wheel reduction, and also to maintain the 
wheel surface in constant relation to the diamond 
tool for sizing purposes. 

The grinding spindle is of the ball-bearing type, 
and provision is made for adjustment when neces- 
sary. It is claimed that so long as the grinding 
wheel is kept cutting freely and not allowed to 
glaze, the size of the hole ground can be kept within 
limits of 0-0002 in. or 0-0003 in. The work head 
is arranged on a double-swivel base, the upper part 
of which gives the coarse adjustment, while the 
lower part is arranged to give a sensitive adjustment 
for grinding parallel or to an exact taper. The 
work spindle has four speeds, obtained through a 
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machine is running; it is automatically thrown 
out of action when the work has been ground to 
the correct size. The other feed is hand operated. 
The swivel table, provided for taper work, turns 
on a hardened and ground steel pivot, having 
adjustable bushing to compensate for wear. It 
? can be set at an angle with the ways and clamped 

at the ends, a scale provided, reading to 9 deg., 
indicating half the included angle; other scales 

















Fig. 92. CrnTRELESS GRINDING MacuinE; Messrs. B.S.A. Toots, Lim1tTED. 





Fic. 98. Wuerits anD Work Support oF CeNTRELESS GRINDER; Messrs. B.S.A. Tooxs, Lim1rep. 


reading to 4 in. taper per foot, or to 33 per cent., 
indicate the whole included angle. The main 
sliding table is traversed by rack and pinion and 
slides on one “ vee” and one flat way, which are 
lubricated by rolls immersed in oil pockets. The 
table in the machine illustrated has eight power 
feeds ranging from 17 ft. to 373 in. per minute, 
these speeds being obtained by the handle shown on 
the right of the bed in Fig. 88 and to a larger scale 


MACHINE 

















Fig. 94. UniversaL Laprrna MACHINE ; 
Messrs. THE Norton CoMPaAny. 


| in Fig. 91. In the top of the same box, is a lever 
| controlling the work speeds, of which six are 
provided ranging from 42 r.p.m. to 270 r.p.m. 
The wheel-spindle speeds are obtained by changing 
the pulleys on the main driving shaft, the pulleys 
provided giving speeds of 847, r.p.m., 1,000 r.p.m. 
and 1,167 r.p.m. An important feature, which 
| should be mentioned in connection with the table 
movement, is that the table is made to rest or 
dwell at the end of each traverse, and this feature, 
in addition to a shock absorber provided in the 
reversing mechanism, enables the high speeds 
mentioned to be used without affecting the finish 
of the work. It is claimed, in fact, that the finish 
of the end portions of the work is distinctly better 
than can be obtained with the usual equipment. 

The work headstock is cast integral with the 
swivel table, and the work is driven by belt from 
a pulley sliding on a splined shaft in the bed. This 
shaft runs in ball bearings and is driven from the 
gear-case by a torsion shaft which, in conjunction 
with the belt drive, gives a particularly smooth 
drive to the work. The footstock is secured to the 
scraped ways of the swivel table by bolts. The 
spindle, which is hardened and slides in a hardened 
| bushing, is operated either by a spring lever or by 
a screw and hand wheel. Cooling fluid is supplied 
from a tank of 45 gallons capacity located on the 
floor, as shown in Figs. 88 and 90. It is circulated 
by a centrifugal pump running at 1,200 r.p.m. 
and driven by belt from the main driving shaft, 
as clearly shown in Fig. 89, the capacity of the pump 
being about 49 gallons per minute. Lubrication 
of the wheel spindle, wheel-slide ways, cross-feed 
screw, bed front plate, and gear-case is by gravity, 
the oil flowing from a reservoir located in the wheel 
slide, as shown on the left of Fig. 90, to which 
reservoir it is supplied from a tank in the base by 
means of a geared pump. 

Similar machines to that illustrated are made in 
modified forms, one having hand operation for the 
table with one power feed for wheel truing, and 
the other having both table and cross-feeds hand- 
operated. 

The increased output, combined with high 














accuracy, which can be obtained from centreless 
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grinders with certain classes of work, has led to a 
considerable development of these machines during 
the past few years. In centreless grinders the work, 
resting on a suitable support, is passed between the 
peripheries of two abrasive wheels, instead of 
being supported on centres as in the normal 
grinding process. Certain classes of work can, it 
is claimed, be finished in this way to an even 
higher degree of accuracy than is obtained on 
ordinary grinding machines. 

Examples of two sizes of centreless grinders are 
shown at the stand of Messrs. B.S.A. Tools, Limited, 
Sparkbrook, Birmingham, and illustrations of the 
larger size, known as the No. 10, are given in Figs. 92 
and 93, on page 315. The machine comprises 
five main parts. These are the sub-base in which the 
main drives and gear-box are accommodated, and 
the upper base on which the slides for the three 
other main parts, viz., the grinding-wheel head, 
the control-wheel guard and the work support, are 
formed, as well as a facing for the control-wheel 
head, pump, tank and various fittings. Both 
bases are substantial castings. suitably treated to 
ensure stability after machining, and the upper base 
is designed to form a pan for the cooling fluid. 
The grinding wheel, which is 20 in. in diameter, 
is used entirely for grinding, the duty of the control 
wheel being to regulate the speed and feed of the 

“work. Both grinding and control-wheel spindles 
are horizontal and parallel, so that both wheels 
can be trued up from the same truing slide. The 
grinding-wheel head is mounted on long, accurately- 
machined slides of the vee and flat type, and is held 
in tension against the feed screw by counter- 
balance weights suspended in the casings shown on 
the right of Fig. 92. The control-wheel head is 
bolted in a fixed position on the upper bed, and is 
covered by a guard which forms an independent 
unit, the guard being mounted on slides parallel 
with the grinding-head slide. The wheel-truing 
slide is mounted on the wheel guard. The grinding 
and control-wheel spindles and bearings are of 
similar design, and the spindles are of a special alloy 
steel hardened and ground to close limits ;_ they 
run in long parallel adjustable bearings of phosphor 
bronze. 

Control of the size of the work is obtained by the 
grinding-wheel head, the coarse adjustment of the 
latter being effected by a lead screw and nut 
operated by a handwheel, and the fine adjustment 
being obtained by means of a dial, the movement of 
which by 2 in of its periphery corresponds to a 
cut of 0-001 in. The handwheel for the coarse 
adjustment is that on the right of Fig. 92, and the 
dial for the fine adjustment, having two ball-ended 
projections to facilitate its movement, can be seen 
in this illustration just to the left of the flexible 
tube for the cooling fluid. For grinding shouldered 
or taper work, a hand feed operated by a lever is 
provided, the movement of the lever bringing the 
wheel head to a definite position at the end of each 
stroke. Adjustment of the nut is obtained by 
means of the fine-feed dial, above referred to, as 
in the case of straight-through work. An auto- 
matic ejector is provided in conjunction with the 
shoulder-grinding mechanism, and this serves to 
eject the work when the grinding process has been 
completed. The speed of the control wheel can be 
varied in eight steps from 21 r.p.m. to 62 r.p.m., 
with an additional speed of 450 r.p.m., which, 
however, is only used when dressing the control 
wheel. All the speeds are obtained by means of a 
gear box, which is a self-contained unit bolted to 
a facing on the sub-base of the machine. 

The power-driven vheel truing slide can be seen 
at the top of Fig. 93, the diamond tool being shown 
in the raised position in which it is out of action. 
With this device, both grinding and control wheels 
can be dressed with a constant feed, which ensures 
exact parallelism between the faces of both wheels. 
To enable both wheels to be dressed by the same 
diamond, a quill having definite positions 180 deg. 
apart, is rotated within a barrel, and can be positively 
clamped in either position. The slide is chain- 
driven from the control-wheel spindle through a 
flexible shaft and an automatic reversing box, 
which is adjustable to suit the width of the wheels 
used. For grinding taper work, the slide can be 


then being dressed to this angle while the face of 
the grinding wheel is left flat. 

The work-supporting plate, which can be seen 
between the wheels in Fig. 93, forms the guide on 
which the work slides across the face of the grinding 
wheel when in contact with the control wheel. It 
is mounted on a circular machined seating, which 
enables the plates to be inclined in either direction 
to the axis of the wheels, and by setting it to different 
angles it is possible to obtain various rates of feed 
at which the work will pass between the wheels. 
Vertical adjustment of the plate is also provided, 
in order to accommodate work of different diameters. 
Work guides, in the form of vertical plates, also 
visible in Fig. 93, are also provided, and these serve 
not only to guide the work up to, and away from, 
the grinding wheel, but also to steady the work 
at the commencement and end of the grinding 
operation. For this purpose, they must be lined up 
accurately with the grinding-wheel face, and pro- 
vision for this operation is made, as well as for side 
adjustment to allow for various widths of wheels. 

Standard machines are driven from an overhead 
countershaft by a single belt, although an indepen- 
dent electric drive can be employed if required. The 
pulley on the main shaft is shown in Fig. 92, and 
from the shaft, which extends along the whole width 
of the base, drives are taken to the grinding-wheel 
spindle, the control-wheel gear box, pump, &c. A 
two-step cone pulley is provided for the grinding- 
wheel drive, so that the spindle speed can be increased 
when the wheel becomes worn. The pulley on the 
spindle, it may be mentioned, is grooved to increase 
the grip of the belt, and a ball-bearing jockey pulley 
is provided to keep the tension on the latter con- 
stant. The arrangements for the supply of cooling 
fluid can be followed from Fig. 92, without explana- 
tion. The machine illustrated can handle work up 
to 54 in. in diameter, and the smaller machine exhi- 
bited is suitable for work up to 3 in. in diameter, an 
18-in. grinding wheel being used on this machine. 
As an example of the output, it may be mentioned 
that gudgeon pins 3} in. in length and 1} in. in 
diameter are ground in four passes at the rate of 
200 an hour, the amount of metal removed varying 
from 0:008 in. to 0-010 in. 

Since lapping is a process closely allied to grinding 
we may refer here to the lapping machines made by 
the Norton Company, of Worcester, Mass., U.S.A., 
and shown on the stand of Messrs. Alfred Herbert, 
Limited, of Coventry. The machine illustrated 
in Fig. 94 on page 315 is the Norton universal 
lapping machine, which has been designed for 
tool-room use in connection with gauge blocks, 
plug gauges and similar precision work. It can be 
specially adapted for lapping angular work, such 
as thread-cutting tools, form tools, &c., in which 
the angles and faces must be accurate and flat, 
and must also be finished with a highly-polished 
surface. Cylindrical and flat work can be lapped 
by using suitable fixtures held between the upper 
and lower wheels, which rotate in opposite directions. 
An adjustable slide rotates the fixture eccentrically 
at a lower speed than that of the wheels, the 
eccentric motion serving to distribute the wear 
evenly over the faces of both wheels. The latter 
can be dressed by lapping them together, a stop 
being provided to hold the upper wheel stationary 
for this operation. The laps are 14 in. in diameter 
and 3 in. wide, while the maximum distance between 
them is 3} in. 

Another machine of the same class shown by 
Messrs. Herbert is the Norton crankshaft lapping 
machine, which is designed to lap all the-crankpins 
and main bearings of a crankshaft in the same 
operation. The crankshaft is supported on live 
centres, and is given a reciprocating motion to 
avoid the production of feed lines and improve 
the finish. The split cast-iron laps used are carried 
by cranked arms attached to each bearing, the 
crank form allowing the arm to adjust itself to any 
throw required. The laps are adjustable for pressure, 
and can be quickly attached and removed by 
means of a toggle lever. They are lubricated by 
kerosene, which is supplied by a pump, and is led 
to each bearing by small feed pipes. A single 
lever controls the whole supply, and the flow to 
each bearing can be separately regulated by valves. 





swivelled to the required angle, the control wheel 


The machine exhibited is capable of taking work up 


to 12 in. by 24 in., but a larger size is made takine 
work up to 16 in. by 48 in. The makers claim 
that the work is finished with a highly-polished 
surface, and that limits can be kept to within 
0-0001 in. 

The important position of the milling machine in 
a modern machine shop is well exemplified by 
the large number of these machines displayed at 
the exhibition. Messrs. Alfred Herbert, Limited, 
of Coventry, are showing several millers of different 
types and sizes, examples of which are illustrated 
on Plate XXXIV. The machine shown in Fig. 95 
is the firm’s No. 22 single-pulley high-power plain 
milling machine, which is fitted with a quick power 
traverse. Particular attention has been paid in its 
design to secure quick and convenient handling, 
on which output, of course, largely depends. Of 
its special features we may mention that the over- 
hanging arm is positively locked against turning 
in the column, and the arbor support is similarly 
locked against turning on the arm. The arbor 
support can, however, be released and swung up 
out of the way, in which position it can be lightly 
clamped. 

The spindle has the firm’s standard hardened 
taper nose, with a No. 12 Brown & Sharpe taper 
hole, and a box-clutch drive. It is bored through 
and provided with two draw bolts—one for arbors, 
collets and shank cutters, and the other for large 
inserted-tooth cutters. Sixteen spindle speeds are 
provided in geometrical progression from 16-5 r.p.m. 
to 427 r.p.m., all speed changes being made by 
sliding gears of case-hardened steel operated by 
two levers and two cranks visible in Fig. 95; 
a third crank reverses the spindle. The bearing 
of the knee on the column extends well above the 
surface on which the saddle slides, as will be clear 
from the illustration, and the knee is clamped 
by a long steel lever at the front, conveniently 
located just behind the elevating handwheel. The 
table has a working surface of 68 in. by 17 in., and 
is actuated by a quick-pitch screw which does not 
rotate. The movement is effected by a long rotat- 
ing nut driven by spur gearing of high-tensile steel. 

The automatic cross-feed is engaged and tre- 
leased by a handle at the front of the knee, and 
the automatic vertical feed to the knee is con- 
trolled by the same handle; the lengths of these 
feeds are 18 in. and 22 in., respectively, while 
that of the longitudinal feed is 48 in. All the 
feeds have automatic stops in both directions, and 
all are operated by the firm’s dial feed motion. 
Eighteen feeds, ranging from 3 in. to 223 in. per 
min., are obtained by rotating the dial by the 
handwheel until the number corresponding to the 
required feed comes opposite a pointer. The 
handwheel and dial for the feeds can be seen in 
Fig. 95 on top of the feed box near the base of 
the column. Quick power motion is provided for 
the longitudinal motion of the table only, the 
movement being at the rate of 150 in. per minute. 
This motion is independent of the feed, and is 
controlled by a single lever which operates a clutch 
and is moved in the direction in which the table 
is required to travel. For the comparatively short 
vertical and cross movements of the table, the 
fastest feed is sufficiently rapid to serve as a quick 
power motion. As will be clear from the illustration, 
the feed motion is transmitted from the feed box 
to the table by shafts and gearing, no universal 
joints being employed. Although our illustration 
shows the machine arranged for belt driving, it is 
particularly suitable for individual motor drive. 
The most satisfactory arrangement for this form 
of drive is to transmit the power from the motor 
to the machine by a noiseless chain totally enclosed 
and running in an oil bath. 

The machine illustrated by Figs. 96 to 98 on 
Plate XXXIV is known as the firm’s No. 14M 
manufacturing milling machine. It is belt driven, 
as shown, from a motor mounted on the top of 
the column. In this case, the overhanging arm 
is a heavy box casting supported in a dovetail 
guide on the top of the column, and clamped by 
two bolts. Two arbor supports are provided, 
having bearings for the arbor bushes lined with 
white metal and adjustable for wear. The supports 
are rigidly clamped to a dovetail slide on the lower 





face of the arm which can be seen in Figs. 97 and 98. 
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Aspecial feature of the machine is the type of brace 
used, which gives exceptional rigidity. As will be 
clear from Figs. 96 and 98, the brace is of box form 
and extends from the overhanging arm to the base, 
serving to connect and clamp the overhanging 
arm, arbor support, knee and base, as required. 
The knee is clamped to the column and brace by 
a single lever, most clearly shown in Fig. 98, an 
arrangement which enables the knee to be raised 
or lowered without unclamping any other part. 
It will also be clear that cutters can be removed 
and replaced without removing the brace, and 
that the overhanging arm can be removed without 
affecting the arbor support, an arrangement which 
is advantageous when very large cutters are to be 
used. 

The spindle has a standard nose and a taper hole, 
the nose being hardened externally as well as in the 
hole. It is driven through a clutch, and provision 
is made for securing large inserted-tooth cutters. 
The driving pulley runs on ball bearings mounted 
on a fixed sleeve, so that the main and feed belts 
exert no pull on the shaft. Starting and stopping 
is effected by a friction clutch, the operating lever 
of which can be handled from the front of the 
knee or from the back. The driving box is con- 
structed as a separate unit, and gives eight spindle 
speeds in geometrical progression ranging from 
19-5 r.p.m. to 205 r.p.m. All the speed changes are 
made by sliding gears operated by three cranks, 
visible on the right of the column in Fig. 98. The 
knee is raised and lowered by a screw operated by 
a crank handle and the same crank is used for 
the cross adjustment. The automatic longitudinal 
feed to the table is driven from a pulley which is 
part of the main driving pulley, the motion being 
transmitted through a shaft with universal joints 
to the feed box mounted on the saddle ; eight feeds, 
ranging from 1} in. to 11} in. per minute, are 
provided. A dropping worm and worm gear of 
large pitch is employed for engaging and releasing 
the feed. Changes of feed are effected by slip gears 
contained in a housing on the front of the feed 
box, the housing having a safety door which cannot 
be opened until the slip gears are entirely isolated 
from the feed drive. An adjustable safety dog 
on the front of the table enables the work to be 
moved up to the cutter by the quick power traverse 
motion, the feed then being engaged by a single 
movement of a ball-ended lever visible in Fig. 98. 
The handwheel near this lever enables short adjust- 
ments to the longitudinal movement to be made 
by hand. 

As will be clear from our illustrations, particular 
attention has been given to ensuring safety in 
operation. All the gearing is covered, and the 
main and feed pulleys are enclosed in belt guards. 
The pump belt is also enclosed, and the main 
belt guard is adjustable to suit varying angles of 
the belt from a line shaft or from the motor. The 
length of the automatic longitudinal feed is 30 in., 
the transverse adjustment 6 in., and the vertical 
adjustment 15 in. from the centre of the spindle. 
The working surface of the table measures 48 in. 
by 15 in. 

An interesting example of a milling machine for 
special work is exhibited by Messrs. Herbert Hunt 
and Sons, Elsinore-road, Old Trafford, Manchester. 
This machine, which we illustrate in Figs. 99 and 


100 on Plate XXXYV, is designed for automatically 
milling the flutes of reamers and similar tools, and 
can handle a wide range of work of this class. It 
can deal with reamer blanks up to 2in. in diameter 


and 18 in. in overall length, and can mill in them 
either straight or spiral flutes of equal or unequal 


pitch or of equal or unequal depth. Moreover, it 
can be ¢ mployed to flute reamers which are either 
paralle! or taper, or partly parallel and partly taper, 


as well as to mill the flutes of twist-drills with the 
gg of the flutes decreasing towards the shank 
end, 

Referring first to Fig. 99, it should be explained 
that the arbor carries three cutters and the dividing 


ag h . 
head has triple centres, so that three reamers or 
_ atticles can be milled simultaneously, and, as 
the operations are entirely automatic, several 


machin¢ S can be attended to by one man. The 
a 1t will be seen, is carried between centres on a 
sliding table, and at the end of the cutting traverse 





the table drops, lowering the work clear of the 
cutters ; the rising and falling parts of the machine 
are counterbalanced. The table then returns at 
high speed to the starting position, where the work is 
rotated through the required angle, the table then 
rising and bringing the work up to the cutters for the 
next cut to be taken. The rotation of the work at 
the end of the return stroke is effected by the en- 
gagement of a clutch which causes a shaft carrying 
a crank pin to make a complete revolution, a con- 
necting rod working on the crank pin, and shown on 
the right-hand side of Fig. 99, causing a dividing 
plate to rotate by an amount determined by the 
pitch of the spaces formed round it; these spaces 
may be equalor unequal. Before the cut commences, 
the dividing plate, which can also be seen on the 
right of Fig. 99, is locked by a plunger operated by a 
spring and cam. Ifthe pitch of the flutes is irregular, 
their depths will generally differ. The depth is 
controlled by means of a cam disc driven from the 
dividing-plate spindle by a silent chain, a plain 
circular disc being used in place of a cam disc if 
all the flutes are to be of the same depth. 

On examining Fig. 99, it will be seen that the bed 
on which the table slides is in the form of a rect- 
angular frame, mounted so that it can rise and fall 
in a vertical line through the cutters. A bar is 
hinged to the lower right-hand corner of the frame, 
and the inner end of this bar is fitted with a roller 
which rests on a small table supported from the 
pedestal of the machine, as clearly shown in Fig. 99. 
Close to the roller, the hinged bar carries a short 
rod, one end of which is fitted with a cam block 
shown in Fig. 100, while the other end is provided 
with a lever operated by dogs moumted on the edge 
of the table, as will be clear from Fig. 99. At the 
back of the frame, as shown in Fig. 100, a roller 
mounted on the lower end of a vertical shaft bears 
on the cam block, the shaft being fixed relatively 
to the frame for parallel work. With this arrange- 
ment it will be understood that the oscillation of 
the cam block at each end of the table stroke will 
cause the table to rise or fall, so as to put on or take 
off the cut. For taper work, the vertical shaft 
carrying the roller which bears on the cam block is 
freed from direct connection with the frame, and a 
roller on its upper end is brought into engagement 
with a former bar attached to the edge of the table 
and clearly shown in Fig. 100. This arrangement 
allows the frame and table to fall away from the 
cutter progressively as the cut proceeds, while at 
the end of the cutting stroke the oscillation of the 
cam block allows the table to drop still farther, 
so that the work is clear of the cutters on the return 
stroke as in the case of parallel work. The same 
lever that operates the cam block of the table- 
lowering mechanism also operates the clutches for 
reversing the drive to the table. Another clutch is 
also put into engagement at the end of the return 
stroke, and this operates the dividing mechanism as 
mentioned above. 

A plain miller shown by Messrs. J. Parkinson 
and Son, Shipley, and having some interesting 
features is illustrated in Figs. 101 and 102 on 
Plate XXXV. This machine has table movements 
of 40 in. longitudinally and 12 in. transversely, while 
the greatest distance from the table to the spindle 
centre is 20 in. There are 16 spindle speeds, 
ranging from 14 to 340 r.p.m., and 16 feeds, from 
4 in. to 14} in. per minute, for all three table move- 
ments. In addition, a power traverse at 25 in. per 
minute is provided for the transverse and vertical 
movements, and a rapid power traverse for the 
longitudinal movement at 120 in. per minute. 
The table may be run up towards the cutter at 
this speed until the cutting feed is engaged, acceler- 
ated between cuts, or returned to the starting posi- 
tion on the completion of a cut. As shown in the 
illustrations, the table may be equipped with trip 
mechanism which automatically controls the 
change of rate and direction of traverse. The 
traversing motion is obtained by a nut rotating 
round a stationary screw, the nut being driven from 
the splined shaft which can be seen below the table 
in both illustrations. The nut can, however, be 
de-clutched to enable the shaft to rotate without 
traversing the table, to enable a rotary table, or 
any other accessory apparatus, to be driven by 
change gears from the end of the shaft. 





As will be understood from the figures, the over- 
hanging arm fits into dovetail ways formed on the 
top of the column, and is clamped in position by 
nuts. When the latter are released, the arm can be 
moved longitudinally by the handwheel shown in 
Fig. 102, this handwheel rotating a pinion which 
engages with a rack cut on the lower side of the 
arm. As many arbor supports as are required 
may be clamped to the dovetail slide on the arm, 
the end of which is formed to receive the outermost 
arbor support. This is provided with a slight longi- 
tudinal adjustment, obtained by means of a screw, 
the reason for which will be explained later. Passing 
through and fitting in bosses on the arm and arbor 
support, there is a vertically sliding bar, which is 
raised or lowered by a handwheel or crank operating 
a rack and pinion gear. The lower end of the 
vertical bar fits over a projection which extends 
upwards from the front of the knee bracket or 
slide, to which it is secured by a screw actuated by 
a handle, so that, when the screw is tightened and 
the vertical bar is clamped to the arm and arbor 
support, it acts as a brace by whichthe armis securely 
held at its outer end to the knee, while the other 
end of the arm is firmly clamped to the main 
column. Heavy cuts can thus be taken without 
deflection or vibration. 

When arbors or cutters have to be changed, the 
screw and bolts which clamp the brace are released, 
and the brace slid upwards by the handwheel 
until it is clear of the arbor support, in which position 
it is heid by a pawl. The arbor supports can then 
be slid off the arm, leaving a clear course for removing 
and replacing cutters or arbors. When replacing 
the outer arbor support, it is necessary to align the 
holes through which the brace passes, and this is 
easily done by the screw adjustment above referred 
to. The rigidity of the machine is further increased 
by the cylindrical guide extending from the base to 
the knee. As will be clear from the illustrations, 
the guide fits into a long boss formed on the front 
of the knee and coaxial with the vertically-sliding 
brace. 

The feed arrangements are such that each quarter 
revolution of the feed-change shaft gives a change of 
feed, so that only four revolutions of the shaft are 
required to cover the whole range. The correct 
position for each rate of feed is indicated by a 
graduated dial, which can be seen in Fig. 102. 
All the feeds may be started, stopped or reversed 
by the movement of a single lever. Selector levers, 
one in front and one behind the table, are provided 
to enable the longitudinal, transverse or vertical 
feeds to be put into action. The quick traverse to 
the table is operated by another lever, and as it is 
entirely independent of the spindle, it may be 
put into action when the latter is at rest. Messrs. 
Parkinson are showing several other milling ma- 
chines, one of which is described below. 

Of the types of vertical boring machine on the 
stand of Messrs. George Richards and Company, 
Limited, Broadheath, Manchester, we select for 
illustration the 48-in. rapid production vertical 
boring and turning mill shown in Fig. 103, on 
page 318. This machine has, in addition to the 
hexagonal turret head, a side head, so that, while 
boring and surfacing operations are being done by the 
one, turning and edging can be carried out by the 
other. It is not a new design but has been modified 
and brought up-to-date in several respects, and is a 
representative machine for repetition work. The 
vertical head is carried in a swivelling slide, but the 
slide head does not swivel. The tool holder in it is 
revolving, and can accommodate four tools. The 
base and column are made of a single casting, 
giving a stiff main structure. The table has radial 
T-slots as well as four chuck-jaws, and particular 
care has been taken to design the spindle bearings 
of generous proportions. These bearings, as also 
those of the main driving shaft, have forced lubri- 
cation derived from a pump and tank situated inside 
the column. There are 12 table speeds, taken from 
a gear box of the selective sliding type mechanically 
operated. The drive is from a constant speed 15 h.p. 
Metropolitan-Vickers motor. The disposition of 
the slides for both “he turret head and side head will 
be so clear from the figure as to require no further 
comment beyond stating that there are rules and 
verniers to the cross-slide, to the down feed slide, 
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and the side tool bar; dial indicators are also fitted. 
Bath lubrication is adopted for the feed boxes, 
rapid power traverse boxes, and driving gear boxes. 

The surface-milling machine illustrated in Figs. 104 

and 105 on Plate XX XVI, another of the exhibits of 
Messrs. J. Parkinson and Son, of Shipley, is obviously 
not a general-purpose tool, although it has a valu- 
able field of usefulness for certain classes of work. 
As will be clear from the figures, the main frame is 
in the form of a single casting, on which the saddle 
carrying the table is fitted. The height of both 
spindle and table are fixed, no vertical adjustment 
being provided, the centre of the spindle, in the 
machine illustrated, being 10 in. above the surface 
of the table, although this dimension can be made 
more or less in specially-constructed machines. 

When arranged for belt driving, as in the case of 
the machine illustrated, the belt-striking gear for 
starting and stopping the machine is operated by 
the lever shown on the extreme left of Fig. 104. 
The lever on the right of the bed is used to de-clutch 
the drive to the spindle, so that the latter can be 
stopped, if desired, while the table is rapidly returned 
past the cutter, using the power traverse. A safety 
catch is provided on the lever to prevent the clutch 
from being engaged unintentionally. Ina machine 
of this class, it is only necessary to alter the spindle 
speed when a cutter of different diameter is to be 
used or when the material to be machined is changed. 
To enable this to be done, pick-off change gears are 
provided in a gear-box at the back of the column, as 
shown in Fig. 105, although a change-speed gear-box 
with lever change can be fitted if frequent changes 
of spindle speeds have to be made. The final 
drive to the spindle is through double-helical gears. 

The machine shown has also trip mechanism 
which automatically controls the changes of rate 
and direction of traverse. By this means, the table 
may be made to traverse quickly to advance the work 
almost up to the cutter, when the cutting feed is 
automatically engaged. At the end of the cut, 
the table is traversed back at the quick rate to the 
starting point, when the movement of the table will 
stop. Ifit is desired to take a roughing cut followed 
by a finishing cut, the trips may be set so that instead 
of stopping at the end of the return stroke, the travel 
of the table is again reversed, and these movements 
are repeated before coming to rest, the saddle carry- 
ing the table being moved automatically towards 
the cutter to provide for the finishing cut before 
the second cycle of the table movements. This is 
effected by a trip on the rear side of the table, 
acting on a connection to the cross-traverse screw, 
excessive movement of which is prevented by stops 
and a slipping clutch. The crank handle shown 
in Fig. 104, in the centre of the bed, is used to rotate 
the cross-feed screw by hand, and the lever to the 
right of this handle is used to return the saddle 
to the position for the first or roughing cut on a 
fresh piece of work. Duplicating the trips on the 
table will provide for the quick and slow traverses 
being engaged alternately, so that gaps between 
seatings may be quickly passed over, and the 
maximum production obtained with minimum of 
attendance. 

The spindle has a conical bearing, 7 in. in diameter, 
and carries a face-inilling cutter, spigotted, clutched 
and bolted directly on to the spindle flange. The 
cutter shown in Fig. 104 is of the inserted-tooth 
type, 24 in. in diameter, and is suitable for milling 
faces up to 22 in. wide and 36 in. long, the machine 
having a 48in. traverse ; the cross traverse provided 
is 6 in. With regard to the table movements, it 
should be explained that the handwheel shown on 
the right of Fig. 104 is used for traversing the table 
when setting up and adjusting the trips, but all 
other movements required in repetition work are 
controlled by the lever seen just to the left of the 
handwheel. Moving this lever to the left causes 
the table to travel to the left, and vice versa. Depres- 
sing the same lever puts the slow traverse or cutting 
feed into operation, and lifting it gives the quick 
traverse at 100 in. per minute. To stop any feed 


or traverse, the lever is merely moved to the central 
horizontal position. 

The knee-type milling machine illustrated in 
Fig. 106 on Plate XXXVI, which forms part of the 
exhibit of Messrs. Crossley and Co., 6, St. Mary’s 
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be seen that the baseplate is in one piece with the 
column and that the former is of oval shape in 
plan, thus enabling the operator to get close to the 
work without difficulty ; the base also forms a 
reservoir for the cutting lubricant. A telescopic 
column extending to the base is employed to 
support the overhanging arm, cutter arbor and 
table, so that the work on the table is not hidden 
from view, and the table can be adjusted vertically 
without slackening off a number of nuts or screws. 
There are 16 spindle speeds and 16 feeds, the 
changes being made instantaneously and direct-read- 
ing index plates being provided to show at a glance 
which speed and feed is in use. The feed can be 
changed while the spindle is running. The drive 
is taken through a cone clutch and the driving gears 
are located inside the column, sliding on keys which 
are solid with the shaft. All bearings are bushed with 
bronze and those of the spindle and cutter arbor 
are adjustable. The gears for the speeds and feeds 
are of hardened chrome-nickel steel and are cut 
on the Maag principle. The table has a quick power 
traverse in all three directions, all being controlled 
by a single lever, and as the table is held rigidly 
without the use of locking bolts it can be slowly 
raised and quickly lowered or vice versa ; each 
movement is provided with a micrometer. Central 
lubrication is provided for all ordinary bearings. 
That for the spindle drive is effected auto- 
matically by means of a pump, small oil reservoirs 
for this purpose being located inside the top of the 
column. The sliding surfaces of the knee and table 
are also oiled automatically. 








It will 


Gate, Manchester, is of Swiss manufacture. 


In the case of the machine illustrated in Fig. 106, 
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Messrs. GEORGE RicHARDS AND Company, LimiTED. 


the size of the table is 71 in. by 204 in., and the 
automatic feeds cover lengths of 45 in., 14 in., and 
20 in., in the longitudinal, transverse and vertical 
directions, respectively. The spindle speeds pro- 
vided range from 15 to 450 r.p.m., and the feeds 
from { in. to 33} in. per minute, while the rapid 
movements for the table are 100 in. per minute 
longitudinally and 50 in. per minute in both the 
transverse and vertical directions. Machines 
similar to that illustrated can be fitted with an 
additional horizontal spindle extending inwards 
from the outer end of the overhanging arm, and 
with a vertical spindle extending downwards from 
the centre of the arm. Fig. 107, on Plate XXXVI, 
shows a special pipe casting being milled on one 
side and on the upper surface simultaneously by @ 
machine fitted with vertical and horizontal 
spindles. 

The Brown and Sharpe Manufacturing Company, 
of Providence, R.I., U.S.A., have recently developed 
a new line of milling machines known as the 
Standard, of which an example is exhibited on the 
stand of their agents, Messrs. Buck and Hickman, 
Limited, 2, 4 and 6, Whitechapel Road, E.1. 
These machines, one of which is illustrated in 
Figs. 108 and 109 on Plate XX XVII, have been 
specially designed to give simplicity of control and 
convenience in operation. An outstanding feature 1s 
the dual feed control, which permits the operator to 
make changes in the feed from the front of the 
machine in the normal operating position, or from the 
back of the table when face milling, boring or other 
similar operations are in progress. Feed changes 
are made by the rotation of a single lever in either 
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position, and the feed in use is indicated on a 
direct-reading dial placed immediately above the 
lever. Only the feed actually in use can be seen 
on the dial, which has obvious advantages. 

_All the control levers can be easily reached from 
either of the two operating positions, and in all cases 
they are moved in the direction of the movement 
required for the table ; the knee-clamping lever 
can‘also be reached from either operating position. 
Sixteen spindle speeds, ranging from 21 to 496 r.p.m., 
are provided, and changes of speed are made by 
turning a lever on the left-hand side of the machine, 
as shown in Fig. 108, through one revolution. The 
spindle reverse is controlled by the small handle just 
below the speed-change lever. Below this is the 
feed-change lever, which can also be operated from 
the front of the table, as already stated, and gives 
16 feeds, ranging from } in. to 19% in. per minute. 
A quick power traverse is provided on all three 
motions, the longitudinal motion being at the 
rate of 100 in. per minute, and the transverse and 
vertical motions at 50 in. per minute. 

Special attention has been given to the lubricating 
arrangements, all units in the column and the driving 
clutch being supplied with filtered oil from a pump 
having a gauge to indicate that it is working. The 
knee mechanisms are also lubricated by a pump, 
and the saddle mechanism and table bearings are 
Supplied with oil from a single well placed in a 


conspicuous position in the front so that it cannot 
easily be overlooked. Cutting fluid is supplied by a 
simple pump, which delivers it at a low pressure 
either as 


a flood or in a thin stream; the pump, it 
may be added, is always immersed and stops auto- 
matically when the spindle stops. The particular 
machine illustrated is the No. 2a size, arranged for 
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motor driving, as will be clear from Fig. 109, which 
is a rear view of the machine. The motor is, of 
course, enclosed in the base of the column, which 
is provided with louvre doors on each side for 
ventilation purposes. In this machine, the working 
surface of the table measures 46? in. by 11} in. and 
the longitudinal power feed is 28 in. ; the transverse 
and vertical power feeds cover 10 in. and 18 in., 
respectively. 

An impressive example of the larger boring and 
turning mill is found among the heavy machines on 
the stand of Messrs. John Stirk and Sons, Limited, 
Halifax. This is the firm’s 72-in. Hilomill, and is illus- 
trated in Fig. 110, on Plate XX XVII, with its elec- 
tric drive and control as erected on the stand. The 
dimension of 72 in., of course, refers to the diameter 
of the table, and gives a scale to our illustration. 
The body is cast in one piece with extensions to which 
the massive columns are firmly bolted. A deep 
curved girder connects the columns at the top. 
The cross-slide is designed in the same liberal way 
as the other parts, and can be rigidly fixed at any 
height on the slides. These are two swivelling 
heads, the rams being balanced by springs, the boxes 
for which are seen in the figure snugly carried 
between the rams and the slides. The vertical and 
swivelling motions of the heads are actuated by rack 
and sector respectively, which are open and acces- 
sible. The tool holders are of forged steel. The 
table has both cross and radial T slots, and runs on 
oil-immersed anti-friction bearings. It is driven 
by a 5 lead worm which also runs in oil, this 
giving a very smooth running motion. 

The drive shown in the figure is, it will be recog- 
nised, a direct-current installation. A variable 
speed motor is employed, and this, in connection 





with the three main gears provided in the body of the 
machine, gives a continuous variation of speed 
ranging from 27-9 r.p.m. to 0-82 r.p.m. The push 
buttons for stopping, start‘ng, and inching the table 
whilst setting the work are seen at the front of the 
base immediately below the side columns. The 
starter regulator, near the motor in the figure, 
allows for unlimited inching, and ensures full 
field starting with automatic return to the pre- 
determined speed. The machine can, of course, be 
fitted to operate on alternating current if desired. 
In this case the variable speed motor is replaced by 
a constant speed induction motor driving through a 
six-speed gear box and providing 18 table speeds; 
suitable oil-immersed switchgear is supplied. Inde- 
pendent feed boxes are fitted to each head, that is, 
one at each side. These will give nine rates of feed 
to the head in all directions. Quick power traverse 
is given to the heads in all directions by special sup- 
plementary motors, one of which is seen on the side 
of the column in the centre of the figure.’ Near it 
may be observed the coil of a pendant switch by 
means of which the quick power traverse is 
controlled. We satisfied ourselves that this method 
of control is very convenient and positive, as the 
operator can bring the tool close up to the desired 
position whilst keeping the work under observation. 
A friction clutch is fitted to the feed gear, which 
slips under a very heavy load. It is adjustable 
and may be set so as to be * hard on ” or easy. 

The exhibit of Messrs. Webster and Bennett, 
Limited, Foleshill, Coventry, is formed of five 
examples of this firm’s well-known boring mills 
and vertical lathes. Two of these types of machines 
we have previously dealt with when describing 
the Machine Tool Exhibition of 1924, the other 
three, which are of more recent design, we illustrate 
in Fig. 111 on this page, Figs. 112 and 113 on page 
320, and Figs. 114 and 115 on page 321. The 
latter of these, shown in Figs. 114 and 115, is of 
the duplex pattern. This type was first brought 
out by Messrs. Webster and Bennett, and it has 
now been developed primarily for work in 
which heavy cuts are taken at the maximum 
speeds. It is therefore known as a’ “ high power ” 
duplex boring and turning mill, and the particular 
machine shown has chucks 48 in. in diameter. 
Work up to 52 in. in diameter can be handled in 
them, the available height under the turrets being 
35 in., and under the cross-slide, 24 in. The vertical 
feed of the turrets is 26 in. and the greatest depth of 
hole that can be bored is 16 in. The horizontal 
traverse of the turrets from the centre of the 
chucks is 32 in. The general features of the “ high 
power” mills are similar to those of the “rapid 
production ” type, but all the main parts are more 
heavily ribbed, and special attention has been paid 
to the turrets, which are of forged steel. 

As will be seen from Fig. 115 the duplex machine 
is, in effect, two single machines built into one unit. 
This arrangement fills a double purpose. As the 
machines can be worked quite independently both 
as regards speeds and feeds, through a single pulley 
for each machine, it is possible to attain a very high 
output on work which has widely differing external 
and internal diameters, such as railway wheel 
centres. The work can be quickly passed from one 
chuck to the other, one set of operations being done 
on the first chuck and another on the second, the 
correct maximum feeds and speeds for the different 
classes of work being maintained. At the same time 
the two machines can be used separately for 
general purpose work. The chucks are cross-slotted, 
and have four independent reversible jaws. The 
faces are at a minimum height from the floor. The 
direction of rotation of the left-hand chuck can 
be reversed, so that turning and surfacing can be 
carried on with the tool nearest to the operator. 
For boring and reaming the direction of rotation is 
reversed, so that only right-hand core drills, reamers, 
&c., are needed. There are 12 speed changes. 
arranged in geometrical progression and interlocked. 
The control gear, which is conveniently grouped at 
the front of the machine, is designed so that no gear 
can be changed unless the driving pulley is first 
declutched and the speed reduced by automatic 
braking. The driving pulley is 18 in. in diameter 
and runs at 500 r.p.m. The horse-power required 
is 15 for each chuck. 








The turret head is balanced by pendant weights 
situated between the two columns. The space 
between the columns is filled in, and the appearance 
from the front of the machine is that of a continuous 
casting behind the chucks. The head is provided | 
with setting faces for locating the turret centrally | 
with the chuck. The slide can be swivelled for | 
taper boring and turning, a graduated collar being | 
provided for setting. Scales, graduated in ¥ in., | 
and independent adjustable pointers are fitted for | 
both the turret head and cross slides. There are | 
12 rates of feed, which are, for the vertical, horizontal | 
and angular motions all positive, reversible, inter- | 
locked and fitted with ball thrust bearings. They 
are fitted with safety devices. The turret, made 
from a high tensile steel forging, has five faces, and 
particular care has been taken in this design to provide 
a completely rigid locking device. This consists | 
of a band which is caused to contract on a V-shape 
ring formed partly on the slide and partly on the 
turret itself. The guide ways of all the slides are 
solid. The rapid power traverse of the slides can be 
used in any of the directions of the normal feed, and 
is controlled and interlocked with the positive feeds 
by means of a combined feed and rapid power 
traverse lever. The operator can thus move the 
turret quickly to any desired position without 
leaving his normal place. Hand adjustments are 
made by means of permanent large diameter hand- 
wheels which are graduated to read in 1/1000ths of 
an inch and are fitted with independent adjust- 
able pointers. In view of the heavy duty of which 
these machines are capable, only high-speed steel 
tools of the highest quality, or an equivalent quality 
of alloy steel tools should be used. 

An example of a 36-in. high-power single boring 
and turning mill is given in Figs. 112 and113, This 
machine admits work of 38 in. in diameter, 27 in. 
in height under the turret, and 19 in. in height under 
the cross-slide. Holes can be bored to a depth of 
12 in., the vertical feed of the turret being 224 in. 
The horizontal feed of the turrets from the chuck 
centre outwards is 25 in. Like the 48-in. duplex 
machine, this mill is provided with 12 speeds and 
12 rates of feed, the pulley speed being also the 
same, viz., 500 r.p.m., though the pulley itself is 
2 in. less in diameter—that is, 16 in. The horse- 
power required is 10. Most of the description 
already given for the duplex machine applies to 
the smaller single machine, and the frames are worth 
study if only to illustrate the stiffness of the design. 
The figures also show very well the ingenious 
way in which the control levers are grouped together, 
the locking ring device under the turret, and, in 
Fig 112, part of the carefully thought out system of 
lubrication. The main bearings and driving gears 
are automatically lubricated with filtered oil, 
which is also fed to other bearings and gears from 
oil wells which are placed in accessible positions 
and reduce the necessity of attention to a minimum. 
Fig. 112 also shows very clearly the method by which 
an individual motor drive may be arranged for, the 
inclined strut being adjustable in order to permit of 
correct belt tensioning. 

Fig. 111 shows a Webster and Bennett 36-in. 
Duplex boring wend turning mill of the “rapid 
production ” type. This admits work of a diameter 
of 38 in. and height of 26 in. and 18 in. under the 
turrets and cross-slides respectively. The vertical 
feed of the turrets is 22 in., and their horizontal feed 
from the centre of the chuck outwards, is 21 in. 
There are 12 speeds and 12 rates of feed provided for, 
the driving pulleys, !4 in. in diameter, running at 
400 r.p.m., and the horse-power per chuck being 6. 
These particulars should be compared with the 
corresponding ones of the 36-in. “high power” 














given above, and a comparison of Figs. Nos. 111 
and 113 will also prove interesting. Thus, the | 
difference in design of the turret is very marked, | 
as also the disposition of the slides and feed screw. 
The use of a spring instead of a weight for balancing 
the turret head makes a great difference in the 
appearances of the two machines, and other changes 
in detail, which will be apparent, indicate how the 
demand for a stiffer machine for heavier duty has 
been met. 

A machine of special interest is that illustrated in 
Figs. 116 and 117, on page 322, which show a duplex- 





head axle-box boring and facing machine on the 
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Fig. 113. 


Fias. 112 anp 113. HicH-Power 36-In. Borina 


stand of Messrs. H. W. Kearns and Company, 
Limited, Broadheath, Manchester. Not only does 
this machine permit of two facing tool holders 
being operated simultaneously, but both sides of an 
axle-box can be machined together, and there are 


two jig tables, enabling loading to be done on one! 23 in. and its length 84 in. 


Mitt; Mzssrs. WEBSTER AND BENNETT, LIMITED. 


whilst machining is proceeding on the other. ~~ 
base of the machine consists of three castings sien? 
together to form a cross in plan, two arms of — 
carry the headstocks, the other two being forme‘ 


by the table casting, the width of the table being 
Each headstock 1s 
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Fig. 114. 
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independently driven by a single belt 4 in. wide 
running on a pulley 14 in. in diameter at 400 r.p.m. 
lhe horizontal traverse of each headstock is 18 in., 
and the distance from the centre of the facing 
chucksis 19in. The headstocks have four reversible 
automatic feeds in line with the axle-box centre, 
both feed motions being provided with automatic 
kn k-outs. The feeds range from 8 cuts to 64 cuts 
per inch, The facing chucks will operate from the 
maximum diameter of 24 in. to zero at one setting. 
The facing slides are of the firm’s standard T-slotted 
type. accommodating both boring and facing tools 
in convenient positions. The tool holders provided 
for each facing chuck hold 1}-in. square section tool 
steel. They are provided with four automatic 
continuous and variable feeds of 8, 16, 32, or 64 
cuts per inch both inwards and outwards, and also 
have fine hand adjustment. There are six changes 





of speed, ranging from 10 r.p.m. to 60 r.p.m., 
provided for the facing chucks. 

A distinctive feature in the machine is the 
provision of the “Jhansi” snout-boring tool, 
which is suitable for boring out axle-boxes with the 
keep in position if required, and is centred on the 
facing chuck with a large-diameter spigot. The use 
of this system has been made possible to the firm 
through the courtesy of Mr. 8S. Whitehurst, of the 
Jhansi Locomotive Works, Great Indian Peninsula 
Railway. The cast-steel snout is arranged with 
four tools, three of which are for boring out the 
brass to size, the remaining tool being provided with 
fine adjustment by a micrometer dial for finishing. 
There is also one tool with eccentric motion for 
boring out keeps to clearance size and backing off 
the brass simultaneously with the boring of the 
brass to size. The boring head is accurately ground 
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to size externally in order to facilitate rapid and 
accurate setting of the tools to micrometer gauge, 
one of which forms part of the normal equipment of 
the snout. The eccentric for the keep-boring tool 
is removable, and two eccentrics are supplied to 
cover the full range of axle-box keeps. 

The table, which has a rapid cross-adjustment of 
48 in., carries two independent jig tables. Each of 
these consists of a wedge-shaped box casting forming 
a base, with a similar casting, reversed and capable 
of longitudinal adjustment by a screw, above it. 
This arrangement provides a vertical movement of 
up to $in. In addition, the jig tables are designed 
so that packing plates of standard thickness can be 
used to give the correct vertical centring for various 
sizes of axle-boxes. Vernier scales are also provided 
for use when desirable. Each table has a set of 
gripping jaws mounted on slide bases, each jaw 
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being separately adjustable, and one of them being 
arranged for use in conjunction with distance-pieces 
for different sizes of axle-boxes, or to accommodate 
worn horn cheeks. A clamping bar is also connected 
to the gripping jaws and holds the top of the axle- 
box down firmly. The arrangement of the table 
and jaws is shown in Fig. 117, in which an axle-box 
is seen in the act of being bored. In Fig. 116 the 
table is in its middle position and both sets of jaws 
are unloaded. The 5-cwt. electric slewing loading 
crane shown in this figure does not form part of 
the standard equipment of the machine, but is 
supplied as an extra for use in situations where an 
overhead crane is not available, as is actually the 
case in the exhibition, the crane being fitted to the 
example there. 

In addition to this special tool, another type of 
horizontal boring and facing machine is represented 
by two examples on the stand of Messrs. H. W. 
Kearns. Of these, we select one for description, 
as it is a pattern which has been developed to 
the largest extent since we dealt with this type 
of machine in our account of the 1924 exhibi- 
tion.* The machine shown in Fig. 118, on 
Plate XX XVIII, is described as the firm’s No. 2 
size high-speed, surfacing, boring, milling, drilling, 
and tapping machine. It combines a travelling 
drilling and boring spindle of 3 in. in diameter, 
with an automatic facing chuck capable of accom- 
modating work of a maximum diameter of 30 in. 
It may, therefore, be employed in boring and facing 
simultaneously. Its capacity is, perhaps, best 
gauged by the statement that it can take a cut }-in. 
deep with x in. feed at a speed of 40 ft. per minute 





* See ENGINEERING, vol. cxviii, page 314. 





Fie. 116. Front Stpe or MACHINE. 

















Fie. 117. 


AxLE-Box Set-Up. 





when operating with the facing slide on a diameter | is fitted with reverse motion for tapping. It can 
of 12 in. in mild steel. The travelling spindle can | be traversed 24 in. at one setting, and 48 in. with 
be revolved independently of the facing chuck, and| two settings. It slides in a case-hardened steel 
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Fie. 123. 74-In. CENTRE ALL-GEARED Motor-Driven Toot Room Latue; Messrs. HoLBRooK 
AND Sons. 


bush which revolves in an adjustable bearing. The 
pulley and its gearing make no contact with the 
spindle, but are carried on independent bearings 
of the ball and roller type. 

When a boring bar is used, which can be up to a 
maximum of 3} in. in diameter, the bearing shown 
at the right hand of the figure is employed. A new 
feature in this fitting is the provision for its vertical 
travel synchronously with that of the spindle slide, 
the two screws for these two elements being rotated 
by acommon mechanism. The vertical traverse of 
both is 20 in., and at the top of its stroke the centre 
of the spindle head is 28 in. above the main table. 
The spindle head is balanced by a pendant weight 
kept well clear of the column. The facing head can 
accommodate two tools which may be operated 
simultaneously when desired. Eight rates of feed 
are provided, both inwards and outwards. There 
are also eight rates of feed for the vertical motion of 
the spindle head, for the 48-in. longitudinal traverse 
of the table, and also for the 37-in. lateral 
traverse of the latter, the variation in these feeds 
being 8 cut to 96 cuts per inch. Rapid power 
traverse is provided for all motions. The spindle 
speeds may be varied in 24 steps from 250 r.p.m. to 
3-1 r.p.m. The gear box is detachable, and the 
whole of the change-speed gears are of case-hardened 
nickel steel running in oil. They are controlled by 
one lever of the gate pattern. Two other similar 
levers are used, one, for the vertical movements of 
the spindle head, and the longitudinal and lateral 
traverse of the tables, and the other for the rapid 
power traverse motions. 

The drive is from a 5-h.p.- motor, the driving 
pulley, 14 in. in diam., running at 400 r.p.m. A 
Hendry endless belt is fitted for the internal trans- 
missions. The base is of simple outline, and special 
care has been taken to make it rigid by a suitable 
arrangement of ribs. The main bed is 30 in. wide, 
and the effective length may be indicated by stating 
that the maximum distance between the facing 
slide and the boring stay is 5 ft. 6 in. A new 
departure in this machine consists of protection for 
the sliding ways, traverse screw and shaft, an 
innovation which will make for increase of life and 
preservation of accuracy. The main table is 
48 in. by 30 in., and carries a detachable turn-table 
36 in. by 36 in., which is fitted with a device giving 
an easy revolving motion. A grinding attachment 
with a grinding snout 18 in. long is exhibited with 
this machine. It might be mentioned also that a 





typical gear-box with a glass top is installed on the 
stand, with a separate motor drive in working order, 
so that visitors may test for themselves the smooth- 
ness of working of the firm’s gears. 

A lathe of the heavier type designed especially for 
railway work is a good example of the products of 
Messrs. Craven Brothers (Manchester), Limited, 
Reddish, Stockport, an organisation comprising 
Sir W. G. Armstrong, Whitworth and Company, 
Limited (machine tool department), Craven 
Brothers (Manchester), Limited, Joshua Buckton 
and Company, Limited, and Thomas Shanks and 
Company, Limited. This lathe is illustrated in 
Fig. 119, Plate XX XVIII, and is suitable for turning 
the axles of locomotives, carriages and wagons. 
Even a casual examination of the photograph 
reproduced will show the very substantial construc- 
tion of all the components of the lathe and this, 
together with the multiple tools shown on the slides, 
will indicate that it is designed for taking heavy 
cuts. Asa matter of fact it is capable of taking such 
cuts with a total of anything from 8 to 12 roughing 
tools cutting simultaneously. We are informed that 
it is capable of a continuous output of 10 standard 
British 12-ton wagon axles per day of 8 hours, 
finished complete from the forging, the limit of 
material to be removed being } in. on any diameter. 
It appears also that an ordinary straight steam 
locomotive axle can be roughed and finished in about 
90 minutes, floor to floor, including the forming of 
the wheel seats and journals, and the burnishing of 
the journals, but not including any work upon the 
middle part of the axle. A more precise measure of 
the cutting capacity is, that six cuts may be taken, 
each } in. deep by 3; in. feed at 60 ft, cutting speed 
per minute, employing a 35 h.p. motor. A total of 
67-5 cub. in. of metal can be removed per minute. 

As will be seen from the figure, the lathe has a 
geared motor drive. The headstock is in the centre 
and is driven through double helical gears. The 
chuck is of a special flexible type. The tail stocks 
are of unusual length and are traversed on a bed 
between and below the ways for the saddles. The 
multiple tool holders are on slides having a wide 
bearing surface and are used for roughing and finish- 
ing cuts. Forming blades may be used for finishing 
the journals which can be finally burnished by a 
single roller on each rest. Automatic trips are pro- 
vided to the longitudinal traverse, and dead stops for 
diameter and quick power traverse to the saddles. 
Another interesting lathe on this stand is the Arm- 
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strong-Whitworth motor car axle turning lathe, but, 
as this was fully described and illustrated on page 
160 of vol. cxxv of ENGINEERING, we do not propose 
to deal with it further here. One comment, however, 
might be made on this stand, which is, that the 
exhibits we have referred to do not represent by any 
means the range of manufactures of the organisation 
known as Craven Brothers (Manchester), Limited, 
but, as a comparatively late member of the Associa- 
tion, it was unable to obtain a stand large enough 
to make a more adequate display . 

Two useful tools included in the exhibit of Messrs. 
The Colchester Lathe Company, of Hythe, Colchester, 
are illustrated in Figs. 120 and 121 on Plate XX XIX. 
The first of these is one of the firm’s 8}-in. centres 
all-geared lathes fitted with a self-contained motor 
drive. The bed is 14 in. wide by 10 in. deep and 
8 ft. long. It is well ribbed and of high rigidity, and 
a half-gap piece is fitted which can easily be removed 
and replaced in alignment. Work 4 ft. long can be 
admitted between the centres, and 13 in. can be 
swung over the saddle ; the gap will admit work 
26 in. in diameter and 8 in. wide in front of the face- 
plate. The headstock, which is totally enclosed 
and forms an oil bath for the gears, gives eight 
speeds, in geometrical progression, from 18 to 250 
r.p.m., and the main spindle, which has a 2%; in. 
diameter hole through it, is of high-carbon steel and 
runs in parallel bearings of phosphor bronze; the 
front bearing is 3% in. in diameter and 4} in. long, 
and the thrust is taken by a ball thrust washer. All 
other spindles run in ball bearings. Adjustment for 
taper turning can be made on the loose head without 
loosening the base on the bed. 

The slide rest is indexed and can be swivelled 
to any angle, and the apron is of an improved type, 
which enables the sliding and surfacing feeds to be 
controlled by a single handle. Owing to the fact 
that the apron has double walls, all the gears 
have double bearings, and all run in oil baths. The 
balanced handle for racking the saddle along the 
bed is geared to the rack, giving an easy sliding 
motion ; both rack and pinion are of steel. The 
quick-change gear box, shown in Fig. 120, just 
below the fast headstock, gives 32 feeds ranging 
from 16 to 240 cuts per inch, and 32 pitches for 
cutting screws from 4 to 60 threads per inch. 
Among the special features of the lathe it may 
be mentioned ‘that only one gear in the headstock 
can be engaged at a time, the apron feeds are 
interlocked so that they can only be engaged singly, 
and the gear box can only be operated to give one 
feed or one pitch at a time. 

In the case of the 74 in. centre lathe, shown in 
Fig. 121, a cone-pulley headstock is fitted, but the 
headstock is sufficiently powerful to enable full 
advantage to be taken of the cutting properties of 
high-speed steel tools. The cone and gears are 
correctly graded, and a range of speeds suitable for 
all classes of work can be obtained. The spindle is 
bored to admit a rough bar 2 in. in diameter and, 
as in the case of the lathe described above, runs in 
parallel bearings of phosphor bronze with a ball 
thrust. All gearing is machine cut and guarded, 
and all pinions and reversing wheels are of forged 
steel machine-cut from the solid ; a bevel reverse 
is fitted which can be operated while running. 
The bed is 124 in. wide, 9 in. deep and 7 ft. long, 
and admits work 3 ft. 2 in. in length between the 
centres. The gap admits work 26 in. in diameter 
and 7 in. wide in front of the face plate, and the 
lathe can swing work 15 in. in diameter over the 
bed or 10} in. in diameter over the saddle. The 
latter is of sufficient length in front of the bed to 
enable work of the largest diameter to be faced with 
one setting of the too]. The self-acting sliding and 
surfacing motions are put into and out of gear by 
means of drop worms fitted inthe apron. As will be 
seen from the illustration, Fig. 121, a quick-change 
gear box is fitted, similar to that on the all-geared 
headstock lathe. With the belt-driven lathe, 
32 feeds, ranging from 8 to 120 cuts per inch, are 
provided and 32 screw pitches can be cut from 4 to 
60 threads per inch. The self-acting feeds are all 
positive, and all three are interlocked, so that only 
one can be in operation at a time. 

Fig. 122, on Plate XX XIX, shows a new heavy- 
duty turret lathe constructed by the Gisholt 
Machine Company, Madison, Wis., U.S.A., and 
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Fig. 124. Automatic Cross-SLIDE. 


exhibited by their agents in this country, Messrs. | 
Burton, Griffiths and Company, Limited, 64-70, | 
Vauxhall Bridge-road, S.W.1. This tool retains | 
the full universal two-carriage principle employed | 
on Gisholt turret lathes for many years, but, in| 
addition, has been fitted with a cross-feeding turret | 
which has proved very satisfactory on small 
quantity production. The machine, it will be | 
seen, is driven by a motor mounted over the | 
headstock, and connected to the driving pulley 
by an Allis-Texrope drive, of which particulars will | 
be found on page 246 of our 123rd volume. The | 
all-geared headstock, which is equipped with | 
hardened-steel gears, multiple-dise clutches and | 
ball bearings on all shafts, gives 12 speeds ranging | 
from 12 r.p.m. to 330 r.p.m. ; while 16 feeds, ranging | 
from 0-004 to 0-168 longitudinally, and from | 
0-002 to 0-084 laterally, are provided, these being | 
obtained by gears in the apron, in addition to | 
two selective ranges at the end of the machine. 
The bed is of box section, well ribbed and braced, | 
and has wide flat ways covered with hardened-steel | 
strips ground in place. Work 19 in. in diameter | 
can be swung over the ways, and a 16 in. chuck | 
is fitted on the spindle. This is hollow for bar 
work, which can be dealt with up to 3} in. diameter 
by 40 in. in length. The side carriage is of the 
full-swing type, enabling work 16} in. in diameter 
to be swung over the cross slide; a power-driven 
rapid-traverse is provided for the longitudinal 
motion as well as to the cross slide. Ball bearings 
are fitted on all power shafts on the side carriage 
and also on the turret carriage. The latter carries 
a hollow hexagon turret, measuring 14 in. across 
the flats, mounted on the cross-feeding slide and 
provided with a positive centre stop. Automatic 
trips are fitted for both longitudinal and cross feeds, 
and a power-operated rapid traverse is provided. 
The longitudinal travel of the hexagon turret is 36 in. 
and the cross travel 7} in., while the corresponding 
figures for the side carriage are 36 in. and 11 in., 
respectively. Forced lubrication is provided for 
the feed gears and traverse drive, flood lubrication 
for the headstock and aprons, and filtered oil is | 
supplied to the spindle bearings. | 
Messrs. Holbrook and Sons, 44-46, Martin-street, 
Stratford, E.15, are showing examples of tool-room, 
precision and general-purpose lathes. That shown | 
in Fig. 123 on page 323 is of the first-mentioned 
class, and has a number of interesting features. 
It has a 15-in. swing and can take work up to 
30 in. in length between the centres. The geared 
headstock, which is driven by a Renold silent 
chain from a motor mounted above it, gives | 
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12 speeds in geometrical progression, the speed | utility, both in ordinary work and in [relieving 
changes being obtained by sliding gears of nickel-|for which it is equipped. With the reducing 
chromium steel. The spindle is made of 0-55 per| gear in use, the spindle turns through six re- 
cent. carbon steel, ground and lapped, and runs/|volutions for every revolution of the driving 
in bearings formed of extra-hard white metal] plate, so that if the gear box is set for cutting 
inserted in machined dovetails in the headstock | the coarsest thread, viz., of 3-in. lead, the carriage 
casting; the thrust is taken on a ball thrust washer. | will advance 4 in. for each revolution of the 
The friction pulley shaft and first driving shaft | driving plate and work, although the pressure 
run on ball bearings, the former being driven!on the gears is practically the same as in cutting 
by an expanding ring, which is operated by the|a screw of 1} threads per inch in the ordinary 
movement of a lever in one direction. Movement|way. The epicyclic gearing may, however, be 
of this lever in the opposite direction applies a|locked so that the faceplate rotates at the same 
friction brake for stopping the spindle quickly,| speed as the spindle. The faceplate, it may be 
and a spring-loaded plunger keeps the faces of | mentioned, is graduated to facilitate the cutting 
the brake pressed together to prevent the spindle | of multiple-start threads. 
from creeping. A quick-change gear box enables) With the relieving attachment, straight-fluted 
screws with 1} threads to 80 threads per inch | cutters, angular cutters, spiral-fluted hobs, counter- 
to be cut and the lead screw, which is used for | bores and end mills may be relieved. When it is 
screw cutting only, is fitted with the firm’s | necessary to rotate the work slowly, as is the case 
compensating thrust device for rectifying any/ when relieving a hob of coarse pitch or a cutter 
possible small inaccuracies. The feeds are engaged | with a large number of teeth, the speed-reducing 
by a trigger device operated by the finger| gear above referred to may be used in conjunction 
and thumb, and arranged so that they cannot | with the relieving attachment. The latter is 
be put into engagement while screw cutting is in| driven through a train of gears from the fast- 
progress. | headstock spindle, the drive being taken through 
An interesting feature of the lathe is a speed- la differential-gear box to a splined shaft by means 
reducing gear giving a speed reduction of 6 to 1 of change gears. A spiral gear, free to slide on 
by epicyclic gearing, which greatly extends its! the splined shaft, transmits the drive through a 
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mating spiral gear on a shaft having its bearing 
in the relieving slide. This shaft gives the rotary 
motion to the cam which is centrally placed. When 
relieving straight flutes, the differential gear is 
neutral, and when relieving spiral-fluted hobs, the 
differential box is rotated by means of a set of 
independent change wheels connected to the 
reverse spindle under the headstock. ‘Rotation of 
the differential-gear box has the effect of altering 
the rate of relieving, thus compensating for the 
angle of the flutes. 

The other exhibits of Messrs. Holbrook include 
a tool-room lathe of 13-in. swing with cone-pulley 
drive, precision lathes of 8-in. and 9-in. swing 
for bench and floor mounting, respectively, and 
general-purpose lathes of 13-in. and 17-in. swing. 
Lathes of the last class have ball-bearing single- 
pulley drives, and are provided with quick-change 
gear boxes giving 32 direct changes which include 
the most usual screw-thread pitches. The precision 
lathes shown are intended mainly for experimental 


Fig. 731. 
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The cylindrical portion of the base of the machine 
contains, in its upper part, the spindle drive mech- 
anism which runs in an oil bath, and in its lower 
part, the table lifting and indexing mechanisms, 
with a cushioning plunger. A notable feature in 
the table is the ingenious method by which the 
accurate working of the machine is maintained, the 
spindles being kept in exact alignment. To effect 
this, the top bearing of the spindle is fitted in two 
eccentric bushings, which can be readily rotated in 
relation to one another with consequent correction 
of the smallest variation. The indexing plunger, 
which operates at twice the radius of the work 
spindles, is self-aligning and self-adjusting for wear, 
which contributes to accuracy of working. When 
the table indexes after a movement, the newly- 
loaded spindle is revolved by friction before the 
positive clutch engages. Wheels for six-speed 
changes of the spindle are provided, the speeds 
ranging from 25 r.p.m. to 150 r.p.m. 

The right-hand box of the ‘base contains all the 
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and laboratory use, but have many of the features 
—— to above in connection with the tool-room 
athe. 

The ‘firm of Messrs. Thomas Ryder and Son, 
Limited, Bolton, is showing a six-spindle vertical 
automatic lathe of a type which, under the name of 
“Verticalauto”” has already obtained a well- 
deserved popularity. The machine exhibited, the 
8-in. by 8-in. size, embodies several recent improve- 
ments, and in this sense is a new model. We illus- 
trate it by Figs. 123 and 124 on page 324. The first 
figure shows the machine without splashguards, 
Which permits its stiff and compact design, as well 
as its accessibility to be appreciated. The revolving 
table carries six spindles, which can either be 
mounted with chucks or with work-holding fixtures, 
and which form five working stations and one for 
setting or unloading, these operations being the 
only ones which are not automatic. Although 
8in. by 8 in. is the nominal capacity, work of certain 
shallow types up to 11} in. in diameter can be 
swung. The central column carries an hexagonal 
tool slide, which has a vertical traverse of 8} in. 
and is balanced by adjustable springs in the top 
gear box. Five of the sides are provided with tool 
holders, the sixth is the loading station. At each 
side of the table is a slide with a holder capable of 
carrying two tools, and having a horizontal traverse. 
There are thus nine tools in all, five being used for 
turning, boring, and drilling, and four, operating 
simultaneously with the others, being used for 
forming. Single-point tools are used wherever 
Possible, thus reducing the stock necessary in the 
tool room. 




















speed, feed, and rapid power traverse mechanisms. 
The main drive is fitted at the rear of this box, and 
is a single pulley, 15} in. in diameter and running at 
500 r.p.m. If a motor is fitted in direct drive, a 
gear wheel replaces this pulley, The horse-power 
recommended is from 12 to 14. Wheels for 9 feed 
changes are provided, giving feeds of 18 cuts to 
193 cuts per inch. Both speed and feed change 
wheels are fitted with shear pins. The left-hand 
box contains the indexing plunger, the cushion- 
ing plunger cams, and plunger withdrawal mech- 
anism. The column contains a vertical shaft 
operating the gears in the top gear-box. An ample 
oil tank is provided with an adequate pump, oil 
being recommended as the cutting lubricant. The 
motor shown on the top gear-box in Fig. 123 is used 
to drive two drill spindles which can operate at 
any two of the tool stations. More stations can 
be fitted if so desired. This attachment is useful 
when the blanks are fed to the machine in solid form. 
The drills run in the opposite direction from that in 
which the work is rotating, the increased relative 
speed thus obtained, with fine feeds, being correct 
for drilling, whilst slower speeds and coarser feeds 
can be maintained for the turning operations which 
are being carried on simultaneously. 

Another practical attachment is shown in Fig. 124. 
This is the automatic cross slide by which plain 
turning tools can be used in the production of bevel 
gears of all angles, general taper work, and faces, 
&c., which are inaccessible by the ordinary turning 
tools. This attachment consists of a base, a centre 
portion sliding on the base, and a top slide, sliding 
on the centre portion. The centre portion is arranged 





to swivel, and is provided with a graduated scale. 
For plain facing cuts the swivel must be set at 
90 degrees and locked in position by screws. Any 
angle can be obtained for bevel turning. A screwed 
rod secured to the centre portion passes through 
the circular plate situated near the top of the 
column, and shown in Fig. 125. The rod is provided 
with nuts above and below the circular plate. When 
the hexagon slide moves down, the top nuts meet 
the plate, the movement of the centre portion is 
arrested, and the top slide commences to move in a 
horizontal direction, if the swivel is set to 90 degrees, 
this movement being obtained by two racks, one in 
the top slide, and one in the base part of the slide, 
gearing with a common pinion. The top slide will 
continue to move horizontally until the end of the 
stroke of the hexagon slide. On the return of the 
hexagon slide, the lower nuts are brought up against 
the circular plate. The top slide then moves hori- 
zontally back to its original position. If the slide is 
specially arranged for machining undercuts in bores, 
&c., this return path is reversed, the slide first moving 
horizontally and then vertically. 

The four-spindle vertical automatic lathe on the 
stand of Messrs. The Colchester Lathe Company, 
Hythe, Colchester, has, apart from its attractiveness 
as a machine tool, a particular interest, inasmuch 
as it is an actual producing tool from the firm’s 
works, where it was designed and has been steadily 
used for over a year without a breakdown or loss 
of accuracy. It will be returned to the works at 
the close of the exhibition to take its place in pro- 
duction. We are informed by the firm that when 
putting work through in batches of 100 they have 
found the average saving of time over ordinary 
turret lathe work to be about 75 per cent., in 
other words, 45 minutes saving per hour. The 
setting up is so easy an operation that with a 
run of 25 parts only, a saving of at least 50 per 
cent. is made on times. The machine is illustrated 
in Figs. 126 and 127 on Plate XL, the rigid simplicity 
of the design being evident from them. The base 
carries, on a rectangular portion, a column, and on 
a cylindrical portion, a revolving table with four 
spindles and chucks. Side extensions carry slides 
and their operating gear. There are three slides, 
of which the two just mentioned have a total 
horizontal travel of 6in., and a cutting travel of 
4} in., and which make all facing cuts. The main 
slide is carried on the column, and is used for all 
boring and turning cuts. It is balanced, and has a 
total vertical travel of 7 in., and a cutting travel of 
6-in. Motion is given to it by a fixed set of cams on 
the top cam drum, an arrangement clearly shown 
in Fig. 127. The side slides are actuated from 
horizontal cam drums beneath them by means of 
rocking levers, 

The driving shaft for the cams is provided with a 
double clutch which can be used either to engage 
the fast constant speed drive from the main driving 
shaft, or the slow speed to give the cutting feed. 
The cutting feed may be varied from a rate of 24 cuts 
per inch to one of 120 cuts per inch, and as it is 
taken from the spindle drive it is constant whatever 
the r.p.m. of the spindles. It can be varied by 
altering two gears. The drive is best seen in Fig. 126. 
A 10-h.p. motor is coupled to the main driving shaft 
by a belt fitted with a weighted jockey pulley, a 
friction clutch in the pulley being used for starting 
and stopping. The cam drum driving shaft and 
the spindle driving shaft both derive their motion 
from the main shaft by chains. The spindle driving 
shaft drives the four spindles through constant 
centre change gears. Any speed from 25 r.p.m. 
to 100 r.p.m. can be obtained by altering two gears 
only. Clutches are fitted to disconnect the spindles 
in rotation when the loading position is reached. 
Another clutch enables all the spindles to be stopped, 
whilst another is used to engage the table indexing 
mechanism. 

The largest diameter of work the machine will 
take is 9 in., and the greatest length from the 
chuck face to the end of the cut is 9 in. The work 
upon which the machine is engaged on the stand is 
the machining of the three-speed countershaft 
cones of some of the firm’s lathes, which involves 
the facing of four surfaces, the turning of three 
diameters, and the boring and reaming of one hole. 








The total time occupied is 6 minutes, this being the 
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time taken on the longest operation. The machine 
is automatic, except for loading and unloading. 
The sequence of movements from the finish of 
one operation to that of the next is as follows. 
As soon as the tools simultaneously reach the end 
of the cut the spindles are stopped, the cam drive 
is altered from the slow feed to the fast feed. The 
slides are then run back, and when at the end of 
their traverse, the indexing plunger is withdrawn, 
the indexing clutch is engaged, and the cam feed 
stopped. As soon as the table is indexed, the 
cam drums and spindle are again started, the fast 
speed of the former being first used to run up the 
tools to the work, and the slow feed traverse being 
automatically started at the determined point, 
which is altered to suit different sizes of work by 
altering the position of the clutch knock-over on 
the side cam-drum. 

An interesting vertical turret lathe, of which 
the example shown in tne first to be exhibited in 
this country, is found on the stand of Messrs. Buck 
and Hickman, Limited, London. It is manufac- 
tured by Messrs. The Bullard Machine Tool Com- 
pany, Bridgeport, Conn., U.S.A., and is illustrated 
in Figs. 128 and 129, on Plate XLI, while a typical 


Fie. 132. 


an axis round which rotates a four-sided turret, 
monitor fashion. Three of the faces of this turret 
are provided with single or double tool-carrying 
heads which are best seen in Fig. 128. The fourth 
face, shown in Fig. 129, is occupied by a cover 
giving access to the internal gears and shafts. The 
work is fixed to the chuck, visible also in Fig. 129, 
and the turret is rotated automatically to bring 
the several sets of tools into consecutive operation. 
The plain face stops automatically at the end of 
the cycle opposite the chuck, this being the loading 
position. Work-locating devices could be mounted 
on it if desired. The nominal capacity of the 
machine shown is 20 in. in diameter by 7 in. in 
height, but this is a somewhat conservative designa- 
tion. Actually, for 7 in. above the surface of the 
chuck, which is 18} in. in diameter, there is a clear 
swing of 24 in. in diameter. Above this level, 
which marks the bottom of the turret, the necessity 
of providing space for the rotation of the turret 
restricts the swing to 16 in. in diameter for another 
8 in. up. 

The chuck spindle speed has three series of rates, 
there being nineteen changes in each series. The 
first ranges from 7-4 r.p.m. to 57-5 r.p.m., the second 








set of operations is shown in Fig. 131, on page 325. 
The machine consists of a rectangular bed with an 
extension in front carrying a single chuck. The 
bed is continued into a vertical column terminating 
in an expanded head which forms an oil reservoir 
and also accommodates the driving motor and 
gear. It is supported in front by two vertical 


from 11 r.p.m. to 86 r.p.m., and the third from 18 
r.p.m. to 140 r.p.m. Any of these speeds can be used 
with any one of the tool heads in position, and as 
the automatic feed is also arranged in three series of 
nineteen changes each, any one of which can be 
used in each of the three operating positions, the 
combination provides practically every speed and 





struts. The circular portion of the column forms 





to get in the machine. The feeds in the first 
series range from 0-0041 in. to 0-0322 in. per 
revolution of the chuck spindle, in the second series 
from 0-0061 in to 0-0473 in. per revolution, and 
in the third from 0-0169 in. to 0-1315 in. per 
revolution. Both speed and feed changes are 
made by the use of quick change gears. The 
direction of the feed on each head depends upon the 
kind of head adopted for the particular operation in 
view. The head may be plain, compound, unt- 
versal, or double, the last-named being shown in 
Fig. 128. Provision is made, therefore, for vertical, 
horizontal, angular, or a combination of vertical 
and horizontal feeds. The utility of these different 
feeds is readily seen in Fig. 131 in which three 
consecutive operations on a single piece of work are 
shown. In the last operation a double head is 
in use the left-hand portion of which has a vertical 
feed and the right-hand portion a horizontal one. 
The total available tool head feed is 8$ in. This 
may be used both as quick traverse up to the work 
and thereafter as a cutting feed, trip gear being 
arranged to make the necessary change. If, say, @ 
compound head is used, the maximum horizontal 
feed is 4 in., which leaves available 4} in. for the 
vertical feed. Ifa double head is used the maximum 
horizontal feed is 3 in., so that 5} in. is available 
for the quick vertical traverse. The rate and 
length of the horizontal feed for the double head 
is in direct ratio to the basic feed motion, but 
adjustment to six lesser ratios may be mace. 
The control of the chuck is effected by a lever wit 





feed necessary for the class of work it is possible 





gripping, neutral, and release positions. The 
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action of the turret is automatic. The registration 
of each, tool head into its correct position in a hori- 
zontal plane, trips the feed mechanism, the head 
being put into rapid traverse until it reaches the 
cutting position. At the conclusion of the operation 
the tools are withdrawn by the rapid traverse, 
and the turret rotates and is indexed to the next 
working face. When the first setting is completed 
the complete cycle of operations is thereafter auto- 
matic. Lubrication of the internal mechanism is 
effected by a gravity flow of oil from the top 
reservoir to which it is pumped from a tank in the 
base of the machine, being effectively filtered 
during the process. A tank and pump for the 
cutting liquid are also accommodated in the base. 
The direct motor drive, at the top of the machine, 
can be effected by a constant speed motor of any 
standard type running at approximately 1,800 
r.p.m. 

Another attractive machine on Messrs. Buck 
and Hickman’s stand, is, in effect, a larger and 
earlier version of the vertical turret lathe just 
described, being an example of the Mult-Au-Matic 
machine, also made by the Bullard Machine Tool 
Company. Its rated capacity is 8 in. in diameter 
by 6 in. in height, but it has a clear swing of 12 in. 
in diameter for that height. There are six vertical 
spindle chucks arranged in a horizontal rotating 
carrier round a column and six faces to the turret, 
which is fixed. The base and top portion above the 
turret are circular. One face of the turret is plain, 
and the chuck which contains the finished work is 
automatically indexed opposite to this. When 
fresh work is loaded, the chuck carrying it is rotated 
under the work head from which the first operation 
is done, and then passes in sequence under the 
remaining four, there being five work heads alto- 
gether. The time taken to complete a piece of work 
is, then, that required to take the longest cut only, 
the remaining operations being carried out simul- 
taneously, it being understood, of course, that each 
chuck is occupied by a similar piece of work in a 
different stage of completion. The five tool-carrying 
heads are all independent in movement, and will 
face, turn, and bore at any angle. The travel is 6 in. 
vertically and 3 in.in horizontal or angulardirections. 
Change gears are supplied to provide 11 changes in 
both spindle speed and tool feed at each work 
station, the speeds ranging from 33 r.p.m. to 300 
r.p.m. and the feeds from 0-0067 in. to 0-060 in. 
per spindle revolution the main drive pulley being 
run at 760 r.p.m. There is an independent control 
to each working head in addition to the automatic 
control. The machine requires 10 h.p., which it is 
recommended should be supplied by a constant 
speed motor through a short belt drive and jockey 
pulley. 

That particular type of drilling machine known 
as a jig-borer is represented by an example on the 
stand of Messrs. Buck and Hickman, Limited, 
London, made by Messrs. Pratt and Whitney 
Company, Hartford, Connecticut, U.S.A. This 
machine is known as the No. I.A. jig-boring machine, 
and is intended to provide a means of accurate 
drilling in establishments in which the work handled 
is not large enough to warrant the use of the larger 
No. 2 machine. This last-mentioned machine was 
described and illustrated in ENGINEERING, vol. 
cxxili, pages 352 and 358, and this article may be 
referred to for a fuller explanation of the principles 
involved. The machine now exhibited is illustrated 
in Fig. 1300n Plate XLI. It incorporates the built- 
in measuring devices of the large machine, which 
enstire an accuracy in the drilling of a hole of 
ino 10. The bed and column are designed with 
a view of great rigidity, and the quill is carried in 
a sliding head with a very substantial base. A 
variable-speed motor drives the spindle either 
directly or through sliding back gears, eight spindle 
Speeds, ranging from 132 r.p.m. to 1,800 r.p.m., 
being thus obtainable. Both hand and power feeds 
are provided, the latter giving spindle feed of 
0-002 in. and 0-005 in. per spindle revolution, 
in both directions. The quill-head travel is 5 in. 
and that of the spindle 4 in. ; the spindle is graduated 
in divisions of ¥y in. 

While the general construction of the machine is 
worth attention, the chief interest lies in the 
measuring devices. As will be seen, the table, 





which has a working surface of 9} in. by 18 in., 
has both a longitudinal and cross-traverse, the 
former being 18 in. and the latter 10 in. Both 
traverses are made by a leading screw having both 
coarse and fine adjustment, but it should be clearly 
understood that the ultimate position of the table, 
which determines the precise location of the hole 
to be drilled, does not depend upon the number of 
rotations given to the actuating hand-wheel, or, 
in other words, upon the number of complete 
threads or portions of threads through which the 
coupling nut has moved. This method, good enough 
for ordinary work, introduces errors both from the 
wear of threads and nuts, and from irregularities 
in the pitch of the screw. To avoid these errors, 
a device is adopted which consists of parts 
not subject to wear. A groove or trough is 
arranged by the side of each slide of the table, 
one end of which groove is furnished with a 
spring micrometer having a dial reading to 
‘ca in. ‘In the other end travels an adjustable 
stop attached to the table. The measuring equip- 
ment consists of a set of end measures of a suitable 
diameter to fit the groove, the set consisting of two 
each, | in., 2 in., 3 in. and 6 in. long, and two inside 
micrometers for fractions of an inch. After setting 
the stop inside micrometer at zero, and so that the 
indicator needle reads zero, the table is moved 
backwards, and a sufficient number of even end 
measures, with the correctly adjusted end micro- 
meter to add to approximately the exact dimension 
wanted, are inserted in the groove. The table is 
then moved by the fine adjustment until the end 
measures, pressing against the indicator anvil, cause 
the needle of the indicator to show that the desired 
position is obtained. The operation is repeated in 
the right-angle direction by the other table traverse, 
and the hole is located accurately. The rotary 
table shown in the figure on the ordinary table is 
an additional fitting supplied when much circular 
work is done. It can be set to an accuracy of 
0:00025 in. on a 10-in. radius for circumferential 
measurements, and radiating holes can be spaced 
out by the use of the appropriate table motion 
below it. 

The large electrically-driven planing machine 
which occupies the central position on the stand of 
Messrs. John Stirk and Sons, Limited, Halifax, may 
well support the firm’s claim that it initiated in 
this country the building of a 72-in. openside 
machine. It is a fine piece of work, both in design 
and execution, and challenges the large planer 
makers of the United States and Germany in a field 
which they have hitherto almost monopolised. The 
machine is illustrated by Fig. 132, on page 326, and 
is of a nominal capacity of 72 in. by 72 in. by 
16 ft., though it will actually plane to a point 
75 in. from the main column. Wider work can, of 
course, be dealt with by reversing the piece and 
machining it in two operations. As will be clear 
from Fig. 132, there are two tool heads on the cross 
slide and one on the column. By a special arrange- 
ment of the motor drive, the feeding motions proper 
to the tool heads may be suspended, and cutting 
motions substituted so that either head on the cross 
slide may be used for cross planing, and the side 
head may be used for vertical planing, a device 
which enables the end and side of a piece of work to 
be finished without altering its setting on the table. 

The bed is of the firms’ standard continuous plate 
type, with flat sliding ways and angled adjusting 
strips. The table, which is 57 in. wide, is flat 
sided, and the tee grooves are cut from the solid. 
The main column is tongued, keyed, and bolted to 
the side of the bed. It is of very substantial 
design, and has a recess at the base for the feed 
box and the disc device by which the table stroke 
is regulated. The cross slide is very stiff, in fact 
much more so than the front view of Fig. 132 would 
suggest. The correct cantilever form adopted against 
horizontal strain and the double slides on the other 
side of the column do not, of course, show in this 
figure. The drive is by the Stirk split field reversing 
motor equipment, which is equally suitable for direct 
or alternating current. Briefly, it is based on a motor 
generator set. The magnetic field of the generator 
is varied, with a resultant voltage change, and the 
speed of the table is thus controlled by a variation 
in the speed of the motor operating it. The reduc- 








tion gear is of the double helical type and keyless 
change gear, giving very high speeds for light and 
medium duty, and low or normal speeds for heavy 
cutting or hard materials is fitted. The shunt field 
windings of the generator are so divided as to’ give 
different polarities, the change of polarity reversing 
the direction of rotation. The motor driving the table 
has also the shunt field windings divided, one section 
being lighter than the other, and being permanently 
excited. This is used for the quick return speeds. 
For the cutting stroke, the heavier section is excited 
also, and the necessary slow motion is obtained. 

There is a supplementary reversing motor for 
the feeds, power traverses, and cross and vertical 
planing through spiral gears and screws, for elevating 
the cross slide, also, for quick-change feeds at the 
end of the cutting stroke, this last being effected 
by rotating the motor through a half turn or whole 
turn, as the case may be. There is also a starter for 
the motor of the motor-generator set, and a control 
panel which embodies two shunt regulators, two 
contactors, a series regulator, and special contactors 
for feeds and power traverses. The shunt regulators 
enable independent variations to be made in the cut 
and return speeds of the table. A change-over switch 
is used to transfer the variable voltage current from 
the reversing motor which drives the table to the 
supplementary motor, when the latter is required 
for cross or vertical planing. The table may be 
temporarily speeded up, either when cutting or when 
spanning gaps, by an accelerating switch. The table 
is geared to a disc which rotates through a complete 
revolution for each stroke. Two stops on the disc, 
which are easily adjustable by hand, operate in 
connection with a switch actuating the contactors 
in the control panel, and the stroke of the table may 
thus be varied either in length, a few inches or a 
few feet at a time, or in position, that is, the same 
length of stroke may be altered to another portion of 
the table. A portable switch, which the operator 
can readily carry whilst attending to the setting, 
enables him to start, stop, or “inch” the table in 
either direction, or to control the power traverses. 

As the name Hiloplane, by which the machine is 
known, implies, there are two ranges of speeds on 
the table. The high range gives a cutting stroke 
of from 25 ft. per minute to 100 ft. per minute, and 
a return stroke of from 150 ft. per minute to 200 ft. 
per minute. The corresponding figures for the 
low range are 12 to 50, and 75 to 100 ft. per minute. 
The quick-change feeds are as follows :—zyin., % in., 
& in., }in., % in., }in., $in., and 1}in. The first 
six feeds are obtained by the supplementary motor 
through a three-speed change gear box, while an 
extra change gear gives the last two, which are 
specially broad for finishing cuts. Such broad cuts 
are rendered quite practicable by the magnetic tool- 
lifting device fitted. These speeds and feeds are 
the normal ones, but the machine can be built with 
others, as desired. Three table feeds of ,; in., 
d in., and ys in. are provided when cross planing, 
while cross and vertical planing speeds are 25 ft. to 
75 ft. per minute. The maximum quick-power 
traverse is 45 ft. per minute, and the minimum slow- 
power traverse employed for setting in the cut is 
6 in. per min. 

A smaller open-side planer, of the crank type, is 
being shown by Messrs. The Butler Machine Tool Co., 
Ltd., Victoria Iron Works, Halifax, and this machine, 
which has a maximum stroke of 24 in., is illustrated 
in Figs. 133 and 134 on Plate XLII. It is claimed 
that machines of this type combine many of the 
advantages of a planer with those of a shaper, and 
that they are highly efficient on any class of work 
within their capacity. The motion of the table is 
effected by a slotted link inside the bed, in a similar 
manner to that employed on a shaper. This gives 
a quick return, and the stroke can be varied from 
2 in. to the maximum while the machine is in 
operation. Moreover, the required length of stroke 
can be obtained over any part of the table, which is 
48 in. in length and 23 in. wide; work up to 24 in. 
wide and up to 22 in. deep, can be mounted on the 
table. Six different speeds are provided for the 
table, making 6, 10, 16, 22, 34 and 57 complete 
cycles per minute, respectively. 

The table slides are of Vee pattern, with auto- 
matic lubrication, and the table is ‘under-gibbed to 
the bed on both sides to prevent lift. The upright 





328 





ENGINEERING. 


[SEPT. 14, 1928. 





is bolted and tongued to the bed, and has ample 
bearing surfaces on two sides for the saddle, which 
can easily be adjusted vertically by using only one 
hand ; a quick-locking device is fitted for this pur- 
pose. The tool box is of the planer type and has 
automatic feed and hand adjustment, both along 
the cross slide and vertically. It has a full swivel 
slide marked in degrees, and as the front part may 
be fixed in any position, the use of bent tools is 
avoided. The feed motion is obtained by a vertical 
rack operated by a slotted disc, as shown in Fig. 133, 
and, being synchronised with the stroke movement, 
no adjustment is necessary except for the amount 
and direction of the ‘feed required. All gears 
are machine cut in steel, except the main driving 
wheel, which is of cast iron. The sliding gears move 
on solid keys, and small pinions are made solid with 
the shafts in all cases. The machine, as illustrated, 
is arranged for driving by a constant-speed motor. 
All the speed changes are obtained by gears inside 
the bed, and a friction clutch is provided to enable 
the operator to stop or start the machine, and to 
adjust the position of the ram, without stopping 
or slowing the motor. The drive from the motor 
is transmitted by a rawhide pinion on the motor 
shaft, meshing with a machine-cut wheel on the 
driving shaft of the machine. 

Messrs. The Butler Machine Tool Company, 
are also showing a wide range of slotters and shapers, 
and from among the latter we have selected the 
machine shown in Fig. 135 on Plate XLII for 
description. This is the firm’s 32 in. stroke, ball- 
bearing “super” shaper, which has been designed 
to give rapid production on the heaviest work. 
The body, which is a rigid and well-ribbed casting, 
is bolted to the baseplate, and the slides in which the 
ram fits are chilled, as also are those of the ram 
itself. The slides, as will be clear from our illus- 
tration, are of the “ Vee” type, and both gibs are 
loose castings, one being bolted against a square 
flange, and the other being adjustable for taking up 
wear. Lubrication is provided by oil reservoirs 
in the gibs. The crank lever which operates the ram 
is of the closed-end type, and the stroke may be 
altered while the machine is in use, by means of a 
handle which operates a screw and nut in the crank 
block. 

The machine is driven by a constant-speed motor, 
of 12 h.p., having a Fabroil pinion on its shaft, the 
pinion meshing with a machine-cut gear wheel ; 
a friction clutch with brake motion is fitted. This 
enables the machine to be started, stopped, or 
inched independently of the motor. The handle 
for operating the clutch and brake is placed near the 
front of the machine, in close proximity to that for 
the gear changes, an arrangement which greatly 
facilitates the control of the machine. The gear box 
is of unit construction and enables eight changes of 
speed to be obtained, ranging from 4-5 to 65 cycles 
per minute. All gear wheels are machine-cut 
in special steel, except the large stroke-wheel, which 
is of cast iron. This wheel is fitted to a steel 
cylinder which revolves in a bronze bearing, and 
contains the spindle operating the stroke-changing 
mechanism. The self-acting feed motion is designed 
so that this feed can be engaged and disengaged, or 
any feed selected, while the machine is in motion by 
the movement of one lever. Ten changes of feed are 
provided, ranging from 9 cuts to 90 cuts per inch. 
It should be noticed that the weight of the feed and 
stroke-changing mechanism is carried by a bracket 
secured to the bed of the machine, thus relieving 
the side of the frame of undue strain. 

The tool box is of the single-screw type, and has 
a graduated swivel front ; the vertical adjustment 
provided is 9 in. Self-acting vertical feed is fitted 
to the tool-box, this feed being operated by a 
friction quadrant which takes its motion from a flat 
slide mounted by the side of the ram slide. It is 
self-adjusting to the length of stroke in use, and 
when not required, can be easily disconnected by a 


Fig. 135, so that work can be mounted on it when 
the table is removed. The outer end of the latter 
is supported by a bracket, which has a bearing 
under the front edge of the table with a square gib, 
and is clamped by two bolts to a rigid support 
bolted to a planed facing on the bedplate, as will 
be clear on reference to the illustration. 

Quick power traverse is provided for the horizon- 
tal movement of the table, this traverse being 
controlled by a selector lever which first disengages 
the feed motion. As a further safeguard, a device 
is fitted which ensures that the quick power traverse, 
when engaged immediately after the feed has been 
in use, withdraws the table. In general, it will be 
seen that considerable care has been exercised in 
the design to render the machine safe and con- 
venient to handle. 

The shaping machine illustrated in Fig. 136 on 
Plate XLII, forms part of the exhibit of Messrs. 
George Swift and Sons, Limited, Claremont Iron 
Works, Halifax. It is of the single traversing-head 
type, with a nominal stroke of 14 in. and a maximum 
stroke of 16 in., and is arranged for belt driving by 
a four-step cone pulley. The bed is 6 ft. long, 17 in. 
wide and 34 in. deep, and the traverse of the head- 
stock is 4 ft. 5 in. The drive from the cone-pulley 
shaft is taken to a back shaft, which operates the 
ram through double-reduction spur gearing. The 
final drive to the head is obtained by means of a 
slotted link connected to the centre of the ram by 
steel plates, this arrangement giving a powerful and 
efficient drive of the central-thrust type with a quick- 
return motion. The ram has square side gibs and 
a circular face in front to accommodate the tool 
slide. The latter has vertical, radial and angular 
adjustments, operated by screws, and power feeds 
are applied to the vertical and angular movements. 
The tool box, which has a vertical traverse of 8 in., 
is indexed in degrees, to facilitate setting on angular 
work, and swivels through 180 deg. 

Hand and self-acting feeds are provided for the 
headstock, the feed being put on at the end of the 
return stroke, irrespective of the direction of travel 
of the head, and reversing motion is fitted, enabling 
the head to travel in either direction along the bed. 
The machine exhibited is fitted with a self-acting 
circular motion mandril, supported as shown in 
Fig. 136, but this can be easily removed to leave 
the face of the bed clear. The two tables provided 
are of box section, each 17 in. long, 15 in. wide, and 
12 in. deep; work 15 in. deep can be admitted 
between the tables and the tool. Both tables 
have vertical and horizontal adjustments. The 
vertical adjustment is obtained by means of a pinion 
gearing into a rack fitted on the apron carrying the 
table, the pinion being rotated by a handle in front 
of the table, as will be clear from the illustration. 
The horizontal movement is also obtained by rack 
and pinion gear, which enables the aprons carrying 
the tables to be moved into any position on the bed. 
Both aprons and tables are provided with bolts for 
clamping them in position, and they can easily be 
removed, if necessary, to allow large work to be bolted 
directly on to the front of the bed, which is provided 
with tee-slots for this purpose. Machine-cut gearing 
is employed throughout, and careful attention has 
been given to the matter of lubrication. 

The exhibit of Messrs. Kendall and Gent (1920), 
Limited, Victoria Works, Hyde-road, Gorton, 
Manchester, includes a range of their well-known 
screwing machines equipped with die heads having 
tangential chasers, and two of these machines are 
illustrated in Figs. 137 and 138 on Plate XLIII. 
The first is suitable for screwing bolts from 4 in. 
to 2 in. in diameter, and, as illustrated, is arranged 
for belt driving with an all-gear head and fast and 
loose pulleys, the geared head giving four speeds. 
It can, however, be supplied with a constant-speed 
motor drive in combination with the all-gear 
headstock or with a simple cone-pulley drive in 
place of the latter. The advantages claimed for 


device which lifts the quadrant off the slide, and} the tangential chasers used are that they have 
also serves to give the necessary pressure when the}a longer life than other types, enable higher 
vertical feed is in operation. The table top is| cutting speeds to be used, do not need re-hobbing 
30 in. long and 20 in. wide, the sides being 20 in.|or re-cutting, being simply ground on the end 
square ; it has a horizontal travel on slides of 30 in. | to the required cutting angle when worn. Moreover, 
and a vertical travel of 15 in. The tee slots in the}one set of chasers will cut all diameters of the 
table are planed from the solid metal. The front |same pitch. 


The diehead of the machine is fitted with four 


cast-steel die holders which carry the tangential 
chasers on the face of which the thread form is 
cut, and the die ring is graduated and arranged 
so that adjustments can be easily made to suit 
different diameters of work; adjustments can, in 
fact, be made while the machine is running. Hand. 
lever motion enables the first and second cuts 
to be made without stopping the machine, and 
the dies are opened and closed by a positive action, 
operated either automatically or by hand, without 
the use of springs. The bed is of box section with 
planed and surfaced slides, the tank for cutting 
lubricant being formed integrally with it, and 
troughs being provided on each side to collect 
and return the lubricant to the tank. The spindle, 
which runs in parallel bearings in the headstock, 
has a hole through which the work can pass freely, 
and the carriage, which is traversed along the 
bed by rack and pinion gear, is provided with 
adjustable jaws fitted with hardened-steel gripping 
pieces. The arrangement forms a self-centreing 
vice which ensures the work being held in exact 
alignment with the die head. The machine exhibited 
is fitted with a guide screw feed motion to the 
carriage, and is suitable for cutting square and 
rounded threads, as well as Whitworth threads. 
The machine can also be used for tapping nuts, 
which are held between the jaws of the carriage, 
the tap being mounted in a special socket held 
in the die head. Its capacity for this work is the 
same as that for bolt screwing. 

Fig. 138, on Plate XLIII, shows a new form of 
pipe screwing and cutting-off machine, in which 
the work revolves and the die head remains 
stationary ; it can deal with pipes up to 6 in. in 
diameter. It is driven by a four-step belt cone 
connected by gearing to the headstock, as will be 
clear from the illustration. The spindle is hollow 
to accommodate the work, which is gripped in it 
by a chuck operated by the hand lever near the 
centre of the bed. The die head is equipped with 
tangential chasers similar to those described above, 
and is traversed along the bed by rack and pinion 
gear operated by the star wheel shown on the 
right of the illustration. This machine is fitted 
with a taper chasing attachment, which enables 
tubes of any taper to be screwed correctly, as 
well as with a duplex cutting-off tool rest. 

Messrs. John Holroyd and Company, Limited, 
of Milnrow, whose oilstone grinder, has been 
described above, are also exhibiting the centreing 
machine illustrated in Fig. 139 on Plate XLII. 
This machine can deal with round stock up to 
4 in. in diameter, as well as with square and hexagon 
bars or forgings and stampings, such as those used 
in the motor-car industry. It is particularly 
useful for centreing work produced on automatics 
for subsequent grinding operations. One of its 
special features is the universal chuck carrying 
three hardened-steel rollers running on ball bearings. 
The work, which does not revolve, is gripped in 
the Vee blocks of the self-centreing vice and can be 
moved forward by racking the saddle to bring it 
into position for centreing. In the case of turned 
pieces, the roller chuck revolves around the work 
with the three rollers bearing lightly on the surface 
and keeping it central, but, in other cases, the 
chuck remains stationary, the rollers then being 
used merely to steady the work. The centreing drill, 
of course, always revolves, the drive for it being 
quite independent of that for the roller chuck. 
The height of the centres is 6 in. above the bed, 
which is 3 ft. 7} in. in length. The makers claim 
that the machine is sufficiently simple to enable 
it to be operated satisfactorily by an unskilled 
man or a boy. 

An extensive range of their Acme sawing ma- 
chines, examples of which have been illustrated 
and described in our columns on previous occasions, 
is being exhibited by Messrs. Charles Wicksteed 
and Company (1920), Limited, of Kettering. 
including one fitted with a three-speed gear and 
capable of handling work up to 20 in. square in 
section. A multiple saw operating five blades, 
and a high-speed machine running at 160 double 
strokes per minute, and fitted with ball bearings. 
are also shown, the design of the latter having been 
rendered possible by recent improvements 10 
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are’ fitted with the firm’s well-known hydraulic] NOTES FROM CLEVELAND AND THE 


gear, which relieves the pressure on the teeth of the 
saw during the return stroke and renders it possible 
to apply sufficient pressure during the cutting 
stroke to produce a swarf in the form of small 
shavings instead of a granular powder. 

A recent production of Messrs. Wicksteed, also 
exhibited, is the high-speed circular sawing machine, 
of which a photograph is reproduced in Fig. 140 
on Plate XLIII. This machine employs an Insto 
inserted-tooth saw blade, 22 in. in diameter and 
}in. thick, made by Messrs. Thomas Firth and 
Sons, Limited, Norfolk Works, Sheffield, and is 
capable of cutting bars up to 6 in. square, or 
joists, and other rolled sections, up to 12 in. 
by 6 in., the cuts being made either square or 
at an angle. As illustrated, the machine is arranged 
for belt driving, but it can also be supplied with 
a self-contained motor drive, the belt pulleys then 
being replaced by a gear wheel which engages with 
a raw-hide pinion on the motor shaft. From the 
main driving shaft, the power is transmitted to 
the saw spindle through the three-speed gear box 
illustrated in Figs. 141 and 142 on page 330, which 
gives cutting speeds of 52 ft., 80 ft., and 115 ft. 
per minute, when the main shaft is running at 
376 r.p.m. The saw spindle is carried on a travelling 
head, mounted on ways formed on the bed of the 
machine, the saw being fed up to the work by the 
feed mechanism enclosed in the box shown to the 
right of and just below the saw blade in Fig. 140. 
The gear box is driven by belt from the second 
shaft of the speed-changing gear box. the requisite 
tension on the belt being maintained by a jockey 
pulley. Details of the gear box are given in 
Figs. 143 to 146 on page 330, and from these 
figures its construction can be followed without 
explanation. The stops for engaging and disengaging 
the automatic feed can be seen in Fig. 140, and are 
further illustrated by the detail given in Fig. 145. 
The gear box provides three feeds ranging from 
# in. to 44 in. per minute, but the feeds, of course, 
vary according to the spindle speed. 

The work is held in a vice having a square- 
threaded screw, fitted to hold the work either 
square with the saw or at any angle up to 45 deg. 
The vice is fitted with a Vee block, operated by 
a screw and travelling in a lateral direction, for 
holding circular or square bars, and mechanism 
is provided, as will be clear on reference to Fig. 140, 
for feeding a bar up to a spring stop, not shown 
in the illustration, by power. The _bar-feed 
mechanism is driven by roller chain from a shaftl 
extending from the feed gear box. All gears are 
of phosphor-bronze or of case-hardened mild steel, 
and all are totally enclosed in oil baths. All spindles 
run in phosphor-bronze bearings. The machine 
exhibited is driven by a 6 h.p. motor, and the time 
occupied in cutting a 4-in. mild steel bar of circular 
section is about 14 minutes; a 12-in. by 6-in. 
joist was cut through in 2} minutes. 

While inspecting Messrs. Wicksteed’s exhibits 
our attention was called to an improved form of 
suds pump now employed on their Acme sawing 
machines. Details of this are given in Figs. 147 
to 149 on page 330, and from Fig. 147 it will be 
understood that the down stroke of the plunger 
Ils produced by an eccentric and eccentric rod, 
and the up stroke by a helical spring. The pump 
1s constantly drowned and the cylinder is kept 
full of the cutting compound, some of which is 
forced up the vertical delivery pipe on each down 
stroke of the plunger. It is prevented from returning 
by a ball valve in a small box with a removable 
cover fitted on the upper end of the delivery pipe, 
as shown in Figs. 148 and 149; this, it will be 
seen, is the only valve in the system. From the box 
the fluid overflows into a funnel whence it is led 
through a movable pipe to the work. The arrange- 
ment, we were informed, completely obviates the 
difficulties usually arising from the presence of 
fine swarf in the cutting compound, which has been 
found to choke pumps of all ordinary types. 


(To be continued.) 








Cc en Junior INstrTuTIoN oF ENGINEERS.—Lieutenant- 
th onel J. T. C. Moore-Brabazon, M.C., M.P., has accepted 

'e invitation of the council to become president of the 
Institution for the ensuing year. 





NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Sales of Cleveland pig-iron 
are still far from heavy, but the restricted output is not 
quite equal to curfent needs. Moreover, local and other 
home consumption promises to increase, early business with 
Scotland seems not unlikely, and indication of some little 
improvement in overseas demand appears not improb- 
able. The outlook is distinctly brighter, and encourages 
the hope of conditions shortly being such as to justify 
iron-masters in restarting idle furnaces. Makers adhere 
very firmly to their fixed prices, and report that buyers 
are less persistent in their effort to place orders at below 
recognised quotations. Midland iron is still competing 
successfully for work in certain districts. No. 1 Cleveland 
is 68s. 6d. ; No. 3 g.m.b., 66s. ; No. 4 foundry, 65s. ; and 
No. 4 forge, 64s. 6d. 


Hematite.—Values of East Coast hematite continue to 
move steadily in the right direction, but are still well 
below cost of output. Stocks have been reduced to 
quantities little more than are needed for ordinary 
trading, and are still being steadily drawn upon to meet 
the gradual expansion of demand, both for home use and 
for export. The minimum quotation is 69s., and sub- 
stantially above that figure has been realised for superior 
qualities. 

Foreign Ore.—Nothing new of moment is ascertain- 
able concerning imported ore. Consumers are as dis- 
inclined as ever to negotiate for supplies, and sellers as 
determined as ever not to depart from the firm attitude 
they have taken up for some time past. Nominally 
prices remain on the basis of best rubio at 22s. 6d. c.i.f. 
Tees. 

Blast-Furnace Coke.—Local users of Durham blast- 
furnace coke are not disposed to make extensive pur- 
chases, but good average qualities remain firm at 17s. 6d. 
delivered here. 

Manufactured Iron and Steel—Demand for several 
descriptions of manufactured iron and steel is rather 
better, and there is more activity in semi-finished steel. 
Quotations are well maintained, and the better qualities 
of iron bars have moved up 5s. Common iron bars 
remain at 10/. 5s., but best kinds are now 10l. 15s. ; 
double best, 11l. 5s.; and treble best, 11/7. 15s. Iron 
rivets are 11l. 5s.; packing (parallel), 7/7. 10s. ; packing 
(tapered), 101. ; steel billets (soft), 61. 15s. ; steel billets 
(medium), 71. 2s. 6d.; steel billets (hard), 7/. 12s. 6d. ; 
steel rivets, 111.; steel ship plates, 81. 7s. 6d.; steel 
angles, 7/. 17s. 6d.; steel joists, 71. 17s. 6d.; heavy 
sections of steel rails, 81. 10s.; black sheets (No. 24 
gauge), 10/.; and galvanised corrugated sheets (No. 24 
gauge), 137. 12s. 6d. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—An important economy is being 
effected by many iron and steel furnaces in this area in 
the utilisation of slag, hitherto a waste product, the 
disposal of which has been a big problem to pig-iron 
makers. From every ton of pig-iron made there is 
approximately 25 ewt. of slag produced. Slag is now 
proving a valuable asset in the production of metal- 
ing, and is delivered to district urban councils for 
road-making purposes or is used in the manufacture of 
tar-macadam at works themselves. One local firm has 
had a machine put down for the production of some 20 
tons of tar-macadam per hour, and under present con- 
ditions will utilise the whole of the slag produced at the 
furnaces. Other firms have followed this example. The 
position of the raw and semi-finished steel trades, while 
showing little change, does afford a certain amount of 
encouragement. Higher prices on the Continent have 
resulted in home producers securing a share of the work 
in circulation from overseas. Competition from abroad 
has decreased, and prices of billets made in this country 
are nearly the same as those of foreign origin. Sales of 
soft steel are increasing, while acid qualities tend to 
improve. Railway rolling-stock departments, though 
doing better, still complain of the shortage of work. 
Shipbuilding remains in the same category, but an early 
improvement is expected. Manufacturers of different 
classes of machinery are doing better, especially those 
producing electrical plant. There is a slight seasonal 
decline in the demand for motor-car steel and fittings, 
but stainless steel and rustless iron still form active 
sections. The tool trades are picking up, but several 
sections are still depressed. Though no official con- 
firmation is available, it is anticipated that exporters of 
files from England to Spain are likely to face substantially 
increased duties next January. These, in some cases, 
are as high as 40 per cent. and will, it is stated, oust 
English material from the market. Should Spain impose 
a duty, it will prove a serious blow to Sheffield file 
makers, who, in 1927, sent to Spain nearly a million files 
of the value of 28,0001. Furthermore, the figures were 
approximately the same for the three previous years. 

South Yorkshire Coal Trade.—A better tone prevails 
in some sections of the local coal trade, but, on the whole, 
the position is still somewhat unsatisfactory. Steam coal 
for industrial use is fairly firm, with prices showing little 
change. A further improvement is anticipated when the 
iron and steel-producing trades secure a wider basis of 
employment. House coal has failed to maintain recent 
improvement, but with the approach of winter months a 
revival is considered not unlikely. There is only a 
poor market for blast-furnace coke, though fair tonnages 
are being shipped to foreign users. Foundry and furnace 
coke are a steady market with prices of 198. to 198. 6d° 
being maintained. Gas coke is firmer at 20s, to 23s. 


Coking slack is decidedly firmer. Quotations: Best 
branch hand-picked, 26s. to 27s. 6d.; Derbyshire best 
bright house, 21s. to 22s. 6d.; best house coal, 19s. 6d. 
to 20s. 6d.; screened house coal, 16s. to 17s. : screened 
house nuts, 14s. to 16s.; Yorkshire hards, 14s. 6d. to 
16s.; Derbyshire hards, 14s. 6d. to 16s.; rough slacks, 
8s. 6d. to 9s. 6d.; nutty slacks, 4s. 6d. to 68.; smalls 
3s. to 49. 6d. 


NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 


The Coal Trade.—Interest in the efforts of the Spanish 
Government to increase the consumption of native 
coal and reduce the importation of foreign coal, has 
been revived by a decision to reduce the quota of the 
latter material, in the Barcelona district, from 52 per cent. 
to 40 per cent., and increase the proportion of Asturian 
coal from 48 per cent. to 60 per cent. This decision 
affects South Wales vitally, for the bulk of the foreign 
coal imported into Spain is drawn from South Wales, 
and any lessening in importations naturally means a 
loss to the Welsh coal trade. The Barcelona merchants, 
it may be recalled, formed themselves into a syndicate 
in July for the purpose of importing and distributing 
coal, and this trust was officially recognised by a 
Royal Decree, which stated that the Ministerio de 
Fomento may at any time direct that the merchants 
at any port in Spain shall form themselves into a 
similar trust. Further, if any port, controlling two- 
thirds of the coal imports, desired to form a trust, 
the authorities were empowered to impose their wishes 
on the remainder. Meanwhile the general state of 
conditions in the Welsh steam-coal trade remains 
unsatisfactory. Business continues to mature slowly, 
and though many collieries are compelled to work 
short time, available supplies are more than sufficient 
to meet requirements. Consequently buyers experience 
no difficulty in obtaining their requirements of large 
coal on the basis of the minima. Smalls, however, are 
patchy, with prices dependent on whether bought with 
large or not. Owing to the lessened production of 
large, small is in some cases rather tight, but when 
bought with large, can be secured at the minima ; if re- 
quired without large, however, a small premium is usually 
demanded. Shipments of coal as cargo foreign in the 
past week amounted to 411,460 tons, or 38,000 tons 
more than was the case in the preceding six days. At 
Cardiff shipments were raised from 242,510 tons to 
268,430 tons, at Newport from 62,590 tons to 69,850 tons, 
at Port Talbot from 21,800 tons to 24,650 tons, and 
at Llanelly from 3,420 tons to 9,650 tons; but at 
Swansea reduced from 43,270 tons to 38,880 tons. 
Clearances to Brazil were raised from 18,500 tons to 
35,100 tons, for Egypt from 21,650 tons to 50,400 tons, 
and for France from 93,500 tons to 104,920 tons. 


Iron and Steel Trades.—The tentative agreement 
which has been reached with the United States for 
the geographical demarcation of markets for Welsh 
and American tinplates has been received with mixed 
feelings. Welsh manufacturers are pleased with the 
arrangement which gives them about 70 per cent. of the 
world’s markets. Merchants, however, think that they 
will be handicapped when asked to quote for orders, 
as business is to be subjected to a scrutiny by a bureau 
which is to be formed to prevent orders being carried 
out in Wales which should be apportioned to the United 
States. The agreement will, it is understood, not 
affect prices. 











Contracts.—Messrs. John I. Thornycroft and Com- 
pany, Limited, Thornycroft House, Smith Square, 
London, 8.W.1, have received considerable orders for 
their various types of rigid six-wheeled vehicles for 
shipment to South Africa, South America, India, &c., 
including a fleet of 66 for the Government of India.— 
Amongst recent orders secured by Messrs. Henry Robb, 
Limited, shipbuilders, Leith, is a light-draught twin- 
screw motor vessel for passenger, cargo, and cattle 
carrying service on a South American river; also two 
small motor vessels, fitted with powerful pumping 
plant, for irrigation work in the Far East.—Messrs. 
Barford and Perkins, Limited, Peterborough, have 
received an order for 10 of their ‘‘B”’ rollers for the 
Public Works Department, Nigeria, and the native 
administrations of the Protectorate. 





PERSONAL.—The offices, laboratories, research and 
service departments of Messrs. Super-Centrifugal Engi- 
neers, Limited, have been concentrated at Sharples 
House, 101, Grosvenor-road, London, S.W.1, to which 
address all communications should now be sent.—Now 
that Mr. D. Hamilton has joined the board of the British 
and Foreign Machinery Company, Limited, 148, Leaden- 
hall-street, E.C.3, the agencies formerly held by, and the 
business of, Messrs. David Hamilton and Company, 20, 
Budge-row, Cannon-street, E.C.4, are being carried on 
by the former company.—The International Combustion 
Engineering Corporation, of New York, which is asso- 
ciated with Messrs. International Combustion Limited, 
of London, has recently acquired the entire business 
and assets of the Hedges-Walsh-Weidner Company of 
Tennessee.— Messrs. Lewenz and Wilkinson, Limited, 25, 
Victoria-street, S.W.1, advise us that Mr. E. R. Wynne 
has resigned his seat on the board of the company, and 
that Mr. C. W. Davson joined the board in February last. 
—Mr. T. L. Bunce, M.I.Mech.E., has recently joined 
Messrs. Craven Brothers (Manchester), Limited, which 
firm has recently absorbed the machine-tool department 
of Messrs. Armstrong Whitworth and Company, Limited, 
Messrs. Joshua Buckton and Company, Limited, of 
Leeds, and Messrs. Thomas Shanks and Company, 





Johnstone. 
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ENGINEERING TRAINING AND 
EDUCATION. 


London County Council. Teachers’ Lectures :—We 
have received from the Education Officer’s Department, 
The County Hall, Westminster Bridge, S.E.1, a hand- 
book giving full particulars of the lectures and classes 
for teachers during the session 1928-29, arranged by the 
London County Council. The scheme is intended to be 
self-supporting, and it will be necessary to cancel courses 
for which insufficient entries are received. As several 
weeks’ notice of any such cancellation has to be given 
to the lecturers, it will greatly assist the council if 
teachers will send in their applications in good time. 
The lectures are available for all persons actually 
employed in teaching within the Administrative 
County of London; others will be admitted where 
accommodation permits. The arrangements include 
courses in economics and political science, foreign 
languages and literature, geography, history, mathe- 
matics and science, the last-mentioned including the 
teaching of mechanics, and a course of six lectures, 
on metals and their alloys, by Professor C. A. Edwards, 
Principal, University College of Swansea. Applica- 
tions for further information should be made to Mr. 
G. H. Gater, Education Officer, at the above address. 

Westminster Technical Institute.—For many years the 
Westminster Technical Institute, Vincent-square, 
Rochester-row, S.W.1, has provided facilities for the 
technical education of those engaged in civil and struc- 
tural engineering, and we have received a copy of the 
prospectus of technical classes arranged for the session 
1928-29. Intending students should enrol during the 
week commencing September 17, since the term com- 
mences on September 24. The programme of work 
covers the following sections:—1. Civil, structural 
and heating engineering; 2. Gas engineering and 
supply; and 3. Architecture, construction, surveying 
and valuations. Advanced courses of a specialised 
character include a post-graduate course in structural 
engineering, structural design in reinforced concrete, 
the design of steel-frame buildings and _ structural 
steelwork design, and students are able to carry 
out complete tests of materials in the laboratory, 
which is equipped with a testing machine capable of 
exerting a load of 100,000 Ib. in tension, compression, 
shear or bending, in addition to other apparatus. 
Further information may be obtained from the 
Principal, Mr. J. Stuart Ker, at the above address. 

The Sir John Cass Technical Institute.—A course of 
lectures is to be given during the coming session in 
the Department of Organic and Applied Chemistry 
of the Sir John Cass Technical Institute, Jewry- 
street, Aldgate, E.C.3, on Coal'{Carbonisation. The 
curriculum for the session is a* comprehensive one, 
and includes courses on Fuel and Refractories, Appli- 
cations of Engineering and Gas Analysis. Not only 
do the arrangements enable students to enter for 
the certificate examinations of the Institution of Gas 
Engineers, but every encouragement is offered to 
graduates in chemistry to specialise in coal carbonisa- 
tion and offer this subject for the M.Sc. degree. The 
scheme commences in the forthcoming session, when 
Mr. H. D. Greenwood will give a course of twenty- 
four lectures on Gas Manufacture, while in the 
Department of Metallurgy, the Principal is to give a 
course of lectures on Foundry Metallurgy, commencing 
September 21, and Mr. L. 8S. Ward will lecture on 
Foundry Practice, commencing September 24, accom- 
panied by practical work in jmoulding, core-making 
and casting. The new session begins on Thursday, 
September 20, and students will be enrolled on 
September 17, 18 and 19, from 5.30 to 8.30 p.m. 
Further particulars may be obtained from the Principal, 
Mr. G. Patchin, at the above address. 

City of London College.—Particulars have come to 
hand of two courses of lectures, to be given by Mr. T. B. 
Kelly, which have been arranged to take place during 
the session 1928-29 by the Department of Commercial 
Products of the City of London College, White-street 
and Ropemaker-street, Moorfields, E.C.2. One is a 
course of twenty-five lectures on Iron and Steel, com- 
mencing on Tuesday, September 25, at 6.30 p.m.; and 
the other is a course of twen: y lectures on Special Steels 
and Non-Ferrous Metals, commencing on Thursday, 
September 20, at 6.30. A college examination in Iron 
and ‘Steel will be held at the conclusion of the course, 
and the J. Gray Buchanan Prize of 3/. will be awarded 
on the results. Further particulars are obtainable 
from the secretary, Mr. D. Savage. 


MARKING OF ImMporTED BEaRrinGs, Rims anD CYCLE 
Parts.—The standing committee, general merchandise, 
appointed by the Board of Trade, have reported on their 
enquiries as to whether imported ball and roller bearings 
and parts thereof, and rims for motor and other kinds of 
cycles and parts thereof, should be required to bear an 
indication of origin under the Merchandise Marks Act, 
1926. The reports are obtainable from the Stationery 
Office, or through any bookseller, price 3d. each. 
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MACHINE TOOL AND ENGINEERING EXHIBITION. 


(For Description, see Page 313.) 
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THE ENGINEER AND THE PUBLIC. 


Smr Witt1aM Exztis had ample justification for 
making his address to Section G of the British 
Association, a reminder that it is to the engineer 
that the community is mainly indebted not only 
for its health and safety, but also for almost every 
amenity of civilised life. It is only in times of 
crisis that the men who do things take the pas 
of those who merely write and talk, and in normal 
conditions the politician who is prone to make 
promises impossible of performance, looms much 
larger in the public eye than the men who, in 
addition to providing us with pure water, inoffensive 
but efficient sanitation, and safe and rapid transport 
both of passengers and goods, are at the same 
time steadily raising the standard of living. During 
the war an appeal had necessarily to be made to 
men of “ push and go,” but though their success 
as administrators was undeniable, after the war 
it was these men of “ push” who had to “go,” 
their places being taken by politicians readier in 
speech than in action. This experience is by no 
means unprecedented. When the maladministration 
of certain American cities led to the establishment 
of a system of city government by commissioners, 
the engineers appointed in the first flush of 
enthusiasm for efficiency were, it is stated, in 
numerous cases subsequently replaced by politicians. 
Indeed, Dr. J. A. L. Waddell, the eminent American 
bridge engineer, has recorded a case in which the 
position of county engineer was filled by a lawyer 
on the ground that the post must be held by a 
politician. 

On this side of the Atlantic again, Mr. Sidney Webb 
was reported some years back to have asserted that 
administrative posts should not be filled by those 
with expert knowledge, but with men having the 
characteristics suited to government. This viewisalso 
obviously that held in Russia, where Lenin’s policy 
of capturing the experts did not include their ap- 
pointment to really responsible administrative posi- 
tions, which, in accordance with Mr. Webb’s advice, 
have been systematically reserved for those having 
“the characteristics suited to government.” The 
result has been that the experts have no real power, 
but when their official superiors have made their 
customary blunders, the unfortunate experts have, 
as in the Donetz case, provided a convenient 
scapegoat for the officials really at fault. Even 
in less extreme political circles, the expert is often 
considered unfit to communicate at first hand 
with the public. Thus, it was the Westminster 
Gazette which complained that certain politicians 
were not given seats on the expert commission 
appointed in the early days of the war to report 





on electrical progress in this country, and who 
found that the North East Coast with its power 
company was providing current very much more 
cheaply than the municipal stations, in which the 
Lancashire area had so unintelligently speculated. 
Again, when new municipal power stations or new 
waterworks are inaugurated, it is various members 
of the corporation who loom largest at the opening 
ceremonies, whilst the engineers to whom the 
credit really appertains receive very scant notice 
at best. 

In the case of a public company there is, in 
corresponding instances, excuse for the prominence 
of the chairman and directors, since these often 
initiate the schemes the engineer carries out, and 
moreover have generally provided a considerable 
proportion of the capital required, which, in the 
alternative case, is extracted wholly from the 
pockets of the ratepayers. Again it is noteworthy 
that not a single mine manager was appointed 
on the Sankey Commission though, as a class, 
these had much fuller knowledge of the questions 
at issue than anyone else. 

Sir William noted in his address that there were 
few main roads in the country in the earlier years 
of the Nineteenth Century, and that until about 
1850 mail coaches were still in common use. Since 
then improvements in transport, both by land 
and sea, have proceeded at a consistently accelerated 
pace. Even in 1881, the tonnage of the largest 
boat sailing from a Mediterranean port was, 
he observes, only 4,000, whilst sleeping cars were 
little known or used outside of America. During 
all these years of development it cannot be said 
that much help was obtained from British Govern- 
ments. The politician has always seemed much 
more anxious to reduce profits than to improve 
services. This policy culminated in the Electric 
Lighting Act of 1883, which put a stop to electrical 
enterprise in this country, whilst a few years later 
plans for constructing badly-needed railways to 
the north-east of London were so saddled with 
oppressive restrictions by the House of Commons 
that the schemes had to be abandoned. 

It is noteworthy, too, that though there were 
nationalised railways, telegraphs and telephones 
during these years of intensive development, no 
important improvement in methods of transport 
or in means of communication originated in these 
State services. There was, it is true, quite a good 
telephone service in Germany in pre-war days, 
but it was not to Berlin but to New York that 
those desirous of studying the most modern 
methods and equipments proceeded. Probably 
of all forms of industry that of the manufacturing 
engineer would suffer most by nationalisation, 
yet, quite characteristically, it was the engineering 
trades which the recent Trades Union Congress 
resolved should be taken over by the State at 
the earliest opportunity. The mechanical or 
electrical engineer is a somewhat singular blend 
of the manufacturer and the professional man, 
and as Dr. Elihu Thomson pointed out, on the 
occasion of the Kelvin centenary, he is the only 
professional man who is required to guarantee 
results in terms of hard cash. 

The consequences are, at times, all but disastrous. 
An example is afforded by the turbines installed at 
Lots Road, when this station was opened. These 
turbines were the largest constructed up till that 
date and were quite effective, and for some years 
supplied the whole of the current taken by the 
District Railway and by most of the Tubes. They 
failed, however, to realise the, as it turned out, over- 
sanguine views in the matter of efficiency, of those 
responsible for the design, with the result that they 
were ultimately thrown on the contractors’ hands. 
This expense originated in the imperfect develop- 
ment of steam turbine theory at the date of the 
installation. 

Pioneering risks must, nevertheless, be taken if 
the British engineering industries are to maintain 
a leading position. Unfortunately, profits, even 
before the war, were uneconomically low for an 
industry in which new departures have constantly 
to be made ahead of existing experience. 

In work of this character provision may be made 
for every reasonably conceivable eventuality, most 
of which proves unnecessary, whilst troubles arise 
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from phenomena previously both unknown and 
unsuspected. A striking instance of this is furnished 
by the history of transatlantic wireless telegraphy. 
Professor Fleming has related how he sat with 
Marconi on the Galway coast whilst they tried to 
estimate the chances of success. America they 
realised was not so much out in front of them as 
down below them. A straight line from Galway 
to Newfoundland would, in fact, pass about 110 
miles below sea level, and as this depth increases 
roughly as the square of the distance, there seemed 
little possibility of the waves reaching New York. 
When the trial was finally decided on, the adven- 
turers, Professor Flenting has said, had nothing to 
guide them as to the kind of installation required, 
but the good old engineering rule of guessing half 
and doubling it. As is now known, success depended 
entirely on the then unsuspected fact that the upper 
regions of the air act as a reflector of wireless waves. 
Another unexpected phenomenon of an adverse 
character was the effect of sunlight on the trans- 
mission. Private individuals can take such risks 
where a public authority dare not. In case of ill 
success the over-sanguine venturers have only their 
own reproaches to face. Where a government or a 
municipality is concerned, however, an unlucky 
experiment provides welcome ammunition to the 
political opponents of whatever party happens to 
be in power, as happened when the London County 
Council made a perfectly legitimate experiment with 
a stud system of electric traction. 

According to an American authority, until the 
date at which the telegraphs were taken over 
by the Government, three-fourths of the improve- 
ments made in telegraphy were due to British 
inventors. Subsequently, practically every im- 
provement introduced into the nationalised service 
was an imported one. At the same time, however, 
since the cables remained in private hands the 
great majority of the improvements made in sub- 
marine telegraphy were of British design. 

Mr. Philip Snowden declared, some time since, 
that if the manufacturing industries were taken 
over, the direction of them would remain in the 
same hands as before. At the best this statement, 
if narrowly construed, may be technically true, but 
on any wider understanding it is fundamentally 
false. Of course, at the outset, it would be impos- 
sible to do other than take over existing staffs, but 
as time went on and the original men died or retired, 
their successors would be of a very different stamp 
from those that held the administrative posts whilst 
the control remained in private hands. Moreover, 
even whilst the original staff was maintained it 
would be working under very different conditions. 
No government or municipal service is prepared to 
give adequate rewards for successful enterprise. 
The man who plays solely for safety is the man who 
succeeds best in such services. Moreover, under 
the existing system it is possible for young men of 
exceptional ability to attain to positions of authority 
and responsibility at an early age. We believe 
that Mr. Andrew Laing, C.B.E., the head of the 
Wallsend Slipway and Engineering Company, was 
appointed general manager of Fairfield’s at the age 
of 26, and to-day, the Imperial Chemical Company 
is taking selected young men direct from college 
or the shops and placing them forthwith in sole 
charge of important departments. Mistakes, due 
to ignorance, the company is prepared to condone, 
whilst mistakes due to stupidity or lack of character 
soon weed out those who are unequal to their work 
and fit at best, to act as subordinates only. It is 
difficult to imagine that any system of early promo- 
tion of exceptional men would ever be adopted in 
nationalised industries, and in the engineering 
trades promotion meinly by seniority would be 
particularly disastrous. 


LOCOMOTIVE STANDARDISATION IN 
GERMANY. 





Few people in this country, least of all anyone 
connected with engineering, can be ignorant of the 
parlous state of our great railway administrations. 
A few weeks ago, chairmen at the annual meetings 
of their respective companies told round, unvar- 
nished tales of falling revenues, only to some extent 
off-set by economies in expenditure and, though 
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the seriousness of the plight of the various under- 
takings differ, in all cases it calls for alleviation in no 
uncertain terms. If there were any doubt about 
this it would be at once dispelled by the proposal of 
the directors that all salaries and wages should be 
reduced by 24 per cent., and by the whole-hearted 
consent which the trades unions concerned have given 
to this course, which a year or two ago they would 
have refused even to consider. It is clear, in fact, 
that the railwaymen themselves realise that pros- 
perity can only be re-attained by sacrifice. But econo- 
mies must not, and we feel sure will not, be confined 
entirely to wages. In the operating departments 
there is still much that can be done, both to save 
more and to earn more, and the same will be 
found to be true when the position on the 
engineering side is reviewed. The four existing 
railway groups, being a conglomeration of smaller 
organisations, whose practice often differed con- 
siderably in more than one respect, possess not 
only a variety of plant, which is not always inter- 
changeable throughout the new system, but com- 
prise officials who have been brought up in different 
schools of thought. Standardisation of material 
and standardisation of ideas, therefore, are two 
aims, the attainment of which should do much to 
improve the present situation. 

Comparisons between two countries with different 
conditions and different national characteristics 
are dangerous and we do not propose to make them. 
But it is a matter of intrinsic interest that 
in Germany before the war, as in this country, 
there were many railway administrations, whose 
policies, using the term in the widest sense, were 
determined partly by local conditions and partly 
by the taste and fancy of those in authority. 
These personal predilections were assisted by the 
fact that north Germany is mainly flat and south 
Germany often hilly, with the result that the 
Prussian lines were generally better built and 
equipped than those in the other states. Since 
1920, all these railways have been ceded to the 
Reich by the terms of the Constitution of Weimar, 
with the result that administration has been con- 
centrated in a way that has rendered reform and 
standardisation easier than would otherwise have 
been the case. 

It should be made clear before we go any further 
that the advantages of standardisation were not 
altogether unrecognised before 1914, and that this 
problem is already practically solved so far as goods 
wagons are concerned. In 1924, for instance, as the 
result of the work of the Deutscher Wagen Verband, 
which was formed in 1908, out of some 635,000 
wagons owned by the State Railways, nearly 378,000, 
or about 58 per cent., were of standard pattern. 
Standardisation has also been effected in the case 
of the passenger stock, though to a much smaller 
extent. In fact, in 1924 there were only about 3,700 
standard steel, four-wheel, fourth-class carriages out 
of a total of 79,000. Locomotive standardisation is, 
of course, a much more difficult matter than that of 
either passenger or goods stock. As already pointed 
out, topographical conditions formed an obstacle 
to its introduction and, as in this country with 
electricity supply, independence in the form of a 
variety was encouraged rather than otherwise. 
Nevertheless, the Prussian-Hessian administration, 
which operated some 13,000 miles of track, deve- 
loped five classes of locomotives covering all services, 
of which some 7,600 were built. When the railways 
of Germany were taken over by the State in 1920, 
there were, however, no less than 210 different 
types of locomotive in use, which statement of it- 
self is perhaps sufficient in itself to indicate the need 
for standardisation. 

A fundamental obstacle to this course was, how- 
ever, the difficulty of adopting any of the existing 
engines as standards, since they had not been 
designed with standard components. It was there- 
fore considered best to create new types to meet the 
varying conditions on the different lines and to re- 
organise the shops on a commercial basis, so that they 
could undertake the work of maintaining particular 
classes of engines in the most efficient way. In this 
way, it was hoped to reduce the stock of spares held. 
The first step in this direction was the appointment 
by the Minister of Transport of a special commission 
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locomotives. This commission recommended the 
preparation of ney designs, using standardised and 
completely interchangeable parts throughout. In 
preparing these designs, the experience of the 
Prussian-Hessian administration was largely drawn 
upon, though it may be pointed out that Bavaria 
and Saxony were the first systems to use the 
4-6-2 and 4-8-2 types of engine, respectively, 
while Wiirtemberg employed the first twelve-wheel 
coupled goods engine. In design and construc- 
tion, these engines were well in advance of anything 
used in Prussia. 

In parenthesis, it may be remarked that shortly 
after the Standardisation Committee of the German 
Industry (Normen-Ausschuss der Deutschen In- 
dustrie) had been established, the locomotive 
builders agreed to form a locomotive section (Allge- 
meiner Lokomotiv Normen-Ausschuss), on which 
the State Railways were represented, to consider 
the design and interchangeability of spare parts, 
A second special section (Engerer Lokomotiv 
Normen-Ausschuss), representing the mechanical 
engineering industry and the State Railways, was 
also formed to collate operating experience with 
machinery and erection requirements. The princi- 
pal work of the latter body has been to examine and 
define the limiting tolerances of the parts required 
for erection without fitting, such as is necessary, 
if the parts are to be subsequently interchangeable. 
It was decided to use the hole system of gauges, 
the preliminary design of the various parts being 
entrusted to specialist firms, after which they were 
reviewed by other manufacturers and the State Rail- 
way Officials, and finally by both the Allgemeiner 
Lokomotiv Normen-Ausschuss and the Engerer 
Lokomotiv Normen-Ausschuss. To reduce the num- 
ber and type of the different components, they were 
arranged both for right-hand and left-hand mount- 
ing. The actual work of designing the new locomo- 
tives on these lines was entrusted to yet another 
organisation, known as the Standardisation Bureau 
for German State Railway Locomotives, on which, 
again, the manufacturers and railway authorities 
were represented. These designs were based on the 
standard parts, and having been approved, it is 
proposed to build 16 classes of locomotives, some 
details about which may now be given. 

The first class is a 4-6-2 express passenger locomo- 
tive. Thisis divided into two sub-classes comprising 
four-cylinder compounds and two-cylinder simple, 
respectively, in order to ascertain the most economi- 
cal method of using superheated steam under 
service conditions. The second and third classes 
are non-express passenger locomotives, and are of 
the 2-8-2 three-cylinder and 4-6-0 two-cylinder 
types, respectively. The fourth class is a 2-10-0 
goods locomotive, which is divided for comparison 
into two sub-classes, with two and three cylinders, 
respectively. The fifth class is a 2-8-0 two-cylinder 
goods locomotive, the sixth a 2-6-0 two-cylinder 
goods locomotive, while the seventh and eighth 
are 4-6-4 and 2-6-2 two-cylinder tank non-express 
passenger locomotives. The ninth class is a 2-10-2 
tank locomotive for goods traffic, which, like the 
2-10-0 class, is divided into two sub-classes. The 
tenth is a 2-8-2 two cylinder tank locomotive for 
goods traffic. All the above locomotives are designed 
for use on standard-gauge lines and to employ super- 
heated steam. Their axle load is 19-7 English 
tons, this figure being determined by the track con- 
ditions and the strength of the bridges. 

Three types of non-superheated steam locomo- 
tives have been designed for shunting purposes. 
The first of these is a 0-10-0 tank locomotive for 
use in yards with first-class tracks. The second 1s 
a 0-8-0 tank locomotive for yards where the track 
is not so good and the third a 0-6-0 locomotive for 
yards where the track is light. The axle load 
has been fixed at 19-7 English tons for the first and 
at 17-2 tons for the second and third classes. 
Three other designs for still lighter locomotives have 
been prepared, in which cases the axle loading ® 
14:8 English tons. These are a 2-6-0 type for mixed 
traffic, a 2-6-0 tank locomotive for passenget 
traffic, and a 2-8-2 tank locomotive for goods traffic. 

As regards the standardisation of parts, four 
sizes of boiler have been selected with external 
diameters of 743 in., 70% in., 664 in., and 59 in., 
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of three sizes of cylinder, whose internal diameters 
are 258 in., 238 in., and 22% in., respectively. The 
stroke will be 26 in. on the main-line locomotives 
and 24? in. on the shunting engines. The diameter 
of the driving wheels will be 6 ft. 6? in. on the 
express engines, 5 ft. 9 in. on the non-express pas- 
senger engines, 4 ft. 7 in. on the goods engines, and 
4 ft. 1¥ in. on the shunting engines. The bogie wheels 
will be 2 ft. 94 in. in diameter, and the trailing wheels 
4 ft. 1 #in. in all cases. All the superheated steam 
locomotives will be fitted with superheaters con- 
sisting of four ly to 14 in. tubes in a 4% to 5} in. 
flue tube. When the length of the tubes exceeds 
16 ft. 5in. the diameter of the large flue tubes will be 
5fs to 58 in. All the engines are mounted on bar 
frames. Owing to the length of the boiler a leading 
bogie is used on all the main-line engines, while 
trailing bogies are employed on the tank engines. 
The leading bogies on the 4-6-2, 4-6-0 and 4-6-4 
locomotives are the same, as are the trailing bogies 
on the 4-6-2 and 2-8-2 locomotives. All the leading 
and trailing bogies on the goods engines are inter- 
changeable. It may be noted that the use of the 
Belpaire fire-box has been abandoned and that 
bogies are used on all goods engines. 

By adopting the policy we have outlined, the 
German State Railway system hope to reduce 
both the first and maintenance cost of their engines, 
as it is obvious that thereby savings should be 
possible, not only in the drawing offices and works, 
but in the repair shops, while similarly economies 
may also be effected in the running sheds, &c. 

Throughout the investigations, the course of 
which we have outlined above, the locomotive was 
regarded mainly as a mechanical product. Obvi- 
ously from the broad economical point of view, it 
has a thermal aspect, and this aspect is also being 
borne in mind by the German State Railway authori- 
ties. An exhaustive series of tests into the thermal 
efficiencies of the boilers used on both the old and 
new engines and of the locomotives themselves 
has been conducted under the superintendence of 
Professor Hans Nordmann, the results* of which 
show that the latter types are considerably more 
efficient than the old. 

Moreover, as we hope to describe in a later article, 
the researches with regard to prime movers are 
now being extended by the German State Railway 
authorities into other fields. The possibilities of 
employing higher steam pressures and tempera- 
tures are being investigated, while the character 
of the coal available, together with the presence of 
considerable water power in the south of the country, 
have made it worth while to examine the possibili- 
ties of using pulverised fuel,t turbines, internal- 
combustion engines and electric traction, so that 
all the national resources may be employed in the 
most efficient way. 











NOTES. 
PULVERISED FuEL FoR MaRINE Borers. 


Tue successful experiment of using pulverised 
coal on the Stuartstar, which we described on 
page 296 of EnerngrertING for September 7, is, 
as we hoped, being quickly followed by other 
attempts to employ this class of fuel in marine 
boilers. For instance, those who have been 
attending the British Association meeting in 
Glasgow this week have had an opportunity of 
Inspecting an installation, which has been put 
down by Messrs. Yarrow and Company, Limited, 
of Scotstoun, to investigate the possibilities of 
pulverised fuel, and especially to test out various 
types of burners which have been devised. The 
installation consists of a marine-type Yarrow 
boiler and superheater, which was originally 
intended for hand firing. The grate bars have 
now been removed and the bottom of the ashpan 
bricked up, thus increasing the combustion space. 
The burner is inserted in the boiler through the place 
originally occupied by one of the fire doors. It 
is capable of dealing with 2,000 Ib. to 3,000 Ib. of 
pulverised fuel per hour, and enables the boiler to 
evaporate some 15,000 Ib. to 16,000 Ib. of water. It 
has been specially designed to create a maximum 
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degree of turbulence, and to give the short flame 
necessary in a relatively small combustion chamber 
usual on board ship. As the fuel-air mixture passes 
out of the nozzle it impinges on angle vanes, 
which spread it out fanwise. Turbulence is also 
imparted to the secondary air, the two streams 
being combined in such a way as to give 
a short flame. As the boiler used was not 
specially arranged for pulverised fuel firing, and 
the experiments are more intended for studying 
the operation of the various types of burners, 
no efficiency figures are available, but we under- 
stand that the results warrant the use of this 
system on the 1,200 lb. boiler, which the firm 
are now building. It may also be mentioned that 
in order to investigate this question fully, an open 
furnace of the same size as that in the experimental 
boiler has been constructed. This has enabled the 
turbulence to be observed, and the various phases 
in the process of combustion and the effect of 
any small changes in the conditions on them to 
be noted. Much valuable information has been 
gained in this way. The coal burnt on both types 
of equipment is pulverised in one of two mills. The 
first of these is of the Atritor high-speed impact 
type, and was made by Messrs. Alfred Herbert 
Limited of Coventry. The other is a Kennedy 
slow-speed air-swept tube mill. The primary air 
is heated by tubes in the furnace, and the coal 
before treatment is dried by the flue gases. It is 
to be hoped that further information on these 
interesting burner experiments will shortly be 
available. 


THE Wortp PowrER CONFERENCE ON FUEL, 
1928. 
A fuel conference, which has been organised as 
a sectional meeting of the World Power Conference 
by the British National Committee, with the 
approval and under the auspices of the International 
Executive Council of the World Power Conference, 
is to be held at the Imperial Institute, South 
Kensington, London, 8.W.7, from September 24 
to October 6 next. The business of the Conference 
has been divided up into 22 sections, which deal 
with such subjects as, economic and general con- 
siderations regarding the coal, oil, and carbonisation 
industries ; the sampling and testing of solid fuels ; 
the cleaning, drying, and briquetting of coal; the 
composition, classification, preparation, storage 
and handling of liquid and gaseous fuels; the 
utilisation of fuels for steam generation and the 
production of electricity ; pulverised fuel ; internal- 
combustion engines ; the transmission of power ; 
waste-heat recovery; low-temperature carbonisa- 
tion; peat; power alcohol; and economic possi- 
bilities in the better co-ordination of fuel utilisation. 
Over 150 contributions are being submitted at the 
meetings by British, French, Austrian, German, 
Swedish, Polish, Czechoslovakian, Roumanian, 
Dutch, Russian, United States, Japanese, and 
Chinese technologists, and we understand that much 
of the information contained in these papers has 
never before been made available. The membership 
fee for ordinary members of the Conference is 30s., 
while that for members of participating institutions 
and associations is 20s. The membership fees 
will be used to defray the stenographic and other 
expenses arising out of the Conference. The official 
delegates, appointed by member-countries of the 
World Power Conference, are entitled to free 
membership. The Conference will be officially 
opened in the Great Hall of the Imperial Institute, 
at 3 p.m., on September 24 next, and a banquet will 
be held at the Connaught Rooms, Great Queen- 
street, London, W.C.2, at 7 p.m., on the evening 
of that day. Beginning on September 25, sectional 
meetings will be held daily, with the exception of 
Saturday and Sunday, September 29 and 30, until 
Friday, October 5, commencing each day at 
10.15 a.m. The honorary president of the Con- 
ference is the Earl of Balfour, and the president, 
Lord Melchett. The chairman of the Fuel Con- 


Applications for membership, and all communi- 
cations regarding the Conference or any of its 
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THE BRITISH ASSOCIATION AT 
GLASGOW. 
(Continued from page 300.) 


SECTION G.—ENGINEERING. 


THE proceedings of Section G (Engineering) 
opened on Thursday morning, September 6, with 
an entire absence of formality. Sir William Ellis, 
G.B.E., this year’s president, took the chair 
without being inducted by his predecessor, and 
offered a warm welcome to all those present. He 
added that a very interesting series of papers 
would be laid before them, and therefore hoped 
that a high quality of discussion would be main- 
tained, and that the attractions of the other sections 
would, as far as possible, be resisted. 

Sir William then called on Mr. J. W. Thiery 
to read his paper on the “ Engineering Features 
of the Zuyderzee Works,” and in doing so said 
that the section was fortunate to have this com- 
munication from the distinguished Dutch engineer, 
who had played such a leading part in the great 
civil engineering work which Holland had been 
compelled to undertake. He reminded the meeting 
that it was a Dutch engineer, Vermuyden, who 
had carried out extensive drainage work in the 
east of England during the reign of James I, 
much of which still remained. 

Mr. J. W. Thiery then read his paper, which was 
printed on page 305 of our last issue, and showed 
a number of lantern slides illustrating the progress 
of the work. 

The discussion was opened by Mr. J. S. Wilson, 
who remarked that the paper was interesting, 
not only for its subject matter, but because it 
showed the extent to which research of a civil 
engineering character had assisted the progress of 
the work. Much of the data, for instance, that 
relating to the tidal range, had to be ok tained on the 
site, and this had had the direct result that the 
height of the banks was raised and the trouble 
due to the waves washing over eliminated. Such 
work as taking tide records required relays of 
men, and therefore offered an excellent field for 
engineering students to obtain experience. Labora- 
tory work had also resulted in the provision of the 
projections on the crest of the sills, as shown in 
Fig. 8 in the paper reproduced on page 307 ante. 
Dr. J. S. Owens, who followed, agreed with the 
author as to the difficulty of finally closing dams, 
owing to the water velocity through the narrowing 
gap. On ascheme in South Ireland with which he 
had been connected, he had overcome the difficulty 
by building this part of the dam up from the 
bottom, first constructing a cofferdam and then 
gradually filling in upwards. In this way the 
velocity was reduced, and not increased, as the 
work proceeded. 

The effect of a current on stones was curious. 
A single stone on a smooth bed was moved by 
a stream velocity about one-quarter of that neces- 
sary to move a mass of several stones. In such 
works as those described in the paper, there 
was often a coincidence of conditions which might 
lead to trouble. For instance, high spring tides, 
a falling barometer, a high wind, a rainstorm and 
heavy land water might occur simultaneously and 
had to be provided for. He enquired whether the 
author could say how long the recovered area 
would take to lose its salt, and what time had been 
been allowed for its removal, so that it would be 
ripe for cultivation. His experience was that the 
process might be hastened by allowing the shallow 
water to evaporate, thus bringing the salt to 
the surface, so that it was blown away by the 
wind. 

Professor G. Cook asked why it was that the 
author said that the Yssel lake would not silt up, 
though it continued to receive water from the 
river. He also enquired whether the prediction 
of the tidal effects was entirely based on calcu- 
lation or whether models had been used. He 
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Section L (Education) on the subject of “ School, 
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University, and Practical Training in the Education | That was why degrees in engineering should not be 
| granted, but only degrees in science. Again, no 


of the Engineer.” 

This was opened by Sir William Ellis, who said 
that, in view of the large number of young men 
now entering the engineering profession, it was 
desirable that the subject of their preliminary 
training should be discussed between those having 
experience in that profession and those who were 
concerned with education in general. In his own 
view, specialisation at, say, the age of sixteen would 
deprive the boy of his general education and be 
a disadvantage to him in later life. Such duties as 
giving evidence and preparing reports, which often 
fell to the lot of the engineer, required a high level 
of general education. As regards training after 
leaving school, it might be assumed that the 
tendency for boys to take University courses in 
engineering would increase, and the question arose : 
Should the necessary practical training follow that 
course or precede it ? This was largely a question 
of expediency, though considerable psychological 
advantages were gained by putting the boy into 
contact with workmen at an early age. Sand- 
wich training possibly offered the benefits of both 
systems. A practical difficulty, which might be 
alluded to, was the length of the University course. 
There was an important difference between an 
honours and a pass degree, but to attempt the 
course for the former in three years placed a heavy 
burden on the student, and the addition of a fourth 
year was now under consideration. It was, however, 
expecting a great deal of parents to ask them to 
maintain a boy in an unearning capacity for so 
long, and he therefore proposed that the first two 
years of the course should cover a uniform training, 
while in the third the student should be given the 
option of taking an honours course in one subject 
only. 

At the conclusion of his remarks Sir William 
Ellis asked Dr. Cyril Norwood, president of 
Section L, to take the chair. 

Colonel Ivor Curtis, who followed, remarked that 
modern developments demanded that both the 
engineer and the worker of to-day should have a 
wider practical knowledge, more thorough scientific 
training, and better general education. Training 
for production and management had also become 
a vital issue. These circumstances, together with 
the decay of apprenticeship, rendered a considera- 
tion of the existing systems of education necessary. 
He sketched the system adopted in the Royal Air 
Force, where workshop training, technical education 
and general self-development were obtained during 
the pre-university stage without any sacrifice of one 
of the three to another. The underlying idea of 
this scheme was: The better the general education 
of the boy the better he could absorb technical 
training and acquire manual skill, and this process 
could be accelerated, if his education were continued 
at a corresponding level. General studies were an 
essential part of the training, as the engineer had 
need of the widest education. University and 
secondary education in the past had been developed 
to suit the mind that was more concerned with ideas 
than with things, and was not well suited to the 
practical-minded type of boy. Part-time education 
was the cure for this. All post-primary schools should 
be of the secondary class with courses modified to 
suit local needs, and for further training those not 
proceeding to the university should look to the 
technical college. 

Sir James Henderson, who was the next speaker, 
said that some common basis was necessary in 
discussing this matter. This might be found in the 
definition of an engineer given in the Charter of 
the Institution of Civil Engineers. This definition 
implied courses in physics and chemistry, but the 
knowledge of materials gained thereby must be 
fortified by confidence in their use, which could 
only be obtained in practice. All that the Univer- 
sity could do was to provide the budding engineer 
with certain tools, which, combined with practical 
experience and judgment, would enable him to make 
a machine pay as well as to work. The art of clear 
expression as part of a scientific training had been 
neglected. There was no reason why reports 
should not be made in a suitable form and in clear 
language. No combination of school and univer- 
sity education could alone turn cut an engineer. 
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amount of workshop training in schools would make 
boys into engineers. 

Professor A. L. Mellanby thought that a vast 
body of those engaged in engineering could not 
absorb the formal education provided, and that the 
courses available did not always reflect engineering 
requirements. On the other hand, industrialists 
were in practice reluctant to admit the need of 
technical training, though they agreed with it in 
theory. The admission of engineering students 
into industry was therefore, with certain exceptions, 
effected on the crudest basis. Those concerned 
with academic education should recognise that 
they must supply the needs of industry, while those 
engaged in industry should abandon the idea that 
they alone understood those needs. He laid down five 
controversial points. The beginners’ course should 
be as free as possible from formal science. Scholar- 
ships should be made an inherent part of the educa- 
tional system. The lower schools should deal 
with the descriptive part of the work and the higher 
with the more formal part. A standard national 
scheme of apprenticeship should be set up. The 
higher posts in industry should be kept for highly- 
trained engineers. The essentials of the subject 
combined to offer a challenge to pedagogy and an 
appeal to industry. 

Sir Henry Fowler, who spoke next, remembered 
that the R.A.F. experiment had the disadvantage 
that it did not bring the boy into close contact 
with those who were working for their livings. 
This was of great importance from the administra- 
tive point of view. Training in character was a 
point that required attention, as many students well 
trained in physics and chemistry were entirely 
lacking in that quality. Apart from this, he 
favoured a good general education with a mathe- 
matical bias. This gave a basis on which an 
engineer could be trained. For the higher posts 
they required a boy from a non-specialist public 
school, who would go through the shops for twelve 
months, then proceed to the university for not 
more than three years, and finally do two more 
years in the shops. 

Dr. W. W. Vaughan pointed out that a boy could 
not leave school at 16 with both a good general 
education and strength of character. In this dis- 
cussion, both sides suffered from a lack of knowledge 
of what was being done by the other. There was a 
liability to judge the products of schools by the 
failures and to forget that boys often pretended 
ignorance. He thought boys of allsorts of standards 
were required. Instead they were always being 
asked to train boys solely for the highest positions. 
This ruled out a number who might make good 
lower down. The best chance of education was 
for a boy to leave school at 17 or 18, and then do 
a year in the works before going to the university. 
In this way he would learn something about human 
nature in the mass and, though he might not take 
so high a degree, would be a better engineer. 

Mr. A. L. Stanton said he had often found men 
with a good scientific knowledge lacking in sense 
of responsibility, so that detail work, such as check- 
ing estimates, was neglected. It was only by 
such attention to detail that the highest positions 
could be attained. Professor W. Kerr thought 
that the whole present scheme of education should 
be overhauled to eliminate the fault of overloading. 

Dr. J. Graham remarked that in Leeds they had 
established a series of scholarships, which provided 
opportunities for those who could take advantage 
of them, and eliminated the others. To obtain these 
involved a three years’ course in works, and instruc- 
tion after leaving school at 16, classes being continued 
in the evenings. Unfortunately employers offered 
no encouragement to those who successfully passed 
this course, with the result that they were scattered 
all over the world instead of assisting local industry. 

The proceedings then concluded, and in the after- 
noon members of Section G paid a visit to the 
Lanarkshire hydro-electric power scheme, a descrip- 
tion of which appeared in a recent issue of 
ENGINEERING.* 

The proceedings in Section G on Friday morning, 
September 7, opened with the presidential address. 
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Sir William Ellis took as his subject ‘‘ The Influence 
of Engineering on Civilisation,” and his remarks 
will be found reproduced on page 339 of this issue, 

At the conclusion of the address a vote of thanks 
was proposed by Sir Oliver Lodge, who said that 
he regarded it as a model of what such a communi- 
cation to Section G should be, since Sir William had 
not confined himself to specialist technicalities, 
but had generalised in a way which would interest 
the public. He had been specially struck by what 
had been said about transport. Railways were not 
in the least likely to be superseded, but there could 
be no doubt about the convenience of the door-to- 
door service, which road transport afforded. He 
predicted that before long railways would be used 
for the transport of loaded motor vehicles, the 
latter being mounted on special trucks. In this 
way the advantages of both types of conveyance 
could be secured. " 

As regards education, Sir Oliver remarked that he 
did not believe in early specialisation. The object 
of the University should be to lay a firm foundation 
of principles, such as could not be obtained later, 
and leave the application of these principles until 
afterwards. A pass degree covering a range of 
subjects was of more use subsequently than a 
specialist honours degree. The vote was carried, 
and Sir William Ellis duly acknowledged it. 

The President then called on Mr. H. E. Yarrow to 
read his paper on “‘ Recent Developments in High- 
Pressure Boilers.” This will be found on page 341 
of this issue. 

Professor A. L. Mellanby, who opened the formal 
discussion, pointed out that there was still a great 
deal of scepticism about the use of high-pressure 
boilers, the subject suffering from the fallacy that 
the pressure had only to be increased to obtain 
increased economy. There was, however, a limit 
to this increase, and unjustifiably high pressures 
were possibly being used in some cases. In the 
paper which Professor Kerr and himself* had read, 
they had not recommended the use of high pressures, 
as was often supposed, but had only pointed out 
that they would be adopted. In fact, they had 
been adopted in an extraordinarily large number of 
cases. The tables given in the paper were mis- 
leading, unless it was emphasised that they dealt 
with short-time tests. Materials could not stand 
the maximum stresses given for any length of time. 
The main point, however, was that it was the tem- 
perature, which was limited by the properties of 
the materials rather than the pressure, for if a 
definite temperature was exceeded by only a few 
degrees the strength of the material fell very 
rapidly. Nevertheless, the use of these high 
pressures would probably be the salvation of the 
steam turbine. 

Sir Henry Fowler, who was the next speaker, 
said that a good deal of investigation into the use 
of higher pressures on locomotives had been done 
on the Continent. He mentioned especially the 
Schmidt locomotive,t on which he had recently 
had asatisfactoryrun. The results were, obviously, 
economical. The Berliner Maschinenfabrik A.-G. 
had a similar locomotive, while there was a third 
in Switzerland.t All these worked at pressures 
from 700 Ib. to 1,000 Ib. per square inch. Those 
concerned with the development of the Benson 
boiler were also working on the same subject. 
The obstacle to further development was mainly 
economic. As Mr. Lomonossoff had said, if these 
pressures were used it must be in conjunction with 
a turbine, and it might be necessary to reduce the 
coal consumption to nothing to obtain a commercial 
success. Dirty feed water was a great difficulty. 
It was true that the tubes on the 1,400-lb. German 
boiler had given no sign of trouble after running 
for 14,000 miles, but a closed circuit system was 
used. 

Sir John Biles called attention to the fact 
that pulverised fuel was now being used on the 
Stuartstar,§ while the Yarrow firm and others were 
developing similar systems for employment with 
water-tube boilers. This marked an important 
advance, since future developments in steam 





* See ENGINEERING, vol. cxxiii, page 117 (1927). 
+ See EncrnreErina, vol. cxxii, page 198 (1926). 
+ See page 51 ante. 
§ See page 296 ante. 
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engineering must depend on the use of the water- 
tube boiler and the steam turbine. If pulverised fuel 
could be employed it would be a great advantage, as 
it would lead to reduced fuel consumption. The 
relative advantages of the various systems were 
being investigated by the Department of Scientific 
and Industrial Research on a ship lent by the 
Admiralty. The cost factor must not, however, 
be forgotten, for attractive improvements were 
often impossible for commercial reasons. 

The President pointed out that up to about 
750 deg. F., the tensile stress a steel would withstand 
increased slightly with the temperature. It then 
fell rapidly. For that reason the high-pressure 
boiler problem was one rather of temperature than 
of pressure. 

Mr. W. Marriner said the paper clearly indicated 
the interdependence of various branches of science 
and engineering. If it were possible to develop 
on the lines indicated, the reactions would be 
widespread. The space occupied by, and the 
weight of, the machinery could be reduced, 
bunkering space and the weight of fuel carried 
could be lessened, so that more room would be 
available for passengers and cargo, and an increased 
speed would be possible for the same fuel con- 
sumption. The architecture of the ship itself could 
probably be altered, and this again would lead to 
economies. 

The last speaker was Professor F. C. Lea, who 
said that the important point in regard to the 
materials used in high-pressure boilers was the 
limiting creep stress and not the maximum stress. 
A metal that could withstand a momentary stress of 
20 tons at a certain temperature would only with- 
stand 5 tons or 6 tons after it had been exposed 
to that stress for some time. Nickel-chrome steel 
was better than carbon steel, both as regards 
resistance to corrosion and temperature, but here 
again a steel of this kind when exposed to a 
temperature of 1,372 deg. F. for fifty-three days 
would break under a stress of 2 tons, while it 
would withstand 16 tons momentarily. 

A paper on “ An Investigation into the Throat 
Conditions during the Adiabatic Flow of Mercury 
Vapour through Nozzles” was then read by 
Mr. W. J. Kearton, the chair being occupied by 
Sir James Henderson. We shall reproduce this 
paper in a later issue, but it may be said here 
that it deals chiefly with the adiabatic flow through 
nozzles of mercury vapour in thermal equilibrium. 
An expression is deduced giving the ratio of 
throat pressure to initial pressure for expansions 
in which initially superheated vapour becomes 
dry and saturated before arriving at the throat 
of the nozzle. This ratio is sensibly constant. 
Other types of expansions are also considered. 

Professor A. L. Mellanby enquired as to the 
effect of frictional resistance in the nozzle. What 
happened when steam was expanded was very 
complicated. He also asked whether the effect 
of supersaturation had been considered. 

Sir James Henderson said the subject of the 
paper was of importance in connection with the 
use of mercury in boilers. His one criticism was 
whether there was any justification for the theory 
advanced when the velocities approached that of 
sound. Great care was necessary to avoid arguing 
in a circle and ascribing the results obtained to the 
wrong reasons. Recent experiments by Dr. Stanton 
had shown the existence of waves in flows of this 
kind. ‘This was not said to throw any cold water 
on Mr. Kearton’s work, but only to point out the 
a of making deductions from experimental 
results. 


(To be continued.) 








Vistr or His Magesty’s Consut GENERAL FROM 
San PRrancisco,—The Department of Overseas Trade, 
bos Old Queen-street, London, S.W.1, announces that 
a G. Campbell, His Majesty’s Consul-General to San 

Tancisco, will be in attendance at the Department, 
from September 13-18 inclusive, for the purpose of 
interviewing representatives of United Kingdom firms 
interested in the export of British goods to San Francisco 
— the Pacific coast of the United States of America. 
Mr. Campbell will subsequently visit certain commercial 
-~ industrial centres of the United Kingdom. Applica- 
i. ‘or interviews in London should be sent, without 
Gelay, to the Comptroller-General at the above address, 
quoting reference No. 4819/1/1928. 
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930-H.P. AIRLESS-INJECTION DIESEL 
ENGINE. 


On Wednesday last. Messrs. Davey, Paxman and 
Company, Limited, of Colchester, had on view at 
their works a Diesel engine intended for driving an 
alternator in a British power station, and fitted 
with the builder’s system of airless injection. With 
this system of fuel feeding, the injection pressure is 
not only moderate, viz., 1,050 lb. to 1,100 lb. per 
square inch, but this pressure is confined entirely to 
the steel forging in which is housed the injection 
valve. There is, therefore, no piping under high 
pressure, and there are thus no hysteresis effects due 
to the elastic deformation of the fuel pipe under a 
pressure which, in the case of certain systems of 
airless injection, has a normal value of 3,000 lb. per 
square inch with a possible maximum of more than 
three times as high. The arrangement adopted for 
this new engine was described and illustrated on 
page 224 of our last volume, and in principle remains 
unchanged. By means of a variable-stroke pump, the 
fuel oil is forced, at a pressure of 16 lb. per square inch, 
into a chamber bored in the injection-valve forging, 
which it enters through a set of three non-return ball 
valves arranged in series with each other. As it 
enters this chamber it forces back a plunger working oil 
tight in a steel sleeve. The head of this plunger 
backs on to a ram which is pressed against the plunger 
by a light spring. By the motion of the plunger this 
spring is compressed and the opposite end of the ram 
is caused to protrude from its housing by an amount 
which is strictly proportional to the charge which has 
been forced by the fuel pump into the oil chamber 
of the injection-valve block. The ram just mentioned 
is not a solid forging, but consists essentially of two 
discs mounted on a central spindle, but capable of 
motion relatively to each other by the compression 
of a very stiff helical spring inserted between them. 
This spring is given an initial compression of 3 in., 
and the resultant force tending to keep the discs apart 
causes the combination to move as a single unit when 
a charge of fuel is received from the pump. 

The entrance of the charge and consequent dis- 
placement of the plunger, causes the head of this 
compound ram to protrude from its housing into the 
path of the tappet end of a lever, which is oscillated to 
and fro by an eccentric on the engine camshaft. As 
the tappet moves in, it drives back the protruding 
end of the ram. The other end of the ram is held fast 
by the head of the plunger which abuts against it, 
and which, in its turn, cannot move because the oil 
at its opposite end cannot escape. The consequence is 
that the spring between the component parts of the 
compound ram receives an additional compression 
equal to the amount by which the head originally 
protruded from the forging in which it is mounted. 
A heavy load is thus thrown on to the plunger, and the 
pressure of the oil at the other end of it is thus raised 
to between 1,050 lb. to 1,100 lb. per square inch. 
At the appropriate moment, a cam-operated tappet 
relieves the injection valve from the pressure of a 
stiff spring. This valve then opens automatically under 
the pressure of the oil below a shoulder formed on the 
valve stem. A charge of oil is then instantly sprayed 
into the cylinder, the size of the charge being governed 
by the amount by which the spring between the two 
components of the compound ram has been com- 
pressed. This, in its turn, depends, as already ex- 
plained, on the quantity of oil delivered from the 
variable-stroke fuel pump, since the larger this is, the 
farther does the head of the compound ram protrude 
from its housing, and the greater is the distance through 
which the spring separating its components is com- 
pressed. 

With this system of fuel injection, the pressure 
spraying the oil into the engine cylinder is very nearly 
independent of the size of the charge, since 
additional compression given by the tappet to the 
spring of the compound ram is only a small fraction 
of the initial compression of this spring. Hence the 
spraying is very efficient at all loads, and there is, 
the makers state, never any deposit of carbon at the 
injection valve. One engine thus fitted has, it is 
stated, run for 9,040 hours during a period of 14 
months without requiring attention to the injection 
valves. Moreover, with the system of injection, the 
engine can be started under load, and several are at 
work driving pumps and compressors, to which they 
are coupled directly without the use of a clutch. It is 
further claimed that the engines will work without 
hand adjustment over a wide range of speeds. A 
single-cylinder engine designed to run at 300 r.p.m. 
will, it is stated, run steadily at 40 r.p.m. even when 
fitted with only a light flywheel. 

The engine on view last Wednesday had eight 
cylinders, 154 in. diameter by 20 in. stroke, and has 
been designed to develop 950 b,h.p. when running at 
its normal speed of 300 r.p.m. This is the rating 





of the engine for continuous operation, but an 
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overload of some 80 h.p. more can be taken for an 
hour or two. The engine was shown running on 
a;Prony brake at about 60 per cent. of its normal 
rating, the fuel used was B.P. grade B oil, and the 
exhaust was visible only when seen against a dark 
background. 

Four fuel pumps are used to feed the eight cylinders. 
These pumps are of the ram type, the in-stroke being 
effected by cams and the out-stroke by springs, which, 
on the return stroke, force back the outer ends of the 
plungers against a system of wedges, the position of 
which is varied by the governor in accordance with 
the load on the engine. With the wedges in their 
lowest position, the return stroke of the ram is zero 
and no fuel is pumped. By raising the wedges, longer 
and longer strokes are given, and the quantity of 
fuel pumped is proportionately increased. The inlet 
and discharge valves to these pumps consist, in each 
case, of two ball valves arranged in series, and a fifth 
ball valve, spring loaded, acts as a relief valve should 
there be a stoppage in the pipe line, causing the 
pressure to rise sensibly above its normal figure of 
16 lb. per square inch. A filter is fitted in each 
discharge pipe between the pump and the housing of 
the engine inlet valve. 

The governor is of the builder’s standard pendulum 
type, but the engine is also to be fitted with a run- 
away governor, operated by an oil-pressure relay, 
which will shut down the engine should the speed rise 
10 per cent. above the normal. Starting is effected by 
compressed air, but this will be supplied from a central 
service already existing at the station for which 
this new engine has been ordered. This starting 
air is admitted through independent cam-actuated 
starting valves, which are thrown out of action when 
the engine is fairly under way. 





LETTER TO THE EDITOR. 


THE VENTEX AIR FILTER. 
To tHE EpitTor OF ENGINEERING. 


Str,—In your issue of August 10 you published, 
under the above heading, a description of an invention 
for air cleaning which was represented as being con- 
structed and manufactured by ourselves. Although 
we are the designers and manufacturers of the complete 
ventilating and air-cleaning plants referred to, may we 
point out, in fairness to the inventor, that the patentees 
and manufacturers of the filter cells which we employ 
are Messrs. Ozonair, Limited, 96, Victoria-street, S.W. 

We should be glad if you would kindly publish this 
in order to remove any wrong impression which may 
have been created by the article in question. 

Yours faithfully, 
G. R. THURSFIELD, Director. 

Sturtevant Engineering Company, Limited, 

147, Queen Victoria-street, London, E.C.4. 

September 6, 1928. 





TENDERS.—We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British Possession and in foreign countries. Further 
details and information relating to these may be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case :—It is reported from Buenos Ayres that the Argen- 
tine Government is in the market for the purchase of 
light cars. (Ref. No. A.X. 6800).—The Department of 
Posts and Telegraphs, South Africa, is calling for tenders, 
to be presented by November 9, for the supply of wall- 
pattern telephones and extensions. (Ref. No. B.X. 4709). 
—Tenders are being invited by the Egyptian Ministry of 
Education for the supply of various materials required for 
model workshops, trade schools, &c., during the year 
1928-1929. Tenders will be received at the Stores 
Department of the Ministry of Education, Sharia Kasr-el- 
Aini, Cairo, up to October 1. Local representation is 
essential. (Ref. No. C. 2871.)—His Majesty’s Trade 
Commissioner in Winnipeg reports that the City of 
Saskatoon invites tenders, to be presented in Canada by 
October 10, for the supply and delivery of one 10,000- 
kw. steam turbo-alternator, condenser and auxiliary 
equipment, or, alternatively, one 7,500 kw. unit. (Ref. No. 
B.X. 4721.)—Two calls for tenders are reported from 
the South African Railways and Harbours, one for the 
supply of structural bridgework (Ref. No. A.X. 6816), 
and the other for the supply of steel boiler rivets (Ref. 
No. B.X. 4717). Tenders for both are to reach Johannes- 
burg by October 18. The same body also invite tenders, 
to be presented in Johannesburg by November 8, for 
the supply of electrically-driven overhead travelling 
cranes. (Ref. No. A.X. 6815.)—The City Electrical 
Engineers Department at Port Elizabeth, Cape Colony, 
is calling for tenders for the supply of mild-steel bases for 
lattice towers. Tenders are to be presented by September 
27. (Ref. No. A.X. 6814).—Tenders for the supply of 
steel tubular poles, are being invited by the Town Council 
of Johannesburg. The closing date is September 27. 
(Ref. No. A.X. 6813.)}—The Melbourne City Council is 
calling for tenders, to be presented in Australia by 
October 26, for the supply of totally-enclosed metal-clad 





switchgear. (Ref. No. B.X. 4698). 
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PULVERISED-FUEL BURNER FOR MARINE BOILERS. 
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THE BRAND SYSTEM OF PUL- 
VERISED FUEL. 


One of the most interesting contributions presented 
at last year’s summer meeting of the Institution of 
Naval Architects, at Cambridge, was that read, on 
July 12, by Engineer-Captain J. C. Brand. R.A.N., on 
‘** Pulverised Fuel for Marine Purposes.” The paper, 
which contained many illustrations of plant, will, no 
doubt, still be fresh in the minds of our readers; it 
was reprinted in our columns at the time, beginning 
on page 91 of volume cxxiv. Towards the end of his 
contribution, Captain Brand discussed the question of 
the use of unit pulverisers on board ship. It is inter- 
esting to recall, in this connection, that some five 
months after the paper was delivered at Cambridge, the 
8.S. Mercer crossed the Atlantic, arriving at Rotter- 
dam on December 8, 1927. The pulverised-coal instal- 
lation of this vessel, which is on the unit principle, 
was fully described in our issue of December 16 last, on 
page 788. Furthermore, we gave on page 296 of our 
issue of last week, a brief description of plant of similar 
type installed on board the British vessel, 8.8. Stuart- 
star. 

The tests quoted in Captain Brand’s paper were 
carried out on H.M.A.S. Sealark as long ago as Novem- 
ber and December 1918, and were, moreover, of 
comparatively short duration. The feeling has, there- 
fore, gained ground among engineers interested in the 
Brand system, that a large-scale test, occupying a 
considerable number of hours, had become necessary 
and would prove instructive. A test of this type, at 
which we were present for a short time, was recently 
undertaken by Mesurs. ““B & L” Powdered Fuel 
Limited, of York Mansion, Petty France, London, 
8.W.1, at their works at Barugh, near Barnsley, York- 
shire. The test, which lasted 12 hours, was conducted 
using an ordinary cylindrical Scotch marine boiler fired 
by means of the Brand system, and was commenced at 
8 a.m. on June 26 last. The furnace, or prefurnace, 
as the burner and its fittings are called, was of the 
vertical or ‘“‘U” type, and was similar to that illus- 
trated on page 94 of vol. cxxiv (1927). The steam gene- 
rated during the test was blown off, as there was no 
use forit. The feed water was stored in large graduated 
drums, and the amounts passing into the boiler were 
measured. The coal was pulverised on the spot in a 
Rema pulveriser, manufactured by Messrs. British 
Rema Manufacturing Company, of Halifax. 

The full figures relating to the test have now been 
supplied to us by Messrs. ‘“‘B& L” Powdered Fuel 
Limited. According to these data, the boiler, which 
was of the single-furnace type, was 7 ft. 7 in. in diameter, 
7 ft. 6 in. long, and had a heating surface of 430 sq. ft. 
No superheaters or economisers were fitted. The 
average steam pressure, on the gauge, was 110 lb. 
per sq. in., and the temperature of the feed water was 
55 deg. F. The coal used during the test was Darton 
Main slack ; it had a calorific value of 13,650 B.Th.U. 
per lb., and, when pulverised, had the following proxi- 
mate analysis:—Moisture, 0:3 per cent.; volatile 
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matter, 32-8 per cent.; fixed carbon, 57 per cent. ; 
and ash, 9-9 per cent. The total coal burned during 
the test was 3,824 lb., and the total water evaporated 
34,800 lb. The evaporation, per square foot of heating 
surface, per hour, was 6-7 lb.; the evaporation per lb. 
of coal (actual) was 9-1 lb., and that per lb. of coal, 
from and at 212 deg. F., was 11-1 1b. The calculated 
heat balance showed that the boiler had a gross effi- 
ciency of 77 -6 per cent., that 14-3 per cent. of the heat 
passed into the flue gases, that 0 -4 per cent. was lost in 
the ashes, and that 7-7 per cent. was lost by radiation 
or was otherwise unaccounted for. The flue-gas 
analysis gave an average percentage of carbonic acid 
gas of 15-3, of oxygen of 2-5, and of carbon monoxide 
of 0-9. The total ash in the coal consumed amounted 
to 351-7 lb. The ash and slag recovered from the 
furnace and from the combustion-chamber bottom 
totalled 262 lb.; that removed from the tubes and 
smoke box amounted to 701b. The total ash recovered, 
therefore, was 332 Ib., this being 94 per cent. of the 
original ash contained in the coal. These last figures 
are interesting in view of the complaints which have 
been made in the past regarding the emission of ash 
from the chimney stack when pulverised fuel is burnt 
under boilers. 

A seven-hour test conducted on May 23 last by 
Messrs. ‘‘ B & L” Powdered Fuel Limited, using the 
same boiler, fuel, and prefurnace was, in many 
respects, more satisfactory than that recorded above. 
According to figures supplied to us by the firm, the 
total coal burned in the seven-hour test was 2,436 lb. 
and the total water evaporated, 22,330 Ib. The gross 
efficiency of the boiler was 81 -04 per cent.. The heat 
passing into the flue gases was 16-2 per cent., that 
lost in the ashes was 0-3 per cent., and that lost by 
radiation and in other ways, amounted to only 2-46 
per cent. The coal used in the seven-hour test had a 
calorific value of 13,300 B.Th.U. per lb. The evapora- 
tion per square foot of heating surface per hour was 
7:4 lb.; the evaporation per lb. of coal (actual) was 
9-17 lb. ; and that per Ib. of coal, from and at 212 deg. 
F., 11-2 lb. The flue-gas analysis gave an average 
percentage of carbonic-acid gas of 16-7, of oxygen of 
0-9, and of carbon monoxide of 0-33. The fact that 
the twelve-hour test was not as satisfactory as the 
seven-hour test is stated to be probably due to the 
much coarser grinding of the fuel employed in the 
former case. In the boiler trial carried out on May 23, 
the sieving test showed that 84-5 per cent. of the fuel 
passed through a 200 I.M.M. sieve and 90-2 per cent. 
through a 150 I.M.M. sieve. In the test conducted on 
June 26, 76 per cent. of the pulverised fuel passed 
through a 150-mesh sieve, and, of the remaining 24 per 
cent., 23 per cent. passed through a 90-mesh sieve, 
leaving 1 per cent. of coarser material. 

The vertical type of prefurnace was thought'to be 
somewhat unpopular with marine engineers, for various 
reasons, in spite of the favourable results obtained by its 
use. The construction of a horizontal prefurnace was, 
therefore, decided upon, and this, while retaining all the 
main features of the vertical type, embodies some new 








items of interest. The horizontal-prefurnace,is shown 
in Figs. 1 and 2, on this page. The body is made of 
cast iron and is lined with fire brick. Built up round 
the exterior of the body, and enclosing it, is an asbestos 
mattress, and, in the intervening space, the secondary 
air circulates, as shown in Fig. 2. The secondary air, 
from the pre-heater situated in the uptake, is given an 
anti-clockwise motion by means of curved ribs, which 
form an integral part of the prefurnace body. It enters 
the prefurnace by way of longitudinal ports, cut in 
the flanged cylindrical casting, seen in Fig. 2, and is 
controlled by a rotating sleeve valve which may be 
opened or closed by means of the pinion gear shown 
towards the right in Fig. 1. The primary air and the 
pulverised coal, from the supply bin, pass down the 
burner pipe, seen in Fig. 2, and are given a clockwise 
motion, immediately prior to entering the prefurnace, 
by the spiral shown at A, which, incidentally, is made 
of a heat-resisting alloy. The final result is that, at the 
point of ignition, fuel, primary air, and secondary air 
are intimately mixed. The burner pipe itself is made 
of cast iron, and its exit end is flared; the burner 
spreader cone forms an integral part of the spiral. 
The size of the burner aperture, and consequently of the 
flame, may be regulated by means of the spindle B, 
Fig. 2. Perhaps the most interesting feature of the 
prefurnace is that the burner and all its fittings are 
bolted on to a bracket which, in turn, is mounted on a 
hinged door. The whole arrangement may therefore be 
swung open, in a manner similar to that of the breech- 
block of a gun, by the unscrewing of the two hinged 
bolts seen in Fig. 1. Needless to say, this gives ready 
access to the interior of the prefurnace and of the 
boiler furnace. A mica-covered observation window 
and a torch hole, for use when lighting up the burner, 
are provided on the front door plate. A second 
observation window is provided in the slag-pit door. 
A first trial, using: this horizontal prefurnace, was 
conducted as recently as August 10 and 11 last, at the 
Barugh Works. The test was of 24 hours’ duration 
and the same cylindrical Scotch marine boiler and fuel 
were employed. The calorific value of the fuel was, in 
this case, 13,300 B.Th.U. per lb. From figures furnished 
to us by the firm, it appears that the average steam 
pressure on the gauge was 115 Ib. per square inch, the 
temperature of the feed water, 58 deg. F., the total coal 
burned during the test, 7,010 Ib., and the total water 
evaporated, 61,990 lb. The evaporation, per square 
foot of heating surface per hour, was 6 -0 Ib., while that 
per lb. of coal (actual) was 8 -84 lb., and that per Ib. of 
coal, from and at 212 deg. F., 10-78 Ib. The analysis 
of the flue gases gave an average content of 14°7 
per cent. of carbon dioxide, 2-1 per cent. of oxygen, 
and 0-2 per cent. of carbon monoxide. The calculated 
heat balance showed that the boiler had a gross 
efficiency of 77-2 per cent., that 16-1 per cent. of the 
heat passed into the flue gases, that 0-2 per cent. was 
lost in the ashes, and that 6-5 per cent. was lost by 
radiation or was otherwise unaccounted for. Furnace 
temperatures of from 1,400 deg. to 1,500 deg. C. 
were recorded. Figures regarding ash recovery are not 
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included, but it is stated that an analysis of the smoke- 
box residue showed a carbon content of 1 -25 per cent. 
For a first trial, the results obtained.appear satisfactory, 
and it is interesting to note that, here again, fine grinding 
was employed, 81-5 per cent. of the fuel passing 
through a 200 I.M.M. mesh screen. The horizontal 
prefurnace is now well beyond the experimental stage, 
although, no doubt, additional improvements will be 
carried out from time to time in matters of detail. 
In view of the economic importance to this country of 
the increased use of pulverised coal, further develop- 
ments in the Brand system will be watched with 
interest. 








LABOUR NOTES. 


Tue outstanding feature of last week’s Trade Union 
Congress at Swansea was the decisive manner in which 
the delegates dealt with the disruptive tendencies of 
the Communist Party and its auxiliary, the National 
Minority Movement. On Tuesday, the following 
resolution was passed by an overwhelming majority :— 
“That this Congress, believing that the best interests 
of the workers can only be served by solidarity and 
unity of purpose, policy, and action, instructs the 
General Council to institute an inquiry into the pro- 
ceedings and methods of disruptive elements within 
the trade union movement, whether such elements 
manifest themselves amongst the unions or within the 
General Council itself, and to submit a report with 
recommendations to the affiliated organisations.” 





On Thursday, the General Council’s report on the 
Mond-Turner conferences was adopted on a card vote 
by 3,075,000 to 566,000, after an amendment, submitted 
by Mr. J. T. Brownlie on behalf of the Amalgamated 
Engineering Union, had been rejected by 2,921,000 to 
768,000. Mr. Brownlie’s amendment was in the 
following terms :—‘‘ That this section of the General 
Council’s report be received by the Congress as a record 
of the joint conference with the employers on industrial 
reconstruction, but having regard to the nature of the 
issues raised, which are vitally and fundamentally 
affecting the constitution of the affiliated unions and 
the future policy of the entire trade union movement, 
no definite decision thereon be determined at this 
Congress, but that the whole question be referred to the 
executives of the unions concerned for consideration, 
and that in the meantime joint discussions remain in 
abeyance, and the General Council be instructed accor- 
dingly.” The Amalgamated Engineering Union’s 
opposition was, no doubt, due to the fact that it has, 
for many years, now negotiated its own working con- 
ditions and wages and other questions with the Engi- 
neering and Allied Employers National Federation, 
and naturally hesitates to be bound by decisions on 
questions which its members have not considered 
and voted upon. In these circumstances, it was unfor- 
tunate that the bulk of the support for the amendment 
came from the Minority Movement’s adherents. 





At Friday’s sitting, a composite resolution was 
submitted by Mr. Brownlie, on behalf of the Amalga- 
mated Engineering Union, the Furnishing Trades 
Association, and the Glass and Metal Mechanics, calling 
upon the General Council to summon a world conference 
of the unions affiliated both to the Amsterdam and the 
Moscow Internationals, along with the unions affiliated 
to neither, in order to discuss ways and means of uniting 
the trade union movement under one national trade 
union within each country and internationally under 
the banner of one international. To further the pro- 
ject, the General Council were invited to work for the 
reconstruction of the Anglo-Russian Joint Advisory 
Council. The resolution was defeated on a card vote 
by 2,877,000 to 439,000. 





A resolution was unanimously adopted protesting 
against the many objectionable provisions contained in 
the Unemployment Insurance Acts, and demanding 
that the State contribution should be adjusted to 
allow the payment of not less than 20s. per week to 
workers of 18 years of age and over, with 10s. per week 
for wife or other adult dependant, and 5s. per week for 
each child. Another resolution which was adopted, 
called upon the General Council to appoint a Re- 
Organisation Commission, to review the situation of 
the Workers in the light of the material which it 
has at its disposal, and to formulate suggestions 
for the speedy reorganisation of the trade union 
movement. 





In the latest official report of the Associated Black- 
a and Smithy Workers’ Society, Mr. W. Lorimer, 
e General Secretary, alluding to the action of the 
i aymen's organisations in the recent wages negotia- 
1ons, ‘says :—‘ For sheer audacity the action of the 
es -. in negotiating a 2} per cent. reduction in the 
‘ges of railway shopmen in the absence of the 





accredited representatives of these workmen takes 
some beating, and that in spite of the fact that all are 
parties to machinery for adjusting such questions. But 
for the intervention of the craft unions some 7,000 men 
employed in the Manchester area would have been 
included in these reductions. Strenuous efforts were 
made to induce the companies’ representatives to with- 
draw their application for the reduction, but some five 
unions, chief among whom was the N.U.R., had already 
accepted, and your representatives had in consequence 
no alternative but to accept. The companies’ repre- 
sentatives intimated that the procedure in future would 
be strictly adhered to.” 





The resolution on the subject of the Washington 
Hours Convention passed by the Labour and Socialist 
International at its Congress in Brussels was as 
follows :—‘‘ The Congress expresses its indignation 
at the fact that nine years after the Washington Con- 
ference the Hours Convention has been ratified only 
by a small minority of Governments. It welcomes the 
ratification by Belgium and the conditional ratification 
by France, and the intention of the German Govern- 
ment to ratify. It is of the opinion that the Convention 
would have been ratified by a great majority of Euro- 
pean Governments after the London Conference of 
Ministers, except for the opposition of the Conservative 
Government of Great Britain. The British Govern- 
ment has not fulfilled the hopes based on the Con- 
ference of Ministers, but by proposing the revision of 
the Convention has given the signal for an international 
attack on the eight-hour day. The Congress protests 
strenuously against any attempt to weaken the Hours 
Convention ; such attempts are attacks on the cultural 
and political development of the working class.” 





What the Worker describes as a ‘fundamental 
decision ’’ on the question of rationalisation, was arrived 
at by the recent conference in London of the National 
Minority Movement. The ‘‘chief issue before the 
working class ’’ was declared to be “‘ to forget rationali- 
sation,’ and a new campaign programme was formu- 
lated for the guidance of members. It included (a) the 
adoption of a seven-hour day without a reduction in 
wages, and a six-hour day for miners and all other 
workers engaged in particularly dangerous trades, as 
well as for all workers under 18 years of age; (5) a 
progressive forward movement for higher time wages, 
a fight against the extension of piece-work, premium 
bonus and task work systems to time-working trades, 
the gradual abolition of existing systems of payment 
by results, and their substitution by time-work; (c) 
where piece-work rates and premium bonus are in 
force, the militant workers, while advocating the 
abolition of such systems, should meantime fight for a 
guaranteed minimum rate of time and a half on the 
time rate; (d) piecework prices and basic times in 
premium bonus to be determined by the factory com- 
mittees in consultation with the trade union, and all 
jobs given out to be under the supervision of the factory 
committees. 





Clause (e) committed the Movement to united 
resistance to attempts to lower wages, lengthen hours, 
or increase the intensity of labour; clause (f) to the 
abolition of overtime and full protection by the whole 
of the workers in each industry for those who resist 
overtime, the practice of extra shifts, speeding up, and 
worsening of conditions; clause (g) to equal pay for 
equal work; clause (h) to a rest pause of 10 minutes 
in each hour for all workers on the moving belt or plat- 
form system ; clause (¢) to repudiation of all forms of 
collaboration with the employers, negotiations to be 
confined to those necessary on a definite programme of 
wage advances, shorter hours, and protection and 
defence of workers’ interests in the shops; clause (j) to 
repudiation of all forms of profit-sharing, co-partner- 
ship, and sliding-scale wage agreements; and clause 
(k) to refusal by workers’ representatives on all local 
authorities to carry out any measures of State inter- 
ference with the workers and their trade unions and the 
employment of all local machinery in the assistance of 
the fighting workers. 





The other items in the programme were (1) organisa- 
tion of the unemployed into the N.U.W.C.M., with a 
working agreement with the trade unions, in order to 
carry on a struggle for work or full maintenance as a 
national obligation. The unemployed to be paid 
benefit at the rate of a minimum living wage, irrespec- 
tive of nationality or sex, and remuneration for so-called 
“‘ relief work” to be paid at the current rate of wages 
usual on such work ; (m) introduction of legislation for 
the better protection of workers in the factories; 
(n) fight against factory police, espionage, fines, black- 
lists, and victimisations ; and (0) repudiation of com- 
pany and non-political unionism. ‘‘ This Conference 
whole-heartedly pledges itself,’ the declaration con- 
cluded, ‘‘ to support the N.M.M. in its task of fighting 





capitalist rationalisation, and those who advocate it 
in the trade union movement.” 





The weekly official organ of the International Labour 
Office states that the President of the German National 
Institute for Employment Exchanges and Unemploy- 
ment Insurance recently issued to all Employment 
Exchanges a circular containing instructions on the 
subject of seasonal agricultural labour. German 
agricultural employers have been complaining for some 
time of difficulty in procuring labour. This they 
attribute largely to the recent Unemployment Insurance 
Act, which, they claim, diminishes the possibilities of 
recruiting. Whereas the old regulations made the 
granting of benefit conditional on a state of need and 
based the amount of benefit on the average local wage 
of an unskilled worker, the new legislation grants 
benefits to all insured persons able and willing to work 
and involuntarily unemployed, and calculates the 
benefit by reference to the average wage earned by the 
person concerned during the past three months. In 
the opinion of agricultural employers, the result of 
this is that seasonal industrial workers, who formerly 
took up employment in agriculture during the slack 
season, now find,it more profitable todraw the insurance 
benefit corresponding to the wages earned during the 
period of regular employment than to accept less highly 
paid work, such asagriculturallabour. Theinstructions 
which have now been issued read as follows :—“‘ All 
applicants for employment who, after thorough exami- 
nation, are recognised as fit for agricultural labour are 
to be directed to agricultural undertakings. Employ- 
ment exchanges are reminded of their obligation to 
withhold benefit from unemployed persons who refuse 
to accept agricultural work. A thorough revision must 
be carried out among persons in receipt of unemploy- 
ment insurance benefit whose occupation suggests 
that they have been formerly engaged in agriculture.” 





The Ministry of Labour has also issued an urgent 
appeal to the heads of industrial undertakings request- 
ing them not to engage agricultural workers during 
periods of increased activities, but to keep these 
vacancies for unemployed industrial workers. A more 
stringent order was issued by the Bavarian Government 
on March 8, 1928. After requesting the public autho- 
rities to have recourse regularly to the official employ- 
ment exchanges, and requiring contractors working for 
the State to utilise the public exchanges, the Order 
proceeds as follows:—‘‘In public undertakings, 
workers who appear qualified for agricultural employ- 
ment in view of their previous occupation and training 
must be dismissed forthwith if unmarried. If married, 
they are not to be dismissed except on the application 
of employment exchanges, and then only during periods 
of intense agricultural work, including harvests.” 





The official organ of the German Confederation of 
Trade Unions criticises these measures, and challenges 
the arguments on which they are based. According to 
this paper, there is no real difficulty in securing agricul- 
tural labour, and the prime necessity is to accustom 
German agricultural employers to the use of the public 
employment exchanges. The exodus of rural workers 
to the towns is regarded as normal and necessary, on 
the ground that the countryside cannot provide 
a livelihood for a population which is constantly 
increasing. If the labour needed for the exploitation 
of the land is to be kept in the country, the wages and 
living conditions of agricultural workers should first 
of all be improved. 


The principal subject discussed at a recent congress 
in Cologne of the German Federation of Foremen— 
which is affiliated to the German Federation of Salaried 
Employees—was the economic future of Germany. 
A resolution was adopted pointing out that the pros- 
perity of industry and the economic future of the 
country depended largely on the ability and training 
of foremen, but that good results could not be obtained 
if the employers pursued a mistaken policy as regards 
wages and prices. The congress called upon the 
Government to take effective steps to prevent the 
control of prices by cartels and trusts. Wages, it 
was contended, should be sufficient to enable workers 
to exercise a normal consuming power and develop 


culturally. 





Hypro-Etectric DEVELOPMENT IN CANADA.—-The 
prediction of the Minister of the Interior of Canada 
that 378,000 h.p. would be added to the total of the 
hydro-electric installations in the Dominion, during 
the first six or seven months of this year, has been 
well fulfilled. A recent review of the conditions indicates 
that during the whole year as much as 550,000 h.p. 
will be added, either in new developments or in additions 
to existing stations. It is expected that within the 
next few years a further 2,000,000 h.p. will be added 
by the completion of undertakings at present under 


construction. 
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THE INSTITUTE OF METALS. 
(Continued from page 302.) 
HiGH-TEMPERATURE RESISTANCE ALLOYs. 


THE last paper considered on Wednesday morning, 
September 5, last, the full title of which was “‘ Labora- 
tory Experiments on High-Temperature Resistance 
Alloys,” was by Dr. C. J. Smithells, Mr. 8. V. 
Williams, and Mr. J. W. Avery. The contribution 
was read in abstract by Mr. Williams, who stated 
that a series of nickel-chromium alloys containing 
from 10 per cent. to 60 per cent. of chromium, 
and a few ternary alloys containing tungsten and 
molybdenum, had been made from specially pure 
materials melted in hydrogen. They had been 
subjected, together with some commercial nickel- 
chromium alloys, to new forms of test for resistance 
to oxidation and to sag at high temperatures. We 
intend to publish this contribution to the proceedings 
in a forthcoming issue. 

The only speaker in the discussion was Mr. P. D. 
Oakley, who remarked that the paper constituted 
an example of the way in which specialised equip- 
ment and technique, evolved for one purpose, might 
be employed for the elucidation of a kindred problem. 
In this case the equipment and technique involved 
were specially associated with the manufacture of 
electric lamps. There might be other research 
laboratories with other specialised equipment which 
could advantageously be applied to the solution of 
important problems lying, perhaps, outside their 
normal scope. He had noticed that in the present 
investigation reduced nickel had given inferior 
results as compared with electrolytic nickel. It 
should be noted, however, that the nickel oxide was 
reduced in nickel boats at a lower temperature than 
that used for melting the electrolytic nickel in 
sillimanite boats when making the alloys. If, 
therefore, the difference was due to impurities in 
the reduced nickel, these must have been present in 
the original nickel oxide. The statements regarding 
sodium chromate were puzzling, and he would 
like to know where the sodium came from. A rough 
calculation suggested that if the loss in weight due 
to sodium chromate, were equal to the gain due 
to oxygen, the sodium was equivalent to 25 per cent. 
of the chromium oxidised. This seemed very high 
indeed. He would like to know if the authors had 
any information connecting temperature and life. 
In lamp manufacture the matter had, of course, 
been investigated with great thoroughness. Was 
there any corresponding relation for nickel-chromium 
wires? The effect of specific impurities on life 
would be deserving of investigation. 

Owing to lack of time the authors were asked to 
reply in writing, and the chairman adjourned the 
meeting until 10 a.m. on the following day. The 
afternoon was spent in visits to various works in 
Liverpool and the South Lancashire district. 


Dre-Castina ALLoyYs. 


The first item on the agenda on Thursday morning, 
September 6, comprised three papers dealing with 
the production and uses of die-casting alloys. At 
the suggestion of the chairman the three contri- 
butions were presented in turn by their respective 
authors and were taken together for the purpose 
of discussion. The first paper was entitled ‘‘ Die- 
Casting of Copper-Rich Alloys,” by Mr. R. Genders, 
Dr. R. C. Reader and Mr. V. T. S. Foster. It 
was presented by Mr. Genders, who stated that an 
exploratory examination of a wide range of alloys 
in the form of chill-cast bars and die-cast test pieces 
had indicated that a variety of alloys existed, 
suitable for die-casting, and offering mechanical 
properties to meet varying requirements. The 
second paper was by Messrs. 8. L. Archbutt and 
J. D. Grogan and Dr. J. W. Jenkin, and dealt with 
the “ Properties and Production of Aluminium Alloy 
Die-Casting.”’ It was read in abstract by Mr. Arch- 
butt, and is reproduced on page 342 of the present 
issue. The third contribution bore the title “ Die- 
Casting Alloys of Low Melting Point,” and was the 
work of Messrs. T. F. Russell, W. E. Goodrich, 
W. Cross, and N. P. Allen. This dealt with the 
properties and possibilities of 16 zinc-base alloys. 
In the absence of the authors and of Professor C. H. 
Desch, under whose direction the investigation has 
been carried out, the paper was presented to the 
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meeting by Dr. O. F. Hudson. We intend to 


reproduce the first and last of these contributions 
in subsequent issues. 

The discussion was opened by Dr. W. Rosenhain, 
who stated that, as chairman of the Committee on 
Die-Casting, under whose auspices the work had been 
carried out, he thought it might be advisable to 
give briefly the reasons why the investigations had 
been initiated. Some years ago the die-casting 
industry was not in as flourishing a condition as it 
might have been. To begin with, the term die- 
casting was not altogether a happy one. It sug- 
gested various distinct processes in the minds of 
engineers. The committee had received a form of 
mandate from the industry, which, in effect, was 
to assist manufacturers by ascertaining the physical 
and mechanical properties of metal die-castings. 
The question of mould design and materials 
were considerations of a secondary nature. These 
naturally had to be studied to some extent, but 
matters had only been pushed far enough to enable 
the various investigations to be carried out. The 
research workers and the Committee had collected 
a set of results regarding the properties of die-cast 
metals which they had been assured by the industry 
were of direct use. The question of the effect 
on the physical properties of alloys, of the applica- 
tion of pressure had yet to be dealt with as regards 
the two groups of alloys of higher melting points. 
He asked therefore that the members would take 
these figures as somewhat limited—limited by design 
to a series of particular questions. 

Mr. A. H. Mundey said that the die-casting indus- 
try still suffered as the result of a good deal of bad 
work carried out some 25 years previously. Metal- 
lurgists needed the confidence of engineers and 
consumers generally. The die-casting industry 
desired that users should be in a position to place 
their orders with assurance. He was _ himself 
responsible for the production of large numbers of 
die-castings of the low-melting-point alloys. He 
would therefore restrict his remarks to the paper by 
Mr. Russell and his co-workers. The authors had 
spoken of the several factors which were called into 
play during the die-casting operation. The first 
of these referred to the influence of temperature. 
He thought that the temperature of the metal 
should be only just high enough for it to be con- 
veniently worked. Likewise, the temperature of 
the mould should be as warm as was permissible 
and, taking these two factors together, it should 
be remembered that the metal should be almost on 
the point of depositing solidified matter when it 
entered the mould. The size and character of the 
gate affected the whole operation very much indeed. 
This question was occupying the very close attention 
of the designer and of the craftsman, who were 
collaborating closely in the matter. Finally, the 
type of pull on the lever, operating the plunger, was 
of the highest importance, and it should be remem- 
bered that the type of pull varied according to the 
particular work in hand. All the above factors 
depended again on the size and weight of the casting 
produced. 

The authors had called attention to irregularities 
in composition due to varying the type of pull. 
In one instance they had reduced the copper from 
3 per cent. to 1 per cent. This, however, was not 
a normal case, but it was quite a feasible and a 
moderately easy matter to carry out. If the lever 
were pulled very slowly indeed, at first, the higher- 
melting-point alloys became partially solidified and 
formed a kind of sponge, through which the lower- 
melting-point alloys were subsequently squeezed. 
Recent research had shown that the zinc-aluminium- 
copper alloys and other materials of the more 
viscous type could be pressure-cast most success- 
fully. Here again the nature of the pull was all- 
important. The authors had said little regarding 
mould material, and he was bound to say that 
this matter constituted one of their greatest 
troubles. The high-speed steel used for cores 
was expensive, both in first cost and as a result 
of the subsequent machining operations. It was 
apparently, however, the only material which could 
be employed successfully for that particular 
purpose. 

Dr. F. Johnson remarked that Mr. Genders 
and his co-workers had stated that experimental 
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heat-treatment had been carried out on a large 
number of their chill-cast bars. They haa not, 
apparently, carried out any corresponding heat- 
treatment on their die-cast specimens, neither 
had a simple annealing been tried. It seemed to 
him that die-cast specimens would benefit by 
some form of heat treatment. They gave in Fig. ] 
of their paper an illustration of their experimental 
die casting for test purposes. Some consideration 
should, he thought, have been shown in regard to 
the shrinkage in the gauge length of the test: bar. 
This might affect adversely the mechanical pro- 
perties of the bar, and might, or might not. have 
been corrected by suitable heat treatment. Turning 
to aluminium brass, the authors had stated that 
these alloys were slightly more expensive than the 
aluminium bronzes normally used. He could not 
understand why the former material should be 
more costly than the latter. The authors had 
done a good deal of work in connection with the 
immersion of specimens in molten aluminium 
bronze and 60:40 brass. The time of exposure 
had been one hour. This, he thought, was not 
a searching enough test ; in industry, the periods 
of exposure would be much longer. A chromium- 
plated steel might stand the treatment described 
for one hour, but in the course of actual works 
service it was doubtful whether the coating would 
prove satisfactory in the long run. 

Mr. R. B. Deeley, who confined his remarks 
to the paper by Messrs. Archbutt, Grogan and 
Jenkin, thought that, unfortunately, the authors 
had not made it clear that the aluminium-silicon 
alloys were at least asTgood as the other alloys 
tested. He contended that Fig. 10 did not 
constitute a really representative picture. The 
authors had not obtained the best possible results 
from their 12 per cent. silicon-alloy tubular casting. 
In their own works, the results obtained on castings 
of this type were very much the same as those 
yielded by the chill-cast bars referred to in the 
paper, and were, on an average, 1 ton per square inch 
higher than those recorded for the tubular casting. 
Better results would, in his opinion, have been 
gained if the casting had been made the other 
way up, in which case the molten alloy would 
have had less far to drop in the die. Again, the 
runner might have been sloped, i.e., the actual 
point of meeting of the runner and of the casting 
might have been inclined. The gate also could 
have been splayed out in each section of the die. 
In the case of the silicon alloys he would have 
placed a large well behind the gate in order to 
counteract the shrinkage of the alloys. 

Mr. J. G. Pearce stated that the comparative 
lack of attention to the mould material was a 
somewhat disappointing feature of the papers under 
consideration. The properties of the mould material, 
the design of the mould, and methods of practical 
operation had an important influence on_ the 
structural properties of the die-casting, and, as 
hinted in the paper on the copper-rich alloys, the 
cost of mould material and the life of the mould 
might be determining factors in the economics of 
the die-casting process. So pronounced was this 
influence that the mould and the casting could 
scarcely be considered independently. As had been 
illustrated in the report on the heterogeneity of 
steel ingots, presented at the recent annual meeting 
of the Iron and Steel Institute, the success which 
had attended the use of cast iron for moulds for 
many years past, combined with its cheapness as 
compared with any available alternative material, 
warranted its exploitation to the greatest possible 
extent. No information was given in any of the 
papers regarding the composition of the mould 
materials used, although it might be inferred 
that, either the general recommendations of 
Mortimer had been followed, or that the composition 
had been left to the founder. It was rather extra- 
ordinary that no attempt appeared to have been 
made to use heat-resisting iron, although free use 
was made of heat-resisting steels. In the paper 
on the copper-rich alloys, the cast irons were 
shown, in the immersion tests, to behave extr: mely 
well, with the exception of the bar containing hig 





phosphorus, but the result in this was scarcely 
comparative as it appeared to contain very tittle 
_ combined carbon. 
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Existing experience would have suggested the 
avoidance of alloys containing phosphorus, and 
more informative comparisons could have been 
made on a series of true heat-resisting irons. The 
use of permanent cast-iron moulds for making 
chilled iron castings had been common for many 
years, in the manufacture both of very large and 
very small parts, and in the production of steel 
ingots. A considerable technique had been developed 
in respect to the composition and design of the 
moulds, and of methods of operation. It need 
scarcely be said that the conditions of operation 
for making chilled-iron castings and steel ingots 
were much more severe on the mould than were 
those in any branch of die casting. The knowledge 
and experience gained in the sphere of ferrous 
metallurgy should have been utilised. If this were 
not done, unnecessary expenditure for experimental 
trials would result. 

Dr. W. H. J. Vernon said that in considering 
the permanence of zinc-base alloys it should be 
remembered that these materials were very reactive 
chemically. He had found that it was possible 
to obtain the evolution of hydrogen by adding 
water, at ordinary temperatures, to small particles 
of a zinc-base alloy, similar in composition to 
some of those materials employed by Mr. Russell 
and his co-workers. It was no wonder, therefore, 
that these alloys reacted with steam at high 
temperatures. Captain J. Cartland, who spoke 
next, stated that Mr. Archbutt and his colleagues 
had set out some of the factors which exerted an 
important influence on the success of the die-casting 
operation. The variables which might be called 
into play were almost limitless, and when new 
work was being undertaken, methods of trial and 
error had to be used at first. When, however, the 
correct pouring, and other conditions had been 
determined it was astonishing how closely the 
operators concerned could adhere to these conditions 
and produce continuously satisfactory castings. 
He had generally found that if sound castings, 
of a given type and pattern, could not be produced 
from the 12 per cent. silicon alloy, they could 
not be secured by using any other aluminium 
alloy; this might be said to be a kind of axiom. 
There was room for the copper-rich alloys in the 
die-casting industry, as soon as their properties 
and limitations were thoroughly understood. _Manu- 
facturers would like to use aluminium brass as 
opposed to aluminium bronze. The former was 
easier to machine and involved lower temperatures, 
with consequent decreased wear on the moulds ; 
moreover the material could be soldered. In 
works practice, however, it had not yet been 
possible to obtain a really satisfactory finish when 
utilising aluminium brass. 

Mr. W. E. Alkins asked Mr. Genders if he could 
give the meeting any information regarding the 
die-casting of copper alloys of high conductivity. 
Such alloys would find many applications, for 
example, in the special type of rail bonds used in 
electrified tracks, or in connection with the accessory 
fittings utilised in electric-railway overhead trans- 
mission systems. Dr. R. S. Hutton, who spoke 
next, emphasised the remarks made at the beginning 
of the discussion, by Dr. Rosenhain. He said that 
the object of these researches was to provide new 
information for various sections of the industry, and 
to increase the confidence of the user in die-casting 
alloys. He thought that much of the ignorance and 
distrust which had been felt in regard to die-castings 
was passing away. He wished to direct the atten- 
tion of the members to the high values for maximum 
proof stress recorded in the paper dealing with the 
copper-rich alloys. 


Dr. R. C. Reader, in his reply, stated that no 
heat-treating experiments had been carried out on 
their die-castings because the results obtained from 
the chill-cast bars were not promising enough to 
pwn this procedure. With regard to the 
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short. They had, however, obtained wide differences 
in the amount of attack on the various alloys tested, 
and some materials had shown their superiority 
over others in a fairly definite manner. Moreover, 


at 1,100 deg. C. could be spoken of as constituting 
quite a severe test. 
of 3 hours’ duration had also been made. The trouble 
experienced with chromium plating was that the 
coating tended to flake or peel off in layers until the 
underlying metal was exposed. He agreed with 
Captain Cartland that aluminium-brass castings 
were inclined to be drossy. In answer to Mr. 
Alkins’ question regarding copper die-cast alloys, he 
could only recommend a material consisting of 
copper, together with a very small percentage of 
silicon. 

Dr. J. W. Jenkin, who replied on behalf of Messrs. 
Archbutt, Grogan and himself, said that the sug- 
gestion had been put forward that they had not 
made out the best case for the aluminium-silicon 
alloy. The localised shrinkage referred to in the 
paper had indeed taken place, and they were only 
able to overcome this by making alterations in the 
casting conditions. It had also been pointed out 
that mechanical test results on the 12 per cent. 
silicon alloy, conducted in works, averaged 1 ton per 
square inch higher than those recorded in the 
laboratory for test pieces taken from the tubular 
casting. He might emphasise, however, that these 
test pieces were necessarily very small, and that the 
presence of very slight flaws might have an important 
bearing on the result. In conclusion. he thought that 
the production of the tubular casting with the 
mould the reverse way up would hardly have been 
practicable. The gate had certainly been splayed 
out at a later stage of the experiments. 


(To be continued.) 





THE INFLUENCE OF ENGINEERING 
ON CIVILISATION.* 
By Str Witu1am E tus, G.B.E., D.Eng. 


In choosing the subject for my address I had to 
decide whether to devote my attention to some branch 
of engineering in which I have been actively engaged 
during my working life, alluding specially to some of 
the technical problems involved, or to treat of engineer- 
ing in a less technical manner so as to interest any 
hearers or readers of this address who may not them- 
selves be actively engaged in the engineering profession. 
Knowing that the Engineering Section would be 
addressed on technical subjects by very distinguished 
engineers, I have decided to devote my address to 
speaking of the very extensive part which engineering 
in its many branches has taken, and is still taking, 
in connection with the amenities which are associated 
so closely with our domestic life, and indeed, our 
happiness. The enormous increase in population 
during the Nineteenth Century, coupled with the 
segregation of that population in industrial centres, 
arising out of the extraordinarily rapid development 
of industry in this and other countries during that 
period, has introduced new problems in connection 
with health and transport, and it has been the task 
of engineering in its many branches to deal with these 
problems. 

In the early part of the Nineteenth Century main 
roads did not exist in this country to any great extent, 
and these roads were in a very inferior condition. 
Pack horse transport was still in vogue, and until 
1850 a well-organised system of mail coaches was the 
principal means of passenger transport. 

I find on reading the history of the early pioneers, 
both in engineering and metallurgy, that they had 
to meet conditions similar to those which exist 
to-day, that is to say, they had to force their ideas 
on to a rather unwilling public in order to get 
them introduced, and in many cases they did not 
reap the reward of their enterprise. Boulton and 
Watt had a desperate struggle for their existence. 
Stephenson had great difficulty in even getting his 
engine tried amongst those competing for the Liverpool 
to Manchester railway, and yet was the only successful 
survivor of the trials. To-day the fate of the inventor 
is little less hard. In many cases he finds his invention 
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part of the last century realised that special attention 
would have to be devoted to an education which would 
combine a practical knowledge of engineering with a 
course of technical education of a high level. This was 
also associated with a preliminary examination to 
ensure that their students should have a sufficient 
| grounding in general knowledge to enable them to 
apply themselves with success to the more intricate 
technical problems incident to their profession. This 
action on the part of these institutions has been fully 
rewarded by bringing into existence a body of highly 
trained engineers with special knowledge of the different 
branches of engineering, and, therefore, well able to 
lead our profession forward in the great developments 
which are still taking place in all branches of engi- 
neering. 

The various branches of engineering I propose to 
allude to shortly in detail are as follows :—(1) Civil 
engineering. (2) Transport. (3) Shipbuilding, including 
marine engineering. (4) Mechanical engineering. (5) 
Mining engineering. (6) Electrical engineering. 

Civil Engineering.—The point which appears to me 
to stand out prominently in this branch of the pro- 
fession is the fact that the structures to be dealt with 
are in many cases of an enormously costly nature, and 
have to be carried out with such careful study and 
comprehension of the varying problems to be dealt 
with so as to ensure permanent efficiency and safety 
in the future. 

The great reservoirs and harbours of the world may 
be regarded as the cathedrals of engineering. Through- 
out the world will be found monuments to the skill of the 
civil engineer, and the very existence of the population 
in our large cities in health and comfort is the result of 
his work, for without an ample and reliable supply of 
water of good quality, both for personal and industrial 
| use, and an efficient drainage control, our death-rate 
| would indeed be very different from what it is. If 
| we turn for a moment either to India with its great 
| barrage enterprise, or Egypt, with the noble Assouan 
;and Sennaar dams, truly outstanding works of the 
| civil engineer, we find the prosperity of these countries 
largely resulting from the magnificent irrigation works 
which have been carried out there. Special develop- 
ment of produce growing in many countries is only 
being limited by the fact that insufficient irrigation 
works have so far been carried out. New Mexico and 
Arizona are two great provinces with potentially fertile 
land available for agricultural development, but they 
are so short of water that irrigation is an absolute 
necessity. 

The large increase in tonnage of ocean-going vessels 
has resulted in the necessity for larger docks and harbour 
basins, and the development of railways all over the 
world, many of them in difficult mountainous countries 
has given the civil engineer a great opportunity in 
designing bridges for carrying this heavy traffic. 

Transport.—It may truthfully be said that the 
development of the potential wealth of any country 
depends mainly on the means of transport, both 
personal and industrial. 

The comparison of travel to-day both by land and 
sea, with my early journeys in Europe nearly fifty years 
ago emphasises in my mind how much we are indebted 
to the engineer, in the way of personal safety and 
comfort and also prompt delivery of our products. 
A journey in the Balkans in the winter of 1881 when 
sleeping cars and restaurant cars were almost unknown, 
and when the largest vessel sailing from Mediterranean 
ports was in the neighbourhood of 4,000 tons, compares 
very unfavourably in speed and personal comfort with 
the facilities which are available to-day. The comfort 
and safety of modern travel is to my mind one of the 
glories of modern civilization. The 40,000 to 50,000 
ton Atlantic liner, embracing as it does almost every 
class of engineering skill, is not only an example of 
artistic beauty, but is one of the finest instances of 
human power combating the forces of nature. To be on 
one of these vessels driving into a gale at twenty knots 
is an experience never to be forgotten, and we are glad 
to realise what a large share the shipbuilding firms 
of Glasgow have had in the development of these large 
Atlantic liners. 

Railway transport has also made great progress in all 
measures affecting personal safety and the efficient 
carrying of our various products. The railway 
engineers have every reason to be proud of their 
management of the complex organisation represented 
by the great railway systems all over the world. We 
personally are much safer travelling in an express train 
than we are crossing the streets of a great city, and I 
think we may justly be satisfied by the fact that in no 
country do the railways afford more comfortable or 
more rapid travelling facilities than in our own. The 
railway engineer has still some very interesting problems 
to face. Heavier and more powerful locomotives are 
the natural outcome of the demand for heavier freight 
trains. The civil engineer of a railway company cannot 
deal with this problem without strengthening bridges 
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All these developments involve large capital expendi- 
ture, which it is not convenient for many railway 
companies to undertake at the present time. 

The question of the railway companies developing 
motor services to meet the competition of road transport 
has been the subject of legislation during the present 
year. I think the public acquiesce generally in the 
feeling that as the railway companies pay such a large 
proportion of the rates of the districts through which 
they have travelling facilities, it is only right they 
should develop road transport in connection with their 
traffic in view of the serious competition which they 
have to face. 

Transport by road has undoubtedly been very much 
facilitated by the large sums which the Ministry of 
Transport has had available for the purpose of re- 
making and generally improving our main roads, and 
careful study has been devoted of late years to the 
selection of suitable material for this purpose. Con- 
sequently, in the last ten years there has been an 
immense improvement in the quality and design of our 
main roads, more so than in any previous decade. 

It appears to me that one question which has hardly 
been touched to any extent at present is the desirability 
of increasing very largely the number of by-pass roads 
to divert heavy traffic from passing through large 
towns, and even villages, which are now suffering 
severely from congestion of traffic in their altogether 
too narrow thoroughfares. 

Naval Architecture.—This comprises shipbuilding 
and marine engineering and represents a very im- 
portant part of my subject, dealing, as it does, 
with the transport by sea and lakes of food and 
materials, and with the comfort and safety of the 
many thousands of passengers travelling to and from 
this country. The wooden vessel in the early part of 
the last century held its own very stubbornly against 
the introduction of iron or steel vessels, and the mecha- 
nically-propelled vessel had to fight very hard to oust 
the very efficient sailing vessels which were then 
carrying the trade of the world. I imagine that some 
of my audience with artistic tastes will not be willing 
to admit that the beauty of the present type of mecha- 
nically-propelled vessel is comparable with the pictu- 
resque five- and six-mast sailing vessels which we used 
to see in our earlier days. This country has undoubtedly 
been the pioneer in the building of large warships 
and passenger liners, also in the development of the 
very large horse-power therefor. The considerable 
increase in the tonnage of ships brought with it the 
necessity for a corresponding increase in the mechanical 
appliances in connection with their construction. 
The trial runs carried out before a new ship is taken over 
by her owners are a severe test of the excellence of 
workmanship. They are a necessary test to ensure 
that long voyages of five to six weeks with machinery 
running continuously at nearly full power can be under- 
taken without fear of trouble arising from heated 
bearings or other causes. A new ship may be exposed 
to such rough weather on her first voyage that unless 
her plating and riveting are carried out in a first-rate 
manner, she may arrive in her first port in a damaged 
condition. Some of us still remember how, during 
the war, new ships, built in other countries, were 
seriously damaged owing to the workmanship not being 
of a sufficiently good character. The handling of thick 
plates of large surfaces and the riveting of them satis- 
factorily to the frames stili remains a laborious and 
trying piece of work for those engaged upon it, although 
mechanical means exist to some extent. Glasgow has 
taken a leading part in providing men, who, in all 
weathers and under conditions rendered difficult by 
the magnitude of modern vessels, maintain the high 
level of efficiency which is represented in the .con- 
struction of these large hulls. 

The vessels of the greatest tonnage built on the 
Clyde have been the Aquitania (46,000 tons) and the 
Lusitania (32,500 tons). Other large vessels built in 
the British Isles have been the Olympic (46,439 tons) 
and the Mauretania (30,696 tons). Since the war there 
has been a lull in the building of liners of large tonnage 
and horse-power, caused, no doubt, by financial consi- 
derations, but it is gratifying to know that two large 
shipowning companies sre at the present time contem- 
plating building vessels up to 1,000 ft. in length with 
a speed of over twenty knots. 

Shipbuilding is especially interesting inasmuch as it 
combines in one structure the varied efforts of almost 
every class of artisan dealing with both iron and steel 
and cabinet-making and woodworking generally, in 
addition, of course, to the large and varied amount of 
mechanical engineering. In marine engineering the 
last fifty years have, indeed, a most interesting record 
of progress, and in very early years such firms as 
Humphreys Tennant, Maudsley, Son and Field, and 
other firms no longer in existence, introduced a measure 
of precision into mechanical engineering probably not 
then existing in any other branch of the industry. 
High- and low-pressure triple-expansion engines held 
their own for a considerable period, and it was, I 





suppose, the interesting trials of the Turbinia which 
brought about the first change from this method. 

The introduction of geared turbines, so as to arrive 
at relatively efficient speed as between engine revolu- 
tions and propeller revolutions, has brought about 
valuable economies and helped the turbine principle 
to maintain its reputation. The development of internal 
combustion engines for marine purposes has made 
great strides in recent years. Various types of these 
engines are already in active service, and a horse-power 
of 36,000 on four propellers has already been achieved 
with efficiency ; probably the limit has not yet been 
reached. The use of oil instead of coal on board ship, 


especially for passenger purposes, presents a number of | 


advantages, and anyone who has visited the stokehold 
of a large passenger liner with the hundreds of men stok- 
ing with coal must realise the immense advantage, 
both physical and otherwise, which results from oil 
burning directly under the boilers. All inconvenience 
caused by dust in re-coaling is avoided, and the boiler 
tending is carried out by young mechanical engineers, 
doing away with all the labour required by coal burning. 
In a vessel of large tonnage the saving in wages and 
maintenance of several hundreds of stokers represents 
an enormous economy in many directions. The ques- 
tion of larger horse-power and/or electrically driven 
ships is one of the problems which marine engineers 
are at present turning their minds to. 

A new development which is now being introduced 
is the use of considerably higher steam pressures in 
boilers. The first application of this was the King 
George V, a boat built last year on the Clyde, and our 
section has been favoured with a paper from Mr. 
Harold Yarrow dealing with some of the problems 
which have arisen in introducing high pressures. 
As you will have gathered from his paper, these prob- 
lems are not solely those of the engineer who has to build 
the boilers. They are closely associated with steel 
and metallurgical questions incident to the special 
manufacture of parts of the boilers owing to the much 
greater strength required. Many of my audience, no 
doubt, have been interested in the valuable information 
we have received from the paper in question. 

The defence of our country depends very largely on 
the efficiency of our warships, and it is impossible to 
speak too highly of the wonderful reliability shown by the 
vessels of our Navy during the late war, thanks to the 
efficiency of the engineering branch of the service, and 
the determination of the various builders in this country 
to produce vessels representing the highest standards of 
engineering efficiency. Our country, I hope, realises 
how much we owe to the engineering branch of the 
Navy for the well-proved efficiency and courage of its 
officers and men of all ranks in the late war. I believe 
that no vessel of our enormous fleet failed in action 
owing to breakdown of machinery, and the conditions 
under which the engineering staff find themselves in 
active warfare must be a severe strain on their courage. 
The response to the sudden call on the two battle- 
cruisers, which had already been on active service for 
a considerable time, to make the voyage at full speed 
to the Falkland Islands to engage the German Fleet, 
represented an engineering feat of a very high order. 

In the mercantile marine we have great cause for 
thankfulness in the developments which have taken 
place, resulting in a very much greater comfort at 
sea. These efforts are naturally limited by the sizes 
of the harbours between which the vessels have to 
trade, but when we come to ocean liners the study 
which naval architecture has given to the production 
of these great vessels has resulted in our being able to 
visit different parts of the world with a comfort which 
is equal to that provided by the best hotels in any of 
our great cities. Shipbuilding and marine engineering 
have indeed taken a noble part in assisting the march of 
civilisation and adding to our comforts in every possible 
way. 

Mechanical Engineering.—It is difficult to regard 
mechanical engineering literally as a separate branch 


of engineering, for although numerically, I suppose, | 


the mechanical engineers exceed the numbers of any 
other branch, nearly all their duties are associated with 
other types of engineering. 

In connection with civil engineering all the plant 
occupied in harbour, dock and railway construction is 
in the hands of the mechanical engineer. Also in 
transport and marine engineering the mechanical 
engineer is largely engaged in the building of both 
locomotives and marine engines and other types of 
auxiliary machinery for these purposes. 

In electrical engineering, although this branch no 
doubt includes engineers without mechanical training, 
I would venture to say that the engineer is in an 
infinitely stronger position if he has received some 
training first as a mechanical engineer and specialised 
in electrical engineering afterwards. 

A further important branch of the mechanical 
engineer’s work is represented by the maintenance of 
machinery in the large steel works throughout the 
country and in the mills and factories of all descriptions. 


The directors of these companies are largely dependent 
on the advice of the engineer-in-charge in giving 
consideration to developments, and the introduction of 
new types of plant to maintain production on an 
economic basis. 

In mechanical engineering I must include the yery 
important subject of machine-tool construction, a 
branch of engineering which has made very great 
strides, and introduced many changes of design to meet 
new requirements in the last thirty years. Mass 
production on an economical basis in many industries 
has been the direct result of various tool-makers being 
able to produce special tools confined to the production 
of thousands of identical articles of a complicated 
design. I refer to articles produced at a cost of one- 
tenth to one-twentieth of what would be possible 
without machine tools specially designed for the 
purpose. 

The introduction of high speed tool steel enabling 
far heavier cuts to be taken both by lathes and planing 
machines has rendered obsolete a large quantity of 
machine tools throughout the country, and the intro- 
duction of the electric drive has also brought about 
great changes in the design of machine tools. We hear 
to-day of some works in other countries without a 
single machine tool at work of pre-war date, a most 
desirable state of things, but one which, unhappily, 
the economic circumstances in this country have ren- 
dered impossible up till the present time. In principle 
we have to admit that with our relatively high wages 
and general charges on industry, taxation, &c., it is not 
economical to continue to use machine tools which 
can be superseded by modern tools doing a greater 
volume of work in a given time, but many firms through- 
out the country are only able to act on this principle 
gradually owing to financial reasons. 

We hear very strong rumours of the advent of a new 
type of tool steel, if it can be called steel at all, which 
is going to bring about a greater change in output 
than was represented by the introduction of high speed 
steel some years ago. If this becomes an accomplished 
fact it is good news for the toolmakers throughout the 





country, although it may not be equally welcomed by 
the many large firms already equipped at considerable 
capital charge with reasonably modern tools. With 
such keen competition, however, and the power of 
over production at present existing in the country, no 
firm can afford to ignore the march of progress, and will 
have to recognise the necessity for introducing machine 
tools of the most efficient type even at considerable 
financial sacrifice. 

May I make a suggestion to the toolmakers in this 
country ? When we are putting down an important new 
machine tool I find the makers will give every possible 
help in meeting our requirements in design and output, 
but they rarely follow up and ascertain what the real 
performance of the tool has been. To many of them 
‘**no news is good news.” I think this is a mistake on 
their part. How many improvements and modifica- 
tions, probably saving their clients money, could be 
made if they would periodically send the designer or 
chief draughtsman round to the works where these 
machines are actually at work and ascertain at first 
hand from the foreman and even the workman what 
criticisms they have to make, and accept for careful 
consideration any suggestions that may be put forward 
based on personal knowledge of the output of the 
machine. 


(To be continued.) 





Motor VEHICLES IN SouTH CELEBES.—According to 
statistics received by the Department of Overseas 
Trade, 35, Old Queen-street, London, S8.W.1 from the 
British commercial agent to the Netherland East Indies, 
the number of motor vehicles in use in South Celebes 
and surrounding districts, on June 30, 1928, were as 
follows :—Private cars, 619 ; lorries and omnibuses, 
349. 

Hypro-Exectric Power 1N Iraty.—The develop- 
ment of the installations for utilising the hydraulic power 
| available in Italy is under the jurisdiction of the country’s 
| Public Works Department, and particulars concerning 
the plants having a nominal power exceeding 300-h.p., 
| are regularly published in the Annali dei Lavori Pubblici. 
| In the course of 1927, as many as 21 new installations 
| distributed over eight Italian provinces were commenced ; 
these are designed to develop a total of 204,822 h.p. 
This figure is below that for the preceding year, when 
plants designed to develop 306,000 h.p. were put in 
hand. During the twelve months of 1927, the new plants 
which started working numbered 35, developing a total 
of 265,494 h.p. To this figure there should be added 
about 2,700 h.p., obtained by additions in 1927 to 
existing plants, giving a grand total of over 268,000 h.p. 
On December 31, 1927, there were throughout Italy 
78 new hydraulic power plants in course of construction, 
of a capacity of 998,840 h.p., these figures including the 
21 plants above referred to. There were besides addi- 
tions in course of progress to 10 others, for an — 
89,215 h.p., giving a total of 1,088,055 h.p., which wil 
be available in the near future. Of this total, 75 per 
cent, will be in Northern Italy, 17-6 per cent. in Central 
Italy and 7-4 per cent. in Southern Italy. 
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THE DESIGN AND CONSTRUCTION 
OF HIGH-PRESSURE WATER-TUBE 


BOILERS.* 
By H. E. Yarrow, 


In reviewing recent developments in boiler design, 
the increase in steam pressures and temperatures is one 
of the outstanding features, and there has been con- 
siderable progress along this line in recent years. The 
demand for cheap electric power has resulted in a 
much-improved overall efficiency, due partly to the 
boiler and superheater delivering steam at such pres- 
sures and temperatures as can be used more efficiently, 
as well as by reducing the temperature of the escaping 
gases, thereby utilising more of the heat in the 
fuel. 

Not only have land installations benefited by the 
recent advance in boiler design, but, in the mercantile 
marine, high-pressure steam installations have now 
been successfully introduced into many passenger 
and cargo vessels in reply to the challenge of the Diesel 
engine, which some authorities, a few years ago, con- 
sidered would supersede the use of steam for ship 
propulsion. 

The progress made by steam plants within the past 
decade, and their prospects for the future, are concisely 
shown by the curves in Figs. 1 and 2, which present 
reductions of graphs originally given by Professors 
Mellanby and Kerr.+ In Fig. 1 the thermal efficien- 
cies reached and considered ultimately attainable for 
land plants of a high class are shown in a general way. 
The corresponding performances for marine installa- 
tions are shown in Fig. 2. Points marked A and B are 
representative of the best practice in 1918 and 1928, 
respectively, while the terminal point C on the curves 
indicates the ultimate limits considered by these 
authors to be possible to steam plants by the full 
exploitation of high pressures and temperatures, the 
best features of the modern steam cycle, such as re- 
heating and feed-heating, and the development and 
employment of the best materials of to-day. 

A marine installation is hardly able to attain the 
same upper limit as a land plant, but the possibility 
of improvement is stimulating and shows that, even 
on a thermal efficiency basis, the marine steam plant 
is not necessarily much lower than the internal- 
combustion engine. It will be admitted that it 
possesses other advantages over its rival that are not 
readily assessable on a thermal basis. 

While, no doubt, the improvements in steam plant 
efficiencies are, to a great extent, due to developments 
in the turbine and the thermo-dynamic cycle on which 
it operates and with which the Hon. Sir Charles Parsons 
is so closely associated, the great forward steps in 
boiler design and construction for high pressures have 
contributed in no small degree to the advances which 
have been made. The main line of progress has been 
in water-tube types which must, of necessity, be 
adopted for the high steam pressures. 

Increased pressure involves increased expansion and, 
in order to meet the wetness difficulty, the maximum 
initial superheat or reheating is necessary. In order, 
therefore, to utilise steam to the best advantage, 
temperatures as well as pressures must be increased 
so that the overall efficiency of the plant is improved, 
and a boiler designer has to study both pressure and 
temperature problems. 

There are now installations in operation at pressures 
exceeding 1,250 lb. per square inch which are said 
to be working satisfactorily. Still higher pressures 
promise a slight thermo-dynamic gain, but probably 
too little to justify much advance beyond that limit 
of pressure under present conditions. 

lt has been estimated by the authors previously 
referred to that, taking as the “cycle limit,” initial 
steam conditions of 1,250 lb. per square inch and 
900 deg. F. with two re-heating and eight feed-heating 
Stages, the consumption of about 0-37 Ib. of oil or 
9°56 lb. of coal per horse-power-hour might be 
expected. This is the value corresponding with the 
point C on Fig. 1, and, although such low consumption 
figures are not yet commercially practicable, the 
time may not be far distant when these high efficiencies 
will be realised. 

: The building of super-power stations has resulted 
in boilers of very large capacity being constructed, 
anc units evaporating 300,000 Ib. to 400,000 Ib. of 
steam per hour are now operating. There is a tendency 
to increase the rating of water-tube boilers for power- 
station work by reducing the steam generating surface 
and recovering the heat from the waste gases by 
other means, such as air preheating. This has the 
vantage of cheapening the first cost of the installation 
’y reducing the high pressure and, therefore, the 
more expensive, portion of the boiler equipment and 
replacing it by cheaper surface, such as air-heating 





* Paper read before Section G of the British Association 
at Glasgow on Friday, September 7, 1928. 
' “The Use and Economy of High-Pressure Steam.” 
1c. I, Mech, E., February, 1927, Vol. I, page 53. 
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generating surface may be reduced for a certain 
output, this reduction is made in the surface exposed 
only to convection. whereas the tendency is to increase, 
and not diminish, the surface exposed to direct 
radiation. 

Another aspect that affects the boiler surface is 
the steam pressure for which the plant is designed. 
The higher the steam pressure, the higher the 
temperature of water in the boiler, and, therefore, 
a larger surface is required to reduce the temperature 
of the gases as compared with a low-pressure boiler. 


Fig.1. 
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MARINE PLANT EFFICIENCIES. 
BOILER-TURBINE-CONDENSER SYSTEM ONLY 
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For this reason, also, it is more economical, from the 
point of view of capital cost, to allow the gases to 
leave the boiler at a comparatively high temperature 
and recover the heat in other ways. 

The design of the boiler cannot be  dissoci- 
ated from the kind of fuel that is to be used and 
the method of burning it. A large combustion 
chamber is advantageous to permit of complete 
combustion of fuel with less excess air, thereby 
raising the furnace temperature. A high furnace 
temperature gives the designer the opportunity of 
distributing the surface in such a way that a large 
proportion is exposed to direct radiation, an important 
feature in modern boiler design. Pulverised fuel 
has led to the adoption of still larger areas exposed 
to direct radiation by the addition of water-cooled 
walls, which are at a lower temperature than the 
fusing point of the ash that falls on them, thus 
preventing the formation of slag. 








The heat leaving the boiler is, generally, in a modern 


| ; 
surface, and thereby presenting a more attractive| plant recovered by air preheaters alone or by 
selling price to the purchaser. Although the steam | economisers and air-heaters together. 


In the case 
of burning pulverised fuel or oil, there appears to be 
no limit to which the air may be heated and, there- 
fore, the most economical arrangement would be to 
recover the heat entirely by air preheaters. 

With mechanical grates an air temperature of 
400 deg. F. is approaching the limit, if the cost 
of repairs is to be kept within a reasonable figure, 
although, with the introduction of heat-resisting 
materials, there is no reason why air temperatures 
considerably higher should not be employed satis- 
factorily. 

With certain fuels the difficulty remains of ensuring 
the satisfactory disintegration of coal when fed in 
the solid form on to grates supplied with highly 
preheated air. 

The necessity of rapid circulation in a modern boiler 
is obvious so that the steam bubbles may be swept 
away as soon as they are formed. As the pressure 
increases, the steam bubbles become smaller and the 
circulation tends to diminish. Therefore, with high- 
pressure boilers, it is still more important that every 
encouragement should be given to the water to circulate 
freely, and tubes well inclined and as straight as possible 
are preferable. Trouble has been experienced in 
water-cooled furnace walls, due to faulty circulation, 
and the design of these connections requires most 
careful consideration. 

Pure feed water only should be furnished to high- 
pressure boilers as the rate of heat transfer in all water- 
tube boilers is very rapid in the tubes exposed both to 
direct radiation as well as convection, and the formatiou 
of any scale, due to impure water, leads to the over- 
heating and burning of the tubes. 

As boiler pressures increase, so does it become more 
important to reduce, or if possible to eliminate, riveted 
and bolted joints and to adopt drums or headers of a 
circular section. Steelmakers are now able to supply 
hollow forged drums at a reasonable price and, although 
still more expensive than a built-up drum, it is desirable 
to adopt forged drums with riveted ends at pressures 
exceeding 500 Ib. to 600 Ib. per sq. in. At very high 
pressures of 1,000 lb. forged drums with closed-in ends 
can be used, in which case rivets are entirely eliminated. 

The method of manufacturing hollow forged drums, 
as carried out by Messrs. John Brown and Company, 
Limited, Sheffield, may be of interest, especially as this 
firm have manufactured a considerable number. 

Homogeneity as regards composition and freedom 
from defects is essential for forgings which are highly 
stressed. These characteristics are obtained by the 
production of steel from selected materials in the acid 
open-hearth furnaces, this process enabling an adequate 
degree of deoxidation and proper finishing conditions 
to be obtained. The casting of the large steel ingots 
requires to be carefully carried out so that the proper 
casting temperatures and speeds of teeming are ensured. 
The moulds used are specially designed and have 
large refractory-lined feeder heads, and thus the possi- 
bility of mechanical troubles from shrinkage effects 
is prevented. 

In order to ensure sound material in the actual 
forging, sufficient metal is removed from the top of the 
ingot. When cold, the ingots are cut to length and a 
hole of considerable diameter is trepanned through 
them so that the centre of the ingot is removed and a 
careful examination of the ingot, internally and exter- 
nally, can be made. The forging process adopted en- 
sures a very thorough working of the steel, the ingot 
being both expanded and drawn; that is to say, the steel 
is worked both circumferentially and longitudinally. 

Up to this point, the work for cylindrical drums and 
drums with closed-in ends is similar, but the remaining 
processes vary for the different types of drum. With 
regard to the cylindrical drums, these receive the requi- 
site heat treatment immediately after the completion of 
the forging. In the case of drums with closed-in ends, 
these are bored after the completion of the forging pro- 
cess and, when cut to length, are closed in. Particular 
care is taken in the closing in of boiler ends to ensure 
that deformation of the material takes place gradually. 
The forgings are then carefully heat-treated so that 
the physical properties of the boiler ends are similar 
to the rest of the forging in order that dangerous 
internal stresses may be eliminated. The last process 
is the machining of the drums so that the finished 
article is machined both inside and outside. 

Solid forged drums are made in steel of 28 tons to 
32 tons, or a higher tensile steel of 34 tons to 38 tons 
per sq. in., which latter material offers advantages, as 
it enables the thickness of the drum to be reduced. 

It is also of interest to note that, on the Continent, 
a large number of welded boiler drums for high pressures 
are now being supplied. Such drums are much cheaper 
than forged drums, and the further development and 
use of welded drums will be watched with interest. 

The question of temperature does not seriously 
concern the designer so far as the boiler itself is con- 





cerned, because, even at a pressure of 1,000 lb. per 
square inch, the temperature of saturated steam is 











about 550 deg. F., which is still below temperatures 
which affect the strength of the material, although it 
must be borne in mind that the temperature of the 
metal of the tubes is higher. The effect of temperature 
has, however, a considerable bearing on the design 
of the superheater, and it is preferable to adopt reason- 
able steam temperatures at the superheater outlet 
and to add, if necessary, further heat by reheating 
the steam at one or more stages during its progress 
through the turbine. 

Some recent tests by Messrs. John Brown and Com- 
pany, Limited, the results of which are given in 





Tables I and II, show the effect of temperature on 
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stance, as the last passes in the steam passage—be 
made from special steel, higher temperatures may be 
adopted. 

An interesting series of experiments was recently 
carried out at the works of Messrs. Brown, Bayley, 
Sheffield, to investigate the most suitable material for 
superheater tubes. Three samples were chosen; the 
first of a nickel-chrome-iron alloy, the second a 
chromium-iron alloy and the third ordinary mild steel. 
The experiments indicated that both the _nickel- 
chrome-iron and the chromium-iron materials are 
highly immune to the attack of furnace gases and 
are, in this respect, superior to ordinary mild steel. 


TABLE I. 



































Limit of Yield Point Maximum Stress. : Reduction 
Temperature. | Proportionality. Tons | Tons" Elongation. of Area 
| Tons persq.in. | per sq. in. per sq. in. | Per cent. per cent. 
| 
| 
0-14 per cent carbon steel. | 
| | 

15 deg. C. (59 deg. F.) 17-8 17-9 27-2 38-0 61-0 
100 deg. C. (212 deg. F.) 15°8 } 17°7 | 28°1 34-5 60-0 
200 deg. C. (392 deg. F.) 14-9 17-3 | 30-0 27-0 58-0 
300 deg. C. (572 deg. F.) 13-1 15°5 32°5 23-2 55°8 
400 deg. C. (752 deg. F.) 7°38 12°9 | 25-2 37-6 68 +5 
500 deg. C. (932 deg. F.) eae 20-0 38-0 73-0 
600 deg. C. (1,112 deg. F.) | = } 12°5 | 48-0 86-0 
700 deg. C. (1,292 deg. F.) : | 6-8 56-0 93-0 
800 deg. C. (1,472 deg. F.) ~ -- 4:0 | 65-0 96-0 
900 deg. C. (1,652 deg. F.) = — 2-0 75-0 98-0 
1,000 deg. C. (1,832 deg. F.) _ | ~ | — _— — 

0-30 per cent. carbon steel. 

15 deg. C. (59 deg. F.) == oe 21-6 22.2 36-6 26-6 50-3 
100 deg. C. (212 deg. F.) ee vol 18-6 | 18-75 | 33-7 23°2 54-7 
200 deg. C. (392 deg. F.) 16-4 | 20-7 | 40-7 | 22-4 46°8 
300 deg. C. (572 deg. F.) - ae 14°3 | 19-4 } 43-55 18-7 35-5 
400 deg. C. (752 deg. F.) we at 10-1 19-4 40-7 28-0 50-6 
500 deg. C. (932 deg. F.) . ie — 15-0 28-6 30°4 65-8 
600 deg. C. (1,112 deg. F.) .. sal - | —_ 15-5 51-0 80-0 
700 deg. C. (1.292 deg. F.) .. oa — | == | 8-07 48-8 86-0 
800 deg. C. (1,472 deg. F.)  .. a _— | — | 5:47 60°7 96-0 
900 deg. C. (1.652 deg. F.) .. os — | - | 3°75 68-0 97-0 
1,000 deg. C. (1.832 deg. F.) as — | — | 2-65 | 78-0 99-0 

0-42 per cent. carbon steel. | 

15 deg. C. (59 deg. F.) -_ Se 25-0 | 26-6 | 41-0 | 22-4 47-0 
100 deg. C. (212 deg. F.) ot 20°5 | 23-2 | 40-08 | 23-2 49-0 
200 deg. C. (392 deg. F.) 20-0 | 25-0 | 43-68 | 17-6 42-0 
300 deg. C. (572 deg. F.) 20-8 } 25-87 | 49-67 13-6 23-4 
400 deg. C. (752 deg. F.) 15°5 25-2 | 42-0 28-8 58-0 
500 deg. C. (932 deg. F.) 10-0 20-7 33°5 25-1 58-2 
600 deg. C. (1,112 deg. F.) .. al _ | 21-0 32-0 74-6 
700 deg. C. (1,292 deg. F.) .. Si — | — 10-1 44-8 48-0 
800 deg. C. (1.472 deg. F.) — 5-95 66-4 96-0 
900 deg. C. (1,652 deg. F.) .. ae - - 4-17 56-7 90-0 
1,000 deg. C. (1.832 deg. F.) “ — | -- 2-42 | 80-0 99-0 

TABLE II. 
| Limit of Yield Point. | Maximum Stress. Reduction 
Temperature. Proportionality. | Tons Tons Elongation of Area. 
Tons per sq. in. | per sq. in. per sq. in. Per cent. Per cent. 
| { 
| Heat-treated 3 per cent. nickel steel. 
1 

15 deg. C. (59 deg. F.) os be 32-2 50-7 23°3 59-2 
100 deg. C. (212 deg. F.) ae ae 34-4 48-5 25-0 56-4 
200 deg. C. (392 deg. F.) = 34-0 48-4 25-4 56-0 
800 deg. C. (572 deg. F.) ie | 33-6 47-7 21-0 57-0 
400 deg. C. (752 deg. F.) . | 33-3 46-95 21-6 50-4 
500 deg. C. (932 deg. F.) ‘a | 22-4 29-1 28-0 79-4 
600 deg. C. (1,112 deg. F.) 11-75 18-67 40-0 89-8 
700 deg. C. (1,292 deg. F.) .. | _ —_ 11°5 48-0 96-0 
800 deg. C. (1,472 deg. F.) .. — -- 6-53 71-2 93-0 
900 deg. C. (1,652 deg. F.) .. _ — 4-025 56-0 83-0 
1,000 deg. C. (1,832 deg. F.) | -- ~- 2-45 72°6 99-0 

Heat-treated Ni-Cr. Steel. 

15 deg. C. (59 deg. F.) <2 ae 46-5 48-8 57-8 22-6 63-6 
100 deg. C. (212 deg. F.) a sel 34-4 47°5 56°4 23-2 67°7 
200 deg. C. (392 deg. F.) 32-6 45°6 54-85 20-0 64-6 
300 deg. C. (572 deg. F.) | 37-0 48-5 55-28 20-0 50-2 
400 deg. C. (752 deg. F.) oe a 30-4 46-89 55:41 17°6 44-0 
500 deg. C. (932 deg. F.) Sa ap | 22-0 38-97 44-91 21°6 66°5 
600 deg. C. (1,112 deg. F.) .. a —- -- 23-62 | 32-0 } 88-0 
700 deg. C. (1,292 deg. F.) .. os -- = 12°31 | 42-4 | 90-0 
800 deg. C. (1,472 deg. FF.) .. “a5 — — 5-6 | 74-3 92-0 
900 deg. C. (1,652 deg. F.) .. 5a a ~- 4-53 | 52-0 84-6 
1,000 deg. C. (1,832 deg. F.) a = | = | 2-97 82°5 99-0 

| 








three different descriptions of steel, namely, various 
carbon steels, a 3 per cent. nickel steel, and a nickel- 
chrome steel. In each case, the temperature at which the 
test piece was broken was previously maintained for half 
an hour to ensure a uniform temperature. It should, 
however, be pointed out that the results give the values 
obtained under a tensile test carried out in a very short 
time, but, when considering factors of safety for higher 
temperatures, the question of ‘‘ creep ’’ values must be 
carefully investigated. The effect of ‘creep’ on 
materials has, in recent years, attracted considerable 
attention, and many tests have been carried out, the 
results of which are now available. Taking into account 
the effect of “‘ creep,” it would appear that tempera- 
tures of 750 deg. to 800 deg. F. are approaching the 
dangerous limit, if ordinary carbon steel is used. 
Materials, however, can now be obtained in alloy steel 
by which still higher temperatures may be worked to 
and, if certain parts of the superheater—such, for in- 








Tests were then carried out on the tubes by passing 
steam through them, entering at a temperature of 
about 750 deg. F., and leaving the tube at about 
1,000 deg. F., the temperature of the tube itself being 
kept about 1,000 deg. F., by passing an electric current 
through it. The tubes of nickel-chrome-iron and of 
chromium-iron were found to be not attacked although 
the experiments were continued for several weeks. 

The result of the experiments with the mild steel 
tube was, however, unsatisfactory. After a four hours’ 
run, a gas trap attached to the condensate outlet was 
found to contain a considerable proportion of hydrogen. 
Hydrogen was given off through the whole of this 
test but slowed up considerably towards the end, due 
to the heavy scale which formed inside the tube, 
possibly making a protective coating and preventing 
the steam from further oxidising the metal. 

These tests proved the immunity of nickel-chrome- 
iron and straight chromium-iron alloys from oxidation 
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but the mild steel tube, used as a basis of comparison, 
was immediately and continuously attacked. 

Assuming that such heat-resisting tubes can be manu- 
factured at a reasonable price, it would enable higher 
steam temperatures to be used with safety. 

The actual experience of operating high-pressure 
boilers is now becoming available, and Mr. Anderson’s 
paper on ‘“‘ Operating Experiences with 1,300-lb. Steam 
Pressure,’’* gives a very clear and interesting account 
of the 1,300-lb. boiler with which he has had actual 
experience. Mr. George A. Orrok has also contributed 
a number of important papers on high-pressure boilers 
in which much valuable data will be found. 

It is not possible, within the scope of this paper, to 
deal with boiler mountings and other fittings that are 
subject to high pressures and temperatures except to 
emphasise the importance of good design and workman- 
ship of all the accessories to the boiler. There does 
appear, however, scope for improvement with regard 
to the design of feed water regulators for high-pressure 
boilers, so as to ensure an instant and reliable response 
to feed water demands, and a constant water level 
irrespective of pressure fluctuations in the main feed. 
In this connection the adoption of a two-pressure 
stage boiler may be a possible line of development. 
The safety valve equipment also requires special 
consideration as the cutting action of high-pressure 
steam will quickly make a small leak between valve and 
seat serious. This is usually overcome by installing 
small pilot valves which give warning before the main 
valves lift, enabling the operator to prevent the main 
valves from coming into action too often. On the 
other hand, the steam fittings for high-pressure boilers 
can be made smaller than those for lower pressures, 
which is an advantage. 

Reference has already been made to the suecessful 
adoption of high-pressure boilers for marine purposes 
and, although pressures and temperatures on board 
ship may not reach the high figures that are now 
to be found on land installations, nevertheless, both 
pressure and temperature must increase in the future. 

It is interesting to note that, in the case of recent ves- 
sels with steam turbines in conjunction with water 
tube boilers, superheaters and air-heaters, using coal 
on a mechanically-operated grate, a consumption of 
1 lb. of coal per shaft horse-power is being obtained 
under service conditions, the coal being of a low grade 
quality. A figure such as this presents a hopeful 
outlook in regard to the use of coal in the Mercantile 
Marine. 

The utilisation of the coal resources of this country is 
of such importance, that any development in the 
direction of improving the efficiency and economy of 
steam generating plants cannot be over-rated. While in 
electric power stations coal is more or less universally 
adopted, in the Mercantile Marine the use of oil in 
Diesel engines is a serious competitor. It is significant 
to note, however, that the recent development in 
higher pressure boilers and steam turbines has resulted 
in steam machinery, in combination with coal, being 
selected by certain shipowners in preference to oil 
engines. 








PROPERTIES AND PRODUCTION OF 
ALUMINIUM-ALLOY DIE-CASTINGS.?+ 


By S. L. Arcusurt, F.I.C.; J. D. Grogan, B.A. ; 
and J. W. JENKIN, B.Sc., Ph.D., A.I.C. 


THE present paper relates to an investigation carried 
out at the National Physical Laboratory into die-cast 
aluminium alloys, constituting one section of a general 
research on die-casting which is still in progress. Other 
parts of this investigation have not yet reached a 
stage when results can be published. The paper 
includes results of investigation into the hot-shortness 
of aluminium die-casting alloys. This question has been 
studied because the behaviour of the casting whilst 
hot is of great importance in regard to the handling of 
die-castings when taken from the moulds. The 
term “‘ die-casting ’’ in this paper refers to the process 
of casting in permanent metal moulds by gravity 
feed without the application of external pressure. 

Published information on the subject at the time 
when the present investigation was begun chiefly related 
to the low melting alloys having tin, lead, or zinc as 
base, and to machines for die-casting these by forcing 
the molten metal into the mould under pressure. There 
was little literature of value relating to the production 
of aluminium alloy die-castings or their properties. 
Knowledge of the latter was of first importance to 
assess the reliability of such castings, with a view to 
extending their field of application. More recently, 
in 1926, a valuable paper was presented to the Institute 
of Metals by Mortimer,} in which current methods of 
die-casting aluminium alloys were reviewed, and special 





* See ENGINEERING, vol. cxxv, page 25, et seq. 

+ Paper read before the Institute of Metals, Liverpool, 
on Thursday, September 6, 1928. Abridged. 
t See ENGINEERING, vol. cxxi, p. 344 (1926). 
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| ; ; : 
attention was given to gravity casting in permanent | they are published. For moulds the following dressing | were carried out so that the castings were extracted at 


moulds. | 

The research at the Laboratory was planned in| 
co-operation with the Die-Casting Research Com- | 
mittee of the British Non-Ferrous Metals Research | 
Association, for the purpose of ascertaining the physical 
properties of certain aluminium alloys in the die-cast | 
condition. It was, however, necessary first to develop | 
a correct means of preparing sound and satisfactory | 
die-castings of the alloys, and to show that the methods 
which have proved successful for casting 1-in. diameter 
chills could be satisfactorily adapted to the casting 
of more difficult and complex shapes. At the outset 
a conference was held at the National Physical Labora- 
tory between manufacturers, users, and Laboratory 
staff. At this conference it was decided to prepare a 
series of die-castings consisting on the one hand of test- 
pieces suitable for direct tensile testing without sub- 
sequent machining, and on the other hand of a T-shaped 
tubular object designed to incorporate the principal 
difficulties encountered in the die-casting of aluminium 
alloys. Dimensional sections of these castings are 
shown in Figs. 1, 2, and 3. It will be noted that the 
tubular casting incorporates flanges and variations of 
section, and being hollow necessitates the use of cores. | 
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These features present difficulties consequent upon the 
high crystallisation shrinkage and coefficient of expan- 
sion, and the hot-shortness of aluminium casting alloys 
in common use. 

The conference above mentioned also discussed the 
materials to be investigated, and chose alloys of alu- 
minium with the following compositions: (1) Copper, 
4 per cent. (2) Copper, 8 per cent. (3) Silicon, 12 
percent. (4) Y alloy (copper 4, nickel 2, magnesium 
1-5 per cent.). At a later date a further alloy was 
included for study, namely: (5) Copper 4 per cent. 
with silicon 3 per cent. 

The moulds and cores were made at the Laboratory, 
the former from annealed grey iron castings and the 
latter from wrought 3 per cent. nickel steel. All the 
alloys were prepared at the Laboratory from high- 
grade materials, normally in 20-Ib. melts, in Morgan 
Salamander crucibles in a gas-fired furnace. Good scrap 
accumulating during the work was freely used. After 
some exploratory work it was found necessary to pour 
the castings from a smaller preheated crucible by 
means of which the molten metal was ladled from the 
larger crucible, in order to obtain more accurate control 
of rate of pouring and temperature of the metal. Any 
excess of metal remaining in the ladle was not returned 
to the crucible. The temperature of moulds and molten 
metal were determined throughout the research by 
thermocouples and direct reading pyrometers. 

The internal surfaces of moulds and the surfaces of 
cores were treated before use with dressings sprayed 
or otherwise applied to the heated metal. The dress- 
“tg rst used were made of compositions supplied 

y Messrs, Rowland Hill and Sons by whose permission 


to one 














Solid ‘Mir Baek. fixed 


was recommended :— 


Whiting 11 Ib. 
Plumbago ... 1 Ib. 
Water 44 gal., with a little 


sodium silicate. 


This was sprayed on to the hot moulds by means of the 
Aerograph. This wash was found rather too thick, 
and the graphite tended to choke the jet of the Aero- 
graph. The plumbago was accordingly omitted, and 
the following dressing made up for dilution with an 
equal volume of water before use : 


Whiting ie ee, 
Sodium silicate (commercial 
water-glass) -.- 18 fluid oz. 

Water wes 4} gal. 
For cores, the following dressing was used : 

Plumbago ... cee 83 Ib. 

Commercial rouge 24 Ib. 

Water 4} gal. 


This dressing was applied by dipping the hot cores into 
it. It should be kept well stirred. These dressings 
give protection from attack by the molten alloy, and 
facilitate stripping and removal of cores. They appear 


(2) TUBULAR CASTING 
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onky 
also of advantage in regard to flow of metal over the 
mould surface and to surface finish of castings. 

The general procedure was as follows : After thorough 
cleaning, moulds were heated, sprayed with the dressing, 
and further heated to the required temperature in a 
gas-fired furnace. The alloy was melted and heated to 
the required temperature. The mould was then placed 
in position. Sufficient alloy was dipped out by means 
of the small preheated crucible, skimmed in the crucible, 
and poured. The following time intervals were noted : 
(1) Time taken to fillthe mould. (2) Time taken by the 
metal to solidify after the mould was filled (period of 
solidification). (3) Time between solidification of the 
metal and extraction of cores and/or opening of the 
mould. (4) Time between opening of the mould and 
extraction of the casting. Attempts were made to 
establish such working conditions that the mould would 
maintain itself at a satisfactory temperature without 
the need of reheating. In some cases this was done 
satisfactorily, in others only by employing rather high 
metal and low mould temperatures. In the case of the 
tubular casting, frequent reheating of the mould was 
always necessary, although that frequency was reduced 
by standing the mould on a hot plate. 

The rate of filling the mould was found to be im- 
portant. Too slow a rate of pouring led to incomplete 
filling and to the formation of cold shuts and skin 
inclusions; too rapid pouring sometimes led to the 
formation of air-locks. The best rate of pouring had to 
be determined for each mculd. To maintain a steady 
rate of pouring needed some practice. The time 
elapsing before extracting cores and/or opening the 
mould also needed careful control. If these operations 


too early a stage, the castings—owing to their inherent 
weakness at high temperatures—would not withstand 
| stresses imposed in the handling without cracking or 
deformation. On the other hand, if these operations 
were unduly delayed there was the risk that the 
greater contraction of the casting in relation to mould 
and cores would cause sticking of the latter and cracking 
of the casting. In order to fulfil these conditions it 
was necessary to train a team of workers who could 
carry out the various operations at predetermined 
intervals measured with a stop-watch, the exact instant 
when the mould was filled and that when the metal in 
the gate became solid being observed. Regular and 
| successful results, even with the casting of intentionally 
difficult design, were obtained in this way. The 
properties of the die-castings were examined by means 
| of mechanical tests, by visual and microscopic examina- 
tion of sections, by density and porosity tests. 

| Test-Piece Castings.—Three methods of casting the 
| large and small test-pieces were investigated—viz. (1) 
in a vertical position, pouring metal in at the top; (2) 
in a vertical position, employing bottom running ; 
(3) in a horizontal position with a runner and riser 
symmetrically placed over the two ends or heads of the 
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test-piece. The first two methods proved unsuccessful, 
because unsoundness almost invariably developed at 
the junction of the base with the thinner test portion. 
Success was, however, achieved by the third method, the 
arrangement and mould design for which are shown in 
Fig. 5. By this method castings possessing satisfactory 
mechanical properties were obtained in Y alloy, 12 
per cent. silicon and the copper-silicon alloys in both 
large and small test-piece forms, and in 8 per cent. 
copper in the small test-piece form. The tensile 
strength and ductility of the castings approached 
values typical of the same alloys in the form of 1-in. 
diameter chill-cast bars, representative data for which 
are given in Table II. Typical results from die-cast 
test-pieces produced in this manner are given in Table I. 
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TaBLeE I.—Mechanical Properties of Die-Cast Test-Pieces, 
Tested Direct without Machining. 











Maximum Elongation 
| Condition. ead ae Per cent. 
| 9 

| | sq. in. on 2 in. 
Large Test Piece. 

, | f As cast ..| 14-14°5 | 1-5-2 
Y alloy -+|\ Heat-treated | 17-17-5 | 2 
Silicon 12 percent. ..| “Modified” | 13-13-5 | _ 10 
Copper 4 per cent., sili- | f As cast --| 95-10 1-5-2 

con 3 per cent. | | Heat-treated 14°5 2 
Small Test Piece.* 
| f As cast ..| 14-14°5 | 1-5 
¥ alloy -|\ Heat-treated | 18-19 | 2 
Silicon 12 per cent. “* Modified ”” | 13-5-14 | 10 
Copper 8 percent. ..| As cast 9-10-5 | 3 
Copper 4 per cent., sili- | f As cast --| 95-10 | 4-5 
con 3 per cent. | \ Heat-treated 14-5 | 3 





* Elongation measured on 1-in. gauge length. 


TaBLE II.—Comparative Tensile Properties of the Alu- 
minium Alloys Investigated, in the Form of 1-in. 
Diam. Chill-Cast Bars. 














— Elongation. 
Alloy. Tons eee er cent. 
$ per ° 
| sq. in. on 2 in. 
i | 
| 
| Copper 4 per cent., silicon 3 per cent. 12 | 5 
¥ alloy Ae as re xe 14 2 
Y alloy (heat-treated) ee ++ 20 5 
Copper 4 percent. .. a «oil 10 12 
Copper 4 per cent. (heat-treated) ..| 16 | 22 
Copper 8 percent. .. ry al 10 | 4 
Silicon 12 per cent. (modified) . | 14 12 


More difficulty was experienced with the binary 
copper alloys, which appeared too weak at high tem- 





peratures to withstand the stresses set up by contraction 








in the mould and during stripping. With Y alloy 
and the copper-silicon alloy moulds worked well at 
a temperature of about 400 deg. C., castings being 
produced rapidly with a small percentage of failures. 
With the 12 per cent. silicon alloy, a higher mould 
temperature gave a better yield but less satisfactory 
mechanical properties. The employment of ejector 
pins was found necessary with this form, of casting to 
effect prompt removal at the correct moment. Work- 
ing conditions varied, and required to be determined 
forfeach alloy; as a general rule, the binary copper 
alloys and Y alloy needed similar treatment. The 
silicon alloy required rather widely different conditions, 
particularly larger gates and runners, rendering difficult 
ae of one mould to suit all the alloys equally 
well. 

Considerable modification of moulds was required 





in the course of the work, especially in regard to gates 


NS 


Fie. 7. Atr-Lock In TUBULAR 





Fia. 9. CRACKED TUBULAR CASTING. 


and runners, before satisfactory castings were pro- | 
duced. | 

Tubular Castings.—The general form of the cast-iron | 
mould employed is shown in section in Fig. 6, and a 
photograph of one of the moulds in Fig. 18. Pre- | 
liminary work led to changes in dimensions of the gate | 
and runner in order to ensure progressive feeding. As | 
in the case of the test-piece casting, the following factors | 
were found to exert an important influence on the | 
success of the operations : (1) Temperature of the mould. 
(2) Temperature of the metal on pouring. (3) Time 
taken to fill the mould. (4) Period of waiting, if 
any, before drawing cores, after solidification had 
occurred. (5) Period of waiting, if any, before final 
stripping. Attention was first directed to determining 
the conditions under which the binary 8 per cent. copper | 
alloy could be successsfully die-cast in this mould, for 
which purpose the above factors were varied singly 
and in combination. A set of conditions was thus 
reached which, accurately controlled, enabled difficul- 
ties such as incomplete filling of the mould, sticking of 
cores, air-locks, cracking and breaking and internal 
and external shrinkage, to be avoided. Examples of 
faulty castings illustrating some of these defects are 
shown in Figs. 7, 8, and 9. 

The casting conditions for the 8 per cent. copper 
alloy having been determined, it required but slight | 
modifications of these conditions to produce satis- | 
factory castings in Y alloy, 4 per cent. copper, 
and the ternary alloy of 4 per cent. copper with 3 per 
cent. silicon. With the copper-silicon alloy there was 
more latitude permissible in pouring and mould tem- 
peratures than with the other alloys, and the material 
was not so hot-short. This alloy appears to combine 
the advantage shown by the binary copper alloys, of | 
freedom from large shrinkage cavities with the tough- | 





/each material, with the exception of the copper-silicon 
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Casting conditions for the 12 per cent. silicon alloy 
were different again, consequent upon a tendency to 
localised shrinkage and the toughness of the alloy at 
high temperatures. An example of this localised 
shrinkage is shown in Fig. 10. In the manner indicated 
above, the best casting conditions were worked out for 
all the alloys under investigation. 

The properties of the castings produced under these 
conditions were examined by means of :—(a) Ten- 
sile tests, on test-pieces cut as shown in Fig. 11. 
(6) Density measurements. (c) Microscopic and visual 
examination of sections. (d) Porosity tests with water 
and with petrol, under pressure. 

Microscopic examination of these castings re- 
vealed the presence of occasional small shrinkage 
cavities in the binary copper alloys, and the density 
values were slightly below those obtained on 1-in. 
diameter chill-cast bars. The 12 per cent. silicon 
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and copper-silicon alloys yielded sound castings, with 
good density values and an absence of cavities when | 
examined under the microscope. As an additional 
test of soundness, representative castings of each} 
alloy were subjected by the Engineering Department 
of the Laboratory to an hydraulic pressure test, in 
which the ends of the casting were closed and water 
pressure up to 1,000 lb. per square inch applied via) 
the side tube for thirty minutes. All the alloys 
withstood this test without leaking. A casting of| 
alloy, was subjected to a porosity test with petroi 
at a pressure of 30 Ib. per square inch. No leak was! 
observed, except in the case of the 4 per cent. copper 
alloy, where a fine crack was found at the junction | 
of the side tube with the body of the casting. Repre- | 
sentative values obtained from the small tensile} 
test-pieces cut from the tubular castings in the manner | 
shown in Fig. 11 are given in Table III. The diameter | 
of each test piece was 0-125 in. 

The ternary copper-silicon-aluminium alloy exhibits | 
little, if any, superiority in tensile strength over the | 
binary copper alloys, and is inferior in ductility. It is, 











test pieces may not always be representative of the 
casting as a whole. The fractures of the heat-treated 
Y alloy test pieces, for example, showed a numbe1 
of defects, such as small inclusions and shrinkage 
cavities. ; 

The results, therefore, do not in those cases reach 
figures which have previously been obtained at the 
Laboratory for heat-treated Y alloy in the form of 
l-in. diameter chill-cast bars. 

Hot-shortness of Aluminium Die-casting Alloys.—It is 
well known that some alloys of aluminium are so 
weak and “short ”’ at high temperatures that castings 
made of them are very liable to crack in the mould 
or during removal, whilst others may be handled with 
impunity so far as cracking is concerned. Difficulty 
in production of die-castings through this weakness 
at high temperatures has been referred to above in 
connection with the binary copper-aluminium alloys. 





Fie. 8. Cotp-SHut in TuBuLaR CASTING. 





Fie. 10. LoneitupINAL SECTION SHOWING LOCALISED 
SHRINKAGE IN 12 PER CENT. Smicon ALLOY. 


| Taste III.—Mechanical Properties of Tubular Castings. 





| Maximum 


a gation. 
| ~ Stress. | Elongation 


Alloy Per cent 
, Tons per | on 0-44 in.* 
sq. in. 
Y cast.. Pe Se ne sell 13-2 8-5 
Y (heat-treated) .. ae =f 15-0 3 
Copper 4 per cent. (as cast) 10-0 10 
Copper 8 percent. .. ae ap 12-5} Me 
Silicon 12 per cent. .. aS Sel 11-6 | 7 
| | (modified). 
Silicon 12 per cent. .. ae. a 10°6 | 8 
| (unmodified) 
Copper 4 per cent., silicon 3 per cent. | 10:7 | 2 





* T.e.on 4 ¥ cross sectional area. 


The investigation described below was intended to 
determine reasons for this difference in behaviour at 
high temperatures, and to contain some comparison 
of the hot-shortness of commonly used aluminium 
die-casting alloys. The interpretation of the term 
hot-shortness is somewhat indefinite. It is perhaps 
most generally understood to be related to lack ot 
toughness, as indicated, for example, by the ea 
with which headers and risers of castings of man} 


ness at high temperatures of the 12 per cent. silicon | clear that on test pieces of such dimensions a flaw alloys can be knocked off whilst hot. Some alloys. 


alloy. These factors facilitate its use for die-casting | 


purposes. 


which is small compared with the size of the casting | 


e.g., silicon-aluminium, cannot be treated in this way 


lis large in relation to the test piece, so that these| without producing serious distortion of the castings. 
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The term has, however, been applied to the lack of 
strength to resist fracture during casting contraction 
in the mould, as in Norton’s experiments in America,* 
in which a cast bar was set to raise a weight during 
solidification and contraction in the mould. In the 
present investigation the energy absorbed in fracturing 
an unnotched test bar cast to shape has been taken as 
a measure of hot-shortness. The alloys studied have 
been those employed in the die-casting investigation 
described above, together with L5 alloy.t 

A small Charpy impact testing machine capable of 
giving a maximum blow of about 1 -5 kg.-m. (10 -9 ft.-Ib. 
was employed. It was decided to cast unnotched 
test pieces to shape in a metal mould. They could be 
tested either as soon as possible after casting or after 
reheating. The former method would reproduce 
the conditions prevailing in ordinary practice, but 
would: employ a test piece varying considerably in 








The following alloys were tested : 


Copper, 4 per cent. 

Copper, 8 per cent. 

Y alloy. 

Silicon 12 per cent. (unmodified). 

Copper 4 per cent., silicon 3 per cent. 

2L5 alloy (copper 2-75, zine 13-5 per cent.). 

In Fig. 19 the graphs showing energy absorbed in 
relation to temperature have been plotted with respect 
to the temperature of incipient melting. This tempera- 
ture, different for each alloy, is used as zero, and tem- 
peratures above and below are plotted respectively 
to the right or left of that point. By means of this 
figure the observed facts can perhaps be more clearly 
appreciated and the behaviour of the alloys compared. 
Temperatures of incipient fusion: 4 per cent. copper, 
544 deg. C. (not intercrystalline); 8 per cent. copper, 





547 deg. C. (intercrystalline); 4 per cent. copper, 





Fig. 18. Movutp EmpLoyvep For TUBULAR CASTINGS. 
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temperature in different parts. The latter method 


would employ a test-piece as nearly as possible uniform 
in temperature, but liable to have in most cases a 
Structure different from that of the original casting, 
owing to the changes produced during the reheating 
period. Both methods have been tried, but the second 
has been mainly employed throughout the investigation. 
Test pieces 10 mm. by 10 mm. by 60 mm., unnotched 
were cast to size in an iron mould. As they were top- 
poure:! vertically, without a riser, the upper portion 
of the casting was rounded at the corners and did not 


accurately fill the mould. The lower part, however, | 


Was sharp and well defined. In practice the length of 
the well-defined portion was sufficient to enable the 
blow from the testing machine regularly to be arranged 
to produce fracture in that portion. 





* “ A Hot-Shortness Testing Machine for Aluminium 


Alloys,” Trans. Am. Soc. Mech. Eng., vol. 8, p. 129 (1914). 
opper 2-5-3-0, zine 12-5-14-5 per cent. 


| has commenced. 





|3 per cent. silicon, 529 deg. C. (intercrystalline) ; 12 
| per cent. silicon, 574 deg. C.; Y alloy, 544 deg. C. 
| (intercrystalline). The alloys proved unexpectedly 
| resistant to shock at high temperatures and no fractures 
| could be obtained of the 10 mm. by 10 mm. test pieces 
| with a blow of 1-5 kg.-m. until temperatures varying 
| from within 25 deg. of the commencement of melting 
in the case of 8 per cent. copper alloy, to within 5 deg. 
or less for the 12 per cent. silicon alloy, were reached. 
Alloys, 8 per cent. copper, 4 per cent. copper with 
3 per cent. silicon and Y alloy, retain a very 
small but measurable shock resistance after melting 
12 per cent. silicon retains none, 
owing to the very small melting range. The 4 per cent. 
copper alloy would appear to retain considerable 
strength above the temperature at which signs of 
melting occur, but in view of the fact that any eutectic 
present is metastable and is probably rapidly absorbed 
on reheating, the results for this alloy cannot safely 
be taken as applicable to ordinary casting practice. 
Results for L5 alloy have been plotted in this 
figure on the assumption that liquid would have been 
encountered at 565 deg. C. The figure clearly brings 
out differences in behaviour of the alloys, and places 
them in the following order of decreasing resistance to 
shock as the temperature at which melting begins 
|is approached: 12 per cent. silicon, Y alloy, 4 per 
cent. copper with 3 per cent. silicon, 8 per cent. copper, 
5. Assuming that the graphs can also be taken to 
| represent the rate of accession of strength with fall of 
temperature after solidification, the order in which 
the alloys are placed above is also that of decreasing 
| ease of handling when the castings are taken from the 


moulds after casting. 





Income Tax ReEGULATIONS.—A pamphlet entitled 
Income Tax Up-to-Date, has just been published 
by the proprietors of The Financial News, 111, Queen 
Victoria-street, London, E.C.4. The publication, the 
price of which is 9d., has been prepared by Mr. H. J. 
Gully, and contains explanations of the rules and regu- 
lations affecting income tax during the financial year 
ending April 5, 1929. 








THE JET-WAVE AND ITS 
APPLICATIONS.* 
By Dr. J. Harrmany, M.1E.E., M.A.LE.E. 


THE principle of the jet-wave was acknowledged 
as early as 1907, and since 1913, uninterrupted research 
work has been carried on in the Royal Technical College 
of Copenhagen, and in other suitable places, with a 
view to developing some of the many practical applica- 
tions which may be made of the principle. In a paper 
read before the British Association, at Leeds, in 1927, 
the author dealt with one of these applications, viz., 
the jet-wave rectifier, and in the present paper an 
attempt is made to review the whole field of the 
investigations referred to above. 

We may illustrate what is meant by the term jet- 
wave by first considering a very simple case. The jet- 
wave is produced from a liquid jet, and if the liquid 
is electrically conducting, the wave proper may be 
produced in the simple manner indicated in Fig. 1. 
The jet, almost exclusively a mercury jet, is emitted 
from the nozzle N, and passes through a magnetic 
field F, which we may, for the present, assume to be 
a constant one. The lines of force of the field are 
perpendicular to the direction of the jet, and, in the 
figure, to the plane of the paper. An electric current, 
supplied by a source S, enters the jet through the 
nozzle and leaves through an electrode E struck by 
the jet. In Fig. 1, S is assumed to be a direct-current 
source, so that if the circuit is closed by means of the 
key K, a constant current will flow. This means that 
a particle of the jet which is passing through the field 
is acted upon by a mechanical force perpendicular 
both to the jet and to the lines of force of the field. 
This mechanical force will cause the consecutive 
particles of the jet to follow a deflected path, as indi- 
cated in the figure, and in this way the jet is deflected 
to form a wave, which we call the jet-wave. It travels 
along with the velocity v of the jet, its amplitude at 
the same time increasing proportionally to the distance 
from thie centre of the field. In Fig. 1, the reference 
numbers 1, 2 and 3 indicate the wave-front in three 
consecutive positions. Jet-waves of othershapes may 
be produced by passing currents of various characters 
through the jet. We shall, however, for the moment 
confine our attention to the wave in Fig. 1, and consider 
some of its applications. 

Interrupters for Induction Coils.—The first applica- 
tion made of the jet-wave principle was in connection 
with interrupters suitable for the operation of large 
induction coils. Fig. 2 indicates how such an inter- 
rupter was first produced. As will be seen, the system 
is much the same as that of Fig. 1. It was introduced 
in the circuit of the induction coil I in series with the 
primary windings and with a battery B. When the 
circuit is closed, a current grows producing a wave. 
Travelling forward, the wave strikes a plate P, and is 
thereby cut, as indicated. The circuit is now interrupted, 
rather suddenly, and will remain open until the new 
undeflected jet reaches E and again completes the 
circuit. In modern interrupters, the plate P, which 
was formerly of fused quartz, is replaced by a small 
knife K, Fig. 3, of tungsten, which is practically 
unaffected by sparking. Finally, a very simple and 
effective form of the jet wave interrupter is shown in 
Fig. 4. The connection between the electrode E and 
the wave is, in this case, interrupted by the latter 
traversing the edge of the electrode, or with the same 
system the amplitude of the wave may be made so 
large that the wave is simply broken by the stretching 
of the original jet. A feature of the jet-wave interrup- 
ter is the facility with which the constants of the 
interrupted current can be regulated. When a large 
induction coil is operated, the current oscillogram has 
the shape indicated in Fig. 5, the circuit being closed 
during the period 7, and interrupted during 7,. If 
the velocity of the wave, that is to say of the original 
jet, is v, then 7, and 7, are very nearly determined 
by 7, = 1, and rz =, where 1, and 1, Fig. 3, 
are the distances from the centre of the field to the knife 
K and electrode E, respectively. Thus if K and E 
are arranged so as to be movable in the direction of 
the jet, the two constants can be changed indepen- 
dently of each other, and the changes are proportional 
to the changes in 1, and /,. 

It is beyond the scope of the present paper to give 
details of the constructional features of the systems 
considered, but it may be mentioned that interrupters 
similar to those illustrated have been operated for 
years in connection with large induction coils, as used in 
Réntgen-ray investigations. Fig. 6 shows the exterior 
of a large-size interrupter, and Fig. 7, which is an 
oscillogram of the current through the primary of a 
25-cm. spark induction coil, will convey an idea of 
the accuracy with which it operates. The magnetic 





* Paper read before Section G, of the British Associa- 
tion, at Glasgow, on Tuesday, September 11, 1928, 

t See ENGINEERING, September 9 and 16, 1927, pages 
338 and 377. 
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field of the interrupter illustrated in Fig. 6 is produced 
by an electromagnet enclosed in a cast-iron chamber 
filled with pure hydrogen. The mercury used in the 
production of the jet wave is circulated by a small 
motor-driven centrifugal pump of simple design. 
Relays and Regulators.—Obviously the jet-wave 
principle is adaptable to the production of electrical 
relays of all descriptions. Fig. 8 illustrates a jet-wave 
relay in which E, is a special electrode touched by the 
jet or jet-wave, in all positions of the latter. With no 
current in the circuit C,, the jet will strike the central 
bar e,, and if the current in (, is increased beyond 
a certain limit, the jet will be deflected to the bar e, 
closing a circuit C,. By this means, for example, the 
circuit C,can be broken, or a resistance introduced into 


Fig. 2. 
































Fic. 6. 
this circuit or into a circuit controlling the current. 
The system itself may actually introduce a controlling 
resistance into a circuit, as indicated in Fig. 9, which 
shows a regulator for the automatic control of the voltage 
of a direct-current system. The jet is here deflected 
over a series of bars €,, €., &c., between which resistance 
elements R are inserted. The deflection, and therefore, 
the resistance, may be controlled by the voltage between 
the lines L, and L,, or, as in the figure, by the current 
flowing in one of the lines. The resistance is assumed 
to be inserted in the field circuit of a direct-current | 
generator. Numerous other devices may, of course, 
be produced. The essential feature of them all is the 
accuracy of operation. The wave caused by any change 
in the current of the circuit C,, Fig. 8, will arrive at 
the surface of the electrode e,, e, precisely after the | 


lapse of the time r = l being the distance from the | 








jet-waves are already in use, as in the rectifier systems 
referred to below. 


centre of the field to e, e,. By variation of 1, the time 
lag between the current impulse and its reaction may 
easily be changed or set at a definite value. The 
velocities used in the apparatus here described are 
generally between 3 and 6 m. per sec. The correspond- 
ing values of / may be 3 to 12 cm., so that r may be of 
the order of 0-01 sec. The uncertainty in 7 will not 
exceed say 1 per cent. Another characteristic of jet- 
wave relays and regulators is their robustness and great 
current-carrying capacity. Even a jet of 2 mm. to 
3 mm. diameter may carry hundreds of amperes. It has 
been argued against the devices here considered that 
they require a pump to return the mercury to the 
reservoir, and that such a pump is a considerable draw- 
back. This is not the case, however, where mercury 


Fig.3. Fig.4. 












original jet is small compared with the wave-length, the 
outer particles of the jet-wave will travel along the 
line which the jet would follow if a constant current 
equal to the maximum value of the alternating current 
were passed through it. If the condition indicated is 
not fulfilled, matters are not quite so simple, but it 
has been found that a complete theory of the jet-wave 
may be produced on the assumption that the particles 
of the jet move quite independently of each other, 
and it has proved that this theory, with ordinary 
velocities of from 3 m. to 7 m. per second, agrees with: 
observations within about 1 per cent. The production 
of the jet-wave here considered is therefore under 
complete theoretical control. 

The Synchronous Jet-Wave Commutator.—The jet- 
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Fig 8. N wave considered above represents by far the most 

; important type, in that it forms the main feature of 
the synchronous jet-wave commutator, which, in 
' Eq] F turn, is the main part of the jet-wave rectifier. The 

2 | ordinary shape of the commutator is indicated in 
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Even in the case of ordinary elec- 
trical machinery it need not be, for it has proved possible 
to construct a special electromagnetic pump with no 
rotating parts.* With a pump of this description 
the apparatus here considered are made practically 
stationary systems. 

The Synchronous Jet-Wave.—If an alternating 
current, say t = I sin «?, is passed through that part 
of the jet which traverses the field in the manner 
indicated in Fig. 10, the direction in which the con- 
secutive particles of the jet are shot out from the field 
varies periodically. Consequently, the particles will 
arrange themselves along a sine-shaped line with an | 
amplitude increasing proportionally to the distance | 
from the field, as would be the case with the projectiles 
from a machine gun the barrel of which was kept | 


| current. 
| cation is indicated in the figure. 


Fig. 11. In the track of the jet-wave is placed an 
electrode E,, P, E,, which is the main electrode of the 
commutator. It consists of the two electrodes E, 
and E,, separated by a wall P of insulating material. 
The edge of P is sharpened for the purpose of cutting 
the wave. Obviously, the latter will alternately 
connect each of the two electrodes E, and E, with the 


|electrode E, which is in continuous contact with the 
| Wave. 


Accordingly, the device may be used for 
synchronous commutation or rectification of any 


|alternating voltage synchronous with the auxiliary 


The commonest arrangement for rectifi- 
V, and V, represent 
the secondary winding of a transformer supplying the 


| voltage to be rectified. In order to obtain complete 


rectification, the wave should pass over from E, to E, 
or vice versa; that is to say, the edge of P should cut 
the wave at the moment at which the voltage of the 
secondary transformer winding changes sign. This is 
achieved simply by moving the main electrode towards 
or away from the field, since if the distance / from the 
centre of the field to the main electrode is increased by 
Al, the moment of cutting is delayed, with regard to 


Al 
the zero-point of the voltage, by the amount A ¢ = — 
It is thus always possible to find a position of the 


‘electrode in which commutation takes place at the 


zero-point of the voltage; or rather, there will be a 
series of such positions following each other at intervals 


equal to a Fig. 11 shows the voltage between the 


oscillating like a pendulum while firing. If the alter- 
nating current is maintained, a continuous train of 
waves is thus emitted, travelling forward with the 


velocity v of the original jet, each particle following | 


a line through the centre of the field. Obviously the 
wave must travel by a wave-length \ during the period 


| T of the alternating current used ; that is to say, 


r he 
If the extension of the field in the direction of the 





* See ENGINEERING, loc. cit. 


|lines S, and S, with complete rectification of a sine- 
|shaped voltage, E, denoting the maximum value of 
ithe voltage of each of the two half-windings V, and 
V,. The commutator in Fig. 11 closes the connection 
| between the main electrode and the “ tapping electrode 

| E during the whole of each half-period. A commutator 
for closing the connection during only a part of ea h 
half-period is shown in Fig. 12. The only difference 
'is that the edge of the wall P is raised above the 
| surface of the main electrode to a height corresponding 
|to the time of connection required. If, for instance, 
the latter is one-third of a half-period, the edge should, 





SEPT. 14, 1928.] 
obviously, be raised two-thirds of a half-wave above 
E, E,. 

“As stated in the previous paper, the jet-wave com- 
mutator has been used for the production of large- 
capacity rectifiers, the so-called jet-wave rectifiers. 
Multi-phase rectifiers—say six-phase rectifiers—are 
generally produced by using commutators similar to 
that of Fig. 11, one for each phase of a three-phase 
transformer in series. Three commutators, with jets 
of about 4 mm., will suffice for a 100 kw., 550 volt 
rectifier. With larger types, each commutator is 
furnished with two or three parallel jets, or more 
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commutators are operated in parallel. The jet-wave 
rectifiers have proved reliable and of satisfactory 
efficiencies. They are believed to represent the first 
practical solution of the problem of mechanical recti- 
fication of large powers. 

The jet-wave commutator represents a new principle 
of mechanical synchronous commutators. It may be 
compared with the vibrating commutator, Fig. 13, 
and with the rotating commutator, Fig. 14. The jet- 
wave commutator, Fig. 15, may be characterised as 
the translatory synchronous commutator, the part 
which effects the commutation being an infinite wave- 
shaped conductor with a translatory motion. Owing 
to this character, the cost of maintaining the motion is 
as low with the jet-wave commutator as with the 
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rotating commutator. The jet-wave principle possesses 
some features of its own which render it particularly 
suitable for the production of practical rectifiers. In 
comparison with the synchronous rotating commutator, 
it has the advantage of an absolutely definite coupling 
between the voltage to be commutated and the motion 
which effects the commutation. Hunting, which 
may occur with the rotating commutator, owing to the 
very nature of the synchronous motor, is quite out of 
the question. Furthermore, the difficulties to which 
the brushes of the rotating commutator may give rise 
are absent. In particular, the jet-wave commutator 


Fig. 











frequency is changed by the amount A n, a current Ai, 
will flow through A, determined by 

An 

=" 


9 
aig = 22+!) 1,. 
or, if the ammeter is so chosen that its maximum reading 


Ip of the 


tam is just equal to the effective value 3 


impulses, 


Ata =(2p 414”. 
tam no 
Fig. 12. 










































with a tungsten knife for the cutting of the wave, is 
subject to no wear arising from the commutation 
sparks. In comparison with mercury-are rectifiers, 
jet-wave rectifiers have the advantage of exhibiting no 
constant voltage drop. The jet-wave principle is 
therefore suitable for the production of direct currents 
of comparatively low voltages. On the other hand, 
the principle also seems to be well adapted for the 
production of very high pressure direct currents, 
at, say 100 kilovolts or more. This is due to the 
circumstance that comparatively very high voltages 
can be produced by a single commutator, and to the 
fact that it is a very easy matter to insulate the single 
commutator or groups of commutators. It does not 
seem unreasonable to assume that the jet-wave commu- 
tator will make the production of high-voltage direct 
current of high power a comparatively simple matter. 

Other Applications of the Synchronous Jet-Wave.— 
The jet-wave commutator affords a very simple means 
for measuring the frequency of an alternating-current, 
or rather the changes in frequency. Fig. 16 illustrates 
the jet-wave frequency-meter. The jet-wave is pro- 
duced by means of a small transformer V, and the 
direct-current component of the exciting current in one 
of the two return leads of the commutator is measured 
by a moving-coil ammeter A. The main electrode 
should be set at a distance x, from the centre of the 
field, such that, with the normal value n, of the 


frequency, 2) = ~? ++ . % (p = 0, 1, 2, 3, &e). 


Then the deflection of the ammeter will be zero for the 
frequency n,, the current impulses through A assuming 





the form indicated in Fig. 17 by hatching. If now the 





With a suitable jet, a value for p as high as 4 may be 
employed, so that a changeof 1 per cent.in n may be 
measured by a deflection equal to 9 per cent. of the 
maximum deflection of A. The jet-wave frequenc 
meter is thus capable of giving a comparatively high 
degree of sensitivity. 

The synchronous jet-wave may furthermore replace 
the well-known Joubert disc for the point-by-point 
determination of the wave form of an alternating 
current or voltage. Such a determination may then 
easily be carried out at any distance from the generator. 
The device used for the purpose may be that shown in 
Fig. 18. The jet-wave is produced by means of an 
auxiliary current supplied by V. Travelling forward, 
the wave, for a short time once in the period of the 
alternating voltage, will connect the two wedge-shaped 
electrodes K, and K,. By moving K, and K, as a 
whole towards or away from the field, the instant at 
which K, and K, are connected may be altered at will. 
The figure illustrates the determination of the voltage 
curve of the generator G by means of the well-known 
potentiometer method. 

The resistance of a sine-shaped jet-wave between the 
point O, Fig. 19, from which it starts, and a circular 
electrode E of radius 1 with its centre at O, may be 
expressed approximately by the comparatively simple 


expression 
2 B2 g’2 
R= Ry (1 + 7): 


where R, is the resistance of a length / of the original 
jet. In the formula, a’ furthermore denotes sin@, 
where @ is half the apex-angle of the fan-shaped space 








within which the wave travels, while 8 = It 


AA 

x" 

5 

follows from the formula that if the amplitude a’ is 
2 B2 q’2 

kept constant, and if oes is fairly large compared 

with 1, then 


AR _ 5 AB 
R “B 
ROK mee | 
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A Telative change - ss of the frequency will thus give 


An 


ag 
rise to a relative change 2 of the resistance. As the 
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motion is determined by the same function as the 
current, but it is lagging in phase with regard to the 


latter by the amount “fi On the first fact the jet- 


wave oscillograph is based. Two diagrams of this in- 
strument are given in Figs. 21 and 22. By means of 
an optical system L, the jet-wave, or part of it, is 


photographic film or falling plate moves in a direction 
perpendicular to the slit. On the film or plate an 
image of the current is thus recorded. In order to 
convey an idea of the performance of the apparatus a 
few oscillograms are reproduced. Fig. 23 shows a 
rapidly made and broken direct current, 24 mm. of 
the axis representing ,',, second. In Fig. 24, the 
interrupted current in the primary of an induction coil 
is shown. In both cases, the jet-wave was illuminated 





lattercan be measured with great accuracy, the wave, in 


Fig.20. 






Fig.21. 
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Fig. 24. 


combination with a device for resistance measurement, 
obviously representa a frequency-meter. Generally it 
is not the resistance of the total jet-wave which is made | 
the subject of measurement, but only the part of it | 
between two electrodes, such as E and E’, of which | 
the latter is also used for the introduction of the | 
current by which the wave is produced. If the latter | 
current is changed, a’ will chahge in the same ratio, 
and a change of the resistance between KE’ and E, deter- 
mined approximately by 
ee 
; - a 
will ensue. Thus, between E and E’ we have a/| 
resistance which almost -nstantaneously responds to 
changes of either the frequency or the intensity of the 
wave-producing current. 

The Jet-Wave Oscillograph.—The last application of 
the jet-wave principle to be considered here is the jet- 
wave oscillograph. We may imagine the wave to be 
produced by means of a current of arbitrary shape, 
«= F(t). Then it may be shown that the equation of 
the wave at the moment ¢ may be written 


>) 
where ¢ is a constant, provided that the amplitude is 
kept below a certain limit. The expression may also 


be taken to represent the motion of the point of 
intersection between the wave and a plane perpen- 


9 Aa’ 
-—»? 


% =c.2.F(t— 


v 


from behind by an arc lamp. It is thus the shadow 


Fig.22. 
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of the wave which forms the record. In Figs. 25 to 27, 
the source of light, also an arc lamp, was placed laterally 
to the wave. It is now the light reflected from the 
bright surface of the mercury wave which traces the 
oscillogram. In all cases, a length of 24 mm. on 
the axis is equal to ,},, second. In Fig. 25, which 
illustrates the breaking and closing of a direct current, 
the jet had a diameter of 0-1 mm. and a velocity of 
about 6 m. per second. The total length of the jet 
was about 6 mm.,and the extent of the magnetic field 
in the direction of the jet was about 1-5mm. Fig. 26 
| is the oscillogram of the electric vibrations set up inan 
oscillatory system, and, finally, Fig. 27 shows the primary 


current of an induction coil similar to that shown in | §P 


Fig. 7. The latter oscillogram was obtained by a 
Duddell oscillograph made by The Cambridge Instru- 
ment Company, Limited. Obviously the jet-wave- 
| oscillograph does not give quite such accurate results 





projected on to a screen with a slit C, behind which a, 


8. 


[SEPT. 14, 192 








dicular to the original jet at the distance z from as the Duddell oscillograph. The current and voltage 
the centre of the field, Fig. 20. It is seen that the |sensitivity of the two oscillographs are generally 


about the same, but the voltage sensitivity of the jet- 
| wave system may, in certain circumstances, be raised 
considerably above that of the Duddell oscillograph. 
An advantage of the jet-wave-oscillograph is that it is 
| practically ‘ fool-proof.’”” The working parts of the 
system, viz., the jet, the nozzle and the electrode, are 
not as a rule destroyed by short-circuiting. This 
quality is, of course, of great value in practical engine- 
— work, for which the new oscillograph seems well 
suited. 








CATALOGUES. 


Adjustable Reamers.—Messrs. David Brown and Sons 
(Hudd), Limited, Lockwood, Huddersfield, have issued a 
list of their adjustable reamers, giving full particulars and 
prices. 

Soldering Irons.—We have received a catalogue show- 
ing five types of electric soldering irons made by Messrs. 
Knowles and Son, 87, Wardour-street, Piccadilly, 
London, W.1. 


Cable Joint Boxes.—A new catalogue describing their 
latest designs of mining-type cable-joint boxes, with line 
illustrations and dimension tables, has been issued by 
Messrs. Siemens Brothers and Company, Limited. 
Woolwich, London, 8.E.18. 


Signals.—Messrs. Gent and Company, Limited, 
Leicester, have issued a new edition of their catalogue of 
bells, hooters, buzzers, syrens, tolling gear, impulse 
clocks, &c. These are enclosed in iron cases and where 
required, are made gas and water tight. 


Toothed Gears.—A catalogue illustrating some Maag 
toothed gears is to hand from Messrs. Sulzer Brothers, 


' 31, Bedford-square, London, W.C.1, showing examples 


of reduction gears for turbo-generators, rolling mills, 
cement mills, &c., and of increasing gears for fans and 
pumps. 

Case Hardening—The Cassel Cyanide Company, 
Limited, 19, St. Vincent-place, Glasgow, C.1, have issued 
a pamphlet dealing with case hardening and heat treat- 
ment by sodium cyanide, and containing a brief statement 
of the theory, and a full discussion of the practical 
methods and appliances. 


Automatic Switches—A short catalogue of electric 
switches issued by the Drayton Regulator and Instru- 
|ment Company, Limited, West Drayton, Middlesex, 
| shows two types—one operated by temperature and 
| the other by pressure ; both are designed to cut off the 
| supply of energy automatically. Particulars are given 
' and prices are stated. 


Hand Grinders.—A leaf catalogue of hand-applied 
| grinding wheels, driven by electric motors through a 
| flexible shaft, has come to hand from the Westminster 
| Tool and Electric Company, Limited, Putney Bridge- 
road, London, W.15. Three sizes are listed, with 
grinding wheels 6 in., 8 in. and 10 in. in diameter, and 
of 3, 1, and 1} h.p., respectively. 


Motor Converter—The English Electric Company, 
| Limited, Queen’s House, Kingsway, London, W.C.2, 
| have issued a four-page pamphlet explaining, by way of 
| introduction, the essential differences between motor 
generators, rotary converters, and motor converters, and 
| then describing the advantages, construction, and charac- 
| teristics of, and the method of starting and synchronising 
| the motor converter. 


Work Meter.—The work meter is an ins:rument for 
recording the speed of machines, or separate parts of a 
machine, by means of electric contacts and a master 
|elock. The record is made on a graph paper and, if 
! desired, at a distance from the machine. The operation 
| of the instrument is explained in a pamphlet issued 
by Messrs. Lewenz and Wilkinson, Limited, 25 Victoria- 
| street, London, S.W.1. 
| Machine Tools.—A number of machine tools for railway 
|and motor-vehicle shops, and others for general use, 
| are described in the recent quarterly catalogue issued by 


Messrs. John Holroyd and Company, Limited, Milnrow, 
Lanes. These tools include special lathes, drilling 
machines, boring machines for dealing with six motor 
cylinders simultaneously, cam-milling machines and 
several others. Lists of new and of second-hand machines 
in stock ready for despatch have also been received. 


Electrical Machinery.—A batch of leaf catalogues 
received from the Westinghouse Electric and Manufac- 
turing Company, East Pittsburgh, Pa., U.S.A., deals with 
a quick-traverse control for tool slides, marine auxiliary 
turbo-generator units, synchronous motor-generators, 
a new enclosed driving unit for tram cars, starters for 
squirrel-cage motors, a sealed sleeve motor bearing, oil- 





sealed railway motor housings, signalling and train-control 


| apparatus, electro-pneumatic valves, freight haulage, 


heating appliances, and synchronous motors for power- 
factor correction. 


Fans.—A catalogue, in three sections, devoted, respec- 
tively to fans, systems, and plants and apparatus, is to 
hand from Messrs. Sturtevant Engineering Co., Ltd., 
147, Queen Victoria-street, London, E.C.4. The firm 
will supply the actual fan, or the apparatus necessary 
to apply it, or both combined and installed as a system 
to effect a given purpose, such as purifying the atmo- 
here of a factory, seasoning timber, &c. A fourth 
section of the catalogue deals with machinery for crush- 
ing, grinding, screening, &c., but this is really @ supple- 
ment relating to a different class of machinery and 
giving references to other catalogues for complete 
information. 
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THE MACHINE TOOL 


AND ENGINEERING 


EXHIBITION.—IIL. 








In this, the third article of the series, we conclude 
our account of the Machine Tool and Engineering 
Exhibition at Olympia, which closes to-morrow. 
Owing to considerations of space it has been neces- 
sary to omit reference to a number of interesting 
exhibits, although we hope to deal with some of 
these in subsequent issues. We may first describe a 





the chamber with their points downwards, and the 
underside of the heads resting on the edges of the 
chamber. 

From this position they slide down into a magazine 
from the end of which they are picked one by one 
by a transfer arm. This rotates through an angle 
of approximately 180 degrees and, after taking a 








Fig. 150. AuvuTomatTic FoRMING AND THREADING MACHINE; 
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machine tool of somewhat unusual design, but 
ingenious and effective, viz., the Landis Auto- 
matic Forming and Threading Machine shown on 
one of the stands of Messrs. Alfred Herbert, Limited, 
Coventry. It is manufactured by Messrs. Landis 
Machine Company, Inc., Waynesboro, Pennsylvania, 
U.S.A., and is illustrated in Fig. 150, above. The 
makers claim that it produces, from headed blanks, 
bolts or screws cut to length, pointed, and threaded, 
with a full thread at the start, a very accurate thread, 
and a minimum amount of taper. It is certainly a 
high production machine as, when working on the 
stand, it was turning out nicely finished bolts at the 
rate of 1,020 per hour. These were steel, 3 in. in 
diameter, by 2 in. long, with a Whitworth thread for 
alengthof lin. The blanks are fed into the hopper 
at the top of the machine and shown on the left- 
hand side of the figure. This contains in the centre 
a deep sector-shaped chamber just wide enough to 
take the largest diameter of bolt within the capacity 
of the machine, namely, ? in. It is given a vertical 
oscillating motion, which motion causes the blanks 
to arrange themselves vertically and side by side in 





bolt in its spring fingers, the arm places it, point 
upwards, in the chuck jaws which hold it in a firm 
grip for the pointing and threading processes. 
These chuck jaws can be made out on the external 
circumference of the turret chuck about the centre 
of the figure. There are three stations on the chuck, 
the one just referred to for loading, which is also 
used for unloading the finished bolt by means of a 
positively acting ejector; a station for cutting to 
length and forming the end of the screw; and the 
threading station. The operations at all three 
stations are performed simultaneously. The thread- 
ing head is situated at the opposite side of the 
chuck from the loading and unloading station, the 
swarf and finished bolts consequently fall into the 
two separate tipping hoppers seen in the figure. 
The base upon which the chuck is carried forms a 
self-contained unit containing the chuck operating 
mechanism, the Geneva indexing movement, and the 
lock bolt. This unit is enclosed, runs in an oil 
bath, and can be raised or lowered by screw gear to 
suit different length of bolts. 


The threading head is noteworthy. It 


is a 





revolving head of the pull-off type employing 
Landis chasers. These latter consist of long strips 
of grooved steel of a cross section, suitable for 
forming the desired thread, for each cutter, the 
operation of sharpening being merely that of plain 
regrinding of the ends, to expose a fresh surface of 
the chaser. The withdrawal motion, which comes 
into action immediately the forming and threading 
operations are completed, is a rapid one, and is 
independent both of the cutting speeds and the 
size of the bolt or the nature of the material forming 
it. The turret is indexed at the same time. The 
speed of the threading head is varied by change 
gears which can be altered in two minutes. The 
speed of the forming head is automatically altered 
but not that of indexing. Bolts from % in. to ?in. 
in diameter, and | in. to 6 in. in length under the 
head can be dealt with. The maximum length of 
thread is2}in. There are 18spindle speeds ranging 
from 117 r.p.m. to 608 r.p.m. for threading, and 223 
r.p.m. to 1,173 r.p.m. for pointing. A complete re- 
setting of the machine to change bolt diameter and 
length, and pitch and length of thread, can be made 
in about 55 minutes. One set of cams covers the en- 
tire range of the machine, and no retiming or adjust- 
ment of cams is necessary. A driving pulley is 
fitted to run at 330 r.p.m. If a motor is used for 
the drive, 3 h.p. is required with an approximate 
speed of 1,200 r.p.m. 

The exhibit of Messrs. Dean, Smith and Grace, 
Limited, of Keighley, Yorkshire, includes, in addition 
to examples of their well-known products, the 7-in. 
centre tool-room lathe, which we illustrate in Figs. 
151 to 153, on Plate XLIV. This lathe has 
several interesting features, of which we may 
specially mention the method of drive by a 3-h.p. 
reversing motor with a flanged casing, bolted on to 
the end of the bed, as shown in Fig. 152. The 
control gear is entirely enclosed in the foot, and the 
normal method of operating is by means of the 
“start,” “stop” and “reverse” push buttons, 
conveniently mounted on the front of the headstock, 
as shown in Fig. 151. The standard bed is 6 ft. in 
length, 123 in. across the shears, and 9 in. deep, and, 
as shown in Fig. 153, has an inverted “ vee ” guide 
at the front for the saddle and a flat face at the 
back. The loose headstock is kept in alignment 
by a vertical face with a “‘ vee” front, also clearly 
shown in Fig. 153. An all-gear headstock of novel 
construction is provided, the fast-running shafts 
and gears being carried in a box inside the bed, 
thus avoiding excessive overhang and keeping 
the centre of gravity of the machine low. Twelve 
spindle speeds, ranging from 8 r.p.m. to 371 r.p.m., 
are obtained by sliding gears and a clutch on the 
spindle ; all the speed changes can be made without 
stopping or slowing down the driving shaft or motor. 
The spindle has a 2-in. hole through it, and is formed 
with a large flange, to which the chuck is bolted. 

A relieving attachment is provided, and the gear 
for driving this is located inside the headstock. It 
can be slid out of engagement when not required, 
and is combined with a taper attachment, and will 
relieve over the diameter, sideways, or at an angle. 
Forty thread pitches, from 2 per inch to 28 per inch, 
and 20 feeds, from 23 cuts per inch to 80 cuts per 
inch, are obtained by a quick-change gear box 
shown in Fig. 151, and a quadrant is provided on 
which gears can be mounted to obtain special 
threads. The lathe admits work 2 ft. 4} in. long 
between centres, and can swing 14} in. in diameter 
over the bed, or 5{ in. in diameter over the saddle, 
when the taper turning and relieving attachment is 
in use. 

Fig. 154, on Plate XLIV, shows a 63-in. centre, 
hollow-spindle gap lathe, with an all-gear head- 
stock and quick-change screw-cutting and feed 
gear, forming part of the exhibit of Messrs. Ward, 
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Haggas and Smith, of Eastwood Works, Keighley. 
In common with other lathes of this firm, special 
attention has been given in the design to ensure ease 
of manipulation, with strength and durability. All 
the driving gears, for instance, are of heat-treated 
steel, and each group of wheels is made from the 
solid ; they slide on shafts having four keys solid 
with the shaft. The bed of the lathe illustrated, 
which is the smallest of the firm’s range, is 6 ft. long 
and 92 in. wide, and the gap enables work 21 in. in 
diameter and 7} in. wide to beswung. The bed is of 
box section, and has the narrow guide fixed directly 
over the rack and screws, ‘out of the way of all chips, 
so that the use of covers for the bed ways is avoided. 
The loose head is located on the bed by the back 
edge of the latter, which is not subjected to wear 
from the saddle, thus ensuring permanent align- 
ment. 

The headstock gives 18 speeds to the spindle, 
which is provided with a 2}-in. diameter hole. The 


apron of the saddle gives a double bearing to all the | 


shafts, and all the gears are of steel, except the 
worm wheel. All the feeds are positive, and are 
applied by a lever actuating a drop worm, so arranged 
that it is impossible to have the two worms, for the 
sliding and surfacing feeds, in gear together, or when 
screw cutting is in progress. A selective screw-cutting 
gear box is fitted, and the change-wheel plate used 
in connection with this gear box enables 21 pitches 
to be obtained by means of three change wheels. 
By the use of other change wheels, any pitch can 
be obtained, including quick pitches. The latter 
are obtained by gearing on the headstock, which 
enables the screw to be run at four times the spindle 
speed without undue strain on the change wheels. 
With this arrangement, a 3-in. pitch, for example, 
would be cut with the same wheels as are normally 
used for a }-in. pitch. As will be clear from Fig. 154, 
the bed is supported on cabinet feet, and is sur- 
rounded by a large tray for chips, &c. The driving 
motor is mounted on the headstock foot, the drive 
being transmitted to the headstock by a “ vee ” belt. 
Push-button control is provided for the motor. The 
firm are also exhibiting Bateman high-speed planing 
machines, and a 24-in. stroke open-side planing 
machine with motor drive, which will be found 
dealt with below. 

The lathe illustrated in Fig. 155, on Plate XLV, 
exhibited by Messrs. Alfred Herbert, Limited, 
Coventry, is noticeable at first sight from the prac- 
tical identity of both back and front. It is from this 
feature, which involves two complete saddles, that 
the name Duomatic is derived. It is made by Messrs. 
The Lodge and Shipley Machine Tool Company, Cin- 
cinnati, Ohio, U.S.A., and is essentially a production 
machine, being fully automatic with multiple tools. 
It has a swing of 18 in. over the bed, and a distance 
of 26 in. between centres. The bed, headstock, and 
’ tailstock need little comment, though it may be 
noted that the sliding ways are chilled, thus giving 
an extra hard surface, and that six speed changes 
are provided by sliding gears actuated by two levers. 
A simple transposition of the gears, which are easily 
accessible, gives six additional speeds without 
undue complication of the gear. The two saddles 
are worth careful ncte. They have large surfaces 
and the tool slides are particularly massive. Each 
saddle has its own power feed, which is transmitted 
also to the slide and quick power and return traverse. 
Both can be used simultaneously for turning, or both 
slides with cross feed for facing, or one of these 
operations can be done by each tool working simul- 
taneously. The feed and quick traverse motion is 
derived from the large screw, with a handwheel, 
shown in the right of the figure. A similar screw 
actuates the saddle at the back of the machine. 
The feed screw passes through a steel sleeve in the 
apron, to which sleeve the bronze feed nut is 
attached, and on which is formed a rack actuating 
a vertical pinion shaft on ball bearings. This latter 
transmits the motion to the slide to give the cross 
feed. This power feed functions when the tool slide 
is swivelled horizontally through any angle, as when 
turning bevel gears and other conical surfaces. Rota- 
tion of the tool slide through an angle of 180 degrees 
reverses the direction of the feed motion, so that the 
tool may be set to travel from the centre outwards. 
The duration of all feeds, both as regards diameter 


and length, is determined automatically, a screwed | 


|micrometer sleeve in the apron controlling the 
|former, and the position of stop nuts on the 
screwed rod below the feed screw, controlling 
the latter. If the saddle is used for a facing or 
filleting operation these nuts limit the cross feed 
motion. A single pulley drive is provided, for which 
a 10-h.p. or 15-h.p. motor may be fitted at a recom- 
mended speed of 1,200 r.p.m. 

A particularly interesting exhibit of their Maxicut 
multiple-tool rapid-production lathes has been 
arranged by Messrs. Drummond Brothers, Limited, 
of Rideshill, Guildford, and two of these machines 
are illustrated in Figs. 156 and 157 on Plate XLV. 
In the firm’s standard Maxicut lathe, of which several 
are in use in motor-car manufacture, a number of 
tools are employed in sliding and facing operations 
simultaneously. By increasing the length of the 
bed of the standard machine to take longer work, 
as many as 44 tools have been successfully employed 
at one time, but the provision for the necessary 
steadies in the lengthened machine introduced 
| difficulties, and it also became troublesome to set up 
the machine for the production of shorter pieces, 
if such were required. Consequently, the machine 
illustrated in Fig. 157 has been designed and con- 
structed for the production of long pieces requiring 
the use of steadies. In this machine, work up to 
2 ft. 6 in. in length can be held between centres 
and can be turned up to 2 ft. 3in. in length. The 
design of the bed is such that the slides are easily 
| removable, and the steadies can be placed between 
|them. Automatic hydraulic quick returns are 
provided on all slides, and the front slides have a 
hydraulic quick approach and slow feed in. The 
cutting feeds are, however, operated mechanically 
the changes of feed being obtained by pick-off gears. 

In the smaller machine illustrated in Fig. 156, 
which can take work up to 1 ft. in length between 
centres, and turn up to 10 in. in length and up to 
6 in. in diameter, particular care has been exercised 
to render the control as simple and easy as possible, 
to render it suitable for operation by women or girls. 
The actions of this machine are operated entirely 
by hydraulic means, and are controlled by the ball- 
/ended levers and small handwheels shown in the 
i Practically no muscular effort is 





| illustration. 
irequired to move them. Feeding by hydraulic 
| power has, we understand, proved entirely successful 
with this machine, since only one cutting slide and 
| one facing slide are employed, and the fact that one 
| of these slides finishes its cut slightly in advance of 
| the other is immaterial in the class of work for which 
the machine is intended. The feeds are quickly set 
and, being controlled by needle valves in the hydrau- 
lic system, are infinitely variable. We hope to deal 
fully with the many interesting details of the design 
of these machines at a later date. 

As might be expected, Messrs. James Archdale 
and Company, Limited, of Birmingham, are show- 
ing a very attractive range of tools in which drills 
bulk largely. We are illustrating three of these. 
The first, an entirely new design of machine is 
shown in Fig. 161, on Plate XLVI. It is classed as 
a 5 ft. 9in. heavy duty centralised control radial 
drilling machine, and is capable of drilling holes 
up to 3 in. in diameter at high speed in mild steel. 
Control is entirely from the saddle. The rigid 
construction embodied in the pillar and sleeve, the 
latter being 18 in. in diameter, is evident from the 
figure, as is the compact form of the drive, this 
consisting of a 7-5-h.p. vertical direct current 
flanged motor, at the top of the pillar, running at 
2,800 r.p.m. The saddle runs on rollers along 
square edged guides, and is traversed either by 
power or hand, the same handwheel being used to 
|control both. The minimum radius of the spindle 
is 1 ft. 11} in., and its diameter 24in. It is balanced 
by a compensated spring, and the distance from the 
spindle to the base is 5 ft. 9in. The spindle speeds, 
obtained through a gear-box in the saddle in con- 
junction with a double gear change on the spindle, 
are 12in number. A high-speed drilling attachment 
for small hole drilling can be fitted as an extra 
which increases the speed ratio in the gear box, 
normally 35 to 1, in the ratio of 2-7 to 1. By this 
means 24speeds are obtainable ranging from 21 r.p.m. 
to 750r.p.m. The speed and gear box shafts are of 
the solid six-splined form, and ball bearings are 
used throughout the main transmission. The feed- 








box on the saddle gives 6 rates of feed ranging from 
32 to 160 cuts per inch. A lever, with a universal 
motion, somewhat similar to the “joy stick” 
of an aeroplane, controls the feeds and is supple- 
mented by the double lever which is also used as 
the sensitive feed. Fine hand feed is given by a 
small handwheel near the spindle. Suitable dials, 
connected with the levers, give direct and visible 
indications of both speeds and feeds. A single 
lever on the saddle unlocks the arm from the sleeve 
and safeguards the machine by simultaneously 
engaging the elevating motion. Safety trips are 
provided to prevent damage from over-traversing 
the arm. The saddle mechanism is lubricated by 
pump circulation, and there are visible oil level 
indicators at its front and rear. 

In contrast to the radial arm machine just 
described is Messrs. Archdale’s manufacturing 
vertical drilling machine shown in Fig. 158, on Plate 
XLV. This also will drill up to 3 in. in diameter, 
which it does at a penetration rate of 1} in. per 
minute, a 1} in. hole being drilled at the rate of 
7 in. per minute. It is driven by a flanged motor 
attached to the head casting, which is bolted to a 
column carrying the table slides, and in its turn 
bolted to a pan-type baseplate, the whole forming 
a very stiff structure. 

The drive is transmitted to the spindle through 
a change speed box of the slip-on gear type and 
spiral gears. All the main transmission shafts 
run in ball bearings. The spindle, of the solid 
six-splined type, is carried in a hard steel quill with 
ball journal bearings and thrust washers at each 
end. The feed rack is cut in the quill, and the 
spindle and quill are balanced by a weight. Spindle 
speeds are changed by slip gears, sets of which are 
provided to suit requirements. The maximum 
number of speeds is 24, with a range of from 66 
r.p.m. to 265 r.p.m, There are four rates of self- 
acting feed motion, the changes being effected 
by lever movements, and the range being for 33 cuts 
to 127 cuts per inch. Automatic trip motion, quick 
hand traverse, and fine hand feed are also provided. 

The third example from this stand is illustrated 
in Fig. 165, on Plate XLVII, and again shows the 
application of a vertical flanged motor which makes 
a compact and self-contained drive to the 4-spindle 
adjustable-head gang drilling machine. The drilling 
capacity is four ? in. holes simultaneously in steel 
at a penetration rate of 5}-in. per minute. The 
drive is transmitted through a change speed gear 
box of the slip-on gear type to a longitudinal shaft 
running the full-length of the machine. The drilling 
heads are adjustable longitudinally by means of a 
rack and pinion with provision to secure backing 
in any desired position. The driving gear in the 
heads is fully enclosed, and consists of spiral gears 
of hardened steel and phosphor bronze in pairs. A 
clutch operated by a lever is fitted to each spindle, 
so that, if required, it may be thrown out of action 
independently of the others. All spindles may be 
fed down together or separately as required, but 
cannot be engaged simultaneously. They are 
balanced by adjustable weights, and each spindle 
has power feed motion as well as quick hard adjust- 
ment. The power feed motion is belt-driven from 
the spindle driving shaft. An interlocking device 
renders it impossible to engage the feed of any 
spindle unless the spindle clutch is engaged. The 
feed box is of the slip-on gear type, and gears are 
provided to give what drilling rates are required. 

The stand of Messrs. George H. Alexander 
Machinery, Limited, of Birmingham, contains an 
interesting collection of miscellaneous machines. 
of which we have only space to notice one, namely, 
an excellent example of a precision tool in the 
three-spindle jig boring machine, made by the 
Société Genevoise d’Instruments de Physique, of 
Geneva. This is illustrated in Figs. 159 and 160, 
on page 351. This type of machine is not unknown 
over here, indeed one was illustrated in our 
account of the tool room at the Trafford Park 
Works of Messrs. Metropolitan-Vickers,* but the 
machine exhibited is, we understand, the first 
example of the Genevoise jig borer in this country, 
arranged for precision work so that five faces of a 
cubical piece of work, say, a box jig, can be bored 
with a single setting on the work table. This is 





* See ENGINEERING, vol. cxxv, page 277. 
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Fig. 159. GENERAL VIEW. 
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|cross slide and two at the sides, together with a 
rotating work table, the only face that cannot be 
| operated upon by this arrangement being the one 
| resting on the table. Of course, if this is the same 
bes the upper face and the holes can be bored right 
through, all the faces can then be dealt with. 
| The capacity of the machine will be evident from 
| the following figures : Size of table, 51 in. by 28 in. 
| longitudinal travel of table 40 in., cross traverse of 
| vertical boring head 28 in., with a vertical travel of 
|25 in., vertical travel of horizontal boring heads 
| 30 in., feed travel of all three spindles 12in. The 
| 
| 
} 
| 





horizontal boring heads can be lowered to below 
the level of the table, as shown at the right-hand 
of Fig. 159, so that the maximum opening, that is, 
the width between the columns, is 35}in. The 
maximum height from the bottom of the vertical 
| boring head to the table is 29% in. In round figures 
the capacity then may be said to be 40 in. by 28 in. 
by 24 in. The horizontal heads have a vertical 
travel of 24 in above the table. The maximum 
diameter that can be drilled in steel is 1} in., and 
in cast iron 1} in., while the maximum diameter 
that can be bored is 6 in. There are nine spindle 
speeds, ranging from 40 to 300 r.p.m. and three 
power feeds, 0-004 to 0-012 in. per revolution of the 
spindle. The work is done by using co-ordinate 
dimensions on the drawings and setting the heads by 
the verniers, when an accuracy of 0-00004 in. can be 
attained, the maximum error in the centreing of holes 
not exceeding 0-00008 in. In setting, one of the 
three co-ordinates is represented by the horizontal 
displacement of the table, the second by the hori- 
zontal traverse of the vertical spindle, and the third 
by the vertical traverse of the horizontal spindles. 
The readings are made from the graduated drums 
mounted on the micrometer screws controlling the 
above movements. These read to 0:0005 in., the 
finer adjustment reading to 0-00005 in. being made 
by a vernier. It should be noted that each of the 
micrometer screws is provided with an automatic 
correcting device, acting directly on the position of 
the vernier. In Fig. 160 this may just be made out 
under the table at the left-hand side. A steel strip 
with its edge contoured to agree precisely with the 
irregularities of the thread moves with the table, 
and a spring finger in contact with it transmits a 
suitable motion, by the shaft shown, to the vernier. 
It is claimed that experience has shown this 
measuring system to be practically insensible to 
wear. A single pulley drive is provided. The 
maximum power required is 34 h.p., with a speed of 
pulley of 500 r.p.m. 

For the drilling of large and awkward work, it 
is frequently convenient to take the machine to 
the job, and a number of portable radial drills 
are now available to enable this to be done. One 
such machine, forming part of the exhibit of Messrs. 
Kitchen and Wade, Arundel Street, Halifax, is 
illustrated in Fig. 162, on Plate XLVI. This is 
a 6-ft. universal radial drill, the head of which 
is arranged so that holes up to 2} in. in diameter 
can be drilled at any angle by means of two swivel- 
ling motions, one of which is worm geared and 
the other plain. The gear box gives six spindle 
speeds, from 40 r.p.m. to 300 r.p.m., in either direc- 
tion for drilling and tapping, and the reverse motion 
for tapping is so arranged that the tap is auto- 
matically backed out at a considerably higher speed 
than the tapping speed. There are two power 
feeds, of 160 cuts per inch and 260 cuts per inch, 
over a range of | ft. 6 in., and in addition fine and 
quick hand adjustments are provided. It should 
be noted that the hand control is of the dual type, 
the upper handwheel, shown on the left of Fig. 162, 
being particularly convenient when the spindle is 
drilling in an upward direction. 

The bed, it will be seen, is mounted on four wheels, 
and four screw supports are provided to grip the 
floor when the machine is in use. The column, 
which is 12 in. in diameter, is bolted to a sliding 
base provided with ball-bearing rollers to facilitate 
the operation of racking it along the bed, to which 
it can be securely locked; the traverse of the 
column on the bed is 5 ft. At the top of the column, 
is a ball-mounted bracket revolving with the arm, 
and provided with a lifting hook. The arm has 
both power and hand adjustment in the vertical 
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direction, and can be tilted to an angle of 30 deg. 
above or below the horizontal position ; it is moved 
in a radial direction by handwheel and screw 
gearing. For driving, a constant-speed reversible 
motor mounted on the rear end of the arm is used, 
power being transmitted to the drilling head by belt ; 
the starter is placed in a convenient position on the 
front of the arm, as shown in the illustration. In 
vertical drilling, the spindle can be at a maxi- 
mum height of 6 ft. 6 in. from the floor, and 
at a minimum height of 6 in., while the corre- 
sponding figures for horizontal work are 9 ft. and 
1 ft., respectively. 

Messrs. Kitchen and Wade are also showing a 
40-in. high-speed sensitive radial drilling and tapping 
machine of the type illustrated in Fig. 166, on 
Plate XLVII, which, however, shows the 32-in. 
size. This tool is designed for light work, and is 
claimed to be particularly handy to operate. The 
motor, it will be seen, is mounted on the spindle 
slide, so that all unnecessary shafting and gearing 
are eliminated. A rising and falling table, having 
a working area of 30 in. by 20 in. in the case of the 
32-in. machine illustrated, is provided, but this can 
be swung aside to enable larger work to be drilled 
on the baseplate, which is provided with tee-slots, 
as shown. This table, it may be mentioned, is 
fitted with an elevating motion, operated by a worm 
gear and rack, the travel being 20 in.; a ‘ vee”’- 
groove machined in the front face, as shown, is 
provided for drilling in the ends of circular work. 
The arm is mounted on ball bearings, and the saddle 
contains heat-treated nickel-steel gears, giving nine 
changes of speed, from 126 r.p.m. to 1,440 r.p.m. 
The spindle is balanced by a compensating spring 
device, and is supported throughout its traverse by 
a hard-steel sleeve, on which the feed rack is cut. 
The large lever on the right of the head in Fig. 166 
operates the sensitive feed, and the spindle can also 
be adjusted in the vertical direction by the star 
wheel seen on the left. To facilitate the racking 
movement of the saddle, ball-bearing rollers are 
fitted on the upper flat of the arm; _ball-bearings, 
it may be mentioned, are employed in many other 
parts of the machine. In the 32-in. machine illus- 
trated, the spindle has a vertical traverse of 6 in. 
and a horizontal traverse of 21 in., and the drilling 
capacity of the machine is 1} in. diameter holes in 
cast-iron or 1-in. holes in mild steel ; it will tap up 
to } in. Whitworth. The maximum distance from 
the table to the spindle is 30 in., and from the base- 
plate to the spindle, 44 in. 

One other exhibit of drilling machines which 
may be referred to here, is that of Messrs. Adcock 
and Shipley, of Bright-street, Leicester. This 
exhibit includes a number of sensitive and other 
vertical drilling machines, from which we have 
selected those illustrated in Figs. 163 and 164, on 
Plate XLVII, for description. Fig. 163 shows a 
15-in. high-speed sensitive ball-bearing drilling 
machine, with four spindles, the first, from left to 
right, being a plain spindle with hand feed ; the 
second, a plain spindle with hand and automatic 
feed ; the third, a geared spindle with hand feed ; 
and the fourth, a geared spindle with hand and 
automatic feed. The arrangement of the automatic 
feed is more clearly shown in Fig. 164, which shows 
it, to a larger scale, fitted to asingle geared spindle. 
The feed is put into operation by pushing the hand 
lever a short distance in a longitudinal direction 
through the axis about which it rotates. The feeds 
are positive, and are unaffected by the resistance 
of the drill, so that reaming and other operations 
can be carried out without the use of additional 
attachments. Three r: tes of feed are provided and 
these are obtained by means of the horizontal 
knurled handle seen to the right of the spindle in 
Fig. 164. Knurled lock rings are provided for 
locking the feed for either hand or automatic working, 
and an adjustable trip stop is provided in addition 
to the adjustable stop fitted to the spindle. The 
trip stop, which is located on the face of the feed 
box, comes into contact with the conical cam on 
the hand lever, clearly shown in the illustration. 
The spindle bracket is balanced by a chain and 
weight inside the column, where automatic feeds 
are employed, and the drive to the automatic feed 
box is by a Whittle belt in the case of plain spindles, 
and by gearing in the case of geared spindles ; the 





Whittle belt can be seen on the second spindle, in 
Fig. 163. 

The drive to the spindles is by fast and loose 
pulleys on a self-contained countershaft, on which 
cone pulleys are mounted, power being transmitted 
to the spindles by high-speed belts running over a 
system of jockey pulleys mounted on ball bearings. 
The spindle quill is fitted with ball thrusts at each 
end, in the case of plain spindles, while geared spindles 
have a ball thrust at the bottom. The feed rack is 
cut integral with the quill, which is machined from a 
solid bar of high-tensile steel. A telescopic guard, 
clearly shown in Fig. 164, totally encloses both the 
spindle and the quill, and not only serves to elimi- 
nate all possibility of accident to the operator, but 
also prevents dirt from reaching the working parts. 
The plain spindles can drill up to 1-in. holes, and 
the geared spindles up to 1}-in. holes. The spindle 
traverse is 5? in. in all cases, and six spindle speeds 
are provided. These range from 230 r.p.m. to 
2,050 r.p.m. in the case of plain spindles, and from 
77 r.p.m. to 424 r.p.m. in the case of geared spindles. 
The three automatic feeds give 90, 130 and 200 
revolutions per inch of travel in the case of plain 
spindles, the corresponding figures for geared 
spindles being 88, 130 and 180 revolutions per inch. 
The distance from the centre of the spindle to the 
column is 7}in., and the distance between the centres 
of adjacent spindles is 9} in. The other principal 
dimensions are :—Distance from spindle to table, 
about 30 in. ; vertical adjustment of head, 10} in. ; 
vertical adjustment of table, 20 in.; and working 
surface of table, in the case of the four-spindle 
machine illustrated, 43 in. by 153 in. Similar 
machines are made with any number of spindles 
from one to six. 

We have already referred to a vertical boring 
machine on the stand of Messrs. George Richards and 
Company, Limited, Broadheath, Manchester ; and in 
Fig. 167, on Plate XLVITII, we illustrate one of their 
horizontal patterns, of which the full description is 
the No. 3 ‘‘ Pearn—Richards ” universal surfacing, 
boring, milling, drilling, and tapping machine with 
traversing spindle. A feature of the design is that 
all gearing as well as the driving pulley, is enclosed, 
and, as the figure shows, all the control levers and 
hand wheels are centralised and in readily accessible 
positions for handling. The drive is by a 94-h.p. 
constant-speed Metropolitan-Vickers motor. The 
change-feed mechanism for the table and the sur- 
facing tool slide is centralised in the spindle frame. 
The table has a special squaring lock which ensures 
accurate alignment. The spindle frame is balanced 
by weights suspended by two chains and sliding on 
ribs formed on the curved back of the column. A 
shaft which lies along the back of the bed runs 
through an overhanging bracket of the supporting 
head for the boring bar, and suitable gearing is fitted 
to the latter so that the bearing may be raised or 
lowered in unison with the spindle frame either by 
hand or power. The traversing spindle, which 
may be used for tapping, &c., may be run simulta- 
neously with, or independently of, the facing head, 
and suitable speeds are provided for it. Rules are 
provided for the spindle head and other parts of 
the machine, and as these are fitted with verniers 
and magnifying glasses, the setting may be adjusted 
to within very fine limits. Additional attachments 
increase the utility of the machine ; thus, there is 
one for drilling holes in flanges, &c., after they 
have been faced, while the screw-cutting device 
and the electrically driven grinding snout, &c., may 
also be mentioned. 

The exhibit of Messrs. Smith and Coventry (1927), 
Limited, of Timperley, near Manchester, includes a 
key-seating and morticing machine for cutting slots, 
mortices, and cotterways up to 1} in. wide by 12 in. 
long through shafts up to 7 in. in diameter. Another 
of the firm’s exhibits is illustrated in Fig. 168 on 
Plate XLVIII. This is an automatic keyway-milling 
machine recently developed by the firm, and can 
be used for such operations as milling port holes in 
trip valves, slotting keyways in brake fittings, 
stirrup irons, commutators, spiders, and many 
other awkward types of work, as well as for the 
comparatively simple operation of milling keyways 
up to 1} in. wide by 30 in. in length in shafts. The 
arrangement of the machine will be understood on 
reference to the illustration. Its action is entirely 











automatic ; the cutter, which is of the end-mill 
type and is secured to the spindle by a spring collet 
and draw bolt, is first brought down to the work, 
and the required depth of keyway is set on a dial 
on the right-hand side of the head. The length of 
the keyway, less the diameter of the cutter, is set 
on a steel rule mounted on the bed, and the machine 
is then started up. The cutter is then automatically 
fed downwards to the depth set, at which stage the 
vertical feed is stopped and the horizontal feed 
is started up. The head then travels along the 
bed until it has moved through the distance set on 
the rule, when the machine automatically trips, 
having completed the keyway. 

The machine shown is fitted with a self-contained 
vertical variable-speed motor, driving through a 
totally-enclosed worm-geared cone shaft located 
behind the bed of the machine. The cutter-head 
is traversed along the bed by hand by means of a 
hand wheel near the spindle, or by a crank-handle 
at the right-hand end of the bed. The automatic 
feed is operated by a rotating nut inside the head. 
The spindle can be adjusted vertically by a hand 
wheel in front of the head, and the automatic 
vertical feed is operated by worm gearing fitted with 
a sensitive automatic depth trip. The length of 
feed is 5 in., and the rate is regulated by two change 
wheels that vary the speed ratio between two shafts 
working on fixed centres. The work table, which 
measures 2 ft. 6in. by 10 in., and has a vertical adjust- 
ment of 10 in., is supported by a substantial knee 
slide having a cross-sliding part at the top in which 
T-slots are formed for holding the work or a fixture. 
The ends of the work table are arranged to form a 
suds tray and collect the cutting compound and 
return it to the circulating pump, by which it is 
supplied to the cutter, as will be clear from the 
illustration. 

In addition to the drilling machines described 
above, Messrs. James Archdale and Company, 
Limited, Ledsam-street, Birmingham, are showing 
anumber of examples of their horizontal and vertical 
spindle milling machines, and we illustrate one of 
the former type in Fig. 169, on Plate XLVIII. 
This machine, which is an entirely new model, is 
of the all-geared type and has a longitudinal table 
travel of 28 in. ; the transverse traverse and vertical 
traverse are 7} in. and 16 in., respectively. It is 
driven by a 6 h.p. flanged motor, running at 1,450 
r.p.m., and mounted at the rear of the machine, 
as shown on the right of Fig. 169. The drive is 
transmitted from the motor to the spindle through 
a six speed gear box giving spindle speeds ranging 
from 30 to 460 r.p.m. All the main transmission 
gears are hardened, ground on the teeth, and 
mounted on ground solid-splined shafts running in 
ball bearings. The spindle is case hardened, and 
ground and bored to the new standard taper. 
It is mounted in Timken taper-roller bearings, 
the front bearing consisting of two opposed Timken 
bearings and being provided with a separate fine 
adjustment. A four-change feed box, of the 
selective sliding-gear type, is mounted on the 
head, and this, with two pairs of slip gears, gives a 
total of 16 feeds ranging from 1 in. to 12 in. per 
minute. The feed drive is obtained by means of a 
shaft with universal joints, clearly shown in the 
illustration. Longitudinal, transverse and vertical 
traverse are provided for the table, and a special 
arrangement of trips gives a high-speed traverse 
over the gaps in intermittent cutting, as well as @ 
quick-return motion. 

The knee bracket has a narrow guide for the 
middle slide, which is traversed by a centrally 
located screw, and an improved locking arrangement 
on the middle slide ensures accurate alignment in 
the locked position. The over arm, it will be 
seen, is of substantially rectangular section, and 
is adjustable by rack and pinion gear with provision 
for locking it in any position. The outer steady for 
the knee is of cylindrical form and is securely bolted 
to the base. An extension piece is provided which 
rises and falls at half the vertical speed of the 
knee bracket, and thus gives a greatly increased 
bearing of the knee on the steady column in the 
higher positions which are those most frequently 
employed. The machine has a deep pan-type base. 
giving a large capacity for the cutting lubricant. 
which is supplied to the cutter by a centrifugal 
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pump located below the level of the sump, so that 
it is always primed. 
light torque rod, shown on the right of Fig. 169, 
so arranged that the pump can be easily disconnected 
for cleaning or when not required. 

The 24-in. vertical milling machine, illustrated 
in Fig. 172 on Plate XLIX, also forming part 
of Messrs. Archdale’s exhibit, is provided, as 
shown, with a self-contained motor drive, the 
motor being mounted on a hinged bracket at the 
side of the machine. The arrangements are such 
that the correct tension is applied to the belt, the 
surplus weight of the motor being supported by a 
spring. From the pulley on the head of the machine, 
the drive is transmitted to the spindle through a 
nine-speed gear box, giving a speed range from 45 
to 660 r.p.m. The spindle head is cast integrally 
with the body of the machine and the spindle, which 
is hardened and ground, runs in hard phosphor- 
bronze bearings. Nine self-acting longitudinal 
and transverse self-acting feeds are provided for 
the table, the feeds ranging from 0-86 in. to 12-5 in. 
per minute. The feed gear box is of the selective 
sliding-gear type, the changes being effected by lever 
movements ; the reverse-feed lever can be operated 
from either the front or the rear of the table. 
circular table, which is 15 in. in diameter, can be 


easily removed to enable work to be mounted on | 


the main table. Quick hand and automatic rotary 
motions are provided on the former, with knock-off 
Stops operating in both directions. The automatic 
longitudinal feed to the main table covers a move- 


ment of 24 in., and the transverse automatic feed | 


movement is 10 in.; the vertical movement, 


which is hand operated, is 18 in. 

A very interesting tool, of which no other patterns 
are shown in the Exhibition, is a machine for auto- 
matic die-cutting on one of the stands of Messrs. 
Alfred Herbert, Limited, Coventry, the makers 


agents, 


This is known as the Keller automatic 








The pump is driven by a/| 


The | 





| tool-room machine, and is made by Messrs. Keller 
Mechanical Engineering Corporation, of Brooklyn, 
U.S.A. It is illustrated in Figs. 170 and 171, on 
Plate XLIX, the first of which shows that it is, 
in essentials, a modification of the horizontal 
| milling machine, indeed, it can be used as such, 
for straight work and gear-cutting, &c., apart 
| from its specific employment in forming complicated 
pieces such as are shown-in Fig. 171. The table, 
with a working surface of 42 in. by 22 in., has a 
longitudinal travel of 24 in., and the milling head a 
vertical travel of 16 in. with a feed travel of 8 in., 
this latter being capable of an additional spindle 
adjustment of 4 in. The machine is both electri- 
‘cally driven and electrically controlled, the control 
being concentrated in a push-button panel on a steel 
cabinet containing the main switches, automatic 
starter, reversing switch, control relays, voltmeter, 
and rheostats for the motor generator unit. It 
may be run under full automatic, or semi-automatic 
electrical control, or, if desired, under full hand- 
wheel control, all motions being regulated from one 
position. For form work, the cutting head is 
guided in a very accurate manner by the tracer 
seen above it in Fig. 170. This is very sensitive, 
and bears on the form with a light spring pressure 
only, its movement being reproduced in the cutter 
by relay mechanism. When dies are to be cut, 
| either in relief or recessed, the form may be made 
|of any easily-modelled or shaped material such as 
cement, plaster, lead or wood; when we inspected 
the machine it was made of cement. When 
contour work is being done, a thin sheet template, 
/or a previous operation part, or a stamping tool 
| having the desired outline may be used. Fig. 171 
|shows a recessed form, and shows very well the 
| faithful manner in which an original in soft material 
| is copied in hard metal. A very deep block can be 
roughed out by hand-wheel control before the tracer 
|is set to work, as this occasionally saves time. For 


| 





hand-control of contouring operations, a push- 
button attached to a flexible cord is provided, the 
operation continuing as long as the button is 
depressed. Heavy cutting, as well as the lightest 
cuts can be done in this way. There is a selective 
automatic feed varying from 0-006 in. to 0-25 in., 
at speeds of from ? in. to 8 in. per minute. For 
contouring operations, the }-in. per minute speed 
is used. Each movement has its individual drive 
unit, actuated by a variable-speed motor, of } h.p. 
mounted: at the end of its respective lead screw. 
There are 12 different spindle speeds, ranging from 
80 r.p.m. to 3,600 r.p.m. The spindle is belt 
driven from a 2-h.p. motor mounted on the machine 
bed. The drive is through a four-step countershaft 
pulley with a tensioning device. The oil pump is 
driven by a }-h.p. ball-bearing motor. The vertical 
table shown in the figures is, of course, removed 
when ordinary operations are being undertaken. 
The boss above the cutter head is for carrying a 
pilot bar or overarm when gear cutting, &e. Provi- 
sion is made in the table and column for micrometer 
stops when the machine is used for jig boring. The 
machine is also made in two larger sizes than 
that exhibited. 

The machine illustrated in Fig. 173, on Plate 
XLIX, known as the Red Liner, should be of great 
utility where large numbers of spur gears have 
to be tested for accuracy. It is made by the Fellows 
Gear Shaper Company, of Springfield, Vermont, 
U.S.A., whose agents in this country are Messrs. 
Alfred Herbert, Limited, of Coventry, and forms 
part of the exhibit of the latter firm. As suggested 
by its name, the machine records the errors of 
a gear by means of a pen which traces a red line 
on a paper chart, and the deviations of this red 
line from a datum line indicate the errors magnified 
200 times. Errors due to eccentricity, tooth 
spacing and tooth form are all recorded in 
combination, but those arising from each source 
can easily be separated from the chart and the 
magnitude accurately determined in each case. 

The principle employed in the machine depends 
upon the fact that all errors in gears cause either 
velocity changes or variation in the distance 
between the centres. If, for example, two gears 
are held at a fixed centre distance, any error 
which brings the teeth into contact before the 
correct position for initial contact is reached, 
accelerates or retards the driven gear, but if these 
gears are mounted so that one is movable and 
the other fixed, the same error will produce an 
alteration in the centre distance. In the machine 
to which we are referring, two studs, one fixed 
and the other movable, are provided as shown 
on the left of Fig. 173. The gear to be tested is 
mounted on the fixed stud, which is that on the 
adjustable column, and the other stud, the movable 
one, carries a master gear of known properties. 
The two gears are rotated either by hand or by 
a small motor located in the cabinet of the machine, 
and any errors present in the gear under test give 
rise to movements of the stud carrying the master 
gear. These movements, being communicated to 
the pen through a magnifying gear, are recorded 
in the form of a red line on the chart. This line 
would be straight and parallel with the datum 
line in the case of a perfect gear, but if the gear 
under investigation is eccentric, the record line 
slowly deviates from the datum line, and returns 
to it again after a complete revolution of the gear ; 
an eccentricity of 0-001 in. in the gear will produce 
a deviation of 0-2 in. on the chart. Errors in 
tooth thickness produce localised loops on the 
line, and differences in the pressure angle are 
indicated by more regular deviations. A little 
experience will enable any error to be detected 
and measured with ease, so that all gears of a 
batch can be tested individually, if desired, which 
would be quite impracticable by the methods 
normally employed. The machine would also be 
of use in research work, having the advantage that 
a permanent record of inaccuracies is obtained for 
comparison and analysis. 

A machine in a class by itself is shown in 
Fig. 174, on this page. This is an example of the 
Bignan cylinder boring machine exhibited by 
Messrs. Blundstone Engineering Service, Limited, 
Coventry, and is designed for boring four, six or 
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eight automobile cylinders simultaneously at one 
setting. It consists of a bed containing the gears 
for driving the boring bars, and provided at one 
end with speed and feed gear boxes, and fast 
and loose driving pulleys, the former being 12 in. 
in diameter and running at 375 r.p.m. Over the 
centre portion of the bed is a second casting 
housing the vertical boring bars, these being 
grouped according to the cylinder arrangement 
of the particular engine concerned. The centres of 
the boring bars are not adjustable as regards 
setting, but each arrangement requires a separate 
casting. At each end of the bed is a stiff machined 
circular column, upon which a casting, spanning the 
space between them and having a sleeve at each 
end encircling the columns, is capable of vertical 
movement. The cylinder block to be bored is 
bolted to this casting and the whole is then fed 
downwards over the boring bars by lead screws 
recessed in the columns. ‘The bars are supported 
right up to the nose by individual housings and 
are, therefore, very rigid and produce work of 
a high degree of accuracy and finish. The housings 
permit the swarf to fall freely downwards. The 
maximum distance between spindles is 25} in., 
and the minimum between centres is 3 in. The 
depth bored by normal spindles is 10 in., and the 
minimum diameter of bore is 2} in. The boring 
bar spindle speed depends upon the type of cylinder. 
There are four speeds of feed to the cylinder block 
casting, and a quick return motion is provided. 
A fixture jig to suit the cylinder block for which 
the boring bar centres are suitable, forms part of 
the normal equipment of the machine. All the 
gears run in oil and the spindles are lubricated 
under pressure. 

The automatic machines on the stand of Messrs. 
A. Butterworth and Company, Rochdale, are 
excellent illustrations of British practice in the 
direction of simplicity of design, whilst retaining 
the capacity for economical production, for small 
as well as large quantities. Fig. 175, Plate L 
shows this firm’s No. 3 automatic turret lathe, and 
Fig. 176, on the same plate their 2-in. automatic 
screw machine. The turret lathe is of the latest 
pattern, and embodies double pilot bars, ensuring 
rigidity of the turret tools, with consequent ability 
to reduce production time by taking heavy cuts, 
whilst still maintaining accuracy. The machine 
shown is the smaller of the two sizes manufactured, 
and will accommodate a swing of 12} in. over the 
bed and 8 in. over the cross slide. The turning 
limit, with standard turret tools, is 8 in. in diameter. 
The turret has four faces and is fully automatic, 
the feed motion being engaged as the slide, which 
has a travel of 94 in., is advanced to the work. The 
feed mechanism can be engaged whilst setting up. 
A cross-slide with a travel of 3} in. each way carries 
a square tool post. There are three automatic 
changes of speed for the spindle, and five automatic 
changes of feed with each pair of change wheels, 
with a choice of two feeds to the cross-slide. A 
knock-out motion, by which the whole machine is 
stopped automatically on the completion of each 
cycle of the turret is incorporated. This stop can 
be set to operate at any desired point. As shown 
on the stand, the machine has a direct motor 
drive, but the normal equipment includes a counter- 
shaft for belt drive. 

The automatic screw machine, shown in Fig. 176, 
has a spindle capacity of 2 in., the standard range 
of 10 models made being from 3 in. to 3 in. As 
seen in the figure, complications in tool-setting 
are avoided by the use of a simple turret mounted 
on a slide, which is ftted with an adjustable stop. 
There are two separate cross-slides, which can be 
operated together or independently. The operation 
of the slides is quite distinct from that of the turret, 
and they can be brought into operation at any 
point by means of standard cams, which can be 
adjusted round the cam disc. Each slide is also 
provided with an adjustable stop. The feed is 
obtained through friction dises driving the sun and 
planet motion seen to the right of Fig. 176. This 
mechanism enables any feed to be obtained at any 
point, while alterations to the feed may be made 
whilst the machine is in motion owing to the accessi- 
bility of the cam drum. An instantaneous change 
from slow feed to quick motion is made by a special 
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tripping motion. The standard cams_ supplied 
with the machine are suitable for all kinds of work, 
and no special cams are required. There are 10 
speeds for the spindle, and an instantaneous reverse 
is provided, which minimises risk of tap breakage, 
when blind holes are being tapped. 

Xeturning to the subject of grinding machines, 
several examples of which have been illustrated 
and described in our previous articles, we propose 
now to refer to some of the machines of American 
manufacture exhibited by Messrs. Alfred Herbert, 
Limited, of Coventry. These include a 12 in. by 
18 in. semi-automatic grinder, a 6 in. by 10 in. by 
48 in. surface grinder with hydraulic table traverse, 
a cam-grinding machine, and a 14 in. by 72 in. 
heavy-duty cylindrical grinding machine, all of 
which were constructed by the Norton Company, 
of Worcester, Mass., U.S.A. T'wo internal grinders 
and a surface grinder by the Heald Machine Com- 
pany, also of Worcester, Mass., U.S.A., are also 
being shown, and one of the former is illustrated 
in Figs. 177 and 178, on Plate L. This machine, 
which is known as the Sizematic internal grinder, is 
of the full automatic type, and is suitable for grind- 
ing holes up to 5 in. in diameter and 10 in. in length, 
with or without keyways ; it can also grind taper 
holes or blind holes. 

One of the special features of the machine is that 
the finished size of the hole is controlled by the 
position of the wheel-truing diamond, across which 
the grinding wheel passes between the roughing 
and finishing operations. After the wheel has 
been trued, it is in a definite position relative to 
the finished size of the work, and is then fed forward 
a definite amount, and given a fixed number of 
passes through the hole. The machine then stops, 
ready for the removal of the finished work, every 
piece of which, it is claimed, will be of the same size 
within limits of 0-0003 in. All motions are con- 
trolled by two electrical contacts, the first being set 
at the end of the rough-grinding operation, while the 
second is set to allow from 5 to 10 further passes 
of the wheel through the hole, and then bring the 
machine to rest. The table is operated hydrauli- 
cally by oil under constant pressure, the motion 
of the table automatically changing from the rough- 
ing speed to a slow speed for wheel truing, and then 
to the finishing speed, after which the wheel is with- 
drawn from the work at a high speed. The work 
spindle is mounted in the work head, in large 
precision-type self-adjusting ball bearings, and five 
speeds of rotation of the work are obtained by 
means of cone pulleys. A cone-type friction clutch 
enables the spindle to be started or stopped, either 
by hand or by cams on the table. For grinding taper 
work, the head can be swivelled. 

It will be obvious from what has been said above, 
that it is essential that the diamond should occupy 
exactly the same position each time it is swung 
down for truing the wheel. For this reason, the 
diamond tool is mounted on end-loaded, precision- 
type ball bearings, and is fitted with a fine micro- 
meter and eccentric adjustment, the movement of 
which is such that }-in. graduations on the dial 
represent a difference of 0-0001 in. in the diameter 
of the hole. The diamond is swung into the truing 
position by a hydraulic cylinder, and is moved out 
of the way of the wheel-head after use by a cam on 
the back of the table. The countershaft, idler 
pulleys and spindle for the grinding wheel, are all 
mounted on ball bearings, and with regard to the 
cross-traverse for the wheel slide, it may be men- 
tioned that the threads of the screw for this motion 
are ground after hardening. A double nut is lapped 
to this screw to eliminate back lash and ensure 
accuracy of movement. The ratchet wheel used 
for the automatic feed is connected to this screw 
by planetary gearing, and a feed of one ratchet 
tooth gives a movement of 0-0001 in. to the wheel. 
A second ratchet, giving a forward movement of 
0-0006 in. per tooth, is also fitted, in conjunction 
with an arrangement which adjusts the wheel forward 
at each withdrawal of the table in order to compen- 
sate for wear. The two ratchets and pawls referred 
to can be seen in Fig. 178, on Plate L, which is 
a view of the cross-slide, and also shows the cam 
and contact points, previously referred to, for con- 
trolling the operations of wheel truing and sizing. 

The standard machine is arranged for belt driving 





from an overhead countershaft, but that illustrated 
in Fig. 177 is arranged for electric driving by two 
motors, one of which is of 5 h.p., and is mounted on 
the cross-slide for driving the grinding-wheel spindle. 
This motor, which can be seen on the right in Fig. 
177, is of special design, running at 3,600 r.p.m., and 
being fitted with ball-bearing end shields. 

The other Heald internal grinder shown by 
Messrs. Herbert, is known as the Gage-matic, and is 
capable of grinding holes up to 5 in. in diameter by 
82 in. long. It is particularly suitable for the 
continuous production of straight open-end work, 
such as ball-bearing races, gears, and bushes. A 
positive sliding plug gauge is used for sizing, and 
the complete cycle of operations, except chucking 
the work, is carried out automatically. The base, 
the hydraulic drive for the table, the wheel head 
and the wheel-truing device, are similar to those 
described above in connection with the Sizematic 
machine. 

A striking illustration of the growth of the surface 
grinder is provided by a fine machine on the stand 
of Messrs. John Lund, Crosshills, Keighley. We 
reproduce a photograph of this in Fig. 179, Plate LI, 
and readily credit the maker’s statement that it is 
the largest machine of its kind yet produced in 
this country. The general arrangement is analogous 
to that of a large planing machine. There is a recipro- 
cating table, 7 ft. wide by 14 ft. long inside the 
splash guards, and above this, on a very substantial 
girder, is a vertical spindle grinding wheel, which 
can be traversed right across the table. This 
arrangement not only gives a very wide range for 
grinding large, flat surfaces, but enables the high 
parts of irregularly-shaped castings to be effectively 
dealt with. The cross girder, carrying the grinding 
wheel with its 40-h.p. driving motor, can be raised 
and lowered through any distance from the table 
surface within a range of 30 in., which is an index 
of the high capacity of the machine. The grinding 
wheel is of the segmental type, and has a nickel 
steel spindle 4} in. in diameter in a bearing having 
an overall length of 36 in. The thrust is taken by 
a double ball thrust bearing, single-ball thrust 
washers being also provided. The weight of the 
spindle is, further, taken by a lever counterweight 
which, being rather heavier than is actually required 
to balance the load, ensures that this is always on 
the upper ball washer. There is therefore no 
tendency for the wheel to drop as it leaves the cut, 
and a perfectly square finish is thereby obtained. 
This is, of course, independent of the chain hung 
balance-weight system, which takes the weight of 
the cross girder, motor, grinding wheel, &c., in the 
slides of the side column. 

The cross traverse motor is 7} h.p., and the 
wheel can be moved across the table by hand power 
also if desired. The table traverse is variable, and 
three speeds are provided. It is operated by a 
74-h.p. motor. Contacts are provided for a magnetic 
chuck for lighter work. Both the lubricating and 
cutting fluid systems are very efficient, a 2-h.p. 
motor being provided for the latter. All the motors 
are direct coupled and controlled by push-buttons. 
Some idea of the convenient arrangement of the 
controls, both hand and power, will be gathered 
from the figure. Large as this machine is, we 
understand that Messrs. John Lund are engaged 
upon a similar one with a table 30 ft. long. 

Messrs. Clifton and Baird, Limited, of Empress 
Works, Johnstone, Scotland, are manufacturers of 
metal-sawing machines, rotary planing or ending 
machines, and bar cutting-off machines, and their 
exhibit includes examples of high-speed cold saws, 
hot-sawing machines, band saws for metals, friction 
saws, and automatic saw-sharpening machines. A 
machine of the latter type, forming part of the 
firm’s exhibit, is illustrated in Fig. 180, on Plate 
LI, which shows its construction clearly. — It 
is arranged for motor driving, and has been specially 
designed for sharpening the latest type of high- 
speed steel saws used in cold-sawing machines. 
The correct cutting angle, the large radius at the 
root of the tooth, and the curved back necessaTy 
for strength, are obtained automatically, and 
the teeth of saws having alternate teeth pointed 
can be correctly bevelled off. All the control 
handles are arranged to be within easy reach of the 
operator standing in front of the machine, and the 
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HOB-GRINDING MACHINE AT THE MACHINE TOOL AND ENGINEERING EXHIBITION. 


CONSTRUCTED BY MESSRS. PRATT AND WHITNEY COMPANY, 
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vertical motion of the grinding wheel and the stroke | lever are conveniently placed in front of the machine, 
of the feed pawl can be changed while the machine | and the rate of feed can be changed while cutting 
is in operation. The grinding wheel is 12 in. in is in progress. The saddle, which is of the double 
diameter, and is mounted on a hard-steel spindle | geared type is totally enclosed, and is balanced by a 
running in ball bearings carefully arranged to ex- | weight suspended inside the column. The spindle 
clude dust. | is driven by double-helical gearing from a phosphor- 
_ One of the firm’s high-speed cold-sawing machines | bronze worm wheel and hard-steel worm; all the 
is illustrated in Fig. 181, on Plate LI. This} gears run in oil. As illustrated, the machine is 
machine has been designed for stockyard use, and | arranged for a direct motor drive, and that exhibited 
has the advantage that joists and channels are cut | at Olympia is fitted with a high-speed saw, 32 in. in 
with the web horizontal, which is the position in|diameter. Joists and other sections up to 20 in. 
Which they are normally stored. The material | by 7 in. can be cut. 

can be skidded into the machine without the use| An interesting machine for tool-room or machine- 
of an overhead crane, and is held stationary in self- | shop use is illustrated in Figs. 182 to 185 on this page, 
centreing vices while the saw is fed downwards to | which show a hob and cutter grinder made by the 
make the cut. The use of self-centreing vices | Pratt and Whitney Company, of Hartford, Conn., 
brings the work central with the saw, and so ensures | U.S.A., and exhibited by their agents, Messrs. 
the shortest possible cut, and the fact that two vices | Buck and Hickman, Limited, 2, 4, and 6, White- 
are provided enables a short length to be cut off|chapel-road, London, E.1. It can be used for 
each end without turning the work round. The | grinding form-cutters and hobs with either straight 
downward feed of the saw is automatic, and the or spiral teeth, and one of its special features is 
Saw is automatically raised on the completion of|that the knee is mounted on a machined slide 
the cut ; it can, however, also be raised or lowered | set at an angle of 12 deg. from the vertical, as 
y hand gear. The feed lever and feed-change | clearly shown in the section, Fig. 183, to correspond 
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|with the cone angle of the grinding wheel. 
This enables cutters of different diameters to be 
| ground correctly without re-setting the machine 
|for each. The wheel slide is mounted on top of 
ithe column in dovetail ways, and is gibbed in 
| place; it can be moved longitudinally by the 
|serew and handwheel clearly shown in Fig. 183, 
|so as to locate the wheel accurately with the 
| flutes of the cutter. The wheel is trued at an 
jangle and the truing device is mounted on a 
| swinging bracket attached to the side of the column 
}and shown on the left in Fig. 182. 
| The table is arranged to pivot on the top of the 
| knee, so that it can be swung round to any angle 
in the horizontal plane to suit the helix angle 
of the cutter being ground. It is traversed longi- 
tudinally by rack and pinion gear, operated by 
the crank handie shown on the right in Fig. 182. 
The tailstock is guided by a tongue in a tee slot 
|on the table, so that it is adjustable for various 
lengths of cutters and arbors, and can be locked 
in position; a separate longitudinal adjustment 
through a small range is provided to facilitate 
the insertion of work. Details of the indexing 
head are given in Figs. 184 and 185, the former 
being a sectional plan and the latter a transverse 
section. The indexing head serves to give the 
necessary rotary motion to the work when grinding 
spiral flutes, and it is driven from the same pinion 
as is used for the longitudinal travel of the table, 
as will be clear from Fig. 185. A system of change 
gears provides for either right-hand or left-hand 
leads ranging from 3 in. to 1334 in. The motion 
is taken from the change gears to the spindle 
through a pair of bevel gears, both of which are 
shown in Fig. 184, a powerful spiral spring being 
inserted in the position shown in that figure to 
take up any backlash. For grinding straight 
flutes it is necessary to disengage the change gears, 
and a pin is provided on the rear of the index head 
for locking the spindle for this purpose. The machine 
is driven by a motor located inside the column, 
as shown in Fig. 183, the motor being mounted 
on a hinged platform provided with screw adjust- 
ment for regulating the tension on the belt. Cutters 
up to 8 in. in diameter and up to 13 in. in length 
can be ground on the machine. 

Surface grinding machines of the vertical and 
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EXHIBITS AT THE MACHINE TOOL AND ENGINEERING EXHIBITION. 








Fie. 186. 14-In. VerticaL SuRFACE GRINDING MACHINE; 
Messrs. SNow AND Company, LIMITED. 
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horizontal spindle types are¥ being shown by 
Messrs. Snow and Company, Limited, Stanley-street 
Works, Sheffield, and we illustrate two examples 
of machines of the first type in Figs. 186 and 187 
above. That shown in Fig. 186 is of the recipro- 
cating-table type, the table having a working 
surface measuring 42 in. by 13 in. and an effective 
traverse of 52 in.; two larger machines are, how- 
ever, made, and each can be fitted with a grinding 
disc either 14 in. or 20 in. in diameter. Grinding 
segments are held in these dises by jaws which are 
arranged to enable the maximum amount of the 
segments to be utilised. The machine illustrated 
is fitted with a 14-in. disc, running at 1,100 r.p.m. 
and driven by a 20-h.p. motor mounted on a 
bracket at the back of the column as shown ; 
remote control of the motor by push-button is 
provided. The drive from the motor to the spindle 
is taken through a flexible coupling and spiral- 
bevel gears, and that for the reciprocating table is 
obtained from the same motor through a change- 
speed gear box and steel reduction gears; three 
speeds, of 6 in., 12 in. and 18 in. per minute, are 
provided. A cushioning device is introduced, which 
enables the table to be operated at high speeds 
without shock on reversal. The spindle is mounted 
in roller bearings and the thrust is taken in the 
headstock in such a way as to prevent the 
possibility of end movement. 

The main bed and column of the machine are of 
exceptionally heavy and rigid design, and the 
column, together with the grinding head, can be 
adjusted in all directions, so that accurate alignment 























Fia. 187. 20-In. VerticaL Rotary SuRFACE GRINDING MACHINE; 
Messrs. SNow AND ComMPANY, LIMITED. 
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with the table can be maintained. As will be 
clear from Fig. 186, all the controlling mechanism 
is concentrated on a detachable coverplate in 
front of the bed, the control including an automatic 
reverse, hand reverse, a mechanical starting and 
stopping gear (in addition to the push-button 
control), variable automatic feed to the grinding 





189. 
MacuineE; Messrs. E. G. HERBERT, LIMITED. 


head, micrometer index for the hand feed, and 
hand traverse to the work-table. Water is supplied 
by an electrically-driven pump to the centre of 
the grinding disc, between the segments and the 
work, but an adjustable nozzle is also provided to 
give an external supply. Guards are mounted 
round the table to catch the water thrown oil 
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BROACHING-MACHINE AT THE MACHINE TOOL AND ENGINEERING EXHIBITION. 


CONSTRUCTED BY 


MESSRS. 


H. W. WARD AND COMPANY, LIMITED, 


ENGINEERS, BIRMINGHAM. 
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by the grinding disc, the front portion being | illustration. The column is adjustable in all direc- | for all pitches between 4 and 10 teeth per inch, but 


hinged to give easy access to the table for setting | tions, as in the case of the machine previously de- 
| scribed, and this feature enables work with convex 


up and unloading the work. 

The machine illustrated in Fig. 187 has a rotary 
table 32 in. in diameter, and employs a 20-in. 
diameter grinding disc, but a smaller machine of 
the same type is made with a 26-in. table and a 14-in. 
dise. Three motors, with push-button control, are 
used on the machine exhibited at Olympia, one for 
driving the grinding disc. which rotates at 950 r.p.m., 
another for operating the table, and the third for 
raising and lowering the grinding head. The latter is 
mounted on vertical slides on the column, and in it 
is included the motor which transmits power directly 
to the grinding disc. The complete head is over- 
balanced by weights suspended in the column, as 
will be clear from Fig. 187, and it can be raised 
or lowered either by the separate motor, above 
mentioned, or by hand. A variable automatic feed 
is provided for the head, in addition to a hand 
micrometer feed. The spindle and disc are similar 
to those described above, in connection with the 
reciprocating-table machine. The rotary table is 
operated by a separate motor, as stated, the drive 
being taken through a variable-speed gear with a 
final drive by spiral gears; the speeds available 
range from 4 r.p.m. to 24 r.p.m., and the horizontal 
travel provided is 22 in. Radial tee slots are formed 


in the table for attaching jigs and fixtures, or a 


| or concave faces to be dealt with if required. 

| Messrs. E. G. Herbert, Limited, Atlas Works, 
| Chapel-street, Levenshulme, Manchester, are show- 
ling a range of their well-known Rapidor sawing 
| machines, a recent example of which was illustrated 
}and described on page 486 of our 124th volume. 
| One of their most interesting exhibits, however, is 
the saw-blade sharpening machine, a photograph of 
| which is reproduced in Fig. 189, on page 356. In 
ithis machine, fixed tooth forms or models of har- 


| dened steel, lettered AA in Fig. 188, are employed, | 


‘the teeth of these models being shaped to give the 
| most efficient cutting angle. By a screw adjust- 
| ment, the teeth of the models are placed in correct 
| pitch relationship with the grinding wheel B and 
lthe blade C can then be ground by meshing its 
| teeth with those of the models, which serve to guide 
|the approach of the blade to the wheel and prevent 
any incorrect or accidental contact. With this 
device, a high rate of working can be employed, 300 
teeth per minute being ground on the automatic 
machine illustrated in Fig. 189. 

In this machine, the feed is effected by an eccen- 
tric, shown below the table in the figure, the eccentric, 
| imparting a circular motion to the table on which 


| 


‘the saw blade rests, being held down by spring 


} 


magnetic table can be provided, as shown in the|clamps. The stroke of the eccentric is adjustable | Selly Oak, Birmingham, and illustrated by Figs. 


| finer teeth can also be ground. In a simpler form of 
| machine, the blade is fed forward by hand, the tooth 
| models preventing any incorrect contact with the 
| grinding wheel. In practice, the backs of the saw 
teeth are first brought into contact with the teeth 
of the model, as indicated in Fig. 188, and the blade 
is moved to the left while still in contact until 
engagement is complete. During this operation, 
the back of one tooth and the face of the next are 
ground, the blade teeth being necessarily ground to 
the same shape as those of the model. Blades having 
a curved tooth edge, unevenly worn or broken 
teeth, or teeth of an inefficient shape, can be shar- 
| pened on the machine, which is particularly suitable 
for use with the firm’s high-speed steel blades 
containing 18 per cent. of tungsten. In these, the 
set extends for a considerable distance across the 
width of the blade, so that they can be sharpened 
many times before being worn out. One of these 
blades, we understand, made a total of 700 cuts 
through a mild-steel bar 3 in. in diameter, having 
been sharpened 20 times during the course of the 
work. The average time per cut was 3 min. 20 sec. 

The operation of broaching, nowadays becoming 
| a production process of importance, has not, generally 
| speaking, received adequate attention until com- 
paratively recently. The machine now exhibited 
by Messrs. H. W. Ward and Company, Limited, 
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Fig. 193. SwasH Cam anpD PISTON OF 
Pneumatic Hanp DRILL. 


190, 191 and 192, on page 357, is, however, the out- 
come of some original experiments which place 
the process on a more scientific basis. These show 
that the different factors of material, ratio of 
diameter or periphery to depth of hole to be 
broached, and the conformation of the hole, can 
only effectively be co-ordinated by marked varia- 
tions in cutting speeds if the best results are to be 
obtained. The new machine therefore is provided 
with four rates of cutting speed, two controlled by 
a lever and two by change wheels. Additional 
speeds can be obtained, if required, by further 
change wheels. <A fast reverse speed of 28 ft. per 
minute is provided for returning the draw head to 
its starting position. A view of the front of the 
machine is given in Fig. 190. The base and head- 
stock are cast in one piece, a portable cover being 
provided on the latter for access to the change 
wheels. The drive is by a single pulley, 14 in. in 
diameter, running at 400 r.p.m. The stroke is 50 in., 
and the maximum capacity is that of broaching a 
hole 3 in. square from a round hole in mild steel. 
The draw-screw is 2} in. in diameter, and has a 
four-start thread, which provides at once an effec- 
tive thrust angle, and reduces the frictional resist- 
ance of the nut to » minimum. 

The headstock, with its cover removed, is shown 
in Fig. 191. The driving clutch consists of internal 
and external metal cones, with a compression 
spring for engagement. The driving nut is geared 
to the pulley shaft. The first gear change is made 
by the lever on the headstock, prominent in Fig. 190. 
The first movement of the lever in changing gears 
disengages the clutch, further movements complete 
the change. The extrs change wheels are stored 
in a recess in the headstock. The range of cutting 
speeds is 4} ft., 7} ft., 13 ft. and 21 ft. per minute. 
The main thrust ball bearing is situated next to 
the nut at the end of the headstock. The draw 
head with the chuck dismantled is shown in Fig. 
192. The draw head is carried in a slide, of which a 
special feature is the provision of taper gibs to 
take up wear. A rule and pointer is fitted so that 
the height of the chuck can be accurately adjusted 
by the screw shown. The arm attached to the 
draw head engages with dogs on the rod at the 
left of the figure, which rod actuating a lever 
on the headstock, effects the automatic stop at 
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Fic. 196. Powrr ScraPER; Messrs. ANDERSON BROTHERS MANUFACTURING COMPANY. 


each end of the stroke. A quick-acting chuck 
which screws into the draw head is_ provided. 
A pump is supplied for the lubrication system, 
and another for the cutting compound. The end 
face is bored with a hole 5 in. in diameter in the 
centre, in which any work bushes or special 
fixture may be fitted. A swarf tray below it 
drains into the main tray. <A smaller machine, 
which will broach a hole 1} square from the round, 
and has a stroke of 44 in., is also shown on this stand. 

Amongst the miscellaneous tools shown by 
Messrs. Desoutter Brothers, Limited, Hendon, 
N.W.9, the pneumatic drill illustrated in Figs. 
193, 194 and 195, above, deserves attention, 
a five-cylinder crankless motor being disposed 
within a body only 1§ in. in diameter and of 
sufficient length to form a comfortable hand grip. 
Fig. 194 shows the external appearance of this 


| handy tool as fitted with a collet chuck for holding 
drills, &e. The group of cylinders, each 7% in. bore 
by 1! in. stroke, is seen at the left hand of Fig. 1%. 
One of the pistons is seen in Fig. 193 in position 
on the cam which is attached to the chuck. The 
cam face is formed of two spirals of different hand, 
while each piston has two spirally cut working faces. 
The cam is mounted to rotate about the central 
axis, and that portion of it above the flange 
forming the ball race, fits into the recessed portion 
of the cylinder block. On air being admitted in 
turn to the cylinders, by the rotating valve and 
ports shown at the right hand of Fig. 195, those 
pistons pressing on the ‘ down” face of the spiral 
will cause the cam to rotate, the opposite cylinders 
on the “up” face being at exhaust and therefore 
| being merely pushed back to the starting position. 
| There are always at least two cylinders on the 
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Fic. 205. HerrsBert CLoupBurst APPARATUS ; 
Messrs. B. anp S. Massey, LiMrrep. 


power stroke and two on the exhaust stroke. 
This simple and ingenious mechanism will give 
sufficient power to drill a hole } in. in diameter 
through a mild steel plate } in. thick in 25 seconds ; 
a hole ys; in. in diameter can be drilled through 
the same thickness in six seconds. The consumption 
18 4 cub. ft. of free air per minute at 100 lb. pressure 
per square inch. The supply pipe need not be 
more than } in. bore. For some purposes the 
speed is too high and the torque too low, so that 
a pattern is manufactured with a small epicyclic 
reducing gear in the case. This is really the tool 
shown in Fig. 194, the standard pattern being 
Somewhat shorter. The geared pattern is useful 
for stud driving, reaming, &c. Other patterns 
are manufactured to act as screwdrivers and 
Spanners, in the latter case proving very useful 
in situations where the use of a lever spanner is 
difficult. The standard pattern weighs just over 
2 1b., and is about 6} in. long overall. 

_A tool which appears likely greatly to reduce the 
time occupied in scraping large bearing surfaces, 
and known as the Anderson power scraper, is 
shown in use in Fig. 196, on page 358. It is made 
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Fia. 206. Tray Truck; Mrssrs. BERTRAM 
THOMAS. 





by Messrs. Anderson Brothers Manufacturing 
Company, Rockford, Illinois, U.S.A., and is exhi- 
bited on the stand of Messrs. Burton, Griffiths and 
Company, Limited, 64-70, Vauxhall Bridge-road, 
London, 8.W.1. The machine is driven by a }-h.p. 
motor and can easily be transported from place to 
place, the pedestal being mounted on wheels which 
are brought into use or raised clear of the ground 
by means of a lever. The scraper blade is mounted 
on the end of a long arm, the lower surface of which 
carries two racks, placed side by side and extending 
along practically the whole length of the arm. One 
of these racks can move relatively to the other in a 
longitudinal direction, and this rack is connected 
to a wooden sleeve which the operator grasps with 
one hand while guiding the scraper and regulating 
the pressure on the blade with the other. The arm, 
which is balanced by a weight at the end opposite 
to the scraper blade, passes through a head carried 
by slides extending upwards from the column of the 
machine, the height of the head being adjustable 
to give the necessary bite of the blade on the work. 

Of the two racks on the lower surface of the arm, 
the fixed one engages with a gear which is driven 
through friction clutches in either direction of 
rotation and at different speeds, so that in one 


direction of rotation the arm is forced outwards at 
a speed suitable for scraping—viz., 60 ft. per 
minute—and in the other direction it is drawn back 
at 90 ft. per minute. The second rack, which, 
as already stated, is connected to the wooden sleeve 
held by the operator, engages with a gear controlling 
the friction clutches in the head. In practice, the 
scraper is used in the ordinary way, but as the 
operator moves the tool forward by means of the 
wooden sleeve the slight movement of the latter 
on the arm, by engaging one of the clutches in the 
head, rotates the gear in the direction necessary to 
force the arm forward and thus supplies the effort 
required. Similarly, when the operator com- 
mences to draw the scraper back, the other clutch 
will be put into engagement and the arm will be 
drawn back at the higher speed. If no pressure is 
exerted on the sleeve the arm will remain stationary. 
Any length of stroke can be made at will, from a 
small fraction of an inch to over 4 ft., and the 
| scraping tool is under tlie complete control of the 
operator throughout. Asan example of the capacity 
of the machine, it is stated that the three flat ways 
of a large milling machine, each 14 in. wide and 
57 ft. long, were scraped in two days by three men, 
each using one of the power scrapers described. 

The open-sided planing machine, above referred 
to as forming part of the exhibit of Messrs. Ward, 
Haggas and Smith, of Keighley, is illustrated in 
Fig. 197, on Plate LII. It is an improved form of a 
similar machine illustrated and described on page 333 
of our 110th volume, being driven by an electric 
motor through a reduction gear as shown, and 
controlled by push-button. Although rated as a 
24-in. stroke machine, a maximum stroke of 28 in. 
can be made, but the length of stroke and the 
position of the table can be adjusted while the 
machine is running. Work can be admitted under 
the arm up to 22 in. in height, and the table is 
46 in. long and 18 in. wide. Six table speeds are 
provided, these being obtained by gearing of heat- 
treated steel running in oil. 

A machine on the stand of Messrs. Buck and 
Hickman, Limited, London, is a successful attempt 
to combine the advantages of those two old 
machine tools, the slotter and the shaper. It is 
called a vertical shaper, and is made by Messrs. 
The Pratt and Whitney Company, Hartford, Con- 
necticut, U.S.A. Fig. 198, on Plate LIL, is a general 
view of it taken from the operating position. Made 
in two sizes, distinguished by the stroke of the ram, 
it is the smaller one with a stroke of 6 in. that is 
exhibited. Of its particular features three may be 
mentioned. The first is, that the ram slide and ram 
form a separate unit on the front of the column, 
which unit is hinged at the top as shown in the 
figure. When the clamping bolt is removed the 
bottom may be swung out so as to give an inclination 
of the tool of anything up to 5 degrees from the 
vertical. This is a useful property in die-making, 
as it enables the necessary relief to be given to the 
work during the ordinary operation of shaping. 
The ram head may be swivelled on its vertical axis 
through a complete circle, so that the tool may be 
given an almost infinite number of positions. 
Thirdly, a rotary table is provided, which has also 
longitudinal and transverse traverses. This arrange- 
ment permits the easy shaping of circular, concave, 
and convex, as well as irregularly-shaped work, 
with the minimum of setting. The feeds are ad- 
justable by hand, as well as by power. The table is 
19? in. in diameter with a longitudinal traverse of 
25 in. and a transverse one of 14in. There are four 
rates of cutting speed, that is, strokes of the ram 
per minute. The stroke of the ram is adjustable. 

In addition to the Pearn-Richards horizontal 
boring machine described above, and other exhibits 
previously dealt with, Messrs. George Richards and 
Company, Limited, of Broadheath, Manchester, are 
showing the duplex horizontal slot-drilling and 
morticing machine, of which a photograph is repro- 
duced in Fig. 199 on Plate LII. It is intended for 
cutting keyways and through-slots in shafts, &c., 
but can also be fitted with an attachment for cutting 
taper cotterways, having a taper up to 1 in 8. 
Automatic movement of the table is provided, and 
three tee slots are formed in it for clamping 
purposes. Important features of the design are the 





mechanism incorporated in the crank dise to ensure 
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a uniform rate of traverse to the table, and the dov 
grouping of all the control levers in a convenient msi 
position at the front of the machine, as will be bot 
clear from the figure. A 5-h.p. constant-speed motor of a 
drives the machine through a variable-speed gear mn a 
box. the 
The machine illustrated in Fig. 200, on Plate LIT, | geal 
forms part of the exhibit of Messrs. H. F. Atkins, | acti 
Old Fletton, Peterborough. It is an automatic | Me : 
profile-milling machine designed some years ago for | alle 
the production of cycle cranks and still largely | low 
employed in the manufacture of these parts, and of | fall 
the connecting rods of motor-car and motor-cycle | hott 
engines. the 
An important feature of the machine is that it | tion 
will automatically profile the whole contour of the | bo 
work, whether the latter is of approximately | cont 
circular outline or long and narrow. In action, the mac 
slide carrying the former plate and the work the 
moves towards the rear of the machine in a straight desi 
line, and at a determined point the work is swung | 
round through 186 deg., after which the straight- . 
line movement towards the rear of the niaahiin is Fie. 209. 42-In. Trrpte-DruM SAND PAPERING MAcHINE. 18 fit 
recommenced, and so on continuously. A roller | —_ 
carried by a bracket on the cutter arm rests on the | tails, and are further secured by steel keys. Long | of separate strips, necessarily of taper form, and | 
edge of the former plate, and by this means the | bars can be handled in the hammer by the device | wider at the bottom. These strips are capable of requ 
cutter arm is caused to rise and fall to suit the shape | of arranging the pallets in a diagonal direction in | vertical adjustment by the screws seen near the 8 eg 
of the work. Power-driven lifting gear. shown on| plan. The drive may be by belt from lineshafting, | bottom of the column, and by causing both strips 18 re 
the right of Fig. 200, is now provided, for raising |or by a motor. The control consists of a ring foot- | to move upwards together, the width between the Cons 
the cutter arm when the work is completed. lever, which acts directly upon a brake band at the | guides is reduced to take up wear. For centreing It by 
The stand of Messrs. B. and S. Massey, Limited, | end of the driving shaft, and, through a bell-crank | the top die over the bottom one, the height of one Hult 
Manchester, is occupied mainly by examples of | lever, upon a sliding conical clutch. _ guide relative to the other is altered which moves il 
power hammers. Of these, the firm’s bow-spring| Of the larger appliances in the exhibition, two are | the tup over to whichever side is desired. The Olyn 
type power hammer is shown in Fig. 201, on Plate | shown on the stand of Messrs. Brett’s Patent Lifter | hammer is controlled by the firm’s latest design of illust 
LIII. The general features of the machine are |Company, Limited, Foleshill, Coventry. These are | friction lifter which is shown in Fig. 204, on page 359. form 
so well known as to require little comment, but it | a 10-cwt. electrically-driven friction drop hammer, | This consists of a pulley with a V-shaped groove — 
may be pointed out that the connecting rod, which | with compound tye guide rods, and a 1,200-Ib.|in the periphery, into which the friction block is e Se 
is of steel, is telescopic, and may be varied in length | board hammer. They are illustrated in Figs. 202 and pressed by a system of levers at right angles to their 
so as to alter the height of the tup above the anvil. | 203, respectively, on Plate LIII. As will be seen| one another, and operated by the control cord. comy 
The length of the stroke can also be readily altered | from Fig. 202, both the guide columns of the hammer | The groove is lubricated, and the block has parti 
by varying the speed of rotation. The slides, which | and the general structure are constructed of rolled | renewable linings of special Ferobestos material. = 
may be adjusted for wear, accommodate both the | steel joists. ‘Those forming the columns are inclined| The other hammer shown in Fig. 203, is an as sc] 
crosshead and the tup. The pallets are fitted to the | inwards towards the top, and the actual guides | example of the Billings and Spencer type of board rate 
tup and tothe steel shoe of the anvil block by dove-, which, of course, must have vertical edges, consist | hammer for which Brett’s Patent Lifter Compan) ge 
i 
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has been appointed sole European manufacturers. 
This type of hammer possesses the advantage that 
it may be worked completely automatically, or by 
hand. The tup is carried by an ordinary wood 
board between a pair of friction rollers, one of which 
runs in eccentric bearings. By slightly rotating this 
bearing, the board becomes gripped between the 
rollers, the rotation of which lifts up the board by 
what is virtually a rack and pinion motion. Rota- 
tion of the bearing in a reverse direction causes the 
rollers to move apart and the tup falls. The point 
at which this release takes place may be varied at 
will, consequently the tup may fall from a greater 
or less height, as required. The control is by the 
pedal seen in the front of the machine, and as long 
as this is depressed, the hammer is automatic in 
action. 

The interesting and ingenious method of producing 
work-hardening and of detecting comparatively soft 
places in hardened work devised by Mr. E. G. 
Herbert, has been fully dealt with in our columns 
on previous occasions, and apparatus for using 
this process commercially, as now manufactured 
by Messrs. B. and S. Massey, Limited, of Open- 
shaw, Manchester, forms part of the exhibit of this 
firm at Olympia. The process, it will be remem- 
bered, employs a rain of small steel balls falling 
from a height of several feet on to an object to 
produce either a super-hardening effect, or to 
indicate the existence of soft parts in a hardened 
object. In the latter application, the effect of the 
rain of balls is to produce a slight roughness over 
any comparatively soft area, while leaving the 
properly hardened portions unmarked. Messrs. 
Massey are showing the apparatus, illustrated on 
page 28 ante, which is capable of testing surfaces 
up to 8-in. square, together with a larger machine 
which can be used for testing surfaces up to 12 in. 
square, as well as for work hardening. In this 
machine, the lower part of which is illustrated by 
the photograph reproduced in Fig. 205, on page 359, 
the balls are raised continuously to a height of about 
4 metres by an electrically-driven elevator, which 
delivers them into the top of a flat tube. They fall 
down this tube into a movable hopper provided, 
inside the tube having a slot 12 in. wide in the 
bottom. Through this slot, the balls fall in the form 
of a curtain on to the work, which is placed on a table 
in a rubber-lined chamber at the bottom of the tube, 
the table being slowly moved by rack and pinion 
gear so that its whole area is subjected to the 
action of the falling balls. The effect of the latter is, 
of course, dependent upon the distance they have 
fallen through, and this is controlled by raising or 
lowering the hopper inside the tube, since the free 
fall commences as the balls leave the slot in the 
bottom of the hopper. After striking the work on 
the table, which is tilted as shown in the illustra- 
tion, the balls roll down into the elevator, which 
raises them again for further use, the action being 
continued as long as is required. In using the 
machine to test for soft areas, the height from which 
the balls fall is set to suit the minimum hardness 
desired, and any areas less hard will be marked by 
the action of the falling balls. For work hardening 
the surface of an article, a comparatively short fall 
is first employed, and the height of fall is gradually 
increased as the work hardening proceeds. 

The storage of the numerous small components 
required in a modern engineering works, so that each 
8 easily accessible, while the total space occupied 
is reasonable, is by no means a simple problem. 
Considerable attention has, however, been given to 
it by Messrs. Bertram Thomas, of Worsley-street, 
Hulme, Manchester, who are exhibiting their 

Tiltrack” steel storage bins and shelving at 
Olympia. These fittings, an example of which is 
illustrated in Fig. 206, on page 359, are in sectional 
form, and are made up of steel frames carrying 
reinforced-steel trays in tiers. The trays, it will 
be Seen, are tilted downwards and forwards to render 
their contents visible, and can be divided into 
“ompartments of any desired size by removable 


partitions; they can also be fitted with small 
enue steel boxes for storing small parts, such 
a8 screws, 


nuts and washers. In the example illus- 
frame is mounted on ball-bearing castors, 
at the trays can be moved from place to place 


trated, the 
80 th 
for y 


Woodworking, machinery is shown in an interest- 
ing range of tools on the stand of Messrs. Thomas 
White and Sons, Ltd., of Paisley, and several of the 
examples show advance along original lines. We 
illustrate three of the machines shown. The first of 
these, Fig. 207, on page 360, is an automatic chisel 
mortiser. The chisel head slide carries a }?-h.p. 
motor which gives a direct drive to the drill. This 
motor is clearly shown in the figure, and near it 
are the push button controls. The reciprocating 
motion to the slide is given by a crank and lever 
mechanism driven through a belt by the motor 
visible at the base of the machine. This mechanism 
is housed in the column, and is provided with the 
stroke regulating device. seen to the right of the 
push buttons. The chisel is fed into the wood by 
depressing the pedal, and automatic cutting and 
withdrawal strokes continue as long as this pedal 
is held down. The operator has therefore both 
hands free to attend to the longitudinal feed, which 
is given by a handwheel. 

In Fig. 208 is shown the firm’s “ Faskut ” roller 
feed saw bench. which embodies a quite new 
feature in that the telescopic arm hitherto used 
has been discarded and the fulcrum for the swinging 
arm is at the front. As the old method involving 
feeding against a roller, and, it will be clear from 
the figure that the new design permits feeding with 
the roller, that is, the timber is introduced towards 
the apex of the angle formed by the fence and the 
centre line of the swinging arm in an internal 
direction, it will be realised that a much smoother 
action takes place even with varying thicknesses of 
stock. The fulcrum of the swinging arm is the 
centre of the circular casting in the foreground of 
the figure. It is in front of the saw, and all tendency 
to a wedging action of the timber is thus avoided. 
The circular casting just referred to forms a casing 
for a worm wheel which transmits the feed motion 
from the driving motor, which is at the back of the 
machine. The cubical portion of the arm above it 
contains the gear box which permits a range of 
four speeds of feed. The arm is balanced by the 
pendant weight at the right hand of the figure, and 
the feed rollers are fed up to the work either by a 
handwheel or pedal as may be most convenient. 
The convenient grouping of these controls will be 
clear from the figure. The arm is, however, not a 
single piece, but has a knuckle joint which is seen 
below and slightly to the left of the feed rollers. 
The angle made by this knuckle is adjustable, and 
by altering it the arm is virtually lengthened as 
the saw wears down to a smaller diameter, thus 
keeping the feed rollers in the correct relative position 
to the saw teeth. 

The third example selected, shown in Fig. 209, 
is a 42-in. triple-drum sandpapering machine. This 
has, apart from its practical interest, aroused a good 
deal of attention in the exhibition from the fact 
that the only motive power visible is the small two- 
speed motor at the left hand side which obviously 
drives the endless belt, while there are four separate 
push-button controls, with a master stop above 
them, in the front of the machine. The explanation 
of this discrepancy lies in the fact that the driving 
motors for the drums are ingeniously constructed 
within the drums themselves. The shell of the drum 
which revolves is the part known as the stator in a 
normal motor, while what is generally called the 
armature is, in this case, fixed. The drum speed is 
1,400 r.p.m. 

From what has been said about the controls it will 
be seen that each drum can be handled separately. 
Each is fitted also with an oscillating device, for 
use or not at will. Each can be further regulated as 
regards height by the three hand wheels at the front 
of the machine. The large hand wheel at the right 
hand is for adjusting the height of the bed, which 
is carried upon knife edges on both sides, and is 
raised and lowered by an eccentric motion. A quick 
bed release is provided, as well as a master stop 
for cases of emergency. The maximum thickness 
of stock that can be dealt with is 4 in. 

The display on the stand of Messrs. Thomas 
Robinson and Son, Limited, Rochdale, is represen- 
tative of the firm’s high-class tools, and is too 
large for us to do more than refer to a few of the 
examples. The tenoning machine shown in 


and double tenoning, top and bottom scribing, and 
cross cutting. It will handle timber up to 24 in. 
by 6 in. section, and will cut single tenons of a 
maximum length of 7 in. The four cutter spindles 
have all built-in high-speed motors, and have 
independent vertical and horizontal adjustments. 
The horizontal heads are set to give a slight undercut 
to the shoulders of the tenons, but the top spindle 
may be levelled.for cross cutting. The top and 
bottom scribing heads rise and fall with their 
respective tenoning heads, and have also independent 
vertical and horizontal cutterheads. ‘ Drunken,” 
or wobble saws are used on the heavy bottom 
scribing spindle to cut double tenons up to 
5 in. deep. A 15-in. cross-cutting saw is fitted 
behind the tenoning heads. The table is 48 in. by 
26 in., and is mounted on rollers. Adjustable 
spring stops are provided for setting the shoulders 
of the tenons. The fence will swivel up to 30 deg., 
and both hand levers and quick-acting eccentric 
cramps are provided. The control gear for each 
motor is of the automatic type, operated by self- 
contained push buttons. A separate button stops 
all the motors simultaneously. 

The machine shown in Fig. 211 is a new design 
of machine with a high-speed circular saw operating 
over a travelling chain feed bed. Power-driven 
pressure rolls assist the feed on the upper side of 
the timber. A truing device is provided for trim- 
ming the sides of the saw teeth when running, and 
this, combined with the chain bed, ensures perfectly 
straight and smooth sawing, leaving the edges 
ready for gluing up. The machine is known as a 
chain-feed straight edging and ripping saw bench. 
The saw spindle, which can be coupled direct to 
a motor, as shown in the figure, is carried on an 
overhead arm, arranged to rise and fall to com- 
pensate for the wear in the diameter of the saw. 
A locking device is provided to ensure rigidity. 
The main table is fitted with a quickly adjustable 
straight fence, which permits of timber 24 in. wide 
being used at each side of the saw. The feed chain 
has an adjustment for setting it correctly in line 
with the saw, and also a quick vertical adjustment 
for raising it above the table to suit badly-sawn 
or wet stock. There are three feed speeds. The 
complete pressure and feed-roll unit is adjustable 
vertically to suit the depth of timber being handled, 
of which the maximum is 4 in. The rolls are 
mounted in swings, pressure being applied to all by 
means of springs. A series of fingers is fitted at the 
in-feed end to prevent the timber and off-cuts being 
thrown back by the saw. 

The three-drum sandpapering machine shown 
in Fig. 212 has recently been re-designed throughout. 
The drums are coupled direct to electric motors by 
flexible couplings, and have control gear of the 
automatic type operated by start-and-stop push 
buttons. Timber up to 50 in. by 6 in. can be 
worked, and is fed in on an endless travelling bed 
of reinforced rubber studded pads mounted on 
steel slats attached to chains. There are three 
feed rates. They are obtained through a gear- 
box driven by a roller chain from a separate motor. 
The bed is balanced to accommodate oversize 
stock, and can be instantly lowered in case of 
emergency. The table rises and falls both by 
hand and power. The drums are provided with 
automatic means of tensioning both the sandpaper 
and felt, which can be renewed without removing 
the drums. The drum shafts are mounted on roller 
bearings, and have fine rise and fall adjustment. 
The second and third drums have ball-bearing 
oscillators. 

Our final example from Messrs. Robinson’s stand 
is a double-spindle moulding machine with built- 
in motors. The cutters are carried on the firm’s 
detachable spindle end, and the general lines of 
the machine follow its usual practice. It may be 
pointed out, however, that the motors shown are 
of the constant-speed type, in which the speed is 
governed by frequency. This type of motor can be 
run up to 8,000 or 9,000 r.p.m. if used in connection 
with a frequency changer for the purpose of convert- 
ing the local supply to the high frequency required. 
The control gear is of the automatic type, with 
suitable overload protection, and is operated by 
start-and-stop push buttons. This machine can be 
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(For Description, see Page 363.) 
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approximately 3,000, 4,500 and 6,000 r.p.m. direct 
from a 50-cycle supply, or at proportionately lower 
or higher speeds to suit a 40 or 60-cycle supply. In 
this case a taper spindle end with a locking nut is 
used, and the control gear consists of a starter with 
self-contained push buttons, together with a hand- 
operated switch for changing the speed and reversing. 
Messrs. Wadkin and Company, of Leicester, display 
a collection of wood-working machinery from which 
we select four examples of their latest practice. 
Fig. 214. on Plate LV, shows the firm’s Junior 
Pattern automatic wood miller. The range of 
adjustments in this machine is extensive, yet it is 
very simply operated, so that a wide variety of 
pattern-making processes can be carried out without 
the necessity of scheming out and preparing tem- 
porary rigs. The heavy main frame is provided 
with ways for the overhanging arm which carries 
the spindle head, vertical motion being given 
to the arm by the large handwheel. The spindle 
head swivels through a complete circle, so that 
the spindle may be either set vertically, hori- 
zontally, or at any angle. The principal angles 
are indexed and located by a spring plunger taper 
pin engaging with suitable holes. The feed gear 
for the cutter spindle is controlled by a quick hand 
lever mounted in the centre of the capstan head. 
The cutter spindle runs at two speeds. It is driven 
by spiral gears to enable the cutter spindle to drop 
below the level of the arm, allowing the spindle to 
enter a corebox with its axis parallel to the surface 
of the work. This allows the cutters to be carried 
close to the bearings and dispenses with long 
boring bars. The drive is by a 4 h.p. electric motor, 
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situated in the base of the column, through a belt 
having a tension adjustment. The work table has 
two motions at right angles, both of which are 
controlled by screw and handwheel. It has also a 
rotary movement by hand lever. The table is 
graduated for convenience in setting. The centre 
is recessed so that the cutter may be lowered 
below the surface. 

The 18-in. canting-spindle dimension saw shown 
is, we believe, the only British-built tool of its type. 
It is illustrated in Fig. 216, on Plate LV. Its 
special characteristic isthat the saw spindle cants 
while the table remains flat and horizontal, so 
that mitreing or other angular work can be done 
with greater safety and, owing to the normal 
table position being retained, with an increase in 
the rate of production amounting to 30 per cent. 
The saw is 18 in. in diameter, with a 1}-in. 
spindle, and runs at 2,800 r.p.m., being driven 
direct by a 4-h.p. motor mounted on the spindle. 
The motor and spindle are carried in a substantial 
frame which can be canted on a quadrant up to an 
angle of 45 degrees from the vertical. The spindle 
runs in dustproof ball and roller bearings, and either 
a direct current or alternating current motor may be 
fitted. The swinging frame completely encloses the 
lower portion of the saw. It has a hinged cover in 
way of the saw, and a nozzle which deposits the 
sawdust clear of the front of the machine. It is 
provided with a raising and lowering motion 
by which the height of the saw above the table 
can be adjusted, the maximum depth of cut 
being 4 in. This motion is controlled by spiral 
gears and screw, and can be locked where desired. 
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Fig. 3. 


The operating handwheel is seen at the front of 
the machine. The handwheel at the back is for 
canting the saw which is done by a worm and 
wormwheel motion. 

The table is made up of two parts. The front 
portion slides on ball bearings, and may be with- 
drawn so as to leave a gap of 4 in. between it and 
the back portion. Grooving saws or cutters can 
therefore be used. The riving knife is supported by 
the frame carrying the saw and motor, on which 
it is adjustable vertically. The ripping fence can 
be adjusted by hand and may be canted up to 45 
deg. The saw guard has a saw cover which is raised 
and lowered by screw motion, and which can be 
turned out of the way when changing or sharpening 
saws. The cutting-off fence is accurately indexed 
and arranged to swivel either right or left hand. An 
adjustable stop and rod are providedon the fence for 
cutting off dead to length. It can be worked on 
either side of the saw. A start and stop push 
button control is fitted. 

A very handy tool is seen in the 6-in. hand feed 
planer and jointer. This has been designed to 
save the greater part of the time usually spent on 
hand planing, and can be set up and used by one 
man wherever current is available for the motor 
drive, a connection with the nearest electric light 
socket being all that is required. This planer }8 
shown in Fig. 217, on Plate LV, and, as exhibited 
on Messrs. Wadkin’s stand, is mounted on a cast- 
iron base. It can be supplied without this base, 
for attachment to a bench. The design 38 
simple, a safety circular three-knife eutter-block, 





with a cutting circle 3} in. in diameter }§ 
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situated in the centre of two tables, each adjustable 
by screw and handwheel and having a total overall 
length of 2 ft. 7in. The surfacing capacity, without 
removing the fence, is 6 in., and the maximum 
depth of cut, both when surfacing and rebating, 
is }in. The fence will cant up to 45 deg., and is 
adjustable to the full width of the table. The 
cutterblock spindle, which is mounted on heavy 
ball bearings, is coupled direct to a }-h.p. driving 
motor. 








4 


which may be operated while the machine is running: 
The saw is carried on an adjustable sleeve attached 
to the spindle, and can be fixed where desired to 
suit varying lengths of tenons. 

All the spindles are mounted on ball bearings 
with provision for end thrust, and all the cutter- 
blocks are attached by keys to the spindles in pre- 
ference to the older and more insecure method of 
screwing them on. The table is mounted on rollers 
running on dustproof ball bearings. The table 





The last example of Messrs. Wadkin’s work, 
illustrated in Fig. 215, is of a type of machine well 
represented in the exhibition, namely, a tenoning 
machine with an individual motor drive to each 
cutter head and to the cutting-off saw; there are 
thus five motors in all. There is an independent 
push-button control to each motor, so that only one, 
two, or three heads may be used if the particular 
Operation being done requires no more, a saving of 
power resulting. A master push-button stops all 
the motors. 

The general design of the machine is so clear 
from Fig. 215 as to call for little explanation, 
but its capacity may be indicated. It will admit 
timber up to 24 in. by 6 in., and will cut tenons 
6 in. long, scribe the shoulders, and cut off dead 
to length at one operation. The horizontal head- 
stocks are independently adjustable vertically, the 
top headstock being also adjustable horizontally 
for producing tenons having unequal shoulders. 
The vertical scribing spindles are each attached to 
the main headstock slides, and are, in consequence, 
adjustable with them. In addition, they have inde- 
pendent vertical and horizontal adjustments, all of 


fence is provided with a turn-over stop, which can 
be utilised with equal facility, whether the fence 
is in the square or angular position, an important 
point when dealing with angular tenons, which, 
with double tenons can also be made on the machine. 
Two quick-acting lever cramps are supplied for 
securing the work. The machine will trench or groove 
up to 24 in. wide, and will cross-cut up to 24 in. by 
44 in. All the motors are 2 h.p., except that for the 
top scriber, which is only 1 h.p. 








THE PIETERS CONTINUOUS 
CARBONISATION PROCESS. 


Amone the problems of carbonisation of coal and 
similar combustibles, the avoidance of undesired 
decomposition in the furnace, the production of coke 
sufficiently strong to stand storage, transit and metal- 
lurgical uses, and the conservation of heat, are among 
the most considerable. By the courtesy of Mr. J. 
Pieters, of Paris, we are now able to give some account 
of a carbonisation system which he has designed, for 
which results of considerable interest and importance 
are claimed. This was first put into operation in 
| 1919, and a good deal of useful experience has been 








accumulated from its uninterrupted working since 
that date, not only in the original installation but in 
a number of others in various parts of the Continent. 
Primarily it appears to have been started with the 
object of producing a high quality of metallurgical 
coke by continuous distillation. It was found, how- 
ever, that the working principles adopted resulted 
also in unusually favourable yields of other products 
in respect of quality as well as quantity, and were 
applicable with little modification of design to the 
widest variety of solid fuels. Essentially, these prin- 
ciples consisted in making exceptionally free provision 
for the escape of the products of distillation from the 
heated zone at every part of the vertical furnace, 
and of recovering and using recuperatively in the 
distillation a large part of the heat used in the process. 

General views of two installations are given in 
Figs. 3 and 4, herewith, and the design of the plant 
will be seen readily by inspection of Figs. 1 and 2, 
opposite, and 5 and 6, page 366. Fig. 2 is a plan, 
Fig. 1 a longitudinal section and part elevation, of a 
complete installation for treating 50 tons of lignite 
per hour. Fig. 5 includes two half-sections through 
the axis of the retort and the heating and re- 
cuperating systems, respectively, of a plant for 
the carbonisation of 60 tons of coal per day. Fig. 6 
shows on the left a transverse half-section through the 
furnace, and on the right hand a half-section through 
the staircase shaft. On its arrival at the retort house 
the coal is at once carried to charging hoppers at the 
top, either in a skip, as in Fig. 4, or a bucket elevator, 
as indicated in Fig. 5. These sheet-iron hoppers are of 
oblong shape, and continue upwards a similar number 
of carbonising retorts, each of which is normally closed 
at the bottom, while the top, if the charge does not 
make it completely gas-tight, is closed and isolated 
from the remainder by a damper. The charge is 
heated gradually as it passes down the retort, the oil 
and other by-products being separated while the 
charge is still in the low-temperature zone, escaping 
through openings on the side of the retorts at intervals 
throughout its height, as shown in Fig. 6, where they 
enter the exhaust system described below. The high- 
est temperature is reached some distance from the 
base of the retort, and during its downward passage 
from that point the charge gives up heat recuperatively 
to gases returned from the condensation plant shown 
in Fig. 1, and arrives at the point of discharge at a 
temperature sufficiently little above that of the 
atmosphere to avoid the need for any quenching of 
discharge, or the loss of any large quantity of heat. 
The discharge takes place periodically through either 
two flat gates of which one is provided with a water 
seal, as Shown in Fig. 6, or with the upper gate replaced 
by a rotary curved receptacle fitting and capable of 
being rocked round the base of the retort, when the 
coke is to be produced in large pieces, as for metal- 
lurgical purposes. To ensure the charge against 
sticking when it is of a caking nature, a hollow piston 
of a cross-section to fit any of the retorts is provided 
at the charging end of the furnace, its lower parts 
being chamfered to provide a cutting edge. This 
piston is applied by gearing to any retort in which the 
charge is sticking at the time of discharge, and serves 
to cut away the charge from the side of the retort with- 
out imposing an excessive pressure on the discharging 
gear at the base of the retort. The recuperative 
system will be understood from the drawing. The 
air. for combustion, which is introduced at the level 
of the top of the retort, passes down through zig-zag 
passages to the combustion chamber at the level 
of the lower part of the retort in a counter-current 
direction both as regards flow and temperature gradient 
to the flue gases and descending charge of coal. In 
this way the air abstracts a large part of the sensible 
heat by vigorous recuperation, and arrives at the 
combustion chamber in a highly heated condition. 
When the gas produced in the retort is not required for 
other purposes, it is more than sufficient for the service 
of the retort, and either a portion of this gas, which is 
exhausted through condensers as shown on Figs. 1 
and 2 and returned to the retort after treatment, or a 
supply of producer gas if the retort gas is used for other 
purposes, recuperates heat from the finished coke 
which forms the lower part of the charge, and is blown 
into a cast-iron chamber near the bottom of the 
furnace. Thence it is led upwards to mix with the 
gas discharged directly into the combustion chamber 
at the hottest zone of the charge, and supplies the 
burners of the combustion chamber. Asa consequence 
of these effective recuperative arrangements, the furnace 
gases are said to be discharged at a temperature within 
about 100 deg. C. of that of the atmosphere, and 
the coke at a temperature so little above that of 
the atmosphere that no quenching is required. This 
coke can be discharged and handled immediately it 
is finished. A further consequence of the systematic 
and effective control of temperature gradients by 
these means is that the flue joints show little tendency 
to leak, or the brickwork to distort or crack. All 
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parts of the furnace, however, are conveniently acces- 
sible for repairs. The control of temperature is 
regulated with the help of suitable spy-holes and 
pyrometers in the main combustion chamber. The 
maximum temperature varies from 800 deg. C. to 
1,000 deg. C., according to the material to be treated 
and the class of product desired. The capacity of the 
plant varies according to the same circumstances in 
still greater degree. The plant, for example, shown in 
Figs. 5 and 6 consists of a single furnace containing 
only two retorts, and on suitable coal serves to produce 
metallurgical coke at a throughput of 60 tons per day, 
whereas the plant shown in Figs. 1 and 2, which works 
on lignite, has 12 retorts and a throughput of 50 tons 
per day. The avoidance of extreme temperatures has 
the further advantage that the retort can be con- 
structed of good fire-brick instead of requiring more 
refractory material. 

The condenser and tar plant are shown on Figs. 
! and 2, and require little explanation. The gases 
and vapours given off on distillation pass immediately 
out of the retort through the nearest opening in its 
side and are exhausted, the tar and oil condensed, 
and the gas returned to the retort for use in com- 
bustion in a closed circuit, except for such part of 
the gas as is used for other purposes. A preliminary 
separation of tar occurs in drums on either side of 
the retort, and their contents. together with the 
condensate from the condensers, passes into a separat- 
ing tank, from which the separated tar is led into a 
tar rescrvoir. From this it passes into the tar dis- 
tillery, where after treatment in a_ steam-heated 
vertical dehydrating tower it is led in an anhydrous 
condition into a tar boiler, from which fractions at 
different boiling points are collected. The pitch 
which remains is pumped into a choking tank, where 
it is kept until it is ready to be run off into the pitch 
reservoir. The oils obtained during this process are 
separated from phenols and cresols in a mechanical 
washer, whence they are pumped into tanks. 

It has been found that a mixture of bituminous coal 
dust and 10 per cent. of the semi-coke dust previously 
produced in the process can be briquetted with 4 or 
5 per cent. of pitch, and briquettes so made when 
carbonised by this process give a good quality of hard 
coke, while the majority of the oils contained in the 
pitch are recovered. 

Among the advantages claimed for this process, in 
addition to those that appear from the above descrip- 
tion, are a larger output of benzol, sulphate of ammonia, 
and tar, a better quality of tar and its associated oils 
and of coke, and a uniform quality of both coke and 
gas. It is said, moreover, that the ground space 
required for a plant is only from a fifth to a sixth of 
that taken by a plant of ordinary design, the working 
cost is less and the process is applicable to a wide 
variety of raw materials, including anthracite, bitu- 
minous coal, lignite and peat, and of products. So 
far as we are aware, no plant has yet been erected on 
this system in this country, but a number have been 
erected in France and elsewhere with throughputs up 
to 200 tons per day, and the claims made are said to 
be based upon actual experience. It is claimed on 
behalf of the system that it is possible with it 
to guarantee that a plant will produce when operated 
on a commercial scale not less than 75 per cent. of 
the results obtained in the laboratory from one of 
two duplicate 2-cwt. contract samples. 


ENGINEERING TRAINING AND 
EDUCATION. 

Chelsea Polytechnic.—A prospectus has reached us 
giving brief particulars of the day and evening classes in 
metallurgy provided at the Chelsea Polytechnic, Man- 
resa-road, Chelsea, 8.W.3, during the session 1928-29. 
The dates of the terms are as follows :—Michaelmas 
term, September 24—December 22 ; Lent term, January 
9%, 1929-March 26; Easter term, April 15-July 6. 
The day classes include a three years’ course in general 
metallurgy and assaying, a prospector’s short course in 
assaying, mineralogy and surveying, and a short course 
on the principles of assaying. Facilities are also offered 
for individual work and research. The evening classes 
include complete courses of instruction in general 
metallurgy, metallurgical analysis and assaying, 
metallography and pyrometzy, engineering metallurgy, 
and a three years’ graduated course for the University 
degree. As in the case of the day classes, opportunity 
is given for individual work and research. Further 
information may be obtained from Mr. W. A. Naish, 
lecturer in metallurgy, at the above address. 


Northampton Polytechnic Institute—Pamphlets have 
been issued by the Northampton Polytechnic Institute, 
St. John-street, London, E.C.1, giving full particulars 
regarding evening classes in electrical, civil and me- 
chanical engineering, and engineering day courses, 


arranged for the forthcoming 1928-29 session. The | 





courses offered in the evening departments are of a very | 
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comprehensive nature, the syllabus of work covering 
all the essential subjects, while the engineering day 
college provides full-time courses in civil, mechanical, 
aeronautical and electrical engineering, and electrical 
communication. The evening classes will begin on 
Monday next, September 24, while the date of com- 
mencement of the day courses has been fixed for 
Wednesday, October 3 next. Further information 
may be obtained from the Principal, Mr. 8. C. Laws, 
at the above address. 


LAUNCHES AND TRIAL TRIPS. 


“* Masana.’’—Motorship ; single-screw, Sulzer engine. 
Launch, September 1. Main dimensions, 165 ft., by 
28 ft. 8 in., by 10 ft. ; deadweight, 400 tons; displace- 
ment, 783 tons. Built by the ‘‘ De Maas ”’ Shipbuilding 
Company, Slikkerveer, Holland, for the Royal Packet 
Company of Amsterdam. 


“ Brirish Turirt.”—Oil-tank motorship; _ single- 
screw, Neptune Polar Diesel engine. Trial trip, Sep- 
tember 4. Main dimensions, 195 ft., by 31 ft. 6 in. ; 
designed for a deadweight of 620 tons on a draught of 
10 ft. Built by Messrs. Swan, Hunter and Wigham 
Richardson, Limited, Newcastle-on-Tyne, for the 
British Tanker Company, Limited, London. 








‘“* Lapy Drake.”’—Passenger and cargo steamer ; twin- 
screw, single-reduction, geared turbines of the Parsons 
latest impulse reaction type. Launch, September 4. 
Main dimensions, 437 ft. 3 in., by 59 ft., by 31 ft.; the 
the maximum draught being 24 ft. and the designed speed 
15 knots. Built by Messrs. Cammell Laird and Com- 
pany, Limited, Birkenhead, for the Canadian National 
(West Indies) Steamships, Limited, Montreal. 


** CHELWOOD.’’—Single-screw cargo steamer. Launch, 
September 4. Designed to carry about 4,100 tons 
deadweight on a light-draught. Built by Messrs. S. P. 
Austin and Son, Limited, Wear Dock Yard, Sunderland, 
to the order of Messrs. Wm. France, Fenwick and Com- 
pany, Limited, of London. 

Trial trip recently. 


**Mupa.”’—Single-screw tug. 
Limited, Leith, for 


Built by Messrs. Henry Robb, 
service at an East African port. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—The quantity of Cleveland 
pig-iron available for sale in the open market is small. 
Stocks are at a very low ebb, and the restricted output 
is largely absorbed at producers’ own foundries and 
steel works. Fixed prices are very firm, and seem more 
likely to advance than otherwise, as home needs are 
increasing. Contracts with firms in Scotland are 
expected to be renewed, and some improvements in 
export demand is not unlikely. Merchants have command 
of very little Cleveland iron, but producers encounter, 
in certain quarters, a fair amount of competition by 
Midland firms. No. 1 Cleveland is 68s. 6d. ; No. 3 g.m.b., 
66s. ; No. 4 foundry, 65s. ; and No. 4, forge, 64s. 6d. 


Hematite.-—-Business in East Coast hematite iron 
continues to inerease gradually nothwithstanding 
competition of West Coast brands. Prices obtainable 
are still well below cost, but are moving in the right 
direction as the result of steady moderate home and 
Continental demand, which more than takes up the 
limited output. Stocks have become inconveniently 
small, and makers are experiencing difficulty in fulfilling 
their delivery obligations. The minimum quotation 
for East Coast brands is 69s. 6d., and better qualities 
are realising a good deal above that figure. 


Foreign Ore.—With foreign ore merchants not disposed 
to press sales, and consumers as disinclined as ever to 
negotiate for supplies, transactions are few and small, 
but values are upheld. Nominally, best rubio is 22s. 6d. 
c.i.f. Tees. 

Blast-Furnace Coke.—Durham blast-furnace coke, of 
good medium quality, remains at 17s. 6d. delivered here. 
Demand for local use is quiet. 


Manufactured Iron and Steel.—-Manufactured iron is 
selling better, and improvement in demand for both 
semi-finished and finished steel is reported. A few 
specifications for shipbuilding requisites are being 
distributed, railway material is in better request, steel 
for constructional engineering work continues in rather 
good demand, and sheet producers are fully sold until 
the end of the year. All quotations are steady. 
Common iron bars are 101. 5s.; best bars, 10/1. 15s. ; 
double best bars, 11/7. 5s.; treble best bars, 111. 15s. ; 
iron rivets, lll. 5s.; packing (parallel), 7/. 10s. ; 
packing (tapered), 101. ; steel billets (soft), 62. 12s. 6d. ; 
steel billets (medium), 7/. ; steel billets (hard), 77. 12s. 6d.; 
steel rivets, 11l.: steel ship plates, 81. 7s. 6d.; steel 
angles, 7/. 17s. 6d.; steel joists, 7/. 17s. 6d.; heavy 
sections of steel rails, 8/. 10s.; black sheets (No. 24 
gauge), 10/.; and galvanised corrugated sheets (No. 24 
gauge), 13/7. 12s. 6d. to 131. 15s. 








ContTract.—-The General Electric Company, Limited, 
Magnet House, Kingsway, W.C.2, has received an order 
from the Exeter Corporation Tramways for four complete 
tramway-car electrical equipments. Each car will be 
fitted with two 500-volt motors, rated at 50 h.p. 
each, on the one-hour rating, and two series-parallel 
controllers, 








NOTES FROM THE SOUTH-WEST. 


CaRpDIFF, Wednesday. 

The Coal Trade.—Though inquiries are circulatin: 
rather more freely, business is checked by a scarcity «1 
suitable tonnage, and the fact that c.i.f. shippers a: 
reluctant to settle owing to a sharp advance in freight-. 
which are now on the basis of the highest levels touche 
this year. The result is that colliery salesmen are bein: 
disappointed in respect to anticipated terms, and are 
compelled to seek a fresh outlet for coals. Supplies of 
large are ample to meet the limited requirements «| 
shippers, and prices continue on the basis of the minima 
schedule. Smalls, however, are somewhat patchy. 
because of the intermittent working of collieries, but 
sized products are moving off more freely. An encourag- 
ing sign is the fact that it is reported that the Paris, 
Lyons and Mediterranean, and Midi railways, which, 
for a considerable time, have been using French and 
German coal, will shortly be inviting prices for Welsh 
coal, while the Portuguese State Railways are asking 
for prices for 100,000 tons of small coal for deliver) 
between October 15 and February 15, with the option 
of another 100,000 tons for delivery between February 15 
and May 15. A feature of the coal trade of late has 
been the bunkering of a number of whaling steamers 
prior to their departure for the South Polar regions. 
Last week these vessels took 30,000 tons of Welsh coal, 
as cargo, compared with 14,250 tons in the preceding 
week and 15,200 tons a fortnight ago, which quantities 
are exclusive of bunkers. Shipments of coal in the past 
week totalled 367,550 tons, which was nearly 44,000 tons 
less than were despatched in the previous week. Shipments 
from Cardiff were reduced from 268,430 tons to 213,610 
tons, and from Llanelly from 9,650 tons to 7,000 tons, but 
at Newport raised from 69,850 tons to 72,810 tons, at 
Swansea from 38,880 tons to 45,970 tons, and at Port 
Talbot from 24,650 tons to 28,170 tons. The feature of 
the Welsh coal trade in August was the fact that anthra- 
cite exports, at 263,753 tons, were the highest for any 
month since October last, while the average realised 
price at 23s. 4d. per ton was 6}d. per ton more than was 
secured for the July clearances. Kxports of bituminous 
and anthracite coal were increased by 119,368 tons to 
1,779,652 tons, and the price raised by jd. to 17s. 83d. 
per ton. Returns issued by the Great Western Railway 
Company, however, show that the coal and coke trade 
of the South Wales docks from January 1 to September 2 
amounted to 17,758,728 tons, which was 1,500,000 tons 
less than the quantity despatched in the corresponding 
period of last year. 


Coal Freights Advance.—A scarcity of shipping and a 
pressure for boats to load for South America and the 
Upper Mediterranean ports has resulted in some sharp 
advances in outward freights for tonnage to load Welsh 
coal. As much as lds. 3d. has been conceded for th» 
River Plate from Cardiff, which, is 2s. 3d. above the highest 
rate paid up to the end of August, and 3d. below the 
maximum level touched in 1927. Rio de Janeiro has 
also paid 13s. 6d. or ls. 9d. above the previous highest 
level this year, while Genoa, at 8s. 6d., was 6d. below 
the previous maximum and 3s. 6d. less than the top 
figure touched in 1927. Barcelona at 11s. 6d. established 
the highest figure for this year, and Gibraltar at 7s. 6d. 
compares with a maximum of 8s. up to the end of August, 
and of 9s. last year. 


TENDERS.—-We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
details and information relating to those may be 
obtained on application to the Department at the 
above address, the reference number given below being 
quoted in each case :—It is reported from Antwerp 
that tenders, to be presented by October 15, are being 
called for by the Municipality for the supply of two 
hydraulic capstans. (Ref. No. A.X. 6841.)—The 
Borough of Durban, South Africa, is inviting tenders 
for the supply of swan-neck fire plugs and standard 
hydrants, complete with lengthening pieces and duck- 
foot bends. Tenders to be presented by November 9. 
(Ref. No. A.X. 6850.)—Tenders for the supply of one 
water turbine and two oil-engine-driven direct-current 
generators, to be presented by October 17, are being 
invited by the India Store Department, Simla. (Ref. 
No. B.X. 4733.)—A letter has been received by 
the Department of Overseas Trade from a Canadian 
firm who are desirous of obtaining information as to 
the cost of the installation of a 3,500-h.p. turbine, 
direct coupled to a three-phase generator. (Ref. No. 
B.X. 4728.)—Further tenders are being invited by the 
South African Railways and Harbours for the suppl) 
and delivery of two crude-oil-driven electric generating 
sets each of 6}-kw. capacity. Tenders to be presented 
by October 25. (Ref. No. B.X. 4722.)—It is reported 
from Roumania that the Port Authorities at Constantza 
are inviting tenders, to be presented by October 1, for the 
supply of one electric portable crane and two goods lifts. 
(Ref. No. A.X. 6797)—The Wellington Corporation !s 
calling for tenders, to be presented in New Zealand by 
November 11, for the supply of a turbine pump wit! 
accessories. (Ref. No. A.X. 6796.)—It_ is reported 
from Cape Town that the South African Railway anc 
Harbours are calling for tenders, to be presented in 
Johannesburg by November 15, for the supply and 
erection of one overhead runway system for a new carg 
shed. (Ref. No. A.X. 6851.)—His Majesty’s Trade 
Commissioner at Melbourne reports that a local firm is 
desirous of receiving, from British manufacturers, tu! 
particulars and prices of veneer and plywood machiner) 
Ref. No. A.X. 6823.) 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Mixed conditions are general, with 
plant in the heavy sections employed well below capacity ; 
the outlook, however, is viewed with rather more hopeful- 
ness than was the case a month ago. The low level of vir- 
tually all classes of basic and semi-finished materials in 
both iron and steel has induced more inquiries from those 
users whose order books reflect a growing turnover, and 
if big tonnage contracts are disappointingly few, the 
number of forward purchases shows a weleome tendency 
to increase. This movement must, however, develop 
very considerably before the position can be regarded as 
satisfactory. Forges and foundries show rather more 
activity, but rolling mills have been badly hit and are 
still battling against adversity. Owing to oddment 
work having become the rule rather than the exception 
not only in regard to low-priced export trade but in higher 
quality lines—costs have been greatly enhanced. One 
large installation whose losses, since 1922, have ex:eeded 
120,000/., spent 125,000/. during the last twelve months in 
manipulating only 28,000 tons of steel, as compared with a 
pre-war cost of 76,000/. to roll 41,000 tons, when bulk 
orders were plentiful. A director of this concern esti- 
mates the cost of producing oddments at three-and-a-half 
times that of discharging large tonnage business. At 
the same time this class of work is not wholly represen- 
tative of Sheffield industry, which tends to develop more 
and more upon specialised lines in relation to high-class 
engineering and special constructional services. With 
transport engineers, and with the electrical and chemical 
trades, Sheffield steelmakers have built up a big connec- 
tion, and under the reorganisations of recent years 
thev are deriving increased benefit from these sources. 
failway work is opening out nicely on export account, 
though the volume of inland business Jeaves much to be 
desired. From the standpoint of steel supply this 
district has a direct interest in the contract for 400 steel 
bogie wagons, which has just been placed in Leeds by the 
South African Railways. The receipt of this contract is 
specially welcomed as affording evidence of the growing 








inclination of overseas buyers to look beyond first-cost 
when considering the quality and durability of steel 
manufactures. The possibility of trade development with 
Mexico is under consideration as the result of this week’s 
visit to Sheffield steel and engineering works of the 
secretary and treasurer of the Mexican Chamber of 
Commerce. ‘Tool and implement sections show uneven 
conditions. An improved demand is reported on export 
account for saws, files, and certain types of agricultural 
requisites. 

South Yorkshire Coal Trade.—The volume of business 
in house coal is below the average for this season of the 
year, though London and the southern counties are 
taking fair supplies of best qualities. Weakness is most 
evident in secondary grades. An improvement is 
expected when weather conditions change. Industrial 
fuel is moderately active. Sales on inland account are 
maintained fairly well considering the depressed state of 
some of the basic industries. The improvement recently 
reported in export business is fully upheld. While good 
business is being done on export account in coke, inland 
requirements tend to ease. The adjustment of outputs 
has, however, steadied prices, and from the beginning of 
October to the end of December, blast-furnace coke will 
be sold at 13s. 6d. per ton, on rail at ovens, representing 
an advance of 1s. on the existing minimum. Quotations : 
Best branch handpicked, 26s. to 27s. 6d.; Derbyshire best 
bright house, 21s. to 22s. 6d. ; best house coal, 19s. 6d. to 
20s. 6d. ; sereened house coal, 16s. to 17s. ; sereened house 
nuts, 14s. 6d. to 16s.; Yorkshire hards, 14s. 6d. to 16s. ; 
Derbyshire hards, 14s. 6d. to 16s.; rough slacks, 8s. 6d. 
to 9s. 6d.; nutty slacks, 4s. 6d. to 6s. ; smalls, 3s. to 4s. 








PROGRESS WITH THE GRID IN ScoTLanp.—With 
the completion of the 18-mile section between Bonny- 
bridge and Clydes Mill, which took place this week, it 
may be said that the first stage in the erection of that 
part of the grid which lies within the Central Scotland 
area has been reached. The principal contractors for 
this work were Messrs. British Insulated Cables, Limited, 
of Prescot, and the whole of the material used is of 
British or Colonial manufacture. It is understood that 
similar work in the South-East England area will be 
put in hand this month. 





PERSONAL,—Messrs. Bostock and Bramley, Limited, 
have entered into a working agreement with Messrs. Craven 
Brothers (Manchester), Limited, whereby the manufac- 
ture of their gearing will be carried out at the Vauxhall 
Works, Reddish, of the latter firm. The obligations of 
Messr s. Joshua Buckton and Company, Limited, of Leeds, 
'n respect of the above firm’s gearing, have been assumed 
by Messrs. Craven Brothers (Manchester), Limited. The 
address of Messrs. Bostock and Bramley, Limited, is now 
Vauxhall Works, Reddish-road, Reddish, Stockport.— 
Mr. H. J. Young, 3, Central Buildings, Westminster, 
S.W.1, announces that he has taken into partnership 
Mr. G. Shaw, M.Se.. and is now practising with him 
under the style of Young and Shaw,: analytical and 
‘onsulting chemists, 4974, Shields-road, Walker-gate, 
Newe istle-on-Tyne.—Mr. H. E. Metcalf has resigned 
his position with Messrs. Babcock and Wilcox, Limited, 
to become general manager of Ruths Steam Storage, 
Limited, Africa House, Kingsway, W.C.2.—Sir Westcott 





Abell informs us that he is taking up his duties as Pro- 
fessor of Naval Architecture at Armstrong College, 


Newcastle-on-Tyne, on October 1. He is giving up his 
pe tenth at 101, Leadenhall-street, E.C.3, and his 
address in Newcastle will be 14, Westfield-drive, Gosforth, 
Newcastle-on-Tyne. 





NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Scottish Steel Trade.—There is little change to report 
in the state of the Scottish steel trade this week, and 
bookings, while fair, are not of heavy tonnage generally. 
Broadly speaking, the works are better employed of 
late, but in many cases only a portion of the plant is in 
operation. Producers are very hopeful as to the future, 
and look for an expansion of business within the next 
month or two. This feeling is partly accounted for by 
the better inquiry recently, coupled with the firmness of 
prices on the Continent. In the black-sheet trade there 
is still a scarcity of orders for the heavier gauges, but 
for the lighter gauges and galvanised sorts there is a 
steady demand. The latter is good both on home and 
export account. The following are the current market 
quotations :—Boiler plates, 10/. 10s. per ton; ship 
plates, 8/. 7s. 6d. per ton; sections, 7/. 17s. 6d. per ton ; 
sheets, } in., 8/. 15s. per ton; sheets galvanised and 
corrugated, No. 24 gauge, 131. 7s. 6d. to 131. 12s. 6d. per 
ton, all delivered Glasgow stations. 

Malleable-Iron Trade.—A quiet tone continues to rule 
in the malleable-iron trade of the West of Scotland, and 
very little business is going through. Makers are still 
finding it difficult to secure sufficient specifications to 
enable plant to be kept running the full week. In the 
re-rolled steel branches conditions are quite satisfactory, 
and although bookings are a little lighter, order books are 
generally fairly well filled. The price of ‘ Crown ”’ barr 
is 101. 5s. per ton for home delivery and 91. 15s.. per ton 
for export, and re-rolled steel bars are 7/. 10s. per ton for 
home delivery and 7/. 7s. 6d. to 7/. 10s. per ton for 
export. 

Scottish Pig-Iron Trade.—In the pig-iron trade of 
Scotland there have been no developments of late, and a 
state of depression exists. The demand is very poor and 
inquiries are far from satisfactory. Prices are barely 
steady, and are as follow :—-Hematite, 74s. per ton, 
delivered at the steel works ; foundry iron, No. 1, 75s. to 
76s. per ton, and No. 3, 70s. to 71s. per ton, both on 
trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipments of 
Scottish pig-iron from Glasgow Harbour continue of 
small tonnage. For the week ending Saturday last, 
September 15, the total was only 363 tons, as against 
261 tons for the corresponding week of last year. Last 
week the coastwise total was only 53 tons. 








Tur TINPLATE InDustRY.—According to the current 
issue of Tin, the monthly bulletin of the Anglo-Oriental 
Mining Corporation, Limited, the outlook for the British 
tinplate industry is entirely favourable. Statistics show 
that exports for the first seven months of 1926 totalled 
276,128 tons ; the corresponding figures for 1927 and for 
1928 were, respectively, 292,474 tons and 314,285 tons. 





Screw, WIRE AND Natit GauGeE.-—We have received a 
sample of a little screw, wire and nail gauge which is being 
issued by Messrs. Rd. Johnson, Clapham and Morris, 
Limited, Jacem House, Trafford Park, Manchester. 
The gauge takes the form of a flat sheet of metal 3 in. by 
1 in., down the centre of which is stamped a tapering 
hole. The width of the hole, of course, corresponds 
to the standard diameters, and is marked on one side 
for wire and nails, and on the other for screws. A 3-in. 
rule is marked along one side, the inches being divided into 
eighths, tenths and twelfths respectively, while a small 
hole is punched at one end for attachment to key strap 
or chain, or it may be comfortably carried in a waistcoat 
pocket. 


LectuRES ON SMOKE INSPECTION.—Particulars have 
reached us concerning the course of lectures and demon- 
strations for smoke inspectors, which has been arranged 
by the Royal Sanitary Institute, 90, Buckingham 
Palace-road, London, 8.W.1. for the session October- 
April, 1928-1929. In 1912 the Institute established 
an examination qualifying for the post of smoke 
inspector, and the present course of ten lectures 
covers the necessary syllabus, in addition to practical 
demonstrations at works illustrating the management and 
working of different types of furnaces. The fee for 
the course, which starts on Monday, October 8, is 1l. 10s. 
Further particulars may be obtained from the secretary 
of the Institute at the above address. 

Tur CINEMATOGRAPH IN INDUSTRY.—Watching an 
operation or process is admitted a more rapid, if not 
more effective, method of understanding it than by 
reading a written description, and, accordingly, Messrs. 
Alfred Herbert, Limited, of Coventry, in making this 
possible by the circulation of admirably coherent cine- 
matograph films, are clarifying the general knowledge of 
industrial processes as well as making their own products 
more widely known. Three films have been prepared and 
have been shown daily, without fee, at the Machine Tool 
Exhibition at Olympia ; thereafter they will be available 
for demonstration by educational or other authorities 
technical and works societies, &c. ‘‘ The Thirtieth Part 
of a Hair’” illustrates the construction of grinding 
machines, and modern methods of accurately forming a 
flat surface ; ‘‘ The Age of Speed ” shows, amongst other 
things, in its four reels, the manufacture of abrasives in 
electric furnaces at Niagara and elsewhere; while “‘ A 
British Key Industry ”’ links up modern civilisation with 
the work of the machine tool, and demonstrates how 
large a proportion of present-day amenities depend on 
it. The film concludes with an outline of the manufacture 
of machine tools. A clever admixture of scenes with a 
popular appeal make all the films of interest to the 
general as well as to the technical public. 
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NOTICES OF MEETINGS. 








WoRLD POWER CONFERENCE: FUEL CONFERENCE.— 
Monday, September 24, to Saturday, October 6, Imperial 
Institute, South Kensington, S.W.7. Monday, September 
24, 3 p.m. Great Hall, Imperial Institute. Official 
Opening. At 7.30 p.m., Banquet, Connaught Rooms, 


Great Queen-street, W.C.2. Tuesday, September 25, 
10.15 a.m., Hall A. Imperial Institute. Section A: 
The Coal Industry. Hall B. Section E: The Oil 


Industry. Section N: Internal-Combustion Engines. 
At 2.30 p.m. Hall A. Section B: Sampling and Testing 
of Solid Fuels. Hall B. Section F: Composition, 
Classification, Preparation, Storage and Handling of 
Liquid Fuels. At 9.30 p.m., Reception by His Britannic 


Majesty’s Government, Lancaster House, S.W.1. Wed- 
nesday, September 26, 10.15 a.m. Hall A. Imperial 


Institute. Section C: Coal Treatment. Section D: 
Storage and Handling of Solid Fuels by the User. 
Hall B. Section R: Peat. Section S: Power Alcohol. 
At 2.30 p.m., Hall A. Section G: The Carbonisation 
Industry—Economic and General Considerations. Thurs- 
day, September 27, 10.15 a.m., Hall A. Section H: 
Composition, Classification, Preparation, Storage and 
Handling of Gaseous Fuels and of the Products of 


the Carbonisation Industry. At 2 p.m., Various 
Visits. Friday, September 28, 10.15 a.m. Imperial 
Institute. Hall A. Section J: Utilisation of Fuels for 


Steam Generation and the Production of Electricity. 
At 2.30 p.m., Hall A. Section K: Utilisation of Fuels, 
including Electricity, for Industrial Furnace Work. 
Monday, October 1, 10.45 a.m., Hall A. Section L: 
Utilisation of Fuels, including Electricity, for Domestic 
Purposes. At 2.30 p.m., Hall A. Section M: Pulverised 
Fuel. Tuesday, October 2, 10.15 a.m., Hall A. Section Q: 
Low-Temperature Carbonisation. At 2 p.m., Various 
Visits. Wednesday, October 3, 10.15 a.m., Imperial 
Institute, Hall A. Section O: Transmission of Power. 
Section P: Waste Heat Recovery. At 2.30 p.m., 
Hall A. Section T: Training of Fuel Technicians. 
Section V: Organisations concerned with the Efficient 
Use of Fuel in Industry. Thursday, October 4, 10.15 a.m., 
Hall A. Section W: Economic Possibilities in the 
Better Co-ordination of Fuel Utilisation. At 2 p.m., 
Various Visits. Friday, October 5, 10.15 a.m., Imperial 
Institute. Hall A. Reports on the Technical Sessions of 
the Conference. Closing Meeting. 


Tron AND Steet InstituTE.—-Autumn Meeting, 
Spain. Tuesday, September 25 to Saturday, October 6. 
Assembly Hall, Alfonso XIII High School, Bilbao. 
Tuesday, September 25, 10 a.m., Opening Ceremony. 
‘Tron Ore Mining in Vizeaya,”’ by Mr. J. Balzola. “ The 
Use and Interpretation of the Transverse Test for Cast 
Tron,” by Mr. J. G. Pearce. ‘‘ The Change in Tensile 
Strength Due to Ageing of Cold-drawn Iron and Steel,” 
by Dr. L. B. Pfeil. ‘‘ The Influence of Varying Strains 
and Annealing Temperatures on the Growth of Ferrite 
Crystals in Mild Steel,’ by Professor C. A. Edwards and 
Mr. T. Yokoyama. Wednesday, September 26. 3.30 
p-m., ‘* The Phenomena of Corrosion of Iron and Steel,” 
by Mr. A. Herrero and Mr. M. de Zubiria. “* The 
Influence of Pearlitisation below the Ar, Point on the 
Mechanical Properties of Carbon Steels,’ by Mr. J. 
Orland. ‘‘ Effects Observed in Quenched Liquid Steel 
Pellets and their Bearing on Bath Conditions,’’ by 
Mr. J. H. Whiteley. ‘‘ Some Properties of Cold-drawn 
and of Heat-treated Steel Wire,”’ by Mr. S. H. Rees. 
Thursday, September 27, to Saturday, October 6, 
Visits to Various Works and Excursions to Places of 
Interest in Spain. 

INSTITUTION OF PRODUCTION ENGINEERS: BIRMING- 
HAM BrancH.—Wednesday, September 26, 7 p.m., 
Grand Hotel, Birmingham, ‘‘ Problems of Production,” 
by Mr. A. P. Young. 

INSTITUTION OF LocoMOTIVE ENGINEERS (LONDON). 
—Thursday, September 27, 6 p.m., Denison House, 
Vauxhall Bridge-road, S.W.1, ‘“‘Some Notes of Metal- 
lurgical Importance in Locomotive Engineering,” by 
Mr. B. R. Byrne. 


Huuit AssocraTION OF ENGINEERS.—Saturday, Sep- 
tember 29, 7.15 p.m., Technical College, Park-street, 
Hull, ‘‘ The Brush Ljungstrém Turbine,’ by Mr. J. R. 
Hutchings. 





AGRICULTURAL TRACTORS IN Russta.—The number of 
tractors imported into Russia in the last few years, 
according to a report submitted to the Commissariat 
for Trade, was 29,140, while the number manufactured 
within the country was 3,170, or roughly one-ninth of the 
former. Out of a total of 27,500 tractors in actual use 
at the present time, 44-3 per cent. are in the hands of 
collective farms, 30-6 per cent. belong to peasant organi- 
sations, 14-3 to State farms, and 10-8 per cent. to private 
persons. These figures have been taken from the July 
issue of the Bank for Russian Trade Review. 


GERMAN AEROPLANES AND AERO ENGINES.—We 
received recently from the Deutsche Motor-Zeitschrift 
G.m.b.H., of Dresden, a copy of the first edition of 
Deutsche Kraftfahrzeug-Typenschau. As the title 
implies, this publication contains a description of German 
aeroplanes and aero engines. A photograph of each 
machine and engine is reproduced, and the main charac- 
teristics and dimensions are given. Some 38 aeroplanes 
and 14 aero engines are illustrated and described. The 
publication, which is paper-backed, measures 9} in. by 
124 in. The editor is Mr. C. W. Erich Meyer, and the 
price is 2 marks, or 2 marks 30, post free. The offices of 
the Zeitschrift are at Miller-Berset-Strasse 17, Dresden 
Al19, Germany. 
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PIETERS CONTINUOUS CARBONISATION PLANT. 


(For Description, see Page 363.) 
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Moror-VEHICLE REGISTRATIONS IN Eeypt.—The Com- 
mercial Secretary at Cairo has forwarded to the Depart- 
ment of Overseas Trade particulars of the number of 
motor vehicles registered in Egypt, from which we quote 
the following :—The motor vehicles registered up till June 
30, 1928, comprised 12,892 private cars, 6,477 taxicabs, and 
3,743 lorries and omnibuses. New motor vehicles 
registered during the period January 1 to June 30 in- 
cluded 1,648 private cars, 936 taxicabs, and 465 lorries 
and omnibuses. 
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Fig. 6. 
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Roapway Across QueBEec Bripce.—Up till the 
present, the only means available to highway traffic 
of crossing the St. Lawrence River, below Montreal, 
has been the ferry. It is reported, however, that the 
Government of the Province of Quebec has decided 
shortly to proceed with the construction of a roadway 
across the Quebec Bridge, at an estimated cost ot 
350,000 dols. At present, the Quebec Bridge only carrics 
the double tracks of the main line of the Canadian 
National Railways. 
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Fic. 163. 15-In. Four-Spinpte HicH-Speep SENSITIVE DRILL; Fia. 164. Heap or Hiau-Sreep SensitivE DriLy; 
Messrs. Apcock AND SHIPLEY. Messrs. Apcock AND SHIPLEY. 
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Motor-DriveN Four-SpinpDLE Gana Dritt; Messrs. JAMES ARCHDALE Fria. 166. 32-IN. Sensitive RapIAL DRILLING AND 
AND Company, LIMITED. Taprina MacuiInE; Messrs. KitcHEN AND WADE. 
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Fic. 167. UniversaL Bortna, Mitting AND Drittine Macuine; Messrs. GEORGE RICHARDS AND CoMPANY, LIMITED. 
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Fic 168. Vertican Keyway MILLIna MacuHINE; Mgssrs. SMITH Fic. 169. 28-In. Motor-Driven Att-GEARED HorizontTaL MILLING 
AND CovENTRY (1927), LimiTeD. MacHINE ; Messrs. JAMES ARCHDALE AND COMPANY, LIMITED. 
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Fie. 170. Dre-Sinkinag MACHINE; Messrs. THE KELLER MECHANICAL ENGINEERING CORPORATION. 

















Fie. 172. 24-In. Motor-Driven ALL-GEARED VERTICAL MILLING MACHINE; 








Messrs. JAMES ARCHDALE AND Company, LIMITED. 





Fig. 171. 





ENGINEERING, Serr. 21, 192s, 





MopEL AND WorK ON DIE SINKER. 





























Fig. 





173. 


Gear Testina MacuinE; Messrs. THE 
FELLows GEAR SHAPER COMPANY. 
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Fie. 179. 7-Fr. py 14-Fr. VerticaL SuRFACE-GRINDING MacuinE; Messrs. Joun Lunp. 




































Fic. 180. Automatic Saw-SHARPENING MacutINne; Messrs. CLIFTON Fig. 181. 
AND Barrp, LIMITED. 


Hiau-Sprep Cotp-Sawina Macuine; MEssrs. CLIFTON 
AND Batrp, LIMITED. 











ENGINEERING, Sept. 21, 192s, 


(To face page °% 












XHIBITION. 





E 


> 


“ERINC 


ENGINI 


XHIBITS AT THE MACHINE TOOL AND 


E 








- * ee ee ‘dSLINUT ‘ANVANOQ ANV 
SUSSA]Y ‘ANIHOVIT ONITIP-AMA0Ug ‘O0z “O17 SCUVHON AOUOAY ‘sussaY ‘ ANIHOVIT ONITMUG-LOIG IVLINOZIUOH XAITdAgG ‘“E6l ‘DLT 


DN ie FINIIND 


PLATE LI. 











‘ANVANOQ AANLIH AA 
GNV LLVUd GH], ‘SUSSH{ ‘ANIHOVIT ONILLOTG *NT-9 ‘SGI “OI 





‘HLING GNV SVDDVA 
‘dav “SUSSAL $ANIHOVIT ONINVIG ACIQ-NAdQ NAAM -AOLOPW “N]-FZ “LET *OA 


























(‘6rg ebvg vas ‘uoydisosagq 404) 


"NOILIGIHXH ONIAAAHNIDONYH GNV TIOOL ANIHOVW AHL LV SLIPAIHXi 





ENGINEERING, Serr. 21, 1928. 
(To face page 358,) 











esses sees “NS BEAMS SKS SD atv Maan ¥ at OAN ECENS CL 
. | 


‘NOILLISIHXH ONINHANIONA GNV TOOL ANIHOVW HHL LV SUNIHOVIW INIMMOM-COOM 


(To 











“dHLINI'] ‘ANVIWOQ YALA] INGLVG S.Llaag ‘GaLINVT ‘ANVANOQ YALAIT INGLVG 


‘daLINIT ‘AUSSVJ{ “SG ANV “g “SESSA 
‘SUSSa {YAWNVH GUVOG ‘aT-00ZT ‘0% “OL SALIU “SUSSUT {UIWWVH dOUqE NOILOMWY NAAI(-ATVIVOIMLOVIG “LMQ-OL °Z0S “OL SUYaNWVH ONIYdG NAAIG-HOLOW “AT-CQ “10S “OLT 





ONista aN TNT 





ONIGFANIONG 


(To face page °59.) 


ENGINEERING, Sept. 21, 192». 






































(‘6tg avg vas ‘uoydisosaq 407) 


‘NOILIGIHXH DNIYHHNIONA UNV “IOOL HANIHOVW HHL LV SYHNNVH 


PLATE LIII. 




















‘ANIHOVIN ONITINO[! AIANIdQ-aTA10q 


“€1Z “9 








PLATE LIV. 












































ENGINEERING, Sepr. 21, 1928. 


NOLLIMIHXA ONIAAAN 


‘ATVGHOOUW 


IDNA UN 




















360.) 


€ 
« 

















(erg ebog aas ‘uoydiosagy 40.1) 


CULO LSNOO 


(To face page 


v TOOL ANIHOVW AHL LV SHAN 


IHOVW INIMAYOM-COOM 








} Oo +Saehrn \ Seas. aoe LS I BM OM AAs OS OFM Ss to Se 2OeK COROD! = SO BERS SF FH SF eH ee KR OG i 








‘MANVIG GIGY-GNVH NAALQ-uYOLOW “LIZ ‘OI 


61.) 





(T'o face page 


ENGINEERING, Sept. 21, 1928, 























‘ENIHOVI{ ONINONGY, “CIS ‘OT 























(‘erg eBog aas ‘uorjdissaq 407) 
‘UALSAOIAT ‘SHAANIONA ‘ANVdINNOO GNV NIMGVA ‘“SUSSAN Ad GALINALSNOD 


‘NOILIGIHXH DNINAANIONA GNV TOOL ANIHOVW HHL LV SHNIHOVW DNIAAOM-COOM. 








a a a tt 


18-In. CANTING-SPINDLE DIMENSION 


Saw. 


Fie. 216. 





SEPT. 21, 1928.] 


ENGINEERING. 


367 








ENGINEERING. 


Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRE 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 

TELEGRAPHIC | “ ENGINEERING,” WESTRAND, 

_ ADDRESS LONDON. 

TELEPHONE NuMBERS—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 











For the United Kingdom..................00 £3 5 0 
For Canada— 
Thin paper copies ................0.00 £218 6 
Thick paper copies _.................... £3 3 0 
For all other places abroad— 
Thin paper copies ..................:000 £3 3 0 
Thick paper copies  ..............0000 £3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 





When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 








ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 











Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, alterations 
for standing advertisements should be received 
10 days previous to the day of publication. 


All accounts are payable to “‘ ENGINEERING,” Ltd. 
Cheques should be crossed “The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 


AGENTS FOR “ ENGINEERING.” 


AUSTRALIA: Gordon and Gotch, Limited, Melbourne; Sydney ; 
Brisbane, Perth. Angus and Robertson, Limited, Sydney ; 
N.S.W. T. Willmett and ern e Townsville, North 
Queensland. W. C. Rigby, Adelaide, South Australia. 
Melville and Mullen, Melbourne, Victoria. 

BELGIUM, Brussels: E. F. Satchell, 86, Rue du Tabellion. 

Canapa, Toronto, 2, Ont.: Wm. Dawson Subscription Service, 
Limited, 91-98, Queen-street, East. 

DENMARK, Copenhagen: Kaat-Jensen & Co., Godsbanegade 1. 

EDINBURGH : John Menzies and Company, Limited, Rose-street. 

FRANCE, Paris: Ricour, Chevillet et Cie, 22, Rue de la Banque. 

eer: Hermann H. Fromm, Liitzowstrasse, 84, Berlin, 








GLascow: William Love, 221, Argyle-street. John Menzies and 
Company, Limited, West Nile-street. 

HOLLAND, Rotterdam: H. A. Kramer and Son, Limited 

InD1A, Calcutta: Thacker, Spink and Company. 

Bombay: Thacker and Company, Limited. 

ItaLy: U. Hoepli, Milan. Anonima Libraria Italiana, Torino, 
and any post Office. 

Japan, Tokio: Maruzen Company, Limited, and all branches. 

LIVERPOOL: Mrs. Taylor, Landing Stages. 

MANCHESTER: John Heywood, Limited, 143, Deansgate. 

NEw ZEALAND: Gordon and Gotch, Limited, Wellington, 
Auckland and Christchurch. 

Norway, Oslo: Cammermeyer’s Boghandel, Carl Johans Gade, 
41 and 43. 

SourH AFRICA: Central News Agency, Limited. Head Office— 
Johannesburg; and Pretoria, Cape Town, Port Elizabeth, 
Bloemfontein, Durban and various branches and book- 
stalls throughout South Africa. Wm. Dawson and Sons 
(South Africa), Limited, 29, Long-street, Capetown. 

TASMANTA : Gordon and Gotch, Limited, Launceston, Hobart. 

es StaTEs, New York : For subscriptions, The International 
News Company, 131, Varick-street. For advertisements, 
J. 8, Allan, 30, Church-street. 





CONTENTS. 
PAGE 


The Machine Tool and Engineering Exhibition— 
TNs CRIT see fos aseatnsctscrr cea eces taste oes esteSescecasnc 349 

Pieters Continuous Carbonisation Process (Jilus.).... 363 

Engineering Training and Education........................ 3 


Emeinoliens zich Trial Dea 5. oo. icsanncsesoececsssnssensesssyeseees 364 
Notes from Cleveland and the Northern Counties.... 364 
Notes from the South-West...............:0:ccccccesseees 364 
Notesfrom South Yorkshire 0.0.0.0... eee 365 
MN aiGiees Teer GI NOME soo 5s cnc caececacnces cacensencaevenetes 365 
ING IC Ce NCO 5 ca cccsdarsricsacssnassadoscessantvcseceacan 365 
SURI AN INCE ARE 5 oso o 5 caxcesccccce de csdueazeseanssnsececicoens 367 
PUMMNANI REIN 550 ccna Sinan, So veocednasaiese 368 
The British Association at Glasgow ........................ 369 
MGW atti CNM EN GEEISI cnc Si «cee vas sacavasc hones rosss con scunsessScysenes 370 
The Institute of Metals..................0.... eager roa tes 370 
EUR INGO coc ccs ss secs ksnsersescnesnqess saxtscsstiantsnsestents 371 
The P. & O. Turbo-Electric Liner “ Viceroy of 
RRR” | CHUA WIS Vis csicce vasccscas-nen esdesactsvasous; ieee .. 372 
Third-Class Sleeping Cars on British Railways 
CIM asses ca iecisonsecnce cats saassasa tas Spoge cian taigetsendcnsnsaeees 374 
The Evaporative Cooling of Aero-Engines................ 375 
Oil Engines for Aircraft and Railways (Jllus.) _........ 375 
Fatalities in the Petroleum Industry ........................ 378 
CRC NNR -S assesses ccnacccecpaccns aes enntncerdsasenserausrianeas 378 
The Influence of Engineering on Civilisation............ 379 
The Rehabilitation of Rolling-Mill Equipment in 
British Steelworks (Z1l8.)..............ccssesccssssessseseoeees 379 
Form and Structure of Electric Sparks .................... 381 
ENGINEERING Patent Record (Zllws.) 0.0.0.0... 382 


Twelve One-Page Plates—THE MACHINE TOOL 
AND ENGINEERING EXHIBITION’ AT 
OLYMPIA. 





“ENGINEERING 


FRIDAY, SEPTEMBER 21, 1928. 











SCIENTIFIC ABSTRACTS. 

THE growing practice of research, both in the 
sphere of so-called pure science and in industry, has 
very greatly extended the number of workers who 
wish to keep in touch with every development of 
importance in some one, or more, subjects. In 
addition to these specialists, every designer and 
technical worker in the industrial sphere wishes to 
obtain, and maintain, at least a general idea of the 
work being done, and the results arrived at, by 
other similar workers in his own and other countries. 
There is nothing new in this situation, but the 
remarkable increase which recent years has shown, 
both in the number of scientific and technical 
publications and in the number of specialised associa- 
tions and institutions issuing proceedings of one kind 
or another, has greatly increased its difficulties. 
We cannot say what is the total of the current scien- 
tific and technical publications appearing at the 
moment, but the information that the Science 
Library at South Kensington files some 8,000 such 
publications, and is adding to them at the rate of 
1,000 a year, is sufficient evidence of the amount of 
material available to the scientific worker. These 
figures were given by Dr. S. C. Bradford in a paper 
read last week-end at the Oxford meeting of the 
Association of Special Libraries and Information 
Bureaux. 

No worker can, or would desire to, consult more 
than a small part of this information, but even when 
he restricts himself to one subject, it is impossible 
for him to see for himself more than a few of the 
many publications which properly come within his 
sphere. This state of affairs has been realised for 
many years, and attempts have been made to meet 
it by the publication of abstracts of the principal 
articles which appear in some part of this mass of 
literature. Such collections of abstracts have 
at one time and another been published as private 
ventures ; but, in general, the history of attempts of 
this kind does not suggest that there is a sufficiently 
large public prepared to buy them to make them self 
supporting. Many collections of abstracts are, how- 
ever, published with some form of extraneous assist- 
ance, and,in a general way, it would appear that 
only with such assistance is it possible to carry on. 
This kind of subsidised publication is usually asso- 
ciated with some body or association interested only 
in some particular part of the mass of information 
furnished by technical and scientific publications as 
a whole, and as a consequence, their collections of 


abstracts are confined to a single field. An example 
of this kind of selection is given by the metallurgical 
abstracts, which are a feature of the Journal of the 
Institute of Metals. Physical science and electrical 
engineering are catered for in the same way by 


64| Science Abstracts, published by the Institution of 


Electrical Engineers in association with various other 
somewhat similar bodies. 

A survey of a number of publications of this kind 
will quickly make it clear that the present system 
must lead to a great deal of overlapping and the 
doing of the same work several times over by different 
workers, and on broad lines it may clearly be asserted 
that by some form of co-operation between the 
various technical bodies, which publish abstracts 
of this kind, much time and money might be saved, 
and probably more complete information furnished 
to users. At the meeting of the Association of 
Special Libraries and Information Bureaux, to 
which we have already referred, Dr. Rosenhain 
read a paper entitled ‘Scientific Abstracts,” in 
which he adumbrated a scheme which might 
greatly enhance the value of published abstracts, 
and at the same time eliminate the overlapping 
to which we have referred. 

Dr. Rosenhain proposed a general abstracting 
“service” or bureau, which, for the purpose of 
explaining the scheme in brief terms, we may 
assume for the moment would take over all the 
abstracting work at present carried out by technical 
associations and other bodies. The actual range of 
interests to be covered by the service need not 
for the moment be discussed. Clearly, the greater 
its range, the greater the difficulty in organising 
it. The bureau, under Dr. Rosenhain’s proposals, 
would furnish the worker with a complete index to 
the scientific publications dealing with his subject, 
and also a “‘ guide”’ to the more important papers 
and publications which had appeared in his field. 
A third feature would provide a means of saving 
valuable time, and possibly the formation of mis- 
leading views by the elimination of the useless, or less 
valuable, publications. 

These ends would be served, in Dr. Rosenhain’s 
proposals, by the publication of an index with the 
entries divided under three main headings A, B and 
C, indicating the order of their importance. It is 
suggested that the abstracts, or rather the descrip- 
tion of the items in this index, should be quite 
brief, much shorter than the abstracts at present 
published, and consisting merely of a two- or three- 
line statement of the contents of the paper or article 
referred to. In addition to the index, however, a 
“ guide’ to the more important papers and articles 
would be published. This would take the form of 
abstracts of these articles of greater length than 
those usually published, and, what is of importance, 
written with a full and critical appreciation of the 
work being described. Abstracts as now prepared 
are usually quite uncritical, and a paper which 
describes work which is merely a repetition of some 
earlier work is in no way distinguished from an 
important original communication. The critical 
abstracting service proposed would, on the contrary, 
state clearly and definitely what relation the article 
or communication being dealt with bore to pre- 
viously published matter. This collection of critical 
abstracts would cover the whole of the A items in 
the index. The B items, it is suggested, might be 
sufficiently covered by abstracts of about the length 
of those usually now published, while the C articles 
would probably not require fuller treatment than 
would be given by the index. 

It is clear that a selective index of this kind might 
on occasion relegate an important A article to the B, 
or even C, class. This possibility, or perhaps rather 
certainty, is recognised by Dr. Rosenhain, but he 
suggests that the danger of meritorious work being 
overlooked owing to this is small. The specialist 
worker would probably find it necessary to look 
up the B articles as well as those appearing under A, 
and possibly even to pay attention to the C articles. 
The service, as we understand it, would possibly be 
of greater service to the specialist worker in enabling 
him to keep fairly closely in touch with borderline 
subjects which, while bearing on his work, were not 
directly concerned with it. It would, of course, 
also at once put him in touch with any important 
advance bearing directly on his work. 
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This scheme would necessarily involve the | already been done elsewhere and of which an index 


organisation of a central editorial board, made up 


| 


| 
| 


of the kind discussed would have advised them, 


of men of such standing that their ruling, as| but these workers are too small a class, to be likely 


evidenced in the A list, would be generally accepted 
as reliable. The much larger section of B 
abstracts might be collected much as at present, 
and to a considerable extent by the same workers. 


Dr. Rosenhain, in his paper, did not attempt to | 


suggest the practical steps by which the organisation 
necessary for this scheme could be brought into 
existence, and ciearly the matter is of such mag- 
nitude that much preliminary discussion would 
be necessary before any definite move could be 
made. The proposal is of great interest and one 
may expect that it will be carefully considered in 
the quarters more immediately concerned. Apart 
from questions of organisation, it is obvious that 
a primary difficulty would be in the selection of 
the personnel for the editorial board. To take the 
position it should, the board should consist of 
the leading workers in the various fields to be 


covered, and it is difficult to believe that the major | 


part of these leading workers would be able to 
afford the necessary time for the duties of the 
board, even if they were willing to serve. The 
question of finance also arises, since experience 
suggests that the organisation could not become 
self-supporting by the sale of its products. The 
only practicable measure would appear to lie in 


the whole of the technical and _ scientific institu- | 


tions, which now occupy themselves with abstracts, 
agreeing to devote to the central body any funds 
they now spend in such work. An authoritative 
central body might also reasonably expect the 
assistance of such other technical institutions as 
have not, until the present, undertaken any abstract- 
ing work. The difficulty of organising the whole 
of the important scientific and technical bodies, 
each with their own interests and objects, in this 
common effort is obvious, and it is possible that 
if this preliminary stage could by any possibility be 
passed, the actual question of finance would be less 
difficult than it at first sight appears. 

At this stage there is no need to enlarge on the 
obvious obstacles in the way of the realisation of 
the proposal, but there is a fundamental handicap 
to the carrying out of the scheme to which, perhaps, 
scientific workers would give less weight than we 
do. Dr. Rosenhain, in making his proposal, 
naturally had the interests of the scientific worker 
in mind, and there can be no question of the 
remarkable value of such an index raisonné to all 
pure scientists and research workers. It is well to 
remember, however, that the majority of the 
members of the great technical institutions, which 
as we see it would have to provide most of the 
money, do not belong to these classes. The full 
value of the index would exist only for a com- 
paratively small proportion of those who paid for it. 
Mr. J. G. Pearce, in the discussion which followed the 
reading of the paper, raised this point indirectly 
by suggesting that most actual workers in industry 
required something altogether different from the 
critical abstracts suggested by Dr. Rosenhain. 
They wanted something more direct and immediately 
practical. 

Mr. Pearce did not pursue this point of view into 
any detail, but it leads directly to the standpoint 
from which we see this whole question. There is 
no doubt about the everyday accumulation of ever 
more and more data and information on technical 
and scientific subjects, but what scientific workers 
do not always appear to realise, although they 
continually employ it, is that there is already in 
existence a service which gives the everyday worker, 
if not always the researcher at the outpost, all he 
now requires. And as we have already said, it is 
the everyday worker who would have to pay for 
this index, were it ever published. In the technical 
Press, the workshop and desighs man finds either 
all that he wants or sufficient reference to all that 
he wants, and the most earnest practical student of 
any branch of technology who cares to pay attention 
to, say, three or four technical periodicals which 
deal with his particular field, is little likely to miss 
for long any important advance made anywhere in 
the world. 

It is very possible that research workers may 
have time and again undertaken work which had 


'to be able to finance such an index themselves. 
|The works man from whom the funds must come 
‘is to all intents and purposes already covered from 
| duplication of this kind by a service to which he 
|already subscribes, and which he could not afford 
to forego even if he had the index which, indeed, 
| in his special field, would be largely made up from 
| material he had already seen in one or other of his 
| four or five technical journals. It may be suggested 
| that the index would put him in touch with matter 
| published in languages he could not read, but actu- 
| ally no important advance is likely to be chronicled 
| in any language which will not in a brief period be 
dealt with in the important journals published in 
other tongues. 


| 


SILCROME STEEL. 

Ir is sometimes said that anyone who would make 
|) an exhaustive study of the commercial progress of a 
nation must on no account neglect its contemporary 
law reports. Certain it is that an important part 
of the history of invention is to be found in the 
reports of patent cases, where many of the more 
valuable patents are subject to judicial scrutiny. 
It was Dr. Johnson who said: ‘ It is better to be 
attacked than unnoticed.” And many a patentee 
| would agree with the learned doctor, because the 
validity of a patent is seldom called in question 
unless it is of high commercial value. 

A recent case in the United States District Court 
(Ludlum Steel Company v. Daniel F. Terry), brought 
to light some very interesting facts in relation to a 
product known as Silcrome steel. There is even 
a certain element of romance to be found in the 
story told by Judge Cooper when giving his judg- 
ment, a copy of which has recently reached us 
from. Mr. P. A. E. Armstrong, of New York. 

The action was brought to recover damages for 
the infringement of three patents taken out by 
Mr. Armstrong, relating to an alloy steel, of which 
the essential components are silicon, chromium, 
carbon and iron. The first patent was for a stable 
surface alloy steel. The second was for a similar 
substance of the same constituents, but in more 
specific proportions and of a more limited range, 
while the third was for exhaust valves for internal- 
combustion engines made of steel composed in 
accordance with the formule for the second patent 
and other formule within the first patent. 

As granted, the first claim of the first patent 
covered a chromium content of from 3 per cent. to 
50 per cent. This was narrowed by disclaimer to a 
range of from 3 per cent. to 20 per cent. The 
alleged infringement was the sale of certain auto- 
mobile exhaust valves made of an alloy almost 
identical with that covered by the plaintiff's second 
and third patents, and within the first patent. 

In the course of his judgment, Judge Cooper dealt 
with the state of the art prior to the circumstances 
which led up to what Mr. Armstrong claimed as his 
discovery : “‘ What is claimed for Armstrong,” said 
the Judge, “‘ is that he discovered new and important 
properties which the product had when silicon was 
used in certain proportions with chromium in an 
alloy steel, the principal other elements of which 
were iron and carbon. Chromium had for some 
time been used in alloy steel making. What place 
silicon had in the art was an unwelcome and a 
supposedly unavoidable one. Silicon, when in more 
than the least possible quantity was supposed to 
make an alloy steel brittle, less desirable and less 
available for most purposes, including valve manu- 
facture.” 

In the course of researches made so long ago as 
1914, Mr. Armstrong met with difficulties due to 
rusting and scaling away under heat, and began to ex- 
periment to produce weld products which were non- 
corrosive and non-scaling. He used an electric arc 
and a copper crucible to make an alloy which con- 
tained chromium. But his use of silicon came about 
by accident. It got into the melt by reduction of 
the asbestos envelope of his electrode. He subjected 
these melts to tests for acid effect, corrosion by 
rusting and to scaling under heat, and recent 
analyses of the melts of those days indicated that 











what he made was substantially a stable surface 
silicon chromium alloy steel within the range of 
his first patent. But his researches of fourteen years 
ago were interrupted by the war, and it was not 
until after the Armistice that he resumed his labours, 
when he made no less than 2,500 melts in order to 
test the properties of his Silerome, and eventuall) 
he applied for his first patent in May, 1919, and was 
successful in obtaining a grant of it in November 
of the same year. 

About that time, Dr. Leslie Aitchison, of the 
British Air Board, published a paper* on * Valve 
Steels,” wherein he emphasised the various quali- 
fications for ideal valve steel. According to him, 
five types of steel were then used for this purpose. 
At that time, the important element of high chro- 
mium and tungsten steels was thought to be the 
carbon content. In none of the various steels 
described by Aitchison did the silicon exceed 
0-85 per cent., and nearly all of them contained 
more nickel than silicon. Nor did Aitchison state 
the value or function of the silicon. To quote Judge 
Cooper : 

** So it does not appear that before the introduction 
of silerome that anyone knew, other than in a small 
way, the effect of silicon on high chromium steels 
and that knowledge of such effect was the ‘ philo- 
sopher’s stone’ of the valve art. There seems 
little doubt that down to Armstrong the art of 
alloy steel manufacture and valve making had 
no material and knew of none adapted to exhaust 
valve uses with the greatly desired properties of 
Armstrong’s silcrome alloy.” 

Like many another novelty it took time to 
make itself known ; but its progress was astonishing. 
The sales of this form of steel increased from 
10,000 Ib. in 1920 to no less than 4,446,000 Ib. in 
1926. 

Judge Cooper had littie difficulty in disposing ot 
the first defence raised to this action—that there 
was no invention. He said :— 

“Tt has been shown that, prior to the invention 
of Armstrong’s valve steel, no alloy had been de- 
veloped which possessed among other properties 
its durability at high temperature and its resistance 
to scaling and warping at high temperatures. 
These results were valuable and useful and had been 
and were being sought for by expert steel makers 
and metallurgists. But the introduction of the 
valve patent formula marked the end of this quest.” 
He found that there was “invention ” in Mr. Arm- 
strong’s adaptation of silcrome steel for exhaust 
valves, to obtain a result which was not only new 
and unexpected from a silicon alloy, but which also 
filled a need, which has long been recognised. 

It appears that the president of the defendant 
company was patentee in 1913 of a valve made 
from high tungsten alloy steel. For some time 
and until the use of stainless steel he dominated the 
valve market. After stainless steel began to be 
used for valves he could still compete with the latter 
in spite of the higher cost of tungsten steel. But 
when silcrome valves appeared on the market in 
greatly increasing quantities, he found himself 
losing in the competition, and in 1926 he placed 
his first order for a steel known as C.S.93, which 
is substantially a copy of silerome. Of this 
he used large quantities in 1926 and 1927. Having 
dealt with various suggested anticipations of Mr. 
Armstrong’s invention—holding that they were not 
anticipations—Judge Cooper dealt with the ques- 
tion of infringement. The defendants conceded 
that if the patent were valid some of the plaintiff's 
claims had been infringed. The judge held that 
certain other claims had been infringed, and gave 
judgment for the plaintiffs. The “range” of the 
various component parts of the silerome was con- 
siderable, but they all had this in common that 
silicon (up to as much as 8 per cent. in one claim) 
was an essential ingredient. 

In arriving at his decision the learned judge 
appears to have applied principles well known to 
English patent lawyers. The mere fact that silicon 
was an ingredient in various steel alloys formerly 
used did not prevent Armstrong claiming. as his 
discovery, that, in a definite percentage, it was an 
essential ingredient in steel which must possess 
certain properties. 





* See ENGINEERING, vol. cviii, page 799 et seq. 
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THE BRITISH ASSOCIATION AT 
GLASGOW. 
SECTION G.—ENGINEERING. 
(Continued from page 335.) 

THE proceedings in Section G on Monday, 
September 10, opened with the reading of a paper 
by Mr. A. E. L. Chorlton on ** Oil Engines for 
Aircraft and Railways.” This is reproduced on 
page 375 of this week’s issue. 





Om ENGINES FOR AIRCRAFT. 

The first speaker in the discussion was Professor 
A. L. Mellanby, who said that the feat chronicled 
in the paper of making such a high-speed heavy-oil 
engine with so low a fuel consumption was a 
remarkable one, and followed the traditional British 
policy of combining efficiency and simplicity. The 
figures for consumption given in the paper had 
now been improved upon, and were so low that 
he was still examining them for any possible source 
of error. Mr. Thomas Brown expressed surprise that 
the results should have been questioned. If the 
heat balance was worked out it would be extremely 
difficult to prove that the performance of the engine 
was otherwise than it was shown to be. 

Sir Henry Fowler, who was then called upon by 
the President, said it was too early to give a definite 
opinion, based on experience, as to the utility of these 
engines on railways. The car employed on the 
London, Midland and Scottish Railway had worked 
well, and none of the troubles they had met with had 
been due to the engine. It ran 140 to 150 miles a 
day with a load of 147 tons. They did not, however, 
get the same acceleration with it as they did with 
a steam engine. It must be pointed out too that 
their conditions were entirely different from those 
on the Canadian National Railways, where there 
were branches some 200 miles long and the traffic 
was very light. For such conditions, the solution 
suggested was a happy one. His experience in 
the past was that these cars were not satisfactory 
on short stiff gradients. It was not too early to 
speak of the economic side of this problem. Mr. 
Chorlton had said there was no need to trouble 
about any other type of gearing than the electric. 
Electrical equipment was, however, expensive to 
buy and to maintain, and this, to some extent, 
counteracted the savings in labour and fuel. Other 
types of gearing might be more advantageous in 
this respect. 

After Mr. R. G. Gage had asked whether any 
special precautions had been taken in the design 
of the big-end bearings to counteract the wear 
experienced by Diesel-engine makers, the President 
called on Wing-Commander T. R. Cave-Brown-Cave 
to read his paper on “‘ The Evaporative Cooling of 
Aero-Engines,’’ which is reprinted on page 375 of 
this issue. 

Before reading his paper, Wing-Commander 
Cave-Brown-Cave said that the fuel used in the 
engine described by Mr. Chorlton was much more 
difficult to ignite than petrol and, when ignited, 
did not burn with such violence as the latter. Fire 
risk was therefore greatly reduced, a most impor- 
tant advantage in aeronautical work. On the basis 
of fuel consumption there was a 30 per cent. saving 
in weight by using the heavy fuel and an even greater 
reduction in volume, so that the fuel tanks need not 
be so large. Moreover, the cost of the heavy fuel was 
5l. per ton as against 251. per ton for petrol. The 
flash point of the heavy oil was 210 deg. F., and it 
Was specified that its viscosity must be 100 sec. at 
100 deg. F., and that it must flow satisfactorily 
down to 0 deg. F. 

He then placed a small quantity of the heavy 
oil in an open vessel and showed that when it was 
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Chorlton’s paper, see p. 378, was already in existence. 
If so, they would be prepared to undertake as long 
flights with it as was desired. The reason for using 
a variable-pitch propeller was not that stated by 
Mr. Chorlton. That device was intended to check 
the flight of the ship when it was approaching the 
mooring mast. The presence of fins on an air- 
cooled engine not only caused resistance, but deter- 
mined the shape of the fuselage. The evaporative 
system gave the advantage of the small frontal 
area of the water-cooled engine. 

Professor W. Kerr, who continued the discussion, 
remarked that Wing-Commander Cave-Brown- 
Cave’s statement that vibration assisted the libera- 
tion of steam in the cooling system was a distinct 
contribution to the general problem of engine 
design. He was amazed at the haphazard way in 
which designers dealt with vibration. Scientific 
spirit was lacking, and there was a tendency to 
obtain a fresh cure for each particular case rather 
than to realise that there was already a vast deal 
of information which could be draw upon. Prac- 
tical and theoretical data should be combined. 
Builders of shafts should subject them to torsional 
experiments, as had been done by marine engineers 
in the vastly less important field of propeller shafts, 
so as to obtain data which could be applied sub- 
sequently. This would enable the torsional vibra- 
tion to be easily deduced. 

Mr. H. E. Wimperis said that the aeroplane engine 
now weighed less than 1 lb. per horse-power, and 
the next thing to do was to try and reduce its fuel 
consumption. The fuel consumption of the Beard- 
more engine, which was still too heavy to be used 
on aeroplanes, was some 0-35 lb. to 0-32 lb. per 
horse-power, and it was hoped to approach the 
“absolute zero” of 0-225 lb. with it. When this 
had been done, they must ask Mr. Chorlton to reduce 
its weight to that of the aeroplane engine. He did 
not think that Professor Kerr could know that a 
Committee of the Air Ministry were going into the 
question of vibration, and that all the obvious 
problems in connection therewith had already been 
solved. 

Mr. S. J. Davies asked whether figures for the 
mean indicated pressure could he given, as this was 
an important factor. In the Krupp engine, piston 
contact had been deliberately aimed at. A false 
head was used so that the dead air in the annular 
space received its proper proportion of fuel par- 
ticles. He suggested that the Association should 
set up an Oil Engine Combustion Committee, 
similar to the Gaseous Explosions Committee, to 
consider the problems that had been raised. The 
work of the former committee was still a useful 
starting point for the student. However bad the 
distribution was in a heavy oil engine, it was never 
so bad as in the best carburettor engines. 

Mr. A. E. L. Chorlton, in reply, said that to obtain 
any desired acceleration it was only necessary to 
use sufficient power. Higher acceleration on the 
L.M.S. trains could be reached by altering the field 
windings, which was an easy matter. It should be 
stated that this train cost 3d. per mile to run, 
weighed 150 tons, displaced three locomotives and 





basis of comparison. It is therefore desirable that 
it should be replaced by one based on the properties 
of the actual working fluid used. Twelve years ago, 
the author suggested a special form of heat-entropy 
chart for this purpose. This is, however, defective, 
as it only applies to one post-combustion mixture 
of gases, and does not take into account that impor- 
tant element, the pre-combustion air-fuel ratio, 
on which the post-combustion mixture depends. 
A further development of the energy chart method 
was therefore submitted. This takes account of the 
effect on the ideal efficiency of the fuel consumption, 
the air-fuel ratio, the variation of the specific heat, 
and the dissociation of the products at high tempera- 
tures, which is supposed to occur in petrol and alco- 
hol engines. A standard chart can be drawn for each 
class of fuel and from it a close approximation to:the 
ideal, or standard, efficiency of comparison of the 
particular cycle can be as easily and quickly obtained 
as the ideal efficiency of the steam engine or steam 
turbine can be found from the Mollier diagrams for 
steam. The method of applying this chart to 
representative cycles is given. 

The final paper read was by Professor KE. F. D. 
Witchell, the subject being ‘“* A Chart for the De- 
termination of Internal-Combustion Engine Efti- 
ciencies.” This will also be published in a later 
issue of ENGINEERING. It discusses the modifi- 
cation in the expressions for the ideal efficiencies 
of internal-combustion engines rendered necessary 
by the fact that the specific heats of the working 
substances vary with the temperature. The ideal 
efficiency depends on volume ratio, heat input, 
and the temperature at which compression begins, 
and a chart is described by the aid of which the ideal 
efficiency of a cycle may be easily determined with 
given data. The expressions for the specific heat 
used for the construction of the chart are those for 
permanent gases selected by the Institution of 
Civil Engineers in the recent trials. 

These two papers were discussed jointly, the only 
speaker being Sir James Henderson, who drew atten- 
tion to the work that had been done in gunnery, 
where the ideal cycle was of even more importance, 
since the fuel supply could not be varied. The 
continuous state of thermodynamic equilibrium 
had, therefore, to be carefully calculated. This had 
been impossible until Einstein had proposed a 
theoretical calculation for the specific heat of gases, 
and Nernst had given an equation for the dissocia- 
tion constant. Professor Hassé and himself had 
applied this data to gunnery, and it had now been 
generally adopted, because it enabled the effect of 
varying the quantity and composition of the explo- 
sive to be predicted. 

This concluded the morning’s business. In the 
afternoon, a visit was paid to the works of Messrs. 
D. Colville and Company, Clydebridge. 

HicH-FrREQUENCY ELEctTRIC TRACTION. 

The first paper taken on Tuesday morning, 
September 11, was by Professor W. Cramp on 
“The Possible Application of High Frequency 
Power to Electric Traction.” We propose to 


publish this paper in a later issue of ENGINEERING, 






































heated, by applying a Bunsen flame to the surface, 
there was a slight evolution of gas, which ceased 
when the flame was removed. Under the same 
conditions he demonstrated that petrol ignited 
instantaneously, but that the flame could be 
xtinguished by throwing some fuel oil on toit. He 
added that this demonstration explained why it 
was that the Air Ministry considered it worth while 
to do anything within reason to make it possible 
to use this fuel on aircraft. 

Wing-Commander Cave-Brown-Cave also asked 





Whether the engine illustrated in Fig. 10 of Mr. 


saved 10/. per week. If the ratio of transmission was 
right, any gradients could be surmounted. Vibration 
ought to be dealt with; it was all bound up with 
devising means for damping. 
not been designed with regard to its weight. 
it were, this could be reduced to 2} !b. per horse- 
The mean pressure varied between 70 and 
100 lb. per square inch. 
Wing-Commander Cave-Brown-Cave, who also 
replied, said that one of the difficulties was to 
predict the resonance speed from drawings. 
was wanted was a formula which would enable this 
to be done. 
INTERNAL-COMBUSTION ENGINE EFFICIENCIES. 

The President then called on Professor W. J. 
Goudie to read his paper on “The Determination 
of Standard Efficiencies of Internal-Combustion 
Engines by the Energy Chart.” 


cation, which will be published in an abridged 
form in a later issue of ENGINEERING, points out that 
the air standard method of calculating thermo- 
dynamic efficiency, recommended by a Committee 
of the Institution of Civil Engineers in 1905, gives 
a fictitiously low value, and does not form a proper 


The engine had 


This communi- 


so that it need only be stated here that it deals 
with experiments made in Birmingham University 
as to the possibility of supplying a traction overhead 
line with power through a Poulsen arc at a frequency 
of the order of 20,000 cycles per second, determined 
by the circuit constants. The current flowing in this 
line induces a secondary current in a similar system 
on the vehicle, and this current is converted into a 
form suitable for traction purposes in a mercury-are 
rectifier. Contacts between the overhead line and 
vehicle are therefore eliminated. Three questions 
require answer in connection with this arrange- 
ment : Can an overhead system of this type act as 
an efficient power transformer ? Can the Poulsen 
are be developed into a reliable and efficient 
generator for these purposes? Will an arc 
rectifier operate at frequencies of 20,000 and 
upwards ? The work so far done shows that 
the efficiency of transformation is very good, that 
if the primary circuit is supplied with current at 
constant voltage the Poulsen are will work well, 
and that the arc rectifier will function satisfactorily 
up to 107,000 cycles per second, though some further 
work is necessary upon the regular maintenance 





of the area. 
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Professor G. W. O. Howe, who opened the 
discussion, said that the system described in 
the paper deviated so widely in many ways from 
standard practice that the majority of people would 
not have given it a second thought. Past experi- 
ence warned us, however, against dismissing any- 
thing for that reason—witness Heaviside’s sugges- 
tions with regard to the use of inductance on 
submarine cables. Nevertheless, the rubbing con- 
tact seemed the least of the disadvantages con- 
nected with the collection of current for electric 
traction. A much greater advance would be 
the elimination of the overhead equipment both 
on the line and on the train, especially if anything 
gained by doing away with the contact had to be 
paid for by further complication. In Professor 
Cramp’s experiments, the primary and secondary 
circuits were of the same length. That would not be 
the case in practice, and their mutual inductance 
would therefore be much less. 

Professor E. W. Marchant, who followed, said he 
was inclined to agree with Professor Howe that 
the difficulties arising from the use of rubbing con- 
tacts had been over estimated. At the same time, 
the experiments with large rectifiers on high 
frequencies were very interesting. He thought 
that there might be difficulties with excessive 
charging currents at these frequencies. These 
were already great on long lines, where only standard 
frequencies were used, and would be multiplied 
some thousand times when frequencies of the 
order dealt with in the paper were employed. 

Mr. J. Scott-Maxwell said that attempts had 
been made in America since 1906 to design a 
mercury rectifier which would withstand vibration, 
but without success. If this was the general 
experience, the outlook for Professor Cramp’s idea 
was not hopeful. The only troubles with contacts 
were on low-tension direct-current systems, as they 
arose from the current rather than the voltage. 


ELEcTRIC AND MAGNETIC FIELD DISTRIBUTION. 


A paper on “ Experimental Methods for Deter- 
mining the Distribution of Electric and Magnetic 
Fields *» was then presented by Dr. B. Hague, who 
said that he had two main objects in view: To 
collate existing data regarding certain problems so 
that much subsequent work might be saved, and 
to show the inherent interest of the many ways 
of dealing with the problems indicated in his title. 
As an illustration of his first point, he mentioned 
that he had found a solution of one mathematical 
problem in nine independent papers. The investi- 
gation of the distribution of electric and magnetic 
fields was becoming of increasing interest to 
designers in regard, for instance, to leakage phe- 
nomena, to excitation problems and to short- 
circuit forces. These questions could be examined 
mathematically in a number of different ways, but 
all of them required much skill, experience and 
labour. Experimental methods were therefore 
to be preferred. Of these there were two main 
classes, the qualitative and the quantitative, and 
another class, which was partly mathematical 
and partly experimental. The last included the 
Richardson-Lehman graphical method and Miiller’s 
method of finite differences. Turning to the other 
two classes, in what he called the direct methods, 
it was only necessary to construct the electric or 
magnetic field and then to explore it. When the 
field was electric, dust patterns gave qualitative, 
and the alternating-current bridge and “ probe ” 
methods quantitative results. Similarly, when the 
field was. magnetic, iron filings and the magnetic 
potentiometer gave qualitative and quantitative 
results, respectively. In the indirect methods, 
use was made of some analogy from other branches 
of science, where Laplace’s general equation also 
held. They included the employment of thermally 
and electrochemically traced patterns, Lichtenberg 
figures, the hydrodynamical apparatus due to Hele- 
Shaw, electrical conductance devices,and soap films. 
The best of these were probably the electrolytic plate 
and the soap film. 

The only speaker on Dr. Hague’s paper was 
Professor W. Cramp, who said that the author had 
rendered a signal service to electrical engineering 
and physics by the preparation of this bibliography. 


plates were not necessarily the same as the flow in 
an electrostatic field, owing to the electronic mass. 

A paper on “ The Jet Wave and its Applications ” 
was then read by Dr. J. Hartmann. This was 
reproduced on page 345 of our last week’s issue. 
The paper, however, was not discussed. 


NorcHED-Bark Tests or METALs. 

It was followed by a paper on ‘“‘ The Effect of the 
Velocity of Test on the Notch Brittleness of Mild 
Steel and Other Metals,” by Mr. J. G. Docherty. 
As it is proposed to publish this communication in 
a later issue of ENGINEERING, it need only be stated 
here that the author points out the lack of agreement 
as to the nature of the velocity effect on the results 
of certain notched-bar bending tests. The object 
of his experiments is to investigate this effect more 
fully by carrying out tests at a number of speeds, 
in the hope that the results obtained will throw 
some light on the discrepancies. A testing gear, 
which is designed to reproduce, as closely as pos- 
sible, the characteristics of the Izod test on the 
standard 10 mm. by 10 mm. notched specimen, 
is described, in which the energy absorbed in 
bending or breaking the specimen is recorded 
autographically. The speed of the striker can be 
varied. With mild steel, the energy absorbed is 
shown to increase with the speed of testing, the 
Izod figure lying somewhat above a smooth curve 
passing through the slow bend results. Tests were 
also made on nickel steel and naval brass. Data 
obtained during the tests indicate that the propaga- 
tion of the fracture is not continuous, but inter- 
mittent, as if by alternate rapid cracking and slower 
ductile tearing. 

The only speaker in the discussion was Professor 
F. C. Lea, who expressed his appreciation of the 
author’s work, though he doubted whether, in a 
machine in which the speed was varied, the true 
law of similarity was followed. It might be that 
the velocity should be some function of the dimen- 
sions of the machine. He found it difficult to give 
a logical interpretation of the results. If the speci- 
men were broken by a series of impacts, a curve 
similar to that given by repetition of stresses was 
obtained, but the curve obtained when the total 
energy required to break the specimen by a series 
of impacts was plotted was very different. 


CONTROL OF AIRCRAFT. 
The final paper taken on Tuesday morning was 
on “The Control of Aircraft by Supplementary 
Aviettes or Alulas,” and was presented by Dr. A. P. 
Thurston. The wings of most flying birds, it was 
pointed out, are provided with an auxiliary wing or 
alula, which is generally extended and separated 
from the main wing when the bird is starting, 
alighting, or soaring. A number of experiments 
proved that similar alulas could be used on aircraft 
for control purposes, and a description was given of 
the ways in which they can be employed under 
different flying conditions. 
This concluded the morning meeting. In the 
afternoon, a visit was paid to Greenock, where an 
inspection was made of the works of Messrs. John 
Kincaid and Company, the R.N. Torpedo Factory, 
the Watt Library, and the Engineering School. 
(To be continued.) 








RIVER POLLUTION. 


NEARLY always the administration of a river 
course, and indeed of a water-shed, is faced by two 
circumstances, of which one is, and the other should 
be, dominant in the decisions that have to be made. 
On the one hand, it is seldom that a measure can 
be taken with one purpose or in regard to one stretch 
of water without affecting the supply in other 
respects and elsewhere. On the other hand, the 
adjustment of the interests at issue will always 
call for a sound sense of proportion and a constant 
readiness to give and take. Both these inevitable 
conditions of river administration may be assumed 
to have been recognised in their due importance 
when the Ministries of Health and of Agriculture and 
Fisheries set up their Joint Advisory Committee 
on River Pollution, which has just published its first 
report (H.M. Stationery Office, 2d. net). The com- 
mittee includes representatives of county councils, 





It should be noted, however, that the lines of flow in 


municipal and rural councils, water-supply author- 


ities and river boards, fisheries, agriculture and 
manufacturers, and even more remarkable than the 
wide range over which the interests involved in the 
pollution of rivers are represented is the unanimity 
of the committee in its report. In effect, its main 
recommendation is that, at least for the time being, 
the provisions of existing legislation should be so 
utilised that the whole length of each river, including 
its tributaries, should be controlled by a separate 
Rivers Board, such as has worked with conspicuous 
success in, for instance, the West Riding of York. 
shire. No powers are to be taken away from existing 
authorities, but, on the experience of existing rivers 
boards, it is expected that the rivers boards to be 
created will be accepted by the local authorities 
concerned as the most appropriate administrative 
mechanism for making such use as may be required 
of statutory powers. The boards are intended to 
have the double advantage of being large enough to 
employ officers of adequate skill without an appre- 
ciable addition to the rates of the districts affected, 
and small enough to be able to be in constant touch 
with local circumstances, and in the best position 
to become aware of any individual treatment which 
local conditions may require. The report lays 
stress on the prospect that the greater part of 
what may be found necessary to be done will be 
accomplished by the mere use of advice, persuasion, 
and, presumably also, local conference ; this gives 
reason for anticipating that the operations of these 
bodies will not involve an undue multiplication of 
officials. It is of the utmost advantage that such 
bodies should be created. They will be able to keep 
touch with the many circumstances in their district 
which bear upon the questions with which they have 
to deal, to serve as a clearing house for fact and 
opinion among the several interests involved, and 
to co-ordinate the work of protecting rivers from 
pollution with the allied measures affecting water- 
courses and supplies which interact with it. Their 
efficiency, however, will be seen best in the extent 
to which they induce the districts of their own 
accord to use the information that may be collected, 
and to act without compulsion on the advice to 
which it may lead. 








THE INSTITUTE OF METALS. 
(Concluded from page 339.) 
THE CopPER-SILICcON SYSTEM. 


CONCLUDING our report of the recent Liverpool 
autumn meeting of the Institute of Metals, we 
have now to deal with the two last contributions 
taken on Thursday, the 6th instant. 

A paper bearing the title ‘‘ The «-Phase Boundary 
of the Copper-Silicon System ” was one of these. 
The author, Dr. C. S. Smith, stated that, while the 
binary alloys of copper and silicon, containing more 
than traces of the latter element, were not, at 
present, of industrial value, a knowledge of the 
equilibrium relations was important for the develop- 
ment and improvement of ternary alloys, some of 
which were already in commercial production. 
The «-phase boundary of the copper-silicon system 
had, therefore, been redetermined by a series of 
annealing and quenching experiments. The solu- 
bility reached its maximum value, namely, 6-7 
per cent. of silicon, between 721 deg. and 782 deg. C. 
At 852 deg. C., however, which was the temperature 
of the peritectic horizontal, the solubility was 
5-25 per cent. Furthermore, the solubility decreased 
gradually below 721 deg. C., it being only 4:1 per 
cent. at 400 deg. C., the lowest point at which 
accurate determinations had been made. 

Dr. J. L. Haughton thought that the paper 
constituted an example of the really accurate 
determination of a solubility limit in a metallic 
system. The confirmation Dr. Smith had obtained 
by means of thermal analysis was interesting, but 
it was a pity he had not taken a few heating as well 
as cooling curves. The analysis of the silicon used 
by the author totalled up to 99-81 per cent. He 
would like to know how the remaining 0-19 per 
cent. was made up. Professor T. Turner, who 
spoke next, stated that the accurate determination 
of a solubility limit often had important practical 
results. Recently at Port Pirrie, South Australia, 
he had seen a similar theoretical determination put 





to great practical use. An alloy comprising lead, 
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zine, and silver contained 1,000 oz. of silver per ton. 
Laboratory research, on the lines followed by 
Dr. Smith, had now made it possible to separate 
this alloy into two solutions, the one rich in lead, 
and the other containing 10,000 oz. of silver per 
ton. In closing the discussion, Dr. Rosenhain 
alluded to the question of the purity of the silicon 
employed. Some time previously, a method of 
obtaining silicon of much greater purity than the 
99-18 per cent. used by the author had been 
published.* Very small impurities might have an 
important bearing on the results obtained, and the 
question of the «-phase boundary of the copper- 
silicon system could only be finally and definitely 
settled when silicon of the highest purity had been 
employed. Again, the author had said that he 
had used alloys the percentage compositions of 
which differed by only one-tenth of 1 per cent. He 
thought that it would be very difficult to guarantee 
perfect homogeneity in the alloys when such small 
differences in composition were involved. 

In his reply, Dr. Smith confessed that he had 
not dealt with heating curves. He had, however, 
relied to a much greater extent on microscopic 
examination than on cooling curves. 
ignorant as to how the odd 0-20 per cent. in his 
samples of silicon was made up. The major portion 
of it was doubtless silica, and this would not enter 
into the alloys in the melting process. The silicon 
he had used was the purest obtainable in any quan- 
tity. Using alloys the composition of which varied 
only by a fraction of one per cent., it had not been 
possible to obtain a perfectly smooth curve, and 
this pointed to segregation in the materials. 


PRACTICAL PYROMETRY. 


The last paper considered by the meeting was 
entitled ‘‘ Note on Practical Pyrometry,” and was 
by Messrs. G. B. Brook and H. J. Simcox. It was 
read in abstract by the latter author, who stated 
that stray currents and magnetic fields of great 
intensity, which were peculiar to industries in which 
large currents were used, interfered seriously with 
the pyrometric control of temperatures. An instru- 
ment had, however, been designed which eliminated 
these difficulties and was accurate even when placed 
in the field surrounding a conductor carrying as 
much as 20,000 amperes. We intend to reproduce 
this contribution in a forthcoming issue of ENGIN- 
FERING. 

The first speaker, Dr. J. L. Haughton, referred 
to the use, by the authors, of a lens for magnifying 
the scale of the instrument employed. He thought 
that it might pay, in order to increase the accuracy 
of the readings, to introduce a graticule in the eye- 
piece of the instrument. Mr. R. Genders, who 
spoke next, stated that many manufacturers 
would make more use of the scientific control of 
temperature if some simple form of instrument 
were provided. During the last ten years, such in- 
struments had been placed on the market and some 
of them were useful. The type used at Woolwich 
was, in its essentials, identical with that described 
in the paper. They, however, painted the bare 
portion of the wire with a fire-resisting cement 
between each reading taken. The third speaker, 
Mr. F, Adcock, was of the opinion that the paper 
under discussion was of a type which should 
be encouraged. Manufacturers were willing to use 
scientific instruments, such as that described, if 
they could be assured by scientists that these were 
reliable. He desired to know if the currents which 
caused the disturbances were direct or alternating. 
Mr. N. F. S. Hubbard, who spoke next, asked if 
there existed suitable apparatus, of the type 
described in the paper, for measuring temperatures 
above 1,000 deg. C., such as were employed in the 
brass and bronze industry. The following speaker, 
Mr. H. Brooke-Freeman, said that there were cer- 
tainly pit-falls in the use of temperature recorders 
in industrial works. Some time previously it had 
been found that the zero of the instruments em- 
ployed at his works did not correspond with the 
temperature of the cool end of the junction of the 
thermocouple. The trouble had been traced to 
the lights placed to illuminate the instruments, 
and the suggestion was that convection currents 





* See ENGINEERING, vol. exxiii, page 652 (1927). 
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had been the cause. The difficulty had been over- 
come by encasing the instruments and placing the 
light outside. The last speaker, Dr. H. Hyman, 
noted that the authors had used a nickel-chromium 
steel and a copper-nickel-manganese alloy in their 
thermocouple. He was of opinion that if they 
had used a Chromel-Alumel couple they would 
not only have secured quite as satisfactory results, 
but would have obtained a much longer life, 
and could have made many more than 40 read- 
ings before cutting off one inch from the end of 
the couple. 

In the course of a brief reply, Mr. Simcox stated 
that the sole reason for the introduction of a lens 
was that the instrument was sunk in a plate, and 
the magnification provided rendered the scale more 
legible. The temperatures employed in the alu- 
minium industry were considerably lower than those 
used by Mr. Genders, and, in his case, the painting 
of the bare wires with some form of heat-resisting 
wash was clearly necessary. At the works with 
which he was connected, only direct current was 
used. Mr. Hubbard’s question had obviously 
been answered by Mr. Genders, but he might 
suggest also, either a nickel-nickel-chromium, or a 
Chromel-Alumel couple. Reference had been made 
to convection currents. Similar trouble had also 
been experienced by them. This arose from lamps 
placed a considerable distance away. The difficulty 
had, however, been overcome by using glass screens. 
Dr. Hyman’s suggestion regarding Chromel-Alumel 
couples was good, but the wire they were using 
cost considerably less than these materials. 

The chairman, after intimating that the other 
papers on the agenda would be taken as read, 
thanked all the authors for their contributions, and 
stated that the business portion of the meeting 
had come to an end. Votes of thanks to the Lord 
Mayor of Liverpool, to Professor C. O. Bannister, 
and the reception committee, and to all others who 
had made the meeting a success, terminated the 
proceedings. In the course of his final speech, 
the chairman expressed the hope that it might be 
possible to form a Lancashire local section of the 
Institute, holding meetings alternately in Manchester 
and in Liverpool. 

During the afternoon, a trip by river steamer was 
made on the Mersey by the members, and, in the 
evening, a reception was held at the Town Hall, 
on the invitation of the Lord Mayor. On Friday, 
the works of the Aluminium Corporation at Dol- 
garrog were visited, members proceeding from 
Birkenhead to the works and returning by means 
of motor coaches. The whole of the plant was 
inspected, commencing from the power houses, in 
which are generated alternating current for light- 
ing and power, and direct current for use in the 
aluminium furnaces. The method of producing 
the metal is electrolytic, the electrolyte consisting 
essentially of a solution of highly-purified bauxite 
in molten cryolite, a double fluoride of sodium 
and aluminium. The electrodes employed are of 
carbon and are made in the works from oil coke. 
The metal is cast into pig-like ingots, and is after- 
wards further purified by remelting and poured 
into slab ingot moulds. The slabs are rolled down 
into sheet in electrically-driven rolling mills. The 
ingots of the metal appeared to be quite free from 
gas and the surface of the rolled sheet was smooth 
and uniform. 


LABOUR NOTES. 


Tue September issue of the Amalgamated Engineer- 
ing Union’s Monthly Journal contains a good deal of 
matter relating to the withdrawal of the 4s. per week 
extra benefit which has been paid to superannuated 
members for some time now. In several quarters the 
change has been strongly resented. A circular issued 
by Newton Heath Branch says, for example, that “ the 
recalled delegate meeting in 1917 gave this extra benefit 
owing to the very high cost of living, and intended it 
to be paid until the cost of living became norma!.” 
Dealing with these assertions in an editorial note, Mr. 
A. H. Smethurst, the General Secretary, says :—‘‘ The 
actua! wording of the rule, which terminated on 
August 3, 1928, reads :—‘In addition to the above 
scale (i.e., the statutory scale of benefits as laid down 
in the Table of Contributions and Benefits), the sum of 
4s. per week shall be paid as an extra temporary 
benefit to cover the increased cost of living, providing 











the members by vote agree to pay the additional levy 





to meet the same, but it shall be subject to revision 
by the National Committee.’ ” 





There is, therefore, nothing in the rule, Mr. Smethurst 
says, to justify the statement that the delegate meeting 
which framed it intended the extra benefit to be paid 
until the cost of living again became normal. More- 
over, the levy did not by any means meet the cost of 
the extra benefit, and the delegate meeting clearly 
intended that it should. ‘‘ The total amount that has 
been realised by the second 1s. levy since its inception 
in 1917 for the purpose of meeting the payment of the 
4s. benefit is,” Mr. Smethurst says, “‘ 390,319/. 17s. 6d., 
and the total amount expended in payment of the extra 
4s. to the end of the June quarter, 1928, 752,690/. 5s. 6d. 
It will, therefore, be seen that no less a sum than 
362,3701. has had to be taken from the Superannua- 
tion Reserve Fund in order to meet the deficit shown.” 
“That is,” he points out, “‘actual cash; to which 
could be added the loss in interest sustained by the 
Superannuation Reserve Fund on the amount of money 
paid over.” 





In August, the home branch membership of the 
Amalgamated Engineering Union increased from 191,034 
to 191,583, and the Colonial branch membership de- 
creased from 28,302 to 28,273. The number of members 
in receipt of sick benefit decreased from 5,197 to 5,077, 
the number in receipt of superannuation benefit 
increased from 10,276 to 10,280; the number in receipt 
of donation benefit also increased from 10,052 to 
10,552. The total number of unemployed members 
increased from 11,627 to 12,244, or 6-85 per cent. 





During the second quarter of the current year, the 
General Fund of the Amalgamated Engineering Union 
declined from 260,3711/. 6s. 24d. to 253,2321. 3s. 3d. This 
was more than accounted for, it is pointed out, by 
the fact that the amount paid in statutory benefits 
was 11,783I. 2s. 3d. in excess of that paid in the preceding 
quarter. The Superannuation Reserve Fund, on the 
other hand, increased from 1,562,816/. 4s. 6d. to 
1,573,472/. Os. 2d. On the five principal benefits, 
128,9501. 7s. 5d. was expended out of the General Fund 
during the three months. The total amount paid 
out in respect of extra superannuation benefit was 
24,3391. 2s. 8d., while the yield of the levy of 1s. per 
member per quarter to meet the cost was only 
6,6101. 1s. 2d. rae 

At their August monthly meetings, the branches of 
the Boiler Makers and Iron and Steel Shipbuilders’ 
Society voted, on the proposal of the Executive Council, 
that a General Council should be called to deal with 
the financial position of the organisation. The total 
vote was a small one, but there was a majority in 
favour of the proposal. 


There are only three changes in the personnel of the 
General Council] of the Trades Union Congress as a 
result of the voting at Swansea. The new members 
are Mr. F. Wolstencroft, of the Amalgamated Society of 
Woodworkers, who replaces Mr. A. A. Purcell, M.P., in 
Group 7; Mr. G. Gibson, of the National Asylum Workers, 
who replaces Mr. J. J. W. Bradley, in Group 15; and 
Mr. W. Holmes, who fills Mr. R. Walker’s place in 
Group 14. In eleven groups there was no contest. 





A “Note” in Industrial and Labour Information 
the weekly official organ of the International Labour 
Office, states that the problems involved in the scientific 
organisation of production and distribution, compen- 
diously termed “ rationalisation of industry,” continue 
to engage the attention of the interests concerned in 
different countries, and to form the subject from time 
to time of declarations of opinion or policy. In France, 
the Government has taken preliminary steps for the 
thorough study of the question by the Permanent 
Committee of the Superior Labour Council, a body 
which, having regard to the representative character 
of its composition, may be considered exceptionally 
qualified to deal with a matter touching so directly 
all the parties concerned in industry. Questionnaires 
designed to obtain the necessary data for the con- 
sideration of the subject, and at the same time define 
its scope, have been issued to trade organisations 
and factory inspectors. One of the first replies 
received—that of the Chamber of Commerce of Nantes 
—is confined to a general pronouncement in favour of 
the principle of rationalisation, accompanied by a plain 
declaration against any interference by Government 
with the liberty of producers to work out for them- 
selves the methods of its application. 





So far as the workers are concerned, the writer of 
the Note goes on to say, their opinions have again 
received expression through the Congress of the Labour 
and Socialist International. The Congress, in effect, 
reaffirmed the attitude already taken by the kindred 
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organisation—the International Federation of Trade 
Unions—which may be briefly described as one of 
qualified support for measures of rationalisation. It 
is recognised that such measures are inevitable, and 
indeed desirable, but it is claimed that organised labour 
should have a voice in determining how those measures 
shall be carried out, in view not only of the shrinkage 
of employment which may be their initial result, but 
of the effects on wages, hours and other conditions of 
work which they may ultimately produce. This claim 
was virtually admitted by the International Economic 
Conference of Jast year in a series of resolutions which 
have recently received the endorsement of a joint 
conference of trade union leaders and representative 
employers in Great Britain. 

On September 10, 1928, the number of unemployed 
persons on the registers of Employment Exchanges in 
Great Britam was 1,300,000. Of these, 877,100 were 
wholly unemployed, 348,200 were temporarily stopped, 
and 74,700 were persons normally in casual employ- 
ment ; 1,003,600 were men, 41,600 boys, 217,800 women, 
and 37,000 girls. The number unemployed on Septem- 
ber 3, 1928, was 1,324,675 of whom 871,317 were wholly 
unemployed, 378,297 were temporarily stopped, and 
75.061 were normally in casual employment ; 1,019,349 
were men, 42,767 boys, 224,794 women, and 37,765 
girls. On September 12, 1927, the number unem- 
ployed was 1,052,551, 829,352 being men, 34,522 boys, 
154,885 women, and 33,792 girls. 


In the latest Monthly Trade Report of the United 
Pattern Makers’ Association, a minute of the Executive 
Council states that the following communication was 
received from the Glasgow North Branch :—* At the 
meeting of the above branch last Tuesday evening 
(July 3, 1928), T was instructed to raise the question 
of our General Secretary’s activities with the “* Mond 
‘Peace in Industry’ Conferences.” The members 
desire that the E. C. should prohibit Bro. Findlay 
continuing along the lines of this policy, and that he 
should be instructed to support the policy laid down in 
the Cook and Maxton manifesto.” This resolution 
was formally moved by a member of the Executive :— 
* That our delegates to Congress shall be instructed 
to vote against the continuance of what is known as 
the Mond Conferences.’ It was, however, defeated 
by four votes to three, and eventually two resolutions 
were adopted — one to instruct the delegates attending 
Congress to * vote in favour of the continuance of the 
policy of the General Council,” and the other to submit 
that decision to the members “ for ratification or other- 
wise.” Subsequently, the rank and file approved the 
action of the Executive by 1,492 votes to S04. 


Commenting upon the decision of the Trades Union 
Congress to continue the Turner-Melchett conferences, 
the Worker, the organ of the National Minority Move- 
ment, says :-—* The economic situation is of such a 
character that the employers are bound to hasten 
rationalisation as speedily as possible. To do it 
effectively there must be no organised resistance from 
the workers. There has not yet been a single indication 
that the character of the rationalisation that is to be 
introduced will not involve lower standards for the 
workers, although the pill is to be gilded by the workers 
being told such worsening will only be temporary, and 
that it will lead to great prosperity in the future. The 
experience of the workers since 1921, when the first 
wage cuts commenced, has taught them that there is 
no truth in these promises. The Swansea endorse- 
ment of Mondism will be used both by the employers 
and the General Council to the fullest extent, the first 
to intensify their attacks upon the workers, the second 
to escape the implications that would be raised by 
fighting to maintain the workers’ existing standards.” 


‘* Only the Minority Movement,” the writer goes on to 
declare, “ has a real policy to place before the working 
class. That is to introduce the necessary reorganisa- 
tional changes in trade union structure that the situa- 
tion and experience demand, and campaign amongst 
the workers for absolute un.ted resistance to any further 
wage cuts, the formulation of demands for higher wages 
and shorter hours, and the strengthening of the 
N.U.W.C.M. to get unity between the employed and 
unemployed workers. We urge our readers to explain 
everywhere the real meaning of the Swansea decisions 
and to recruit new members for the Minority Move- 
ment, the only organisation that is fighting the battle 
of trade unionism.” 


The Socialist Party in the United States has drawn 
up and circulated an interesting programme of demands. 
In order to “relieve the tragic misery of millions of 
unemployed workers and their families” it proposes : 
(1) Immediate governmental relief of the unemployed 
by the extension of all public works and a programme 
of long-range planning of public works following the 
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present depression, all persons thus employed to be 
engaged at hours and wages fixed by bona-fide labour 
unions; (2) Loans to States and municipalities for 
the purpose of carrying on public works and the taking 
of such other measures as wil! lessen wide-spread 
misery; (3) A system of unemployment insurance ; 
(4) The nation-wide extension of public employment 
agencies in co-operation with city federations of labour. 


Believing that “the lives and well-being of the 
producers and their families should be the first charge 
on Society,” it proposes: (1) A system of health and 
accident insurance and of old age pensions as well as 
unemployment insurance. (2) Shortening the work 
day in keeping with the steadily increasing productivity 
of labour due to improvements in machinery and 
methods. (3) Securing to every worker a rest period 
of no less than two days in each week. (4) Enacting 
of an adequate Federal Anti-Child-Labour Amendment. 
(5) Abolition of the brutal exploitation of convicts 
under the contractsystem and substitution of a co-opera- 
tive organisation of industries in penitentiaries and 
workshops for the benefit of convicts and their depen- 
dants, the products to be used in public institutions, 
and the convict workers to be employed at wages 
current in the industry. (6) Legislation aiming at the 
prevention of occupational diseases. 


In order to “secure to the people the civil rights 
without which democracy is impossible,” it demands : 
(1) Federal legislation to enforce the First Amendment 
to the Constitution so as effectually to guarantee 
freedom of speech, Press and assembly, and to penalise 
any official who interferes with the civil rights of any 
citizen. (2) Abolition of injunctions in labour disputes. 
(3) Repeal of the Espionage Act and of other repressive 
legislation, and restoration of civil and political rights 
to those unjustly convicted under war-time laws, with 
reimbursement for time served. (4) Legislation pro- 
tecting foreign-born workers from deportation and 
refusal of citizenship on account of political opinions. 
(5) Modification of the immigration laws to permit 
the reuniting of families and to offer a refuge for those 
fleeing from political or religious persecution; and, 
(6) the abolition of detective agencies engaged in 
interstate business. oy 

Australia’s latest strike of waterside workers suggests 
that Commonwealth labour is extremely difficult to 
handle. At this distance from the seat of the trouble, 
it is not easy fairly to judge the quality of the leadership, 
but on the cabled facts it seems to leave a good deal 
to be desired. Firmness on the part of the shipowners 
and the Government would go a long way towards 
not only ending the succession of stoppages but also 
consolidating Commonwealth Trade Unionism as an 
effective force. As matters stand, Commonwealth 
Trade Unionism is far from being in this position ; 
its record of strike failures abundantly prove that. 


According to the correspondent of the Daily Telegraph 
the Treasury’s offer to modify the effect of the bonus 
cut on September 1 has brought about a new and 
interesting situation in the Civil Service. The proposal 
is to restore one-half of the automatic cut of 5 full points 
based on the cost of living figures, provided that this 
bonus figure is accepted for the next sixteen months ; 
in other words, to stabilise the bonus for that period 
at 67} instead of 65, to which it was reduced for the 
current six months from September to March. At a 
meeting of staff representatives the offer was not 
accepted, and it was decided to support the proposals 
of the Civil Service Clerical] Association as a basis of 
negotiation with the official side, which represents the 
Government. These proposals are to suspend the 
cut of September 1; to provide that no further drops 
shall take plece in the pay of Civil Servants with less 
than 3/. 10s. a week: and to review the index figure 
of the Ministry of Labour in respect of salaries over 
911. 5s., up to which the whole of the index figure is 
paid as bonus. = 

The National Committee of the French Miners’ 
Federation has adopted a resolution declaring that the 
methods of exploitation employed by the mining 
companies are in complete opposition to the scientific 
methods of reorganisation. which the National Federa- 
tion of Underground Workers have always advocated. 
After pointing out that the present methods of working 
resulted in an increase in the number of fatal accidents, 
the resolution called the attention of Parliament to 
the question of the nationalisation of mines, and 
demanded the adoption, immediately after the re- 
assembling, of Mr. Charlot’s Bill for the establishment 
of a national fuel department. 

New mining regulations were promulgated in Japan 
on July 1. A Commission composed of Government 
officials and mineowners recently recommended the 
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revision of the mining regulations with a view to abolish- 
ing night work and underground work for women and 
young persons under 16 years of age. On the plea 
that any sudden change would involve the mining 
industry in serious difficulties, it was agreed that the 
revision should become effective five years after its 
promulgation. Women and young persons will thus 
cease to be employed on night work and underground 
work in Japanese mines as from July 1, 1933. It was 
also agreed that the maximum working hours of all 
underground workers regardless of age or sex should 
be fixed at ten, including one hour of rest, but that this 
restriction, which introduces a radical innovation in 
Japanese legislation, should become effective two 
years after the revised regulations were issued. 








THE P. & O. TURBO-ELECTRIC LINER 
**VICEROY OF INDIA.”’ 


THE passenger liner Viceroy of India, which is being 
built for the Peninsular and Oriental Steam Navigation 
Company by Messrs. Alexander Stephen and Sons, 
Limited, at Linthouse, Glasgow, was successfully 
launched on Saturday last, the ceremony being per- 
formed by Lady Irwin, wife of the present Viceroy. 
The new vessel is unusually interesting for more than 
one reason: The order for her construction was only 
‘placed in April, 1927, and she is scheduled to sail on her 
maiden voyage in February next. She is also to be 
equipped with the turbo-electric drive and, as regards 
accommodation, each of the 415 saloon passengers will 
have a private cabin. From the point of view both of 
naval architecture and the comfort of those travelling in 
her, she should therefore reach, if not surpass, the high 
standard which her builders and ultimate owners have 
set themselves. A view of the vessel on the stocks, 
which is reproduced on the opposite page, gives a good 
idea of her appearance at this stage in her construction, 
and indicates the completeness of the equipment which 
has been used in building her. 

The tonnage of the Viceroy of India is about 19,000, 
her displacement being 25,000 tons, so that she will 
be among the largest ships in the company’s fleet: 
She is 610 ft. long, and 80 ft. in beam, with a depth of 
82 ft. to the uppermost of her nine decks. Her lines 
are the outcome of a number of investigations in the 
Experimental Tank at the National Physical Labora- 
tory, Teddington, and her stability was made the 
subject of a special clause in the contract. As a result, 
it is hoped, she will be particularly steady in a sea way, 
while the system of driving adopted should ensure 
almost complete absence from vibration. Her hull is 
divided into 12 main watertight compartments, which 
are in turn sub-divided, so that there are 60 separate 
watertight spaces in all, many of which will be used 
for the storage of oil fuel and water, and for the accom- 
modation of the machinery. The greater part of the 
passenger accommodation will be situated above the 
level of the water-tight bulkheads, and this space 
will also be divided into sections by fire-proof bulk- 
heads, which will be closed by doors of the Dreadnought 
double-panelled type. The water-tight doors below will 
be operated on the Scott-Ross all-electric system, each 
door being arranged for separate control, though it will 
be possible to close the whole number simultaneously 
from a master-control on the navigating bridge. For 
fire protection purposes, the stokeholds will be equipped 
with Phomene fire-extinguishing plant, while, in addition 
to the usual fire-hose and water connections, numerous 
chemical extinguishers are to be provided. 

The main steam-raising plant will consist of six oil- 
fired water-tube boilers, which are being manufactured 
by Messrs. Yarrow and Company, Limited, of Glasgow. 
Four of these, which will be placed in the after stoke- 
hold, have an evaporative capacity of 30,000 Ib. per 
hour, and will supply steam at the high pressure of 
400 lb. per square inch and a temperature of 750 deg. F. 
They have a heating surface of 6,000 sq. ft., exclusive 
of the superheater, and will be equipped with forced- 
draught and air pre-heaters. These boilers will be 
capable of supplying sufficient steam to propel the 
vessel at a speed of 16-5 knots. When a speed of 
19 knots is required, additional steam will be obtainable 
from two somewhat smaller boilers of similar type in the 
forward stokehold, where there will also be two cylin- 
drical boilers for supplying steam when the ship is ip 
port. The boilers are to be oil fired on the Clyde system, 
and all the oil-fuel plant required will be installed in 
two separate rooms between the stokeholds, the pumps 
being electrically operated. The fuel oil will be carried 
in 22 tanks surrounding the boiler compartments, the 
total capacity of the tanks being about 2,300 tons. These 
tanks will be filled from a central position. The feed 
water will be supplied on the Weir closed-feed system 
by two turbo-pumps, the make-up being obtained from 
fresh-water tanks in the double bottom and _ being 
purified in a low-pressure evaporator. The feed heating 
will be in three stages, there being one surface heater 
on the discharge side of the water-extraction pumps, &n I 
two surface heaters, one working at the intermediate 
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ahead at 18 knots, it will be possible to reverse the 
side of the turbo-feed pumps. Steam for these heaters | propellers and go astern within 30 seconds. The thrust 
will be bled from the main turbines and from the | bearings will be immediately aft of the motors. They 
feed-pump exhaust, the feed temperature being about | will be of the single-collar Michell type, and will be fitted 
300 deg. F. | with a hydraulic device for measuring the total thrust. 

The main turbo-electric propelling equipment is} Owing to the large demand for electricity necessi- 
being manufactured by Messrs. The British Thomson- | tated by the lighting, heating, ventilating and cooking 
Houston Company, Limited, of Rugby. It consists | installations, four auxiliary turbo-generators will be 
of two turbo-alternators supplying current to two linstalled. Each of these will have an output of 500 kw., 
slow-speed synchronous motors, one of which will be and will supply direct-current at a voltage of 220 volts. 
coupled to “each of the twin propeller shafts. At | These sets are also being manufactured by the British 
reduced speed, only one alternator will be required, so | Thomson-Houston Company, Limited. In addition, 
that maximum economv in fuel under all conditions | there will be two 165-kw. oil-engine-driven generators, 
should he obtainable, a great advantage in a vessel | which will be supplied by Messrs. Petters, Limited, of 
which performs part of its voyage at less than full speed. | Yeovil. The steam-driven auxiliary generators will be 
Among other advantages which have determined the | placed at the same level as the main turbo-alternators, 
use of the electric drive on the Viceroy of India, are the | two on each side of the engine-room, while the oil-engine 
absence of noise and racing, and a reduction in the/| driven equipment will be situated below between the 
number of steam pipes. In addition, full power will be | two main thrust blocks. Finally, below decks there 
available when going astern, accurate data regarding | will be three rotary converters on the port side of the 
the amount of energy absorbed in propulsion will be | engine-room, which willsupply energy to the Austin con- 
obtainable, and it has been possible to place the turbo- | stant-current motors for driving the air and circulating 

| 
| 


pressure and the other at high pressure on the discharge 





alternators and motors in separate water-tight com-| pumps of a Weir Uniflux auxiliary condenser, and the 
partments. It is hoped, moreover, to be able to reduce | bilge and ballast pumps. Other pumps will comprise 
the maintenance charges. two sanitary and bath pumps, of Allens’ vertical elec- 
The turbines will be of the Curtis horizontal type, | trical type, and two Centrex fresh-water pumps, manu- 
with Weir regenerative underslung condensers, which | factured by Messrs. Drysdale and Company, Limited, 
are supplied with circulating water by two variable | of Glasgow. An emergency bilge pump of similar con- 
speed electrically-driven pumps constructed by Messrs. ; struction, and a pump in the foreward stokehold for 
W.H. Allen, Sons and Company, Limited, of Bedford. | filling and emptying the swimming bath, may also be 
The alternators will be air-cooled on the closed-circuit | mentioned. There will be an electrically-operated lift 
system, the cooler being immediately below the alter-| between the starting platform and the boat deck, 
nator frame. Each set will be capable of developing | where the engineers’ accommodation will be situated, 
4,000 kw. at a speed of 2,700 r.p.m. The main pro- | besides other lifts in the passengers’ quarters. Elec- 
peller motors will be of the three-phase type, and have | tric driving will be also extensively used in a workshop 
an output of 17,000 shaft horse-power at 109 r.p.m. | on the port side. 
They will also be cooled on the closed-circuit system, Before leaving the generating plant, it should be 
two independent fans, each of which has sufficient | stated that a 50-kw. Petter heavy-oil electric set will 
capacity for full duty, being available for this purpose. 
Reversal will be effected by altering the electrical 
connections by means of mechanically inter-locked con- 
tactors, so that the turbines will always run in the same 
direction. It is hoped that, when the vessel is steaming 


| be installed in a small room on the boat-deck, to supply 

energy to the boat winches, the bilge pump motors and 
for special lighting. 

As regards the deck machinery, the main contractors 

| for which are Messrs. Gilbert Austin, Limited, of Cath- 











| cart, the Napier windlass on the forecastle will be 
| arranged in two sections, each of which has a 60-ton 
cable holder to lift the two 7-ton bower anchors. It 
will be driven by two independent motors placed on the 
deck below. Two 20-ton capstans will also be installed 
on the forecastle, as well as a 20-in. searchlight for use 
when passing through the Suez canal. Two similar 
capstans will be provided at the stern of the vessel, 
while there will be four electrically-operated 5-ton 
winches for dealing with the mails and cargo, which 
will be carried in six holds. The whole of this equip- 
ment, together with the refrigerating plant and the 
engine-room pumps and forced, draught fans, will be 
operated on the Austin constant-current system. In 
this, all the motors are connected in series when in use 
and are by-passed when out of action. The object is 
to obtain the advantages of both the electric and steam 
drive as applied to marine auxiliaries. Thus, on over 
load, the motor slows down so that the voltage drop is 
small, while a very wide speed range can be obtained 
without difficulty. 

The refrigerating rooms will be insulated on the 
| Newalls hard-cement system, and will be cooled by 
| Halls CO, machines and brine pumps. It may be 
j added that all the cooking 1anges will be electrically 
| heated, while the same system will be used on the 
baking ovens, grills, boilers and other similar equipment. 
The appliances for this purpose are being supplied by 
Messrs. John Phillips and Company, of Glasgow, and 
Messrs. Henry Wilson and Company, Limited, of Liver- 
pool. Electricity will also be largely used in the 
laundry. 

The navigating equipment will include steering and 
standard compasses, made by Messrs. Kelvin, Bottomley 
and Baird, Limited, of Glasgow, motor and. hand-driven 
sounding machines, Siemens’ electric telegraphs, and a 
complete telephone system. The steering gear will be 
|of Brown Brothers electro-hydraulic type and will 
include two 50-h.p. motors, which will operate the 
balanced rudder. It will be controlled from both the 
main bridge and the docking bridge by a telemotor 
operated by a steering wheel. An electric helm indi- 
| cator will also be fitted. 
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Fia. 1. CoMPARTMENT ARRANGED FOR Day TRAVEL. 


The life-saving equipment will include 15 lifeboats, 
each of which will be capable of carrying some 80 persons, 
and one motor life-boat. These life-boats will be built 
of double-skinned mahogany on the Rigidus principle, 
and will be carried on Welin-MacLachlan gravity 
davits, so that they can be run out under practically 
all conditions. Fourteen life-rafts will be carried on the 
upper deck, as well as a full complement of life-buoys 
and life- belts. 

Mechanical ventilation will be provided throughout 
the passenger and crew accommodation, as well as in the 
baggage and store rooms. The Punkah-louvre system, 
of the Thermotank Engineering Company, Limited, of 
Glasgow, will be employed for this purpose, fresh air 
being supplied through directional ball louvres, of 
which there will be at least one per passenger in each 
state-room. The rate of supply will be such that the 
air can be entirely renewed every three minutes in the 
state-rooms, and every minute in the dining rooms. 
Exhaust fans will be used for withdrawing the air from 
the machinery spaces and culinary departments, all the 
fans being duplicated to provide against breakdown. 
In all, 106 fans, with an aggregate horse-power of 515, 
will be used for this purpose. 

Space will not permit us to deal with the details of 
the equipment of the passenger accommodation, except 
to say that. comfort and convenience are being fully 
studied, and that special attention is being paid to the 
quantity and arrangement of the artificial lighting. 
Two lifts will be provided for the use of first-class pas- 
sengers, of whom, as already stated, there will be 
415. The second saloon accommodation, though less 
luxurious, will be as comfortable as that in the first- 
class quarters. Some 258 passengers will be carried in 
this part of the ship, which will have its own sports 
deck and music room. The accommodation for the 
officers and crew, who will number about 400, is also 
quite up-to-date. 


BRIDGE AND ROAD CONSTRUCTION IN THE NETHERLAND 
East Inpres.—His Majesty's Commercial Agent at 
Batavia has forwarded to the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, a memo- 
randum relative to bridge and road construction, rein 
forced-concrete construction, and proposed railway 
construction in the Netherlands East Indies. Interested 
British firms can obtain a copy of this memorandum 
upon application to the Department at the above 
address, quoting reference number A.X. 6827, 











THIRD-CLASS SLEEPING CARS ON 
BRITISH RAILWAYS. 


SLEEPING accommodation for third-class passengers 
has been provided on various Continenta! railways 
for some years past, and the need for similar facilities 
on British railways has long been felt. Consequently, the 
announcement that the London and North Eastern, the 
London Midland and Scottish, and the Great Western 
Railway Companies are putting third-class sleeping 
cars into service on long-distance night trains, on 
Monday next, September 24, will be received with 
satisfaction by the travelling public. The sleeping 
coaches of the London and North Eastern Railway, 
one of which we had an opportunity of inspecting at 
King’s Cross station recently, comprise seven com- 
partments, each of which has day seating accommoda- 
tion for eight passengers, and night sleeping accom- 
modation for four passengers, in the form of four single 
berths. A compartment, arranged for day and night 
service, respectively, is shown in Figs. 1 and 2, on this 
page. At night, the upper portion of the compartment 
panelling, which is steel framed, hinges forward and 
falls into strong sockets, thus constituting a rigid berth. 
On to this, the upper spring mattress, forming the seat 
during the daytime, is lifted by the car attendant. 
The seats are then drawn forward, and become wide 
and comfortable lower berths. A small folding table 
and step-ladder combined forms part of the equipment 
of each compartment; this is attached to the side 
of the coach, and, when opened out, the feet fit into 
brass-rimmed sockets in the floor. Two safety straps 
clipped into loops in the ceiling and fastened to the 
edge of the upper berth framing, as shown in Fig. 2, 
are provided for each upper berth. Incidentally, these 
provide a handhold when entering the berth. 

The compartment is illuminated by means of a 
centre bow] light, and, in order that it should never 
be in complete darkness, a blue light is automatically 
switched on when the main light is switched off. Steam- 
heating pipes are arranged along the outer panelling, 
and the regulator is placed close to the central table ; 
an efficient system of ventilation is also provided. 
An entrance vestibule is situated at each end of the 
coach, and access to the compartments is obtained by 
way of sliding doors, from a side corridor running the 
whole length of the coach. Passengers are not subject 





to intrusion, as no external compartment doors are 








Fie. 2. COMPARTMENT ARRANGED FOR NIGHT TRAVEL. 


provided. Rugs and pillows are supplied for each berth. 
Separate toilet and lavatory compartments are arranged 
at each side of the end vestibule doors at both ends of 
the coach. The carriages have a length, over the body, 
of 61 ft. 6 in., a width of 9 ft., a total height from the 
rail of 12 ft. 10 in., and are mounted on four-wheeled 
bogies. Each compartment is 6 ft. 4 in. long, 6 ft. 3} in. 
wide, and 7 ft. 11 in. high. The total weight of the 
sleeping coach is 34 tons 10 ewt. 

The third-class sleeping cars of the London Midland 
and Scottish Railway Company, one of which we in- 
spected recently at Euston Station, are almost identical, 
as regards construction and internal arrangements, 
with those of the London and North Eastern Railway 
Company. They also comprise seven compartments, 
each of which contains four berths for night service, 
and seating accommodation for eight passengers during 
the daytime. Here again, a folding central table and 
step ladder combined, is provided, and the lighting, 
heating and ventilating arrangements, and the toilet 
and lavatory accommodation, are similar to those 
described above. The coaches are 60 ft. long by 9 ft. 
wide, measured over the body, and the total height 
from the rail is 12 ft. 43 in. The compartments are 
6 ft. 4 in. long, 6 ft. 2 in. wide, and 7 ft. 10 in. high. 
Mounted on four-wheeled bogies, the total weight of 
each coach is 29 tons. No new sleeping cars have been 
constructed by the Great Western Railway Company, 
but a certain number of standard corridor coaches 
have been partially converted to provide sleeping 
accommodation for third-class passengers. One of these 
cars was on view recently at Paddington Station. 
Three of the compartments, each of which contains 
four sleeping berths similar to those described above, 
are cut off from the remainder of the coach by means 
of a corridor door, and access to them is obtained 
either through this door or by way of the vestibule 
of the first-class sleeping car, which will be adjoining. 
The general internal arrangements are much the same 
as those of the sleeping cars of the two other railways. 
In this case, however, the step ladder is a separate 
fitting and is stowed away under one of the seats during 
the daytime. 


Metric SYSTEM IN CHINA.—We learn that the Chinese 
Nationalist Government has decided to adopt the metric 
system of weights and measures. 


RAILWAY. 
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THE EVAPORATIVE COOLING OF 
AERO-ENGINES.* 
By Winc-COMMANDER T. R. Cave-BrowneE-Cave, 


Tue Tornado engine described by Mr. A. E. L. 
Chorlton in his paper will, when installed in airship 
R.101, be arranged with a system of cooling which 
differs from that usual in water-cooled engines. 
Water is circulated through the engine, but it is 
only steam and not hot water which passes away 
from the engine carrying the waste heat to the 
radiators from which it is discharged to the passing 
air. The system is being developed for use on aero- 
planes also. It has various important advantages 
which are referred to shortly below. The Committee 
have, therefore, asked me to describe in outline the 
application of this system to aero-engines. The 
description is mainly confined to the application of 
the system to the various aero-engines. Brief reference 
only is made to the various methods of condensing 
the steam in condensing radiators. 

In the normal water-cooled engine the waste heat 
transmitted through the cylinder walls is carried 
away as sensible heat in the jacket water, and conveyed 
to a radiator from which it is dissipated to the passing 
air. The dissipation of this waste heat is, therefore, 
achieved at the expense of considerable weight of 
water in the radiator and connecting pipes. The 
air-cooled engine dissipates its heat through fins 
attached to the cylinders. This not only involves 
considerable intrinsic air resistance, but necessitates 
a comparatively large frontal area of the engine and 
the body behind it. 

In the.evaporative system a normal water-cooled 
engine is used, but the waste heat is carried away 
as latent heat of a comparatively small weight of 
steam, actually evaporated during the circulation 
of water through the cylinder jackets. The water 
circulating round the engine is always at boiling point ; 
it is the steam only which passes to the radiator, and 
is the vehicle by which the waste heat is carried to 
the surface from which it is dissipated to the air. 

In the systems we have so far tried, the steam is at 
approximately atmospheric pressure, so that less 
strength and less careful precautions for water- 
tightness are necessary than in a water system. The 
fact that the steam conveying the waste heat is so 
extremely light, makes it possible to use for dissipation 
to the air the most effective parts of the outer cover 
of an airship. This involves comparatively long 
pipes which would, if filled with water, involve much 
greater weight. It allows the dissipating surfaces 
themselves to take a form, which would be quite 
impossible, if liquid water were used as the vehicle. 

When the power developed by the engine is reduced, 
and less waste heat has to be transmitted to the 
dissipating surface, the quantity of steam generated 
is reduced, but the temperature of the engine system 
remains constant, and there is no need for radiator 
shutters to prevent overcooling or freezing. 

The ability to convey the waste heat by such a 
light vehicle, enables the heat to be applied to warming 
the passenger quarters of an airship. A similar system 
may later be used for warming the pilot and passengers 
of an aeroplane with a really generous supply of heat, 
which will give the pilot comfort without heavy 
special clothing, and will enable the passenger cabin 
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risk that the supply of water to the pump may fail 
under certain conditions. 
Various types of aero-engines have 


their full power without any modification to the 
engine. There is an exception in the case of one 
engine, in which it was found necessary to equalise 
the areas of the discharge orifices of the cylinders, 
so as to give uniform distribution of water. 

The rate of generation of steam per square foot 
of heating surface in the jackets is comparatively 
high. In the case of a standard service aircraft engine 
at full power it averages some 50 Ib. to 60 Ib. of steam 
per square foot per hour, and must be far greater 
over the more strongly heated parts. The actual 
surfaces of the engine are subject to intense vibration, 
which no doubt assists in the liberation of steam. 

Measurements made by Professor Gibson of 
Manchester, on a smaller engine, showed that when 
a water-cooled engine is brought to boiling point, 
the distribution of temperature is made far more 
uniform and the temperature of the hottest points 
in the cylinder head is actually reduced when the 
formation of steam begins. 

The explanation of this apparent paradox is perhaps 
that when liquid water alone is flowing over the 
surface, heat can only be carried away from the 
surface if the flow of water is sufficiently rapid to 
be turbulent. The heated water in contact with 
the surface cannot otherwise move normal to the 
surface and give place to cold water. Bubbles of 
steam, however, can move away at right angles to 
the surface, especially when, as is usually the case in 
the most strongly-heated parts of a cylinder head, the 
water is above, rather than below, the metal surface. 

In our application of this system to aero-engines, 
the ordinary circulating pump has been retained. 
In the Rushmore application of the system to certain 
American cars, the circulation of water is not assisted 
by a pump. A small feed pump is used to lift the 
condensed water from the bottom of the condenser 
and return it to the fop part of the engine. With 
the comparatively intricate water system of an 
aero-engine, it is probably desirable to have a pump 
to assist the circulation and give equal distribution 
to the various parts. It is probable, however, that 
the capacity of that pump may be considerably 
smaller than those at present in use, and dependent 
on producing turbulent flow over the heated surfaces. 
When a honeycomb radiator is employed for condensing 
the steam, it is desirable that the flow of steam should 
be upwards, so that there is no freezing in cold air 
when the steam supply is insufficient to fill the whole 
radiator. The radiator should be of triangular form 
with an air vent at the apex. 

To provide for heating the passenger quarters of 
airship R.101, a radiator is arranged to take the waste 
steam from the two nearest engines. The radiator is 
movable. It can be lowered out of the hull so as to 
be wholly cooled by the passing air, or it can be raised 
to a position in which it heats the air being circulated 
through the passenger quarters. In this case a small 


|independent pump is used to return the condensed 


water to the engine. It maintains a slight vacuum in 
the radiator, so as to assist the flow of steam along 
the 100 ft. of pipe, between the condenser and each 





to be kept warm even when really well ventilated. 

The system was first applied to an experimental | 
unit at the Royal Airship Works, and has been 
reproduced with very minor alteration in the power | 
unit which is now undergoing test preparatory to 
installation in R.101. Water is delivered by the 
circulating pump to the casting which contains all 
the cylinder liners. It then passes through all the 
cylinder heads in parallel, to a manifold, which leads 
the water and steam to a column, in which a baffle 
guides the water down to the pump, while allowing 
the steam to pass away to the pipe leading to the 
radiator or condensing ducts. The condensed water 
is returned to the bottom of the separator column 
near the pump suction. 

For the condensing radiators made for R.101, this 
arrangement appears to be satisfactory. In applying 
the system to aeroplanes, a somewhat more elaborate 
Separator may be necessary, to ensure that the steam 
passing to the condensers is quite dry. 

The actual volume of steam in the engine jackets 
Varies considerably with the power being developed. 
In an attempt to run the engine without the use of 
the circulating pump, it was found that this change 
of volume made it difficult to maintain a water 

level” steady enough to allow of natural circulation 
Without priming. Water level is of less importance 
when the circulating pump is in action. The varying 
Volume of steam in the engine must cause a certain 
amount of water to be discharged, even through the 





engine. 

A fuller description of the system, and of the principles 
underlying it, was given in a lecture by the author, 
published in the Journal of the Royal Aeronautical 
Society, in January, 1926. 


OIL ENGINES FOR AIRCRAFT AND 
RAILWAYS.* 


most effective separator, unless the system is of such 
water capacity as will allow of this change without 


undergone 
tests with this evaporative system and have developed 
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| the development of oil engines for the air and for 
railway work. 

The main attraction of the oil engine for aeronautical 
purposes is its safety, owing to the fact that it does not 
use volatile fuel like petrol, and thereafter, its high 
economy in reduced consumption, apart from the 
employment of a lower priced fuel, over the petrol 
engined type, and hence its great advantage for flights 
of long duration. High economy internal-combustion 
engines using heavy oil as a fuel are, in the minds of 
those associated with their use in marine transport 
work, usually classified as Diesel engines; they have 
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Cuortton, C.B.E., M.I.Mech.E., 
M.Inst.C.E. 

Tue advance of the use of the internal-combustion 
engine as the prime mover in all fields of transport, is 
remarkable. On the road, using a volatile fuel, it is 
ahead of steam engines and appears, even for ’bus work, 
to be overcoming the competition of the redoubtable 
electric supply as used in tram service. In the air, 
its employment is universal. For railways its progress 
lags strangely, though its economic possibilities are so 
great. When we turn to engines using comparatively non- 
volatile fuels, such as residual oil of low first cost, we 
find that, so far as transport is concerned, it is mainly 
confined to marine installations, where progress has 
been very rapid indeed. On the road, with such 
engines, but little has been done; on the rail, a number 
are in successful service; whilst for use in the air, a 
beginning has been made in much experimental work. 
The purpose of this paper is to set forth what has 
been done, particularly in this district, with regard to 


E. E. 
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ti Paper read before Section G of the British Associa- 
on, at Glasgow, on Monday, September 10, 1928. 


* Paper read before Section G of the British Associa- 
tion, at Glasgow, on Monday, September 10, 1928, 


directly grown out of the Continental design, using air 
as an injection agent, and are founded on the original 
work of Diesel. Compression ignition engines, in 
which ignition is similarly obtained but in which the 
injection is airless and the fuel sprayed by being 
forced through an atomiser by a pump under heavy 
pressure, are a gradual but distinct development of 
the original engine of Akroyd Stuart, whose patent 
was taken out before that of Diesel. Broadly speak- 
ing, one works on a constant-pressure cycle, and the 
other on one nearer that of constant volume, particu- 
larly in the high-speed type, with which this paper is 
concerned. 

The problems connected with the successful design 
and operation of quick-running oil engines are principally 
concerned with the injection and combustion of the 
fuel; the conditions of heat flow are not so important. 
Research work has been very extensively carried 
out, more particularly with regard to oil jets. In 
the volume of results thus obtained, however, it is 
regretted that there is some lack of proper co-ordination, 
which rather handicaps their use in ordinary practice. 
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We have experiments in which the oil sprays are 
examined in very many ways indeed ; the work carried 
out under the National Advisory Committee for Aero- 
nautics (U.S.A.), which publishes all its work as carried 
out, is particularly notable. Much has been done in 
Germany, where the subject has also been considered 
chemically, as a combustion process. In this country 
research work has also been carried out on oil jets, 
and in later work the action of turbulence has been 
taken into account in respect of its inter-action on the 
rate of burning (see Pye, A. L. Bird, &c.). A paper 
collecting and summarising the whole of this work to 
date would be very valuable. 

The practical difficulty in the engine is the effective 
combustion of such oil sprays in an extremely confined 
combustion chamber, and if wall contact is to be 
avoided and a high mean-effective pressure obtained 
the problem is more difficult still. 

Research work done in this connection is not very 
great in amount; it is more difficult, but the N.A.C.A. 
have lately published some researches on results with 
varying types of combustion chamber. In the quick- 
running oil engines as used for air work a 6-in. cylinder 
gives a combustion space as shown in Fig. 1, the mean 
depth of which is 0-73 inches. Such chambers are of 
the plain or one-cell type, and are used with plain 
fluid-pressure injection. The type of combustion 
chamber designed by Akroyd Stuart had a conduit of 


reduced area connecting it with the cylinder proper, | 
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which provided increased turbulence, and thus had 
advantages in quickening the rate of combustion ; on 
the other hand, it lost heat more rapidly on expansion 
through the neck. Another two-cell type has a pre- 
combustion chamber, and is derived from the original 
form of Brons in which a small chamber is connected 
by fine openings with the main chamber proper. The 
fuel is first ignited in the pre-combustion chamber, 
and the initial explosion resulting therein forces the 
remaining oil through the fine openings, effectively 
spraying and igniting it. This type again has dis- 
advantages due to throttling by the restricted orifices 
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after combustion. These types of combustion chamber | limits air work to the plain one-cell type. The excess 
are shown in Figs. 2 and 3, respectively. air, furthermore, is one of the governing factors in 
The brake mean.-effective pressure for air work must | economy; hence, as the volume capable of bei 
always be high, at least 100 lb. per square inch, and | attacked by the oil becomes less and less, particularly 
preferably as high as 120 lb. It is obvious, therefore, | if the combustion chamber is irregularly shaped, ag 
that all the air possible must be in a position in which | in the last two types, economy suffers. The permea- 


it can be permeated by the oil spray. This rather | tion and penetration of the oil injected into the air 
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Tests oF HicH-SPEED DIESEL ENGINE. 


Cooling Water 





Test Duration of Speeds BHP Fuel Ib. a Temperatures. | ae 
Series. | Test Hours. R.P.M. B.H.P. Hour. Inlet. Outlet 
Deg. F. Deg. F. = 
A 4} 689-3 160-26 0-418 121-5 | 127-4 Shell-Mex- Diesel. 
B 3 700-0 172-0 | 0-385 120-0 } 128-0 ” 
Cc 3 1007-0 424-0 0-365 140-0 | 150-0 aii: 
D 1 1023-3 263-0 0-355 181-0 185°5 Anglo-Persian. 
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must be most thorough in all respects. Yet no 
interference of jets must take place. This affects 
the position of the fuel atomiser or sprayer, and 
it is necessary to consider whether, in the case of a 
single sprayer, it should be placed at the centre or 
circumference, and also if one or more should be used. 
Many finer jets give quick burning, but risk inter- 
ference and lack penetration. Though turbulence 
plays an important role, it is doubtful whether it does 


Fig.7. 


p > 


far reaches of the combustion chamber, if its 
temperature is within certain limits, and these also 
must be determined. 

After a long period of development work by Messrs. 
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SECTION AT FRAME 4 
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so to the same extent as it does in lower compression 
engines with a carburetted mixture. 

lt is hecessary that research work be undertaken to 
determine if piston contact is inadvisable; in fact, 
the jet action in the combustion chamber must 
be accurately examined. Thus, it may be that the 
piston can be used as an effective spraying and 
directional agent for guiding the oil mist into the 
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for airships, are eight cylinders in line, 8}-in. bore by 
12-in. stroke, giving 650 brake horse-power at 1,000 
r.p.m. The crankcase is of the monobloc type, and, 
when a steel casting is used, the weight of the engine 
is 4,600 1b., and with aluminium crankcase 3,600 Ib. 
A photograph is reproduced in Fig. 4, and a section 
in Fig. 5, from which the construction can be well 
understood. 

The oil fuel pump employed in the engine is the 




















































































William Beardmore and Company, a satisfactory 
engine was finally arrived at, and some results of 
tests made on one of these engines were given by 
the author before the Institution of Mechanical Engin- 
eers in March, 1926, and are reproduced on page 374. 
Since then further progress has been made in 
reducing the fuel consumption. The general character- 
istics of engines of this type, as specially constructed 

















“ENGINEERING 





most characteristic feature of the whole design, and 
its main detail is a control valve that functions 
whilst in motion. It was held by the author at the 


beginning of the experimental work that, for multi- 
cylinder engines running at high speed and the fuel- 
oil pump delivering but small quantities, the design 
of this part should be on the lines of a measuring 
apparatus and that the normal suction and delivery 
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valves of the seated type, lifted by variation in 
fuel-oil pressure, could not be relied upon to give 
constant and similar delivery to all cylinders. 


Thus, while in experimental work a good result might | 


be obtained in a single-cylinder experimental engine, 
it could not be expected in multi-cylinder engines. 
He, therefore, designed a pump shown diagram- 
matically in Fig. 6, in which all motion is obtained 
from cranks; there is therefore no lost motion and 
all the functions start and remain the same under 
all conditions. 

The variation in amount delivered corresponding 
to the load is obtained by revolving the valve, which 
has helical cut-off edges working against a suitable 
port. This valve operating across the suction passage 


blocks it momentarily so to speak, in its quick travel | 


across the feed port, whereupon the injection takes 
place with great force and rapidity. Four pumps 
feed eight cylinders, and a switch valve, fitted between 
the pump and the two atomisers, ensures correct 
timing of the injection of fuel to each of the two 
cylinders. It is suggested that a single pump and 
a multi-way distributor would not do for a_high- 
speed engine, though possibly satisfactory for lower 
speeds. 

The author has been kindly allowed by the Air 
Ministry to give these particulars of, and also a general 
plan of, the installetion of an engine in one of the 
airship power cars. It would not be proper to extend 
further the description of the engine and its extra- 
ordinarily interesting installation, incorporating as it 
does so many novel features, but the author hopes 
that, at some future date, this will be undertaken by 
Wing-Commander T. R. Cave-Brown-Cave, C.B.E., 
who has been responsible for the work in the airship, 


and to whom the author is further beholden for the | 


plans given in Figs. 7, 8 and 9. 


It will be noted that the engine is, in this case, | 
started by a barring engine, working much in the | 


manner of its disengagement, after the main engine 
has started, as does the Bendix starting gear of a 
motor-car engine. This engine is also employed to 
drive an electric generator. The main engine is 


variable in speed, the control by hand lever being | 


from 1,000 r.p.m. down to 250 r.p.m. The driven 


propeller is of the variable-pitch type, providing for | 


forward and backward flight. The engine operates on 
Anglo-Persian fuel oil. A six-cylinder engine with a 


similar unit cylinder size, giving 750 brake horse-power | 


at 1,400 r.p.m., is shown in Fig. 10. Such engines, 
when used for aeroplane service, require to be largely 
constructed of alloys of light metals such as aluminium 
or magnesium. They are usually of the inverted type. 
The weight of each engine is approximately 3 |b. 
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| per brake horse-power ; thus long flights are the class 
| of work for which it is specially suitable. 


(To be continued.) 


FATALITIES IN THE PETROLEUM 
INDUSTRY. 


THE statistics of the United States Bureau of Mines 
| record a total of 41 fatal accidents in the petroleum 
industry of California during the year 1927 against 
54 fatal accidents in 1926, and 75 in 1923, the worst 
year. The figures, it should be noted, do not include 
accidents on tankers and oil barges, but they do include 
accidents in sales and marketing. The average decrease 
of 24 per cent. during 1927 is in its way satisfactory. 
But the figure and the nature of the fatalities remain 
unsatisfactory, and there does not appear to be a 
corresponding decrease in the number of non-fatal 
| accidents about which reliable statistics are not avail- 
able. The decrease during last year was most marked 
in the pipe line and transportation division, where it 
amounted to 80 per cent. It was nil in the drilling 
and producing division. 

According to the detailed review of the causes of the 
accidents in Investigation Report, Serial No. 2881, of 
the Bureau of Mines, by Mr. G. B. Shea, only two 
of the 26 fatalities in drilling and pro luction were due 
to failures of devices required in the General Petroleum 

| Safety Orders for Drilling and Production, issued by 
the Industrial Accident Commission of the State of 
California. In many cases there was negligence in the 
observation of rules by the operators or well crews, or 
both. But the victims were not always the people at 
fault, and the rigs of drillers are too complex for a 
brief summary of the chief dangers. Clearly, how- 
ever, derricks badly out of plumb should obviously be 
jacked up in time; repairs should not be undertaken 
before stopping the machinery, and safety latches 
| should be provided to prevent slipping of elevators 
'from hooks. Nobody should be allowed to stand 
under any object while it is being raised or suspended. 
More than one-third of the accidents were due to the 
fall of objects, which were sometimes simply tools left 
lying about; there were also six workers killed by 
falling, while insufficient preparation for handling heavy 
objects was responsible in other cases. The notable 
decrease in the number of accidents in the pipe-line 
division is attributed to the care and resourcefulness 
of the men. As regards refineries, four compressor- 
room men were killed when a compressor began to race 
owing to an accumulation of pressure. One of the men 
slowed down the engine by disconnecting the magneto 
| terminals. On restarting, one terminal had safely been 
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replaced ; but the second sparked in reconnecting and 
exploded the gas mixture in the air. Another explosion 
was caused by a leaky gas gasket during the trial run 
of a compressor which was only 14 ft. from a boiler 
under fire, without intervening diverting wall. Four of 
the five accidents in the sales division might simply he 
classified as traffic accidents. Intimate knowledge of 
the design and construction of a plant, the report points 
out, and familiarity with the processes and equipment is 
essential to operators in the petroleum industry, while 
the responsibility for greater safety in traffic rests 
upon all individuals and authorities. 


Chains.—A catalogue of welded-iron chains, slings, and 
rings, and of hooks, shackles and couplings, is to hand 
from Messrs. William Griffin and Sons, Limited, Cradley 
Heath, Staffs. 

Scrubbers:—Messrs. Newton Chambers, Thorncliffe, 
near Sheffield, have sent us a leaf illustration of their new 
* Stator ’’ scrubber-washer for treating ammonia, benzole 
and naphthalene. 

Switches.—A circular on distributive switchgear for 
controlling the various circuits in large buildings, is to 
hand from Messrs. Cantie Switches, Limited, Carleton- 
road, Nottingham. 

Refrigerator Fittings—A catalogue of hinges, latches 
&e., for the doors of refrigerators and cold-storage rooms, 
has been issued by Messrs. Walter Cassey, Limited, 
81, High Holborn, London, W.C.1. 

Concrete Mixer.—The British Steel Piling Company: 
Limited, 54A, Parliament-street, London, 8.W.1, have 
sent us a catalogue of their portable petrol-engine driven 
concrete mixer, for 3} cub. ft. batches. 

Silent Gears.—Messrs. Bakelite, Limited, 68, Victoria- 
street, London, S.W.1, have sent us a circular illustrating 
some types of gear wheels cut from their laminated cotton- 
fabric material impregnated with synthetic resin. 

Pulley Blocks.—Messrs. Herbert Morris, Limited, 
Loughborough, have sent us a booklet giving several 
illustrations of the application of their hand-operated 
spur-gear pulley blocks to varied conditions of work. 

Printing-Machine Drives.—Messrs. Brookhirst Switch- 
gear, Limited, Chester, have issued a pamphlet on the 
electrical control of printing machines, illustrating the 
leading types of machines and describing the control gear 
most suitable for each. 

Coal-Cutter Control.—Messrs. Mavor and Coulson, 
Limited, 47, Broad-street, Mile End, Glasgow, have 
issued a catalogue of their new electric gear for the 
control and protection of coal-cutters and other machines 
driven by squirrel-cage motors. 

Electrical Apparatus—We have received several 
catalogues from Mr. Alan Wright, 124, Chancery-lane, 
London, W.C.2, dealing with control boxes and panels, 
switch boxes, terminal and cable boxes, ‘feeder pillars, 
and electric appliances for heating water. 

Switches.—The Harland Engineering Company, 
Limited, Greengate, Salford, Manchester, have sent 
us a catalogue of low-tension air-break switchgear 
for switchboard mounting. The catalogue is fully 
illustrated, and gives all the necessary technical informa- 
tion. 

Machinery.—Messrs. Tangyes, Limited, Birmingham, 
have issued a small pamphlet illustrating and briefly 
describing various machinery they have supplied at 
home and abroad, including gas, oil, petrol and steam 
engines, axle-turning lathes, lifting tackle, presses and 
pumps. 

Marine Auvziliaries—We have received a circular 
illustrating the twin-screw steamship Op Ten Noort, 
of 8,600 tons, in which all the auxiliary motors except 
those of the deck winches, have been fitted with switch- 
gear made by Messrs. Brookhirst Switchgear, Limited, 
Chester. 

Roller Bearings.—Messrs. Deleo-Remy and Hyatt: 
Limited, 111, Grosvenor-road, London, 8.W.1, have issued 
a new catalogue of Hyatt roller bearings, with notes on 
lubrication, housings, mountings, application to axles, line 
shafts, special machines, &c., and full tables of dimen- 
sions, load capacities, &c. 

Steam Fittings —We have received two new editions 
of catalogues from Messrs. Hopkinson, Limited, Hudders- 
field: One dealing with a series of steam traps with 
strainers and three-way cocks, and the other with the 
firm’s patent thermostatic regulator for automatic tem- 
perature control of steam-heated vessels. 

Electric Motors.—Messrs. Higgs Motors, Witton, 
Birmingham, have issued a new catalogue of alternating 
and direct-current industrial motors, describing the 
principal parts and giving capacity and dimension tables, 
and also particulars of switches and starting gear. 
Lists of dynamos and motor-generator sets are added. 

Electric Cables.—The St. Helens Cable and Rubber 
Company, Limited, Slough, Bucks, have issued a booklet 
describing a number of the more difficult local conditions 
in which their cab-tyre-sheathed cables have proved 
easy to fix and suitable for service, ineluding mines, 
petrol and oil stores, and general factories and buildings. 


Aluminium-Alloy Castings.—Examples of die castings 
and sand-castings made from the well-known alu- 
minium alloy Alpax, including fan impellers, railway- 
carriage doors, gear cases, motor-car engine crankcases, 
&c., are illustrated in a catalogue to hand from Messrs. 
Lightalloys, Limited, St. Leonards-road, Willesden Junc- 
tion, London, N.W.10. 
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THE INFLUENCE OF ENGINEERING 
ON CIVILISATION.* 


By Sir Wittram E is, G.B.E., D.Eng. 
(Concluded from page 340.) 


Vining Engineering.—In dealing with this section, I 
propose to confine myself to coal mining, so as to 
shorten what I have to say, and also to be able to 
apply myself more closely to the development of coal 
mining as affecting civilisation. 

Prior to the introduction of modern means of 
transport and the development of the iron and steel 
trade, the production of coal in this country, both in 
the aggregate and per colliery, was very small, and, | 
consequently, the amount of virgin coal face exposed | 
at any one time in a colliery was quite moderate. 
Therefore, the effusion of gas was not sufficiently 
large to introduce a serious danger to men working 
with naked lights. Ventilation was carried out by 
means of a furnace in the bottom of the upcast shaft, 
the draught being sufficient for ventilating the moderate 
area of the workings. Increased production necessi- 
tated the adoption of mechanical means of ventilation, 
and large fans were installed. Science had a large 
share in making colliery development on a big scale 
possible by the introduction of the Humphry Davy and 
other safety lamps. These warned the miners of the 
presence of gas and consequent danger. The much 
heavier tonnage produced in a given time necessitated | 
the introduction of large horse-power winding engines, 
and also of wire ropes which would be sufficiently | 
pliable to pass over the pulleys and headgear, and also 
be strong enough to carry, not only their own weight, | 
which in a shaft of 500 yards is not inconsiderable, but, 
in addition, a loaded cage involving a weight of 30 tons | 
or more. 

Although we, unhappily, know that colliery explosions 
occasionally occur with very dire results, and regret | 
the many accidents to miners arising out of falls of | 
roofs, &c., those of us who are conversant with coal- | 
mining matters realise how much science and engineering 
have done to lessen the risk under which the miners | 
work. I believe that the public feel that one of the | 
great risks is in winding the men up and down the | 
shaft each day, and yet the careful supervision of | 
winding arrangements, inspection of ropes, and general | 
regulitions for the safety of the men are such that, | 
so I am informed, it is only one man in forty millions 
who suffers an accident from this portion of the miner’s | 
duty. 

The introduction of vertical ropes as guides to the 
cages, instead of wooden or steel guides, affords a safe 
and smooth running of the cages at 60 miles an hour 
with no more vibration than we experience in travelling 
in an express train at the same speed. Underground 
haulage has been everywhere adopted, so that the use 
of men for this arduous work, and, to a great extent, 
ponies also, has been abandoned. This underground | 


haulage is largely carried out by compressed-air engines | 
placed underground, as in many pits it has not been 
felt safe to introduce electric power for the purpose 
except in the immediate neighbourhood of the shafts. 
It is true that the electrical engineer has gone a long 
way in lessening the liability to sparking, and in 
enclosing the motors so as further to lessen this risk. 
We are still left, however, with possible danger caused 
by the cables along the main roads, which, however 
carefully placed, are still liable to be damaged by 
unexpected falls of roof, thereby introducing a poten- 
tial danger which is difficult to eliminate. At the coal 
face, the engineer until the present has not been able 
to do much to lessen the hard manual labour of the 
working miner, but in thin seams—say, up to 3 ft. 
thick—where manual work on a solid face would be 
almost impossible, coal-cutting machinery (in which 
a well-known firm in this city has successfully specialised) 
has been introduced, thereby lessening enormously 
the manual work of the miner. I venture the opinion 
that the introduction of machinery for this purpose 
has not yet reached its limit. 

[ regret that more members of the public do not 
take the opportunity of going underground and seeing 
the men at work at the coal face. On my various visits 
I always receive a warm welcome from them, and it is 
a real education to see what the engineer has done, 
and under what conditions the men work in producing 
an article on which we so much depend for the comfort 
of our daily life. 

_ Electrical Engineering.—-This branch of engineer- 
Ing covers a very wide range of subjects and affects 
our social life almost more intimately than any 
other type of engineering, except, perhaps, the 
supply of good water and efficient drainage instal- 
lations. In considering this branch of engineering 
as a whole T find it very difficult fairly to divide the 
credit for its development between the pure scientist 
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| know, were the Liverpool Overhead Railway 





and the electrical engineer. It is interesting at this 
meeting in Glasgow to recall that it was at the British 
Association meeting in this city, in 1876, that Graham 
Bell, in conjunction with Lord Kelvin, brought to the 
Association’s notice the telephone, and, further, the 


fact that, at the Plymouth meeting of this Association in | 


1877, I shared with many eminent members of the British 
Association the interesting privilege of telephoning 
from the saloon to the bridge on the excursion steamer, 
with Professor Graham Bell on board, going to and 
from the Eddystone Lighthouse. I allude to this 


fact because in those days it was regarded as a wonderful | 





scientific invention, which fascinated the most eminent | 


scientific men. 
and hardly realise the comfort and convenience that 
the introduction of the telephone has brought into our 
lives. 

I admit that the introduction of wireless telephony 
and telegraphy has amazed the world to a greater 


Yet to-day we take it all for granted, | 


in a works without such auxiliary facilities, the economy 
in the use of electric winding versus steam is naturally 
not so great. 

The public, I think, fails to realise that electric light- 
ing for domestic purposes, if charged at a reasonable 
rate, does not represent any real charge on the house- 
hold. It is so clean in its application that, in my 
opinion, the necessity for cleaning and decorating which 
is avoided in many cases represents a greater saving 
than the amount paid for electric light. In addition, 
we have the great advantage that it does not burn 
oxygen, and, therefore, we have more healthy condi- 
tions in our rooms compared with any other method 
of lighting. I feel sure that those who have introduced 
electricity into their houses for the purposes of cooking 
and hot-water supply will never go back to the old 
system of kitchen fire for this purpose, owing to the 
former’s efficiency and cleanliness in application. It 
appears to me that all that is wanted for a much larger 


extent than that of the telephone, and it is certainly | US¢ of electricity domestically is a reduced charge by 


more within the capacity of the pure scientist than of 
the engineer to explain the scientific problems involved. 
I am not going to state whether the introduction of 
wireless broadcasting into our homes is an amenity 
or not, chacun ad son got, but when we turn to the appli- 
cation of wireless telegraphy we accept without hesita- 
tion the benefits it has brought into the world. It is 
impossible to say what number of lives have already 
been saved by boats in distress having been able to 
secure help from other vessels by means of wireless 
communication. 

The development of electricity as a mechanical 
driving power was very slow up to a certain date. 
For instance, I went by electric train from Berlin to 
Charlottenburg in the spring of 1882. The running 
of the railway appeared to be quite satisfactory, and 


| yet it was at least ten, and I think fifteen, years before 


any real development took place in the way of electric 
railways or trams, the difficulty, I believe, being in 
producing satisfactory dynamos on an economic basis. 
The first electric railways in this country, so far as | 
in 
February, 1893, and the Liverpool to Southport Rail- 
way in April, 1904. The practicability of electric driv- 
ing on main lines is still a matter under discussion. 
The only country which has wholeheartedly adopted 
this system is Switzerland, a country which has un- 
doubtedly been influenced by the uncertainty of obtain- 
ing a uniform supply of coal at reasonable prices, 
coupled with the fact of an efficient and ample supply 
of water power for their generating stations. The 
Barberine reservoir, which has now been completed, 
and the large reservoir at the Grimsel Hospice now 
under construction, are fine examples of civil engineer- 
ing work carried out for the purpose of developing 


| electric current for the Swiss railways. 


In this country considerable developments are taking 
place on the various main lines, but engineers are at 


| present concentrating on the use of electric driving 


mainly for suburban traffic, and not at present on main 
line long-distance expresses. It is probable that the 
great extension of high-power installations throughout 
the country contemplated by the Electricity Commis- 
sioners, will render possible a more extensive use of | 
electric trains on our main lines. 

The application of electricity for driving purposes 


rapid strides as soon as electrical machinery for the | 
purpose was available. I remember showing to a| 
former President of this Association, Sir William | 
White, the first set of Belliss and Morcom engines we 
had installed in a works in the Midlands, the various | 
machines in these works at that time being driven by 
steam engines in different shops and line shafting. 
Sir William said to me then, ‘‘ Do you realise that 
within ten years every machine in these works will be 
electrically driven ?’’ I think few engineers realised 
at that time that electric driving would replace so 
rapidly the existing methods. Apart from the economy 
represented by its introduction the change enabled the | 
management to register the amount of power used by | 
each type of machine under varying loads of service, a 
circumstance which was impossible with belt-driven | 
machines, when the power varied according to the} 
tightness and width of the belt. The greater efficiency, 
however, is really represented by the fact that, in a 
large works, electricity can be produced in bulk at a 
central power station at a low rate of cost, and the loss 
in distributing to the various departments through 
high-tension cables and transformers to lower voltage 
in the different sections of the works is insignificant 
compared with the saving represented by a consump- 
tion of coal and a cost of maintenance far below what 
is possible with direct steam driving. Electricity has 
in some measure been introduced into mining engineer- 
ing, as I have mentioned in the mining section ; electric 
winding engines have been adopted with satisfactory 
results, but, as the fuel supply for steam raising at the 
various collieries, especially where coke ovens are 








installed, is much less costly for providing power than 





| with the larger mills. 
|the author that some works might with advantage 
| ma 
| small mills, before embarking on the greater expendi- 
| ture entailed in effecting similar improvements to their 


| ways 


the various supplying companies and corporations, at 
least to the level which exists in many of our cities 
already. It is hoped that the work of the Electricity 
Commissioners in installing bigger units of power 
throughout the country may bring down the cost so 
as to place electricity within the reach of every house- 
holder. 

Since I roughed out this address it has been my 
privilege to make a journey across America from New 
York to the Pacific Coast, and return through the 
Rocky Mountains and Canada, and throughout my 
journey I could not help realising how large a share 
engineering in its broadest sense has taken in develop- 
ing these wide regions. First comes the railway as 
a through communication between east and west for 
3,000 miles. Gradually settlers come, and farming and 
lumber work commences, their progress only being 
possible with the aid of railway transport. By degrees 
small towns spring up requiring the assistance of 
engineers for water and drainage. In the torrid pro- 
vinces of New Mexico and Arizona, the water question 
is a very serious one, and large irrigation schemes will 
have to be introduced. At Grand Canyon, for instance, 
the water for household and farm use is brought nearly 
200 miles by train in large special wagons. Then 
mineral wealth is discovered, and the mining engineer 
appears and requires his varied plant to be brought 
by railway from the manufacturing centres. In the 
mountainous parts of the country large hydro-electric 
plants are being developed, thus calling on the elec- 
trical engineer for his services, and I might quote 
many other illustrations of a similar nature. 


THE REHABILITATION OF ROLLING- 
MILL EQUIPMENT IN_ BRITISH 
STEELWORKS.* 

By G. A. V. Russett, Wh.Ex., Assoc. M.Inst.C.E. 
(Concluded from page 275.) 
ALTHOUGH those mills called by the somewhat vague 


name of merchant mills are not, as a rule, so inti- 
mately tied up with the continuously operated steel 


| plant as are the heavy mills and frequently run on a 
| different shift basis to the latter, they are worthy of 


é 2 é : | as much consideration. 
in the various large works in this country made very | ie 


The possibilities of improving 
practice are as great, and, owing to the smaller 
size of the equipment involved, the outlay to secure 
a given saving in production cost is much less than 
In this connection it occurs to 


ke a commencement in rehabilitation with their 


heavy mill plants. Were this done, the reliable 
savings would be demonstrated under the actual local 
conditions, and the bigger financial commitments 
would be faced with greater confidence. The two chief 
of reducing production costs in many existing 
merchant-mill plants are to increase the billet weights 
for the lighter products rolled, and to eliminate some 
of the hand labour employed on the mill proper and in 
finishing the products. 

In support of this assertion, attention may be directed 
to the old American plant shown diagrammatically 
in Fig. 16. This three-stand, 13-in. mill, furnished with 


| a single drive, and a rolling speed of 475 ft. per minute 
| turns out between 6,000 and 7,200 tons per month, 
|and only requires an operating crew of from 9 to 10 
| men per shift. 


These results have been obtained since 
its conversion from a hand-fed mill by the application 
of light tables at the rolls in conjunction with simple 
manipulating devices. The maximum weight of billet 
that can now be employed is 15 ewt. Two further 
examples of the advantages available through partialiv 
mechanicalising simple merchant mills may be given. 





* Paper read before the Institution of Mechanical 
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ROLLING-MILL EQUIPMENT. 











Lue 
ie! 


Fie. : 


represented by it. 


, What the side-guard manipulator is 
0 


a blooming mill, a mechanical cooling bed is to 
a merchant mill, especially in conjunction with a rotary 
or flying shear. With these two adjuncts, the billet 
weight can be selected with reference only to production 
and the nature of the product being rolled, the bar 
being automatically cut into cooling bed lengths on 
emerging from the finishing pass. 

The chief desiderata of a good mechanical cooling 
bed are as follows :—(1) The run-out table should act 
as a straightening device. (2) The piece on being 


discharged on to the traversing mechanism should be 
Subjected toa 


further straightening action, and should 
€ Supported in such fashion as to prevent warpage 














until it is sufficiently rigid. (3) The cooled bars should 
be assembled mechanically in an orderly manner upon 
the shear table. (4) To reduce power consumption 
and wear and tear, the discharging device should be 
operated separately from the traversing mechanism. 
(5) It is desirable that the operator should be able to 
pitch the bars out on the bed at intervals to suit their 
section. A cooling bed embodying most of these 
features designed by Mr. Willis McKee and installed 
in one of the large Pittsburgh steelworks, is shown in 
Fig. 18 to 20. This bed has special provision to allow 
of the pack-annealing upon it, of spring bar. With 
such beds it is found that ordinary rounds, flats and 
squares, small angles up to 1} in., and other small 





sections, can be straightened perfectly. Even with 
the most intricate profiles, such as the various forms 
of window sash, probably 7 to 12 per cent. only of the 
| production will require further treatment. To utilise 
| fully the labour-saving possibilities of a mechanical 
| cooling bed, efficient shearing, bundling, and weighing 
facilities should be provided. These are often very 
defective in the older plants. A light bar shear, with 
measuring stop, run-out table, and hydraulically- 
operated throw off, capable of cutting cold six 1-in. 
bars simultaneously, is shown in Fig. 22. 


FORM AND STRUCTURE OF ELECTRIC 
SPARKS. 


Tue beautiful phenomena of electric sparks have 
attracted so many experimenters that one can hardly 
expect to find much that is novel in further researches. 
The influence of size of the electrode, and of the gap and 
potential, which Messrs. T. Terada, U. Nakaya and R. 
Yamamoto, are investigating in the Institute of Physical 
and Chemical Research at Tokyo, as described by them 
in No. 143 of the Scientific Papers of that institute, has 
been studied by many other physicists, and notably 
by M. Toepler and W. Weicker, to whom they par- 
ticularly refer. What is new in the Japanese research 
is the recognition of a three-part character of the spark, 
or of some sparks, and the study of the conditions 
under which the form of the discharge changes. When 
the spark passes between spherical electrodes, one can 
frequently, though by no means always, distinguish 
a positive stem, ?.e., a straight line discharge starting 
from the positive electrode, then a ramified discharge 
portion, with many more or less jagged zig-zag 
branches, followed by a negative portion, shorter than 
the positive stem. Toepler discovered that, when the 
ratio 1/r, spark length over electrode radius, exceeded 
a certain value, the spark potential began to deviate 
from the initial spark potential, at which sparks would 
pass at lesser electrode distance. Mr. Terada and 
his colleagues connect this critical distance with the 
spark-gap length at which the three-part spark appears. 
Under certain conditions the spark becomes filiform. 
Sometimes a knob is seen near one electrode, or a kink 
develops somewhere. 

It is well known that sparks between a sphere and 
a disc are somewhat unipolar, and that they start 
more easily from a positive sphere than from a nega- 
tive sphere, when the other electrode is a disc. When 
the positive disc was earthed, a knob appeared near 
the negative sphere; when the negative sphere was 
earthed, the spark appeared straight, but folded. 
Earthing of either electrode seemed to have the effect 
of preventing the formation of a preparatory brush 
discharge on that electrode. An air-jet sweeping past 
the negative electrode seemed to have little effect, but 
when the jet played upon the positive electrode, the 
character of the discharge changed, as if something had 
been blown off by the air-jet. The investigators suggest 
that if the brush-like spark be due to a preliminary 
dark discharge, that dark discharge may not consist 
simply of an electric wind, but of a diffuse stream of 
negative ions. They do not discuss the influence of 
ions and dust in the air, and of the electrode particles 
torn off by the discharge, which contribute to changing 
the character of the discharge in the course of experi- 
ments. So many factors affect the spark that one 
feels rather doubtful whether much is gained by the 
establishment in this research of proposed quantitative 
relations between the potential and dimensions of the 
electrodes on one side, and on the other, the proportions 
of the three parts of the spark and its form. 


THE INTERNATIONAL ASSOCIATION FOR TESTING 
MATERIALS.—At a congress held in Amsterdam in 1927, 
the New International Association for Testing Materials 
was formed. An International Association for Testing 
Materials of Construction was, it will be remembered, 
in active existence prior to 1914, and held a series of 
congresses, the last of which was in New York in 1912. 
The existence of this earlier association was brought to 
an end by the war, and for many reasons British opinion 
was averse to the revival of the old association. The 
activities of the British representatives at Amsterdam, 
however, resulted in the adoption of a new and much 
simpler organisation for the new association; in par- 
ticular, the whole que;tion of international standard 
specifications has been entirely eliminated. It has not 
been thought desirable to add to the large number of 
existing societies and institutions in this country by 
the formation of a British society for testing materials. 
In order, however, to secure adequate British representa- 
tion in the new association, a British Committee has 
been formed. This comprises representatives appointed 
by a number of the more important British institutions 
and societies interested in materials of all kinds. In 
order to make a wide-spread membership possible, the 
annual subscription for individual members has been 
fixed at 10s., and that for societies, firms, and under- 
takings in their corporate capacity at not less than 20s. 
Further particulars may be obtained from Mr. G. C. 
Lloyd, honorary secretary and treasurer of the British 
Committee of the new association, 28, Victoria-street, 





London, 8.W.1. 
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** ENGINEERING’? ILLUSTRATED LIFTING AND HAULING APPLIANCES. 
PATENT RECORD. ae ee sent yon ant, Sonat. Mocruenn, 
. . e, eda- 
SELECTED ABSTRACTS OF RECENT PUBLISHED | necbury,  Telesconin’ coeur goo agg 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. | Fn" "tog ge he invention selates to tele- 
The number of views given in the Specification Drawings is stated scopic screw jacks of Ae kind comprising a stationary 
po ; where none is mentioned, the Specification is not | outer part or body 2, having in combination therewith 
Where inventions are communicated from abroad, the Names, &c., | ® number of screwed telescopic sections and means for 
| actuating the jack comprising a bevel wheel 7 and pinion 


of the communicators are given in italics. | : 

Copies of Specifications may be obtained at the Patent Office Sales | 6a adapted for rotation by an operating rod, lever or the 
Branch, 25, Southampton Buildings, Chancery-lane, W.C.2, at} like. The invention consists in making the stationary 
the uniform price of 18. 

The date of the advertisement of the acceptance of a Complete | 
Specification is, in each case, given after the abstract, unless the | 
Patent has been sealed, when the word ** Sealed” is appended. | 

Any person may, at any time within two months from the date of | 
the advertisement of the acceptance of a Complete Specification, | 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


284,833. White and Poppe, Limited, Coventry, 
and J. Milne, Coventry. Internal Combustion 
Engines. (1 Fig.) December 24, 1926.—This invention 
relates to the mounting of the chief accessories on an 
internal combustion engine for use on a motor vehicle. 
According to the invention, a layshaft 4 is employed to 














WS 


89.256. 








outer part or body section 2 of a tubular casting of such 
construction that the bevel wheel 7, which is mounted on 
and serves for effecting the rotation of the intermediate 
telescopic member 8, can be passed into position in the 
upper end of the body from the lower end thereof. The 
upper end of the body 2 is entirely or substantially 
closed except for the internally screwed central aperture 
which provides the screw box in and through which the 
intermediate telescopic jack screw 8 works. The lower 
end of the stationary body 2 is flared outwards to 
provide an extended base and is closed by a plate or 
dise 13a. (Sealed.) 














drive the accessories, which shaft is driven from the 
crankshaft through gearing arranged in a casing 3 at the 
back of the engine, the layshaft projecting in front of the 
casing there to drive in tandem the water pump 5 and 
magneto 8, and behind the casing to drive the dynamo 10. 
(Sealed.) 
GUNS AND EXPLOSIVES. 

289,168. Sir W. G. Armstrong, Whitworth and 
Company, Limited, Newcastle-on-Tyne and H. G. MOTOR ROAD VEHICLES. 
Taylor, Newcastle-on-Tyne. Submarine Mines. 284,377. S. A. Currin, Lincoln, and Clayton 
(2 Figs.) January 24, 1927.—The invention relates to Wagons, Limited, Lincoln. Transmission Mechan- 
time-operated release gear for use in submarine mines | jgm, (1 Fig.) November 21, 1926.—The invention con- 
comprising a dash pot adapted to render inoperative | sists in automatic transmission control mechanism capable 
a connection between two members, at the end of a pre- | of operation by suction from the induction system of 
determined period. According to the invention, me@aNs | gn automobile wherein means independent both of the 
are provided for controlling the period that elapses | engine throttle and of the brake mechanism are provided 
before this gear will operate to release or to render | gor enabling the control mechanism to be put out of 
inoperative the connection between the two parts. | operation when desired. An auxiliary friction clutch c 
According to one embodiment of the invention, the | js interposed between the gear box a and the propeller 
gear comprises a cylinder a attached to the sinker and | shaft 6 and the actuating lever dis coupled to a pneumatic 
containing fluid, a piston 6, containing an arrangement €! contrivance e connected to the induction system of the 
to allow the passage of fluid from one side of the piston to | engine. The pneumatic contrivance e comprises a 
diaphragm chamber which is capable of being operated 
by the degree of vacuum obtaining in the induction 
system so as to disengage the auxiliary clutch c. The 
auxiliary clutch is engaged by the usual clutch springs f 
upon release of the vacuum, whereas upon the application 
of the vacuum the collar m is moved to the left, thus 
rocking the levers n and freeing the clutch member o from 
pandg. Arodg connects the lever d permanently to the 
pneumatic contrivance, while a rod h is coupled to a foot 

















clutch lever 7 by a loose connection k. This lever 7 
moves with the clutch pedal r for actuating the usual 
clutch s between engine and gear box. During normal 
running of the car, the clutch s will be engaged as usual, 
and the auxiliary clutch ¢ will also be engaged since the 
degree of vacuum applied to the pneumatic contrivance e 
will be small, whereas should the throttle be closed while 
the car is travelling at speed the sudden increase in 





283/62) 


| 
| 
| 
| 


the other, anda catch g fastened to the piston rod, which 
catch is adapted to engage and hold the buoyancy 





289,221. Leyland Motors, Limited. Leyland, 
near Preston, and G. J. Rackham, Leyland, near 
Preston. Spring Suspension. (4 Figs.) March 11, 
1927.—The invention has reference to the spring sus- 
pension of motor road vehicles of the type wherein the 
attachment of the end of the spring to the axle or 
frame is such as to permit relative angular movement 
between them in a lateral direction. In a spring 
suspension of the type referred to, according to the 
invention, the spring is connected to the axle or frame 
through the medium of a rocking plate 12 which 
is so engaged with a shackle pin 9 capable of rotation 
as to be capable of rocking or tilting relatively thereto. 
5 is the free end of the spring, 6 the casing of the rear 
axle upon which casingis secured, by means of a key 7, the 











housing 8 in which is mounted, as described, the shackle 
pin 9. The free end 5 of the spring has on its underside 
a plate 11 which has a depending perpendicular flange 12, 
the lower edge of which is curved, as shown in Figs. 3 
and 4. In the upper surface of the shackle pin 9 is a 
groove 13 adapted to receive the flange 12 of the plate 11, 
the curved formation of the flange permitting the latter 
to rock within the groove 13, whilst the driving or retard- 
ing forces of the axle are transmitted from the spring 
through the flange 12 and the shackle pin 9. The 
improved spring mounting avoids the twisting of the 





chamber until the piston has reached the end of its | degree of vacuum obtaining in the induction system will 


stroke, when it is freed therefrom. In operation, the 
pin s is attached to a lug on the anchor or sinker (not 
shown) and the link & to a lug on the mine or buoyancy 
chamber. The compression nut 2 is adjusted to give 
a sufficient pull to hold the mine firmly to the sinker. 
After launching, the mine and sinker quickly assume a 
vertical position allowing the sinker to exert a pull on 
the release gear. The fluid passing from one side of the 
piston 6 to the other under the control of the needle 
valve e, allows the piston b to ascend slowly until the tail 
ends of the arms of the pincers g reach the upper edge of 
the sleeve A when they open out and release the con- 
necting link attached to the mine. (Sealed.) 





| cause the pneumatic contrivance e to operate, thus pulling 
the rod g and lever d to the right and theredy disengaging 
the clutch c. The car is thus permitted to run freely 
without restraint imposed by the gear box and engine. 
As the lever dis moved to the right it pulls the rod h to the 
right also, and thus disengages the clutch s in addition. 
As soon as the throttle is re-opened, the vacuum obtaining 
in the induction system (and consequently also in the 
pneumatic contrivance) drops and the lever d and rods 
g and h move to the left, thus allowing re-engagement of 
| the clutch c and the clutch s. When the car is at rest 
and the engine idling both clutches are held in the 
disengaged positions. (Sealed.) 


| 





springs during angular movements of the axle relative 
to the body or chassis, the end of the spring maintaining 
a horizontal position by the rocking of the flange 12 of 
the plate 11 in the groove 13 during such movements. 
(Sealed.) 

MISCELLANEOUS. 


285,739. Peek Frean and Company, Limited, 
Bermondsey, London, and L. Rondolin, Bermond- 
sey, London. Biscuit Making. (5 Figs.) August 11. 
1927).—The invention relates to machines of the kind 
by which cream is applied to biscuits automatically from 
a hopper with the aid of two endless travelling webs or 
bands, one whereof serves to support the biscuits, whilst 
the other serves as a shape and thickness determining 
controller for the coating to be applied. The invention 
employs a web or band which does not require to be 
maintained in tension. An endless stencil belt 1 of steel 
is positioned between two side frames 2 and follows a 
substantially circular path in travelling through guides 3, 
which maintain the portion of the stencil belt through 
which ornamenting mixture is supplied in proper relation 


6 



























to the carrier belt 4. The belt 1 passes around a set of 
aligned pairs of flanged rollers 5, each of which rollers 1s 
mounted upon a bearing 6 adapted to be drawn back, ” 
by a finger ring 7 against the action of a spring 8, a pin ? 
being provided when the ring is turned, after withdrawal, 
to hold the roller in out-of-use position. When the 
rollers are thus withdrawn, the hopper being readily re- 
movable, the belt can be readily placed in position or re- 
moved. To enable the machine to be readily used for 
icing biscuit blanks, the hopper 10 is secured in a remov- 
able manner to brackets 13. The feed from this hopper 
takes place by gravity. Although initially the belt J 
will be cut directly to produce the required stencil, any 
such stencil can be cut out and the space filled witha 
separate stencil. This stencil can be fixed in position 
in various ways. (Sealed.) 








rn 


n— 


— 






























SEPT. 28, 1928.] 





SHEET PILE COFFERDAMS FOR THE 
ARLINGTON MEMORIAL BRIDGE. 
SINGLE-WALL steel sheet piling cofferdams of large 

magnitude were employed recently for the con- 

struction of foundations for the Arlington Memorial 

Bridge across the Potomac River at Washington, 


Fig.1. SECTION 8.8. 








(SISA) 


HALF PLAN AT TOP. 


Fig. 2. 
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with cement mortar from the outside. Excavation 
inside the cofferdams was carried to rock by 
dredging methods before the interior bracing was 
put in place or the cofferdams unwatered. 

The Arlington Memorial Bridge will be a monu- 
mental structure, forming an important link between 
the highways systems north and south of Wash- 


HALF PLAN AT TIER 3. 


A -2-8x1'2 at Posts over 
Joints in 
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Fie. 4. CoFFERDAM SuNK TO Fina PosITIoNn. 


D.C. The foundations are larger than was com- 
monly considered feasible for open cofferdam 
construction of this type, and the work involved 
several unique details of construction procedure. 
The cofferdams were 40 ft. deep below the water 
level, and from 42 ft. by 132 ft. to 63 ft. by 139 ft. 
in plan. The sheeting was driven to an extremely 
irregular rock surface, and was sealed by grouting 





ington, and constituting a particularly distinctive 
feature in the architectural appearance of the 
city of Washington. It will be a low level bridge, 
crossing the Potomac River in a straight line, 
and having a central bascule span over the river 
channel, flanked on each side with four arches. 
The piers and arches are of reinforced concrete, 
faced with granite. The bridge will carry a 





roadway 60 ft. wide between curbs, with a side- 
walk on each side, the total width, face to face, 
of the granite walls of the arches being 94 ft. 
The foundations of the bridge comprise two 
shore abutments, six intermediate piers, and 
two channel abutments at the draw span. The 
shore abutments are each 60 ft. by 96 ft. in plan 





Fig.3. SECTION A.A. 


12 ‘x12 Wales 


Rock Line - 
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at the base, the piers range from 38 ft. by 128 ft. 
to 41 ft. by 131 ft., and the channel abutments 
are each 60 ft. by 136 ft. All the piers and 
abutments are founded on bed rock, the average 
elevation of the beds of the foundations being 
about 37 ft. below mean low water in the river. 
The surface of the bed rock was sharply defined, 
but so irregular that variations of 6 ft. occurred 
within the area of a single pier, and in many 
cases differences of elevation of 1 ft. occurred in 
the width of a piece of 14-in. sheeting. The 
material excavated above the bed rock consisted 
of a mixture of fine sand and mud, to an average 
depth of about 20 ft. 

The cofferdams were all of rectangular section, 
the width and length being in general 4 ft. greater 
than the dimensions required for the completed 
masonry of the piers: The maximum size of 
cofferdams was for the channel abutments, which 
required 63 ft. clear width and 139 ft. length 
inside the sheeting. Lackawanna arched-web steel 
sheet piling, 14 in. by 3 in. section, in lengths 
of 46 ft., was used throughout. All the cofferdams, 
except that for the Washington shore abutment, 
were constructed as river piers, the work being 
handled through from 10 ft. to 20 ft. of water. 
The general scheme for the use of cofferdams 
and the methods for construction, were developed 
by the contractor, and certain details, such as 
grouting to seal the sheeting on the rock, were 
originated as solutions for problems encountered 
as the work progressed. The river cofferdams are 
illustrated in Figs. 1 to 3, above, while Fig. 4 shows 
one of them sunk to rock, but not pumped out. 

The abutments and piers at corresponding 
locations on each side of the channel are of the 
same dimensions, making the cofferdams identical 
in width and length. Work on the Washington 
half was started first, and as each pier was com- 
pleted, the sheeting was pulled and used again 
for the identical cofferdam on the other side. No 
difficulty was experienced in pulling the sheeting 
for any cofferdam, and all of it was in good 
condition for re-use. 

The first step in the construction work consisted 
in the driving of range piles to establish the bridge 
lines and the locations of each cofferdam. At 
each location wooden piles and batter piles were 
then driven for support of waling pieces for the 
cofferdam. The sheet piling was assembled inside 
these wales and driven to rock. For all of the 
work except that on the Washington shore abut- 
ment, excavation was carried down to rock by 
dredging through the water with clamshell buckets. 
before the cofferdams were braced. At the 
Washington shore abutment this method was not 
considered advisable because of earth pressure 
on the shore side; at the other locations the 
earth surface was under water, and the pressure 
approximately equal on each side of the cofferdam. 
The method of excavating before the bracing 
was installed permitted very rapid and economical 
work, and proved satisfactory in all cases. 





The interior bracing for the cofferdams was 
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timber cribbing, framed of 12 in. by 12 in. timbers 
spaced 9 ft. on centres both longitudinally and 
transversely. Tiers of bracing were spaced 5 ft. 
apart for the bottom of the cofferdams, and this 
spacing increased to 8 ft. at the top. In the lower 
five tiers double wales were used; above that 
level, single wales. The bottom four tiers of 
bracing were of yellow pine, and the upper tiers 
of fir. Oak bearing blocks were provided at all 
connections of wales and intermediate struts. 





STRUT CONNECTIONS AND 
SPLICE-LOWER 4 TIERS. 


NOTE -1-0x6 Bearing Blocks omitted 
in Upper Tiers. 


Fig. 5. cL. 
0.G. Washers 
a1 : a ‘ —— 
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Fig. 7. 

















CORNER JOINT OF 
DOUBLE WALES. 


R101 Zor 2-1-0*1 0 Wales. 





meet this difficulty, the sheeting was sealed to the 
rock with cement grout, the procedure consisting 
in forcing grout to the bottom on the outside of 
each piece of sheeting, before the cofferdam was 
unwatered. The grout was introduced first at 
every fourth pile, and then the intermediate sheets 
were grouted successively around the cofferdam. 
From one to four batches of grout, of 2 cub. ft. each, 
were deposited at each piece of sheeting, the opera- 
tion being continued until soundings indicated that 
the end of the pile wassur- 
rounded completely and 
the space to rock filled, 
with mortar. The grout- 
ing operations proved 
satisfactory in all cases. 
Blow holes were almost 





thatedlatts entirely eliminated, and 





pumps was required to carry off the combined flow 
from such seepage and from springs in the rock. 
At the Washington shore abutment, because 
of the unbalanced earth pressure on the shore side, 
the cofferdam was braced inside as it was excavated. 
Unequal pressures brought upon the bracing as the 
lower tiers were framed resulted in distortion of the 
bracing as the work proceeded on this cofferdam, 
and additional diagonal braces were required to 
prevent further displacement. The complete framing 
of the bracing before pressure was brought upon 
it, and the gradual and uniform application of 
pressure from all sides as the water was lowered, 
avoided such difficulties with the other cofferdams. 
As the concrete of the pier structure was deposited. 
the piles provided for supporting the bracing, were 
cut off, and replaced by timber posts bearing on the 
masonry. The horizontal timbers in each tier of 


Fig.9. JOINTS OF STRUTS TO DOUBLE WALES. 
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Successive tiers of bracing were supported upon | 
one another by 6 in. by 6 in. struts. Two lines | 
each of longitudinal and transvere cross bracing, | 
in vertical planes, were provided, this bracing | 
consisting of 2-in. planks spiked to horizontal | 
timbers. Particulars of the timbering are given in | 
Figs. 1 to 3, and details of the jointing of wales 
and braces in Figs. 5 to 14, above. 

“JAfter excavation had reached the rock surface 
the first tier of bracing, designed for the bottom, 
was framed inside the cofferdam, at the surface of | 
the water. Successive tiers were framed likewise, 
and the bracing sunk in the cofferdam as it was 
framed. Clearance of 1 in. to 2 in. was allowed on 
each side to facilitate sinking, and sand ballast was 
used when necessary to overcome flotation and 
force the timbers down. The clearance proved 
adequate in all cases for sinking the bracing without | 
difficulty from binding against the sheeting. When | 
the bracing for each cofferdam was completely | 
framed and sunk in place, wooden piles were rammed | 
on to the rock, at the intersections of transverse 
and longitudinal timbers, and the timbers were 
bolted to these piles in order to support the weight 
on the rock and prevent sagging when the water | 
was pumped out. In the last three of the 10 coffer- | 
dams, this procedure was modified by having divers | 
place 6 in. by 6 in. struts, cut to size and wedged into 
position, beneath the bottom tier of bracing. As | 
the piles had to be cut off and wasted in each coffer- 
dam, the placing of the struts by divers proved more 
economical. 

After the bracing was supported on the rock, 
in the manner shown in Fig. 15, pumping was | 
started and the cofferdam unwatered. A 16-in. | 
centrifugal pump, operating from above, was | 
employed until the water level had been lowered 
about 22 ft., and then two 6-in. pumps were 
installed inside the cofferdam and staged down 
as the water was lowered to the rock. 

Wheat grain was rammed into the joints of the | 
sheeting for each cofferdam, to assist in securing | 
water-tightness, and very little seepage through | 
the sheeting occurred. With the first two coffer- | 
dams, considerable difficulty was experienced from | 
blow holes at the bottom, at places where the | 
irregularity of the rock surface made it impossible | 
to secure a tight seal by driving the piling. To 
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in the few instances when they occurred the inflow 
of material was so small that it was handled without 
interfering with labourers working on the bottom. 

After a cofferdam had been unwatered, excavation 
of the low pockets in the rock was completed by 
hand labour, and the surface was cleaned by hosing 
and scrubbing. Channels were then cut in the 
rock to drain the water to a low point, or sump, 
where pumps were installed, and the foundation 
bed was kept dry by pumping until it had been 
concreted. Irregularity of the rock surface made 
necessary the use of two sump pits for drainage in 
some cofferdams. Very little seepage through the 
sheeting occurred, and only partial operation of the 


Borrom TIER oF BRacING SUPPORTED ON Rock. 


bracing were removed as the concrete approached 
their level, struts to the forms and the masonry 
being substituted as bracing for the sheeting, and 
vertical posts being maintained to support the weight 
of the upper tiers of bracing. 

Floating equipment was employed for all of t he 
contractor’s work, to secure economy of operation 
and to give the necessary flexibility for work from 
shore to shore. The concrete mixer, storage bins for 
cement, mixing hoppers, chuting tower, boilers and 
pumps were located on one barge. Cement, sand 
and gravel were received in bulk and delivered by 
barges alongside the floating plant. ; 

The Arlington Memorial Bridge is being built 
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by the United States Government, acting through | area less 0-63 of a small square with sides equal 


the Arlington Memorial Bridge Commission, of 
which Colonel U. 8. Grant, 3rd, is Executive Officer. 
The foundations have been constructed by H. P. 
Converse and Company, of Boston, under a contract 
awarded in April, 1926, and completed in December, 
1927. Thecost of the foundations was 1,400,000 dol. 
exclusive of granite facing for the portion of the 
work above low water, the granite for the work 
_ being furnished by the Government. 


SCREW VISCOSITY PUMPS. 
By H. S. Rowett and D. Fintayson. 
(Concluded from page 250). 





BEFORE proceeding to a discussion of experimental | 


results, attention may be directed to the significance 
of the simplified pair of parallel surfaces in relation 
to the pump with a groove of finite width. In an 
appendix which follows this paper a discussion of 
the calculation of the constants A and B in equation 
(2) is given. It will be seen there how the coeffi- 
cients in the equations for the finite groove approach 


Fig8. €¢ d 
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ig.9. EFFECT OF ROTOR SPEED AND DEPTH OF 
ROOVE ON RATE OF DELIVERY OF LIQUID. 





x Soap Solution 
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the corresponding coefficients for infinite planes | 
as the finite groove becomes wide in relation to its 
depth or shallow in proportion to its width. A 
physical insight into the behaviour of the liquid is 
assisted by these considerations. Consider a 
rectangular groove as in Fig. 8. In the central 
portion cd the flow is of the parabolic type as 
between infinite planes. The small shaded portions 
at the ends are subjected to tractions of a far more 
complex kind, and it is on this account, and in 
proportion to their size relatively to the entire 
section, that the equations for the finite groove 
vary from those for the infinite planes. The 
differences, however, for shallow grooves are very 
slight, as may be seen in the following comparison. 
The equation for the infinite planes is :— 

yj- Ube _Paod, 

12X71 





2 


Now for grooves at least twice as wide as they are 
deep a good approximation is given by :— 


ee 
Vas (0 7 ee 0-030@) — =< 





Tx] (od — 063042). 
A comparison of these equations shows that both 
the pressure and velocity terms correspond except 
that with the finite groove an area 0-630d? is, 
So to say, stagnant and ineffective, or at each side 
of the groove the dead area is 0:315d?, so that the 
tractions at each side may be considered to operate 
effectively over a distance equal to 0-315 of the 





- P d2 
| to the depth), minus TH 


| corrected area or more concisely :— 
| v= (5-28 
2 12A7 
which shows up very clearly the separate effects 
|of the velocity, pressure, area of groove section, 
| viscosity, and length of groove. If in this equation 
| we insert the conditions of maximum efficiency for 
de 


P 
"¥ =2U, we have 


| the volume in terms of either pressure or velocity 
| thus :— 


) (bd — 0-630d?) 


ithe simple planes—namely, 


1Pa@ see 
xT (od — 06300") 


or 


ll 


¥ (od — 0+630d?2). 


EXPERIMENTAL. 


The dimensions of the pump and the necessary 
conversion factors are as follows :— 


Diameter of rotors, 0:5in. Breadth of groove, 0-18 in. 
Pitch, 0-375 in. 








depth. For practical purposes, therefore, we may 
Say that for grooves of rectangular section at least 
twice as wide as deep, the volume delivered is equal 
to half the velocity multiplied by (the sectional | 





Depth of grooves, 0-003, 0-006, 0-009, 0-015, 0-062 in, 
Length of channel, 4-844 in. = 12-3 cm. on each half. 


Fig.10. EFFECT OF DEPTH OF ROTOR ON 
VOLUMETRIC RATE OF FLOW. 
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3 
Spi = —1 __ i i 
Spiral angle, a = tan . Ratio of speed com 


ponent parallel to length of channel to peripheral 


speed = cosa =0-9726. 

NN A RE CHIR _ 4,000 r x 2-54 
eripheral speed at 4, k= ae 
= 266 cm. /sec. 

U = 266 x 0-9726 = 258-7 cm./sec., b? = 0-209 cm?. 


X (for soap solution at 20 deg. C.) = 0-0111 poise, 

1 mm. Hg. = 1,335 dynes/sq. cm. 

The speed of rotation was measured by a revolu- 
tion counter and stop watch, the volume of flow 
by a graduated cylinder, and the pressure by a 
mercury gauge. 

The experiments fall into two natural groups on 
account of convenience, and the relation embodied 
in equation (2). In that equation if the pressure 
is zero the flow V is proportional to U. If, how- 
ever, the flow is made zero by closing the delivery 
pipe, the pressure generated is proportional to U. 
Thus these two simple groups of experiments are 
sufficient to determine the coefficient A and the 
ratio of B to A, so that the theory is checked in the 
essential points. 

In the course of preliminary experiments with 
lubricating oil as the pump liquid, it was found, on 
account of the comparatively high viscosity of the 
liquid, that much heat was developed, and on 
account of its low specific heat, variations in 
temperature and viscosity occurred much too 
rapidly to allow of reliable observations. So that 
while this type of pump may be suitable for feeding 
oil, it became clear that oil was not altogether 
suitable for experiments on this kind of pump. 
After a little consideration, a solution of soap in 


multiplied by the same 


was adopted for most of the experiments concern- 
ing pressure effects. In the remainder of the work, 
dealing with free or maximum flow, various liquids 
were used, ¢.g., oils, petrol, soapy water, &c. 

In Fig. 9 are shown graphically the results of the 
“maximum flow” experiments. For five different 
rotors and a variety of liquids the rate of flow is 
plotted against rotor speed, and it will be clearly 
seen that the rate of flow, when no appreciable 
pressure is being overcome, is practically inde- 
pendent of the liquid employed. This is easily 
explained by the following simple calculation. 
Taking the general equation, 

b r) 


Al 


and assuming that the pressure P is “created” by 
viscous resistances in the delivery pipe, so that 
P=cV A where A, is the viscosity of the liquid 
in the delivery system and ¢ a constant for the 
delivery system, expressing its viscosity geometry— 
a shape function. Now substituting for P, we have 


V=e(au— B 





BBcVX 
f= AO 
v=a(at 4 ) 
or the free flow against friction is 
Vr = PAU 
aie 4 Be dy" 
l r 


In this expression the only terms of a physical 
kind are A and 2, all the others are geometrical 
or kinematical. Therefore, if the viscosity A) in 
the delivery system is equal to 2, that in the rotor, 
the volume delivered under “ free flow ” conditions, 
is independent of the liquid employed. It is in- 
structive to examine the main circumstances in 
which the physical properties of a liquid might 
become important. Clearly, these are realised 


If the 


liquid in the delivery pipe were excessively viscous, 
then the rotor might churn indefinitely without 
producing any appreciable effect apart from the 
local heating of the oilin the grooves. Alternatively, 
if an opposing pressure were active at the delivery 
side, greater than could be exerted by the rotor in 
virtue of its speed and the viscosity of the oil near 
it, the same sort of thing would happen. 

Clearly it is important in designing a viscosity 
pump, to ensure that this impotent state may not 
arise. The main considerations are expressed in 
the equation already given above, for there it will 
0 


be seen that the term i 


4 F i P ‘ 
factor mee and if this factor is large, so is the 


when Xe is greatly different from unity. 


is multiplied by the 


effect of viscosity change increased. In short, if 
A and B are written in the approximate forms 





d Fs 7 
oT} and Tae We have 
bdU 
VE 1 bed’ 
( 127d 
which emphasises the fact that as the depth d 
Xo 


rh 
degree, so that one essential in viscosity pumps 
that are likely to have to start up from cold is that 
the grooves must be shallow. The other and more 
obvious condition is, of course, that the length J of 
the groove must be large if C, the resistance coefti- 
cient of the delivery pipe is high. Here may be 
given as an example the figures for a circular 
delivery pipe of length /, and diameter d,. When a 
volume V is flowing through this pipe the pressure 
needed to overcome viscous resistance is 
_ 128 Ibo V 
om * dat 
or the resistance coefficient already used, is 
._ 1289 

“2 


and the volume flowing is :— 


bdU 
(3 


increases, the multiplier of increases in a third 


P 








7 oF by 


‘dot °F? 


Xo 


r 


32 


9 


wherein the effects of corresponding dimensions are 
apparent. This expression clearly gives a maximum 





water, of which the viscosity had been determined, 


value in terms of b or d, so that if 6 is constant as 
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in the model pump used we find Vp has a maximum | so that when V = 0 These, however, may be for the most part left ‘ 
d eh ; Pa@ PB be with the individual designer. In conclusion, we 
value when > has the value given by :— hiu ~* “ye =*a’ may state the results in a form handy for him to 
See SF In order to realise the effects of leakage, it is apply. : 
e128 No bo best to divide the pump into equal lengths, each| Let D = diameter of rotor in inches. 
or, for the dimensions of the pump used, when the | corresponding to one pitch of the helix or one ¢ = Sncaie agh ginuicling ag me : 
ratio of depth to breadth is about one-third. This | circumference of the groove. Now, when the pump ee length of A fa ot agg I 
maximum property in the “‘ free flow’ condition is|is working, the pressure increases uniformly from p = pitch of helix. { 
shown in the lowest curve of Fig. 10, which is par-| atmospheric, say, at the suction end of P to the N= r.p.m. of rotor. 
ticular and applies to the Dewrance pump with its | delivery end. If there are no turns of the helix to _—, = ong per inch on rotor. 
several rotors. in this interval, then the pressure increase per turn X = viscosity in C.G.S. units a a, 
Por rtr-singag: Pomme in Fig. 10 foquire brief of the helix is z so that any straight line drawn | —— po deg. Engler, &c., 
: ppermost curve, shown dotted, : . pp ; 
embodies the application of the infinite planes to |@long the rotor (7.e.,a generator of the cylinder)| a a ee ve ee ae ee ee 
. : .q | will cut the helix at points and the pressure at | oy Hh & CORE CNS Foner, See senesree length 1 
the Dewrance pumps ; the column scale being fixed p ; P : no Pp .- | of the groove, which has been denoted by J. is 
by the rotor speed and the groove breadth. The | those points will be in arithmetical progression ° ? N fata 
middle curve, full line, gives for the Dewrance | with diftecence * . In this way, we have n 1 27D L : 
pump the. values memnces, Geom cquation: (1) or annular lilies in series, each with a pressure - 
(2) on the assumption that the pressure-viscosity E 13 ? The velocity U can be expressed in terms of = N D 
term may be ignored. drop of . If the width of the land of the and thus we have the volume Q in gallons 
5 is : Q ge per hour 
It will be observed in Fig. 10 that, when the| crew be w, then the flow through the annular as 
groove is of very shallow form, the results of calcu- | ; P BBP ‘ 
lation, whether by the simple methods or by those | g.11. EFFECT OF ROTOR SPEED & DEPTH Q=8D (a "361 A N — 1,142,000 -5— =) i 
involving infinite series, agree very well with experi- | F GROOVE ON PRESSURE DEVELOPED. 
ment, while for deeper grooves the difference between | 1a.12. CORRELATION CF OBSERVED v 
the two calculated curves is less than the effects | RESSURES WITH CALCULATED PRESSURES. 
of the pressure correction already discussed. | 8 
So far, no mention has been made of leakage | : log A/B q 
effects, which were examined in the original | b of. 
paper in ENGINEERING, and which are treated | : 
later. In the “free flow” experiments, the| & 
pressures are comparatively low, so that in well-| & 
fitting pumps there can be very little leakage. If E 
the flow could be quite free, then the pressure all) & 
along the groove would be atmospheric, and thus} 9 
the leakage would be nil. 5 a 
Fig. 11 shows the results of the maximum pressure- 5 s 
zero flow experiments, the observed pressure being | Py - 
plotted against speed for each of four rotors. It is} aS 
evident that proportionality between speed and ; S 
pressure developed is approximately but not com-| § a 
pletely realised, the deviation being greater with the 
deeper grooves. From the observed relation be- re Naat b/d) 
tween pressure developed and depth of groove at, nk 9g 3 
say, 4,000 r.p.m., we may now compare Table II, | 
9 > | 
giving the ratios of . to U with the theoretical | aae ae oo ani 
values given in Table I. | (7001) Rotor i “ENGINEERING” wi EE EE ea eae x... ae... + é 
in 
TABLE I. | which becomes, for the various ratios of breadth 
1. | 2 | :. | _ ze of . 7 | 7 ‘ | to depth already discussed :— b 
7 < aol ata oe td | aires | ae | | b ° Values of Q, gallons per hour. 
| Observea | d | —— 
Reten depth. | ‘ ae : Rages log Py. | — bss P wP | “i " is 
| | ? | = Pi. | = | — 62-5:1 | Q= wD (0-01080N — 0-3899 jp ° iat) W 
eas | as a a l 8:1 | Q=vD (0-07863N — 171-6 ei ; iat) me 
0-003 1/60 2-2218 1,195 3-074 3-971 | 9,486 -0 2 8 6P 
0-006 | 1/30 2.5229 | 350 | 2-544 3-4438 | 2,778-0 2:1 | Q=eD ((o-2451N ~ ee ax) 
0-009 1/20 2-6990 209 | 2-3201 3+2198 1,659- . Bi teas Se 
0-015 1/12 2.9208 120 | -2-0792 2-9789 | oes it | 2 (0-3382N io oa) 
| 
The comparison is made in Fig. 12, where the|space, assumed concentric, of radial aperture c, or, in general, for values of > 2: 
2p ig y - 
values of log <u in columns 6 of Tables I and I, ” opige-aP =) Pa G 
: a V a. Q (6d — 0-630 @) (0-6805 N D — 95170-0 svat) ° 
are plotted against those of log 5: he observed ont es : ‘nd that the theory here 
values are shown by circles and the calculated | *° that: for = given pemeure and clescunee. and » oa wc oo ae of alid sliding over, 
values by crosses. The observed values fall below diameter of rotor, the leakage is inversely a —. — ‘ whe whereas in practicable 
the calculated values for the shallower grooves The main conclusion, therefore, is that for high- and parallel to Ms a ae sieple rotary motion 
as might be expected on account of effects due to | PP&SSure noquavomnents nw should be an Sng se) oe a cated cuonmne to the 
leakage and decrease in viscosity. It should t possible, and since rsntlions limited by the length of rere 8 See See th orrection for 
8 a fs : © |the rotor, the obvious course is to use narrow groove. In most actual cases . . Se 
noted that for values of ; less than 4, the calculated | grooves. the helix angle is not ae ai “a taasion of 
A " ep | CONCLUSION. to be included, this is simply done by ’ ~ 
values of log — = logy — lie almost exactly i ate . _. | velocities and areas as shown in Appendix 11. 
B / ALU : The possible applications of screw viscosity =: 
on the straight line log — = log : 7» &€., Over this | Pumps are very numerous, and since, by cutting 
Pe S ? : a groove or two on parts already in rotation, a pump APPENDIX I. 
range, which is of greatest practical importance | js at once brought into being, an attractive field| oon on THE CALCULATION OF COEFFICIENTS A 
for most purposes, the pressure developed can be | jg open to the designer. Perhaps the most imme-|~ anp B in EquaTIon (2). 
calculated by the simple formula for the flow be-/ diately interesting application, however, lies in a 
tween two infinite parallel plates with more than | fields that have been cultivated for many years,! The calculation of — 
sufficient accuracy. This also follows from the | viz., oil grooves and bearing seals. With the a 16 m= tanh > 
fact, already noted, that over the region — 0| information here given it is possible to design B- 53-3 > nd 
: b | bearing seals with less expense and greater effect F aieeuil we 
~ wre the volumetric rate of flow can be expressed | and by a little experiment and intuition, it is odd i 
aie <a Pd case ae ae cee by direct methods is difficult when 5 1s oun “a 
Foe C0) = 55 Ot — OO. | pump to rotary bearings. account of the fact that the two terms above, the 
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difference between which is B, are very nearly equal. 
In some instances it would be necessary to obtain 
9 figure accuracy in the calculation of the series to 


obtain 3 figure accuracy in B. When is large, 
however, it is easily seen that the terms tanh az 
20 


rapidly approach unity as increases ; the asymp- 
tote of B is, therefore, 


a 


= Te, 0 -05252075. 


The solution of the problem of the viscosity pump 
with rectangular grooves includes, as a particular 
case, the solution of the problem of viscous flow 
through a rectangular pipe under an applied pressure 
the term in U disappearing, and the equation 


7 b4P - 
becoming V = BT where B is as above. 


This expression must remain unaltered if d and b 


are interchanged. Hence, the value of B when 


6 
is small may be derived from the approximation 
when ; is large, and it is readily found that for 

d d3 ? 
small values of ; B= Taps — 0°05252075 a 


This has been checked by direct calculation. 


Fig.73. 
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The closeness of this approximation may be seen 
in Fig. 4, 

Intermediate values of @ (near unity) may readily 
be calculated directly. 

The calculation of A is straightforward. When 
is large, it is clear that A =, 5) +,= 0-271377272. 

us n 

d 


2b 


’ d. 
When ; is small, the first approximation is A = ==’ 


a second approximation being 
= 


96 1 
x — i 
Te n 

1 


d2 


b2 ° 


2 
 — 


A= 
b2 2b 


b 


5) 


APPENDIX II. 


GENERAL FORMULAE APPLICABLE WHEN ANGLE OF 
HELIX Is Not NEGLIGIBLE. 





Let 
Land , ‘ . 
Few ratio = ¢; pitch = p; diameter = D; 
length of rotor = L; breadth of groove = b; 
depth of groove = d; helical angle = a. 
Then 


tan a 


es 
rp 


Breadth of groove = b = 





- cosa 


1 + 
(see Fig. 13) 


Length of groove (in each half) = 








2 sina 
Peripheral speed at N r.p.m. = = 
Tee NrD 
Gp Cos @ 


: 2 
For the equation V = 2b? (a U—B ) 
we may write 





2p? cos? a (AND wr 
(I+e? \ 60 “°* 


2 p*cos*asina P ) 
(1+ oo) LA 
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or 
anf ANDr 
P as +oF(,, # ji 
( "7? D2 
B.4 p - P 
DUT jix) 
ee 
=p) / 





and sometimes dimensional, and much confusion 
had occurred for that reason. 

Another fundamental disagreement had arisen on 
potential difference. We were apt to forget that a 
voltmeter did not measure difference of potential 
under all circumstances. Potential difference had 
been defined as the work done in moving a unit of 
| electricity or a unit pole from one point to another. 





Converting to gallons/hour, in., &c., but leaving | In magnetism and electrostatics the work done de- 


A in poises, we have 





Q- rv f 1-361 A N 
+ ¢ ae $ 
[eee (1+ FR) 

___1,142,000, ss Bp. P) 

4 ea)" D?LA + 
toy (1+ 55, 


which simplifies to the formula already given when 
* becomes negligible and o = 1. 

Similarly, using the approximate formula applic- 
able when -. > 2, we have 


2 


0) ) 


=) 


(pd — 0-630 d (1 + 0) (1+ 


Q 





a+o)(4 +) 


M4 
0-6805 N — 95170 .—— 
805 N D — 9517 Drnl 


APPENDIX III. 
CONVERSION FoRMUL2. 





Absolute viscosities may be derived with approxi- 
mate accuracy from the results obtained with the 
undernoted commercial instruments by substitution 
of the appropriate constants in the formula 


Viscosity in centipoises = p (A T— = 
where p = density of the liquid in gms./c.c. 

T = time of flow in seconds. 
And A and Bare as below. 








Viscometer. | A. | B. 
: | | 
Ubbelohde ay me “ 0 -00887 143-8 
Engler (Time above 56 sec.) rs ..| 0-147 374-0 
Engler (Time less than 56 sec.) .. -| 00-0705 133-0 
Redwood No.1... ea - ..| 0-260 171°5 
Redwood No.2... ra oF «-| 2-20 1120-0 
Saybolt .. te ee A ; | 0-226 180-0 
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SECTION G.—ENGINEERING. 
(Continued from page 370.) 
ELECTRICAL TERMS AND DEFINITIONS. 


THE concluding meeting of Section G was held 
on Wednesday morning, September 12, when the 
report of the Committee on Electrical Terms 
and Definitions was considered, Professor J. D. 
Cormack being in the chair. 

The proceedings were opened by Sir James 
Henderson, who said that the Committee were 
unable to make any formal report owing to the 
acute differences of opinion, which had arisen on 
fundamentals. It was hoped that this meeting 
would assist to clear up those difficulties. They 
arose partly from a want of appreciation of the 
state of the art at the time when the definitions 
were first propounded, some forty or fifty years 
ago, it not being then the custom to write 
down equations, so that the dimensions on both 
sides were in agreement. Proceeding from Newton’s 
second law, which could be written f = kma, 
where unit force was defined so that & had no dimen- 
sions, it was assumed that in the law based on 
Coulomb’s early experiments which could be 


written f = fag, k also had no dimensions. There 


| pended on the path followed between the two points. 
| But in electro-magnetism it was stated that the 
| work done in passing from one point to another was 
independent of the path followed. This appeared 
to be proved by experiment. Nevertheless, he did 
not agree. 

Sir James was followed by Professor G. W. O. 
| Howe, who began by reading a communication 
from Professor C. L. Fortescue, in which the latter 
| stated that the differences revealed at the meetings 
|of the Committee did not relate to the quantities 
themselves or to the electromagnetic theory based 
upon them. They arose only from the question as 
| to whether certain concepts often used in connection 
with the fundamental quantities were essential 
parts of the theory, or whether they were merely 
analogies used to simplify the explanation of the 
quantities themselves. If these concepts were 
essential to the theory, the definitions must involve 


them. If they were merely analogies they should 
|not appear in the definitions. His view was that 


the concepts were analogies. Consequently, he 
had strenuously opposed any forms of wording, 
which appeared to make the definitions dependent 
on the analogies. It was usual to regard magnetic 
fluxes as being effects caused by forces. Many 
writers considered them as of different physical 
natures, and related to one another by quantities— 
permittivity and permeability—which were of 
unknown physical dimensions. He could not, how- 
ever, accept these views, and a careful reading of 
Maxwell and his interpreters had strengthened his 
attitude. As he understood the matter the situa- 
tion was as follows: There were two states—the 
electric field and the magnetic field. The so-called 
forces were the measures of the intensity of these 
fields, as given by the mechanical forces per unit, 
acting on indefinitely small charges placed at the 
points in question. A unit tube of force was one 
having a definite value for the surface integral of 
the field intensity over its cross-section normal to 
the direction of the field. The aggregate of the 
number of these unit tubes under consideration 
was the flux, and the number of these tubes per 
unit area was the flux density, which by definition 
must be the same as the intensity of the field. The 
definition of potential followed in the usual way. 
Objections to these views could all be easily 
answered, for the reason that the above argument 
was based on experimental facts, with the exception 
of Maxwell’s supposition that a rate of change of 
displacement was magnetically equivalent to a 
current. It followed that much of the criticism of 
the B.E.S.A. glossary was unjustified, and many 
of the proposed new definitions discussed at the 
meetings of the Electrical Terms and Definitions 
Committee were unsatisfactory. 

Professor Howe, speaking for himself, said that 
though it was quite true tnat divergence of opinion 
had prevented much progress being made, it had 
at least enabled members to obtain a good idea of 
each other’s concepts. It was only fair to point 
out that this difference of opinion was general in 
this country and elsewhere, and though the struggle 
had been going on for years no universally accepted 
glossary of terms had anywhere been issued. The 
terms now employed were based on concepts, which 
had been built up to explain the few experimental 
facts. The result was that different mental pictures 
had been formed, and the same terms and symbols 
denoted different conceptions to different people. 
These difficulties were fundamental. If the 
| B.E.S.A. glossary had been drawn upon any con- 
| sistent scheme, he would not therefore have opposed 
it, but attempts had been made in it to combine 
the old and new. For instance, the person who wrote 








was no justification for this, since k in this case | the definition of permeability evidently considered 
contained L, M and T in some hidden form, and | that the magnetic force caused the flux, but a 
was therefore a coefficient of ignorance. In the | search for what magnetic force was would be made 
same way, in magnetism p» was sometimes numerical in vain. He thought the potential difference must 
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be independent of the path followed. Many of 
them who were engaged in teaching were in a 
dilemma as to how to present these relationships 
to the student. Text-books were another difficulty. 
In one of the most recent it was said that B and H 
were not of the same dimensions, yet lower down it 
was stated that B= H+ 4x1. 

Professor E. W. Marchant, who followed, said 
that when defining B (flux density) and H (mag- 
netising force) it was usual to express them both 
in terms of the strength of a magnetic field in a 
certain space. Permeability was defined as the 
ratio between these two quantities, and it was often 
assumed that this ratio was a number. The same 
applied to permittivity. Maxwell, however, had 
shown that the square root of the product of these 
two numbers was the reciprocal of a velocity, 
The assumption that they were simply numbers was, 
therefore, wrong and it was of interest to demonstrate 
the essential difference in nature between B and. H 
and between D and electric force. If an infinitely 
thin crevasse was cut through a piece of mag- 
netic iron, the field in that crevasse depended on 
the original magnetising force and on the mag- 








. 











netising force produced by the magnetised particles. 
The lines of force, as shown in the accompanying 
figure, were ‘‘ generated ’’ by the magnetisation of 
the particles, so that part of the magnetic field 
across PP was due to the magnetising force H, and 
part of it to the induced magnetism produced by the 
magnetised particles. The distribution of the 
magnetic force across PP would not be uniform, 
and the strength of the field produced by the mag- 
netised particles would depend upon the reaction 
between the magnetising force and the particles. 
It was inconceivable that such reaction could take 
place without the existence of some intervening 
medium causing the rotation of the particles. Al- 
though, therefore, permeability might be expressed 
as a number, it was essentially a quantity which 
depended upon the properties of a medium, when 
subjected to forces which produced magnetisation. 
The same applied to permittivity. Both permeability 
and permittivity thus depended on the properties 
of the medium. It was thus easy to understand 
why a quantity which was represented by the 
square root of their product was something which 


was not merely anumber, but which depended upon | 


the magnetic and electrical properties of a medium | 
when transmitting magnetic and electric forces, and | 
which therefore determired the velocity of an elec- | 
tromagnetic wave transmitted through it. 

Professor F. G. Baily, who was the next speaker, 
remarked that the great difficulty in drawing up 
any set of electrical definitions was to be philo- 
sophically accurate and at the same time to fit them 
in with the way in which engineers used the ex- 
pression. The difficulty with regard to potential 
difference was based solely on what was meant by 


the term. The practical man meant the line integral 
| 


between one point and another, even if he did not | 
know it, and it was quite wrong to use the expression 
in a circuit of the kind mentioned by Sir James 
Henderson, as it was only meant to apply to electro- 





out of the dilemma might be either to give rigid 
definitions, or practical definitions, combined with 
a caution as to when they would not hold. 
Professor W. Cramp said that in ordinary physics 
text books, & in Coulomb’s equations was assumed 
to have no dimensions. Similarly, the dimensions 
in » were suppressed. Another possibility other 
than those stated by Sir James Henderson was 
to take a particular ratio between the electro- 
magnetic and the electrostatic units of quantity, 
and make use of it in all equations so that a 
generally applicable system was obtained. This, 
however, introduced a velocity and was infact never 
used. Professor Fortescue held that in the equation 
B=ypH, p» had no dimensions. 
question of terms. The whole trouble arose from 
the fact that instead of considering action at a 
distance we were considering what happened in a 
medium. Professor Fortescue’s system was electro- 
magnetic and could not be applied to electrostatics. 


EARTH PRESSURES, 


The report of the Committee on Earth Pres- 
sures was then presented. This was signed by Mr. S. 
Wentworth Shields, chairman, and Mr. J. 8S. Owens, 
| honorary secretary, and stated that one meeting had 
| been held at which Professor Jenkin gave details of 
| some experimental work he had carried out at the 
| Building Research Station. He used the cylindrical 

apparatus described in his 1927 report, and stated 
that when this was filled with Southampton mud, 
| the pressure was found to be about the same as 
| would be given by a liquid of the same density, viz., 
| 1-34, or 83-7 lb. per cubic foot. The vertical forces 
| on the whole upper cylinder were found to be about 
| 10 lb., or about 0-5 per cent. of the total horizontal 
force. The mud therefore acted as a fluid of the same 
density, the pressure being inclined less than one 
degree downwards. The pressures on a _ plane 
| surface would be slightly nearer to the liquid pres- 
|sures than those observed in the cylinder. It is 
| hoped that this research, though still in an early 
stage, will throw light on the question of the effect 
| of water in a backing on its lateral pressure. 
| Professor Lea had communicated the results of 
| some experiments on the effect of water in sand on 
its slope of repose, lateral pressure, and other 
properties. Using Leighton Buzzard and crushed 
'Croton sand, containing 10 per cent. of water, the 
angle of repose could be made anything from 40 
degrees to 90 degrees. A crushed stone, with 20 
per cent. of water, gave a slump of only half an 
inch; with 25 per cent. the slump was 8 in. The 
horizontal pressures on a 24-in. door to a 3-in. lined 
box, 36 in. deep, filled with sand, indicated that 
Rankine’s law was obeyed with a fair degree of accu- 
racy. Tests with fluids, such as slimy mud, showed 
that the total pressure obtained was then quite 
different. It was not clear, however, with dry sand 
added to water, what the maximum pressures were 
likely to be. Up to 25 per cent. of water it would 
appear that they might be less than that due to dry 
sand. Professor Fulton reported that the results ob- 
tained in experiments undertaken to verify the gene- 
rally-accepted theory of the pressures due to some 
form on filling deep vertical bins, or on tunnel linings 
were interesting, if not startling. An apparatus for 
testing the internal friction and shear strength of 
soils, similar to that used by Mr. A. L. Bell,* has 
been lent to Dr. Fargher, who has undertaken to 








| make some experiments with it and report the result. 


This concluded the business of the meeting. 


SECTION A.—MATHEMATICAL AND 
PHYSICAL SCIENCES. 


Section A met in the building of the Natural 
Philosophy Department, in which Professor E. 
Taylor-Jones now holds the chair once occupied 
by Lord Kelvin. The number of communications 
presented to this Section was twenty-five, and their 
consideration left little time for the three general 
discussions, although the Section subdivided into 
two departments on two mornings. Electronic 
theories dominated the trend of the discussions, 
not only of the phenomena of radiation, but also 
of the Volta effect, and of communications on 





* See Proc. Inst. C.E., vol. excix, p. 233. 





That was a! 
| Volta’s experiment of 1792 he described as follows : 


statics, where the charge did not move. A way|cosmical physics. 





The president was Professor 
A. W. Porter, who retired this summer from the 
chair of physics at University College, London. 
The officers were: the recorder, Professor A. M. 
Tyndall, of Bristol, and the secretaries, Captain F. 
Entwistle, of the Meterological Office, Mr. W. M. H. 
Greaves, of Greenwich Observatory, and Dr. R. A. 
Houstoun, of Glasgow. Captain Entwistle was also 
in charge of the Meteorological Exhibit and demon- 
strations in the Reception Room of Weather Fore- 
casting, which has for a good many years been 
one of the features of the Association meetings. 


THE Vouta EFFeEct. 


Professor Porter had chosen the Volta Effect as 
subject for his presidential address. One form of 


A zine rod attached to a copper rod was held in 
the hand; the copper was brought into contact 
with the lower plate of a condensing electroscope, 
the top plate of which was touched by the other 
hand. When the connenctions were broken, and 
the top plate was raised, the gold leaves diverged 
with negative electricity, showing that the copper 
rod was at a negative potential. The zinc being 
held in the hand was tacitly assumed to be at the 
zero potential of the earth. Volta’s own explana- 
tion was that there existed in metals an inherent 
power of separating the two electricities, each 
metal possessing, what Helmholtz later called a 
specific attraction for electricity (contact theory). 
An alternative explanation (chemical theory) made 
the effect depend upon the accidental circumstance 
that the rods were in the air; that there was inci- 
pient or potential chemical action between the air (or 
the moisture in it) and the rods, which created a 
drop of potential (of different. amounts) between 
the air and each rod; and that consequently 
when the twin rods were brought together, their 
potentials being equalised by a flow of electricity 
between them, there was still a difference of poten- 
tial between them and the air. 

About 1850, Professor Porter proceeded, the 
principles of energy and entropy put an entirely 
new complexion upon the discussion of the two 
theories, which had been highly controversial from 
the beginning. A second mode of obtaining a 
flow of electricity by creating a temperature differ- 
ence in the circuit of the two metals had meanwhile 
been discovered by Seebeck in 1822; the Seebeck 
effect was very small, of the order of a few milli- 
volts. Whether or not the two phenomena were 
intimately related, it was necessary to discuss both. 
When two wires were joined to a loop with a cold 
junction at T, and a hot junction at T,, a current 
flowed round the loop (Seebeck effect), heat was 
taken in or given out at each junction (Peltier 
effect = m Q), and heat was taken in or given out 
at each portion of each wire in amount o per unit 
charge per unit rise of temperature (Thomson 
effect). The energy or e.m.f. E required to drive 
the current round the complete loop should be 
equal to the total heat taken in, and if two circuits 
were considered, having the same T,, but T,” a 
little higher than T,’, the difference of their e.m-f. 
should be d E = dx, + (6, —6,") dT, That 
expression contained only T,, and a similar expres- 
sion for T, could be deduced if T,, were kept constant. 
The entropy change at any part of the cycle could 
be obtained by dividing any heat entry by the 
absolute temperature of entry. The deduction 
indicated that (or : 
where V, was the local e.m.f. contributed by the 
junction itself, and that the coefficient of the Pel- 


tier effect ™, = Taive, Strictly speaking, the 
entropy principle should not be applied as the cycle 
was not reversible; but reversibility could be 
approached. 

Controversialists might be divided between those 
who believed that the difference of potential V 
at any junction was measured by the heat taken in 
thereat (x,— V,), and those who preferred the 
equation 7,—= T8V,/8T,. It did not follow that the 
two assertions differed in any particular case. 
But it should not be assumed ab initio, as the 
advocates of 7,= V, did, that heat entry and 
external work done were necessarily equal. Exami- 
ning the relations of these quantities for other 
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phenomena, Professor Porter, indeed, showed that 
they were equal only for a perfect gas under uniform 
pressure, but not for any fluid under uniform pres- 
sure, nor for surface tension, magnetism, and 
electric condensers. Those who claimed that in 
the thermo-electric case m was a measure of V 
would therefore have to show that the conditions 
were analogous to those of a perfect gas, or at least 
of a fluid whose characteristic equation was 
p= Tf (v)- 

When electric current passed across a junction 
between the two metals, no metal was carried by the 
current across the junction (there was no brass 
formed). The electrons were the only thing that 
passed ; they were tolerably free to move under the 
influence of an electric force, but were not set free ; 
otherwise Ohm’s law could not hold. The electrons 
could get across the junction; but the fact that 
heat changes occurred indicated that they needed 
to be helped over; there was a rise (or drop) of 
potential there, though not of an amount equal to 
the heat entry. Thermodynamically the metal 
might be regarded as a solution or binary system, 
the electron being the solute. The boundary between 
zinc and copper acted as an almost perfect semi- 
permeable membrane. The difference of pressure 
(or potential) between the two sides was an osmotic 
pressure. The electrons also escaped from the 
sides of the wire; they had a vapour pressure ; 
but this thermionic emission might be disregarded 
at ordinary temperature. Professor Porter dis- 
cussed the analogy between a closed osmotic 
circuit, formed by two solutions in tubes separated 
by membranes, and a thermo-electric circuit of 
copper-zinc. When contact-equilibrium existed, 
the vapour pressures for electrons zinc + E and 
copper + E (smaller than the former) would be 
equal. The conditions of such an equilibrium had 
been investigated by Margules, and those equations 
for the work done on the escape of an electron might 
some day usefully elucidate the Volta effect. For 
the present the equation for the latent heat of the 
solution in terms of the specific heat seemed more 
hopeful. So far, however, the Thomson effect could 
not be measured with sufficient reliability for the 


determination of the - in each metal. 


Volta, and Kelvin afterwards, had placed the 
driving force in the electrolytic cell at the metal- 
metal junction. The energy was to be supplied by 
the chemical action ; Helmholtz accepted that with 
the correction that E was a measure of the free 
energy per unit charge, not of the total energy. 
In the cell it was not merely the electrons which 
moved. What happened at the zinc-liquid junction 
was uncertain. The old views on electrolytic dis- 
sociation and on solution pressures were being 
revised by Debye. Zinc was actually drawn into 
the solution, and carried positive charges with it, 
by the electric attraction of the negative SO, 
ions, which also retarded the deposition of copper 
ions on the copper plate. Both the plates acted as 
semi-permeable membranes allowing only selected 
substances to pass. Electricity could pass through 
only as rider on an anion. The porous pot separa- 
ting the two solutions acted as a membrane, allowing 
electrons to get through, which were riding on SO, 
lons, while their mounts were left behind. But few 
membranes acted precisely in that way, and the 
voltage changes at membranes varied considerably. 
The flow of electricity in a metal might be likened 
to the flow of matter through a porous plug. Nega- 
tive units of electricity had been isolated; the 
positive electricity might consist of the rest of the 
atom, and one might think of electricity as a 
receptacle of energy communicated to it in the 
form of heat. 

In conclusion, Professor Porter stated that it was 
still necessary to be cautious and to avoid dog- 
matism on the question of the Volta effect. Much 
more experimental knowledge was required; the 
difficulties of the exact measurements required 
were great, while the difficulties of the electronic 
theory in metals could not be ignored. He had 
himself hoped to present some new experimental 
data, but he was not satisfied that he understood 
the vagaries which often occurred. His opinion 
Was that, though the voltage at the metal-metal 





school demanded, there was no justification for 
going to the extreme of locating the whole of the 
e.m.f. of the circuit at that junction. Energy might 
be introduced at one point of a mechanism and be 
utilised at another. Opposing schools might take 
comfort in the thought that they were both right in 
some respect. 

In seconding the vote of thanks, proposed by 
Sir William Bragg, Sir Oliver Lodge reminded the 
section that the problem had been discussed at the 
Montreal Meeting of 1887, also privately, by Sir 
William Thomson, Willard Gibbs and_ himself. 
They had not come to any conclusion then, and 
Sir Oliver still adhered to his views. 


PROGRESS IN BAND SPECTRA. 


Professor H. S. Allen, of St. Andrews, reviewed 
progress in the study of band spectra with special 
regard to the recent work done by Dr. D. Jack in his 
laboratory. The fluted band spectra, Dr. Allen 
stated, could be resolved into groups of fine lines, 
the frequencies of which had been explained by 
Deslandres on Bohr’s quantum theory of line 
spectra. These spectra were ascribed to molecules 
containing more than one atom and were classified 
as (1) bands of pure rotation of the molecule about 
an axis passing through its mass centre; (2) 
vibration-rotation bands, when there was also 
vibration of the nuclei along the line joining them ; 
and (3) electronic bands involving further a change 
in the electronic configuration. The energy was 
similarly divided into rotational energy, vibrational 
energy and electronic energy. The energy change 
in electronic shifts might be large enough to shift 
lines from the infra-red into the ultra-violet. 
Hund had applied the conception of the electron 
spin to account for the multiple energy levels of 
band spectra as in atomic spectra. Birge and 
Mulliken connected the electronic levels of molecules 
with those of the corresponding atoms which had the 
same number of outer electrons, and had assigned 
inner quantum numbers to these levels. Dr. Jack 
had studied the spectrum of water vapour and the 
Swan spectrum (named after William Swan of 
St. Andrews, 1857, including the satellites and 
singlet series with the aid of a Hilger quartz spectro- 
meter, and had suggested subdivision of the levels 
in agreement with Mulliken. Dr. Allen assigned 
the much-disputed origin of the Swan spectrum 
simply to carbon. 


THE Spectrum oF Argon II. 


Professor P. Zeeman, of Amsterdam, gave an 
account of the investigation of the Spectrum of 
Tonised Argon which Dr. T. L. de Bruin had been 
conducting in his laboratory in connection with a 
redetermination and analysis of the spectra of 
fluorine, neon and other elements. The spark 
spectrum of ionised neon II was analogous to the 
are spectrum of neutral fluorine FI, and the spark 
spectrum of A II was found to be similar to Ne II. 
The argon spectrum, observed by sending the 
condenser discharge through a quartz tube, showed 
thousands of lines; the ionisation potential was 
27-75 volts. The magnetic resolution of the lines 
was effected in fields of 41,000 gauss maximum, 
produced between pole pieces of the form of trun- 
cated pyramids ; the argon was enclosed in a metal 
box between these pole pieces, and the temperature 
was kept constant in the gas within 0-05 deg. and 
even 0-01 deg. C. Platinum foil electrodes were 
mounted in front of the inner square faces of the pole 
pieces so that the discharge was confined to the mag- 
netic field. On photographs made a dispersion of 2-4 
A.U. corresponded to 1mm. The agreement between 
the calculated and observed lines was very good. 
Professor A. Fowler remarked, after the paper was 
read, that he had the privilege of personally ex- 
amining the perfection of the technical methods 
with which this work of bringing order into the most 
complicated spectra was carried on at Amsterdam. 
Professor Porter added that Professor Zeeman had 
been engaged in these researches for thirty years. 


(To be continued.) 








THe Royat Sanitary Institute.—The Council of 
the Royal Sanitary Institute has accepted the invitation 
of the Sheffield City Council to hold its Fortieth Congress 
and Health Exhibition at Sheffield, from July 13 to 





junction was probably much larger than the chemical 


PULVERISED FUEL BOILER AT THE 
CALUMET POWER STATION, CHICAGO. 


IN a very interesting and instructive paper read 
last March before the Scottish Section of the Institution 
of Electrical Engineers, Mr. F. H. Rosencrantz 
remarked that the low ash and moisture content of the 
coals available in the United States had simplified, 
there, the problem of operating boilers with pulverised 
fuel. Unfortunately, coal of this character is far from 
universally available, and a special interest attaches 
accordingly to two boilers erected in 1926 in the Calumet 
Power Station of the Commonwealth Edison Company, 
Chicago. This great corporation owns its own mines 
in central Illinois, yielding a coal having 144 per cent. 
of moisture as mined, and containing 18 per cent. of 
ash. An average analysis of the coal is as follows : 


Per cent. Per cent. 
Carbon 61-25 Ny 1-00 
s 4-48 Ss 4-42 
O, 10-62 Ash 18-23 


The ash melts at the comparatively low temperature 
of 1,850 deg. F. 

In view of the indifferent character of this coal, 
it was felt that the success which had attended 
the use of pulverised fuel in more favourable 
conditions provided no guarantee that equally 
satisfactory results would be obtained at the Calumet 
station, and up till two years ago, therefore, 
this station was operated wholly with automatic 
stokers of the chain grate type. The phenomenal 
rate at which the demand for electricity was 
increasing, however, made it highly desirable to instal 
boilers of greater capacity than it was practicable to 
work with these stokers. which, in some of the boilers 
installed had already attained the almost unwieldy 
dimensions of 25 ft. in width by 20ft.indepth. With 
the largest of these stoker-fired boilers the maximum 
output attainable with the fuel described was an 
evaporation of 145,000 Ib. per hour. It was decided, 
therefore, to try whether it was not possible to use 
the aforesaid coal in a pulverised form. Two boilers 
of different makes were accordingly contracted for, 
and have been run successfully for many months with 
the fuel in question. One of these boilers was supplied 
by Messrs. The Combustion Engineering Company, 
and the other, of which we give drawings in Fig. 1, 
Plate LVI, and details in Figs. 2 to 9, page 390, by 
Messrs. The Babcock and Wilcox Company. A view 
of this is reproduced in Fig. 10, page 398. It is 
designed for a working pressure of 375 lb. per 
sq. in. With this boiler an evaporation of between 
290,000 and 300,000 lb. per hour has been repeatedly 
recorded. As originally installed, the total floor area 
occupied by this boiler and its auxiliary plant was 
1} times as great as that taken up by the stoker-fired 
boiler giving but one-half the same maximum output, 
but modifications are now being made, in the 
pulverising plant and accessories, which will have the 
effect of reducing the total floor space to practical 
identity with that occupied by the aforesaid stoker- 
fired boiler. At the outset, however, it was con- 
sidered advisable in a plant, which was necessarily of a 
somewhat experimental character, not to try too 
many innovations at once, and to start, therefore, 
with the bin and feeder system, replacing it later on, 
when experience had been gained, by the unit or direct- 
fired system. This change-over is now in progress. 
Since the Calumet station is situated within City 
limits it was very essential that no large proportion of 
ash should be discharged from the chimney stack and, 
hence, all the spent gases are passed through a washer 
before being sent into the atmosphere. This provision 
has increased somewhat the power taken by the boiler 
auxiliaries, which amounts in all to an average of 
about 62-kw. hours per ton of coal burnt, but the net 
efficiency of the new boiler is, nevertheless, very much 
greater than that of its stoker-fired predecessors. 
Comparative figures are said to be 864 per cent. for the 
new pulverised fuel boiler and 78 per cent. for the 
stoker-fired boilers. Both the above efficiencies have 
been debited with the power required for operating the 
respective accessories. Omitting this correction the 
efficiency of the new boiler works out at over 89 per 
cent. as shown by the test particulars given later on in 
this article. Part of the higher efficiency is due to the 
fact that with the stoker-fired boilers the excess air 
averages about 40 per cent., whilst 20 per cent. suffices 
with the pulverised fuel plant. Moreover, the final 
temperature of the products of combustion is, in the 
latter case, only 250 deg. F. and it would, it is stated, 
be impracticable to attain the same low limit with 
the other boilers. 

Another striking advantage of the new plant is the 
ease with which it can be started up from the cold. 
This operation takes but 30 minutes, whilst from 1 hour 
to 14 hours are required for the stoker-fired boilers. 
The present practice at the Calumet station is to 
shut down the new boiler daily at 10.30 p.m. 
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During the night the pressure drops by from 100 Ib. to 
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150 lb. per square inch. The boiler is started up 
again at 7 a.m. and in less than 10 minutes it is 
delivering at the rate of 100,000 Ib. of steam per 
hour at the full pressure of 375 lb. per sq. in. Ex- 
perience, it is stated, shows that there would be 
no difficulty in making a continuous run for as 
much as 3 or 4 months, but the system of working 
above described has been adopted in order to avoid shut- 
ting down more of the stoker-fired boilers, of which the 
station contains 18. These are much lesseasily started 
up and have higher stand-by losses. One fireman and 
one mill man attend to both pulverised fuel boilers, and 
could, it is stated, easily take over additional units. 
As already mentioned, important changes are being 
made in the system of firing, the bin system originally 
installed being in course of replacement by the unit 
or direct-fired system. We will, therefore, merely note 
that the drying of the coal is effected by air withdrawn 
from the duct leading from the air preheater to the 
furnace. In this wey the moisture content is reduced 
to 8 per cent. or 9 per cent; so that the fuel as fired | 
hasa calorific value of 11,800 B.Th.U. per pound. The 
coal is ground in a ball mill capable of pulverising | 
15 tons per hour, so that 65 per cent. will pass through | 
a screen having 200 wires per inch. This mill is | 
driven by a 330-h.p. motor. 

The balls used were of steel and weighed 500 lb. 
each. With the coal normally used in the station | 
these balls wore elliptical after from 350 hours’ to | 
400 hours’ work. They then began to slide instead of | 
roll and had to be replaced. During its useful life each | 
ball ground about 1,000 tons of coal to the fineness | 
stated. It may be noted, however, that more than | 
three times this duty was obtained when a strike made | 
it necessary to use imported Kentucky, instead of the | 
central Illinois coal, which has, it will be seen, proved | 
exceptionally hard to grind. 

The boiler was designed to supply at normal rating 
200,000 Ib. of steam per hour at a pressure of 375 Ib. | 
per square inch and at a temperature of 700 deg. F. | 
The general arrangement is shown in Fig. 1, Plate | 
LVI. The burners are located as shown, and will be | 
described in detail later on. The furnace or com- | 
bustion chamber hasa hopper bottom, asindicated. All | 
its four walls are water-cooled, and they are lined with | 





Bailey Wall Blocks 
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| The construction of these burners is shown in detail 
in Figs. 2,3 and4. The fuel falls by gravity into the 
primary air duct and is carried with this air to the 
burner. This burner opens into the furnace as a 
narrow vertical slot, at the sides of which are arranged 
the secondary air ports, which are staggered as indi- 
cated in Fig. 3. As originally arranged eight of these 
burners were provided, but the number is now to be 
reduced to six. All the surfaces exposed directly to 
the full heat of the furnace are protected by Bailey 
blocks, and water-cooling tubes are provided. 

Details of these blocks and of the methods used 
for fixing them in place are illustrated in Figs. 5 to 9, 
|annexed. Referring to Figs. 5 and 6, it will be seen 
that the blocks (which, according to circumstances, 
are of cast-iron or steel) are clamped to 3}-in. tubes 





Bailey blocks faced with a refractory, and similar} Spaced at 6-in. centres. The blocks shown in Fig. 5 
blocks, but of unprotected metal, are used for lining the | are faced with a refractory, the thickness of which may 


hopper bottom, which is also water-cooled. 
bustion chamber measures 23 ft. 8 in. in average width ; 
it is 19 ft. 3 in. deep and 25 ft. 3 in. high. 


The com- | be varied, thus providing the means of securing any 


| 
Its total | tively, as in the case of the lower part of Fig. 9, the 


surface temperature that may be desired. Alterna- 


volume is 11,200 cu. ft., and at maximum output as / refractory coating may be omitted entirely, as it is in 
much as 33,700 B.Th.U. are generated per cubic foot per | the case of the lining of the furnace bottom. 


hour. Immediately above the combustion chamber is 
a water-tube boiler 40 sections wide. Each section is 
seven tubes high, the tubes being 3} in. in diameter. 
No. 8 B.W.G. thick, and 17 ft. long. There are in all 
280 of these tubes giving an external heating surface 
of 5,938 sq. ft. 
sive rows are staggered vertically, so that the lanes 
between the tubes are diagonal. In the case of the 
four lower rows, however, these rows are spaced at 
twice the normal vertical distance, and the tubes in 
successive rows stand vertically over each other. The 
object of this unusual arrangement has been to minimise 
trouble from ash and slag deposits. The wider spacing 
of the lower rows of tubes allows most of the ash to 


| cool below its melting-point before it impinges on the 


Such ash deposits as do occur in the boiler, 
non-adherent and 
There has 


tubes. 
economiser and superheater are 
are readily removed by steam blowers. 


been a little deposit of slag on the lower boiler tubes, 


but no serious plugging has so far been experienced. 

The gases make a single pass over the boiler tubes 
and are then directed over the tubes of the superheater. 
This has 4,701 sq. ft. of heating surface. After pass- 


ing through the superheater the gases pass first down | 


through the economiser and then up through the air 
preheater. 
which removes from 90 per cent. to 95 per cent. of the 
original ash content. From the gas washer they pass 


into an induced-draught fan driven by a 500-h.p. | $0) , 
| two-speed motor, and capable of delivering 144,000! since under these conditions some steam 1s also 
cub. ft. per minute (measured at a temperature of | e 
| proportion of the total output. 


300 deg. F) against a 12-in. water gauge. From this 
fan the gases pass directly to the chimney-stack. 

Two forced-draught fans, each driven by a 100-h.p. 
motor, are also provided. Each of these is capable of 


delivering 58,000 cub. ft. of air (measured at 70 deg. F.) | 


against a 4-in. water-gauge. They force the air through 
the preheater and thence to the burners. 





In the upper part of the boiler succes- | 





From this they pass to a gas washer, | 


It is claimed that where poor feed water has to be 
used, bare furnace-wall cooling tubes give more trouble 
from burning out than do the boiler tubes, and that by 
lining them with the Bailey blocks overheating is 
prevented, and, moreover, that if a tube does go, 
it is reinforced against failure on the furnace side. The 
lining does not prevent a very high evaporation from 
the furnace walls, which at low loads are credited with 
35 per cent. of the total evaporation, and as much as 
25 per cent. at maximum output. The total furnace- 
wall area is 2,460 sq. ft., and the above figures corre- 
spond to a transmission of 18,000 B.Th.U. to 26,000 
B.Th.U. per square foot per hour. 

The economiser has 8,850 sq. ft. of heating surface. 
When the output exceeds 150,000 Ib. of steam per hour 
this economiser acts as a steaming economiser, the 
steam generated passing directly into the steam drum— 
which, it may incidentally be stated, is 48 in. in diameter 
and 32 ft. 5 in. long. At the higher loads there is a 
20-1b. to 50-Ib. drop of pressure through the economiser 
and its connections to the steam drum. 

The air preheater has 37,650 sq. ft. of heating surface 
on the gas side and 41,700 sq. ft. on the air side. The 
airway through it has an aggregate area of 47-2 sq. ft.. 
the corresponding figure for the gas being 54 sq. ft.. 
which is also the figure for the economiser. 

At maximum load an evaporation of 35-71 lb. per 
square foot of boiler and furnace has been attained. 
This figure is, however, to some extent an overestimate, 


generated in the economiser, but this forms but a small 


The results of two tests made at outputs of about 


| 240,000 Ib. and 285,000 lb. of steam per hour which 


we are able to give through the courtesy of Messrs. 
Sargent & Lundy, of Chicago, are tabulated below. 


'It will be seen that at the lower rate of evaporation 


| the boiler efficiency attained the figure of 89-4 per cent. 
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WILKINSON CHANGE-CIRCUIT SYSTEM FOR ELECTRICAL SUPPLY. 


MESSRS. THE ENGLISH ELECTRIC 


Fig. 7. THREE-PHASE FOUR-WIRE SYSTEM 
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These tests, it should be noted, were made with 
Kentucky, and not with the Central Illinois coal, on 


which the boiler is usually operated. 
Duration of test 
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Fig.2. SINGLE-PHASE SYSTEM WITH 
UBLE-RANGE REGULATOR. 
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Fia. 3. 


Total steam generated yb. per hour ... 243,000 285,000 


Pressure in drum, lb. per sq. in. 
Steam temperature, deg. F. 
Superheat, deg. F. ... 
Air pressure in primary 
of water... fee ee ee 
Air pressure in secondary duct (fan) 
inches of water... eee sae 
Air pressure in secondary, below 
burner damper, inches of water 
Gas temperature at boiler, deg. F. 
Gas temperature at economiser 
outlet, deg. F. aon eee Ses 
Gas temperature at preheater dis- 
charge, deg. F.... 
Gas temperature at 
charge, deg. F. 
Air temperature at 
charge, deg. F.... ove see 
> temperature at preheater inlet, 
deg. F, vee 
Water 
discharge, deg. F. ee 


washer dis- 


‘preheater dis- 


inlet, deg. F. 


Water pressure at feed pump 


delivery, Ib. per sq. in. ... te 
Coal consumption, Ib. per hour 
Boiler efficiency, per cent. ... 
Power consumption— 
Forced draught motor, No. 1, kw. 
per hour aad ee . 
Forced draught motor, No. 2, kw. 
per hour 


Exhaust fan motor, kw. per hour 
Pulve riser, kw. per hour ... : 
Primary air fan, kw. per hour 
Fuel pump, kw. per hour 


Gas washer, kw. per hour one 
Induced draught fan, kw. per hour 


Total A.C. kw. per hour ... : 


duct, inches 


temperature at economiser 


Water temperature at economiser 
, 


... 30 min. 20 min. 
348 363 
741 739-5 
314 300-2 
9-5 9°3 
4:5 5-05 
1-1 1-3 

1,290°5 1,294-5 
580-8 576-0 
315 308-6 
164 154-6 
358:0 358-0 

95-0 96-0 

475°8 479-2 
172-0 172-5 
495-0 485 

... 32,000 _ 

. 89-4 -- 

55-68 59-52 
64-64 62-08 
26-40 26-00 
. 156-00 149-00 
23-48 22-76 
8-24 8-14 
43-64 42-76 
372-00 370-80 

750-08 741-66 


Power consumption (continued) :— 
Total D.C., kw. per hour 3-20 3-0 
Accurate figures for Illinois coal are not yet available. 


THE WILKINSON CHANGE - CIRCUIT 
SYSTEM FOR ELECTRICITY SUPPLY. 


In the early days of electricity supply two of the 
characteristics of the daily load curve were the marked 
peak during the late afternoon, and the equally obvious 
valley between about 10 p.m. and 6 a.m. Though at 
the present time, owing to the increase both in the power 
and domestic loads, the former of these characteristics 
has become less prominent, the latter is still a matter 
of anxiety to supply engineers, who wish to raise 
their load factors and to stimulate their revenue. 
An obvious method of making these improve- 
ments is to offer attractively low rates for current 
consumed during the night, for such purposes as water 
heating and battery charging. This is already being 
done in a number of towns, but to render its introduc- 
tion possible it has hitherto been necessary not 
only to employ two meters, but to use some form of 
automatic time switch, so that the change-over from 
one system of charging to another can be effected 
at the proper time. Another method that has been 
suggested is for the consumer to pay for a certain 
number of kilowatts and for any part of this demand, 
which is not at any one time required for lighting, 
cooking and other more or less short-period uses, to 
be diverted to water heating. In this way the 
consumer’s load factor is raised permanently to 100 
per cent., and during the night a large water-heating 
load is obtained to the advantage of the system load 
factor. An obstacle to this arrangement has been 
the design of suitable switching equipment, but it 
was recently suggested by Mr. George Wilkinson, who 
until a short time ago was borough electrical engineer 
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Fig.4. ARRANGEMENT OF AUTOMATIC CONTROL GEAR 
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| of Harrogate, that the object might be attained by 
| the use of what he termed a change-circuit system. 

| The essential principle of this system is the use of 
| two independent feeders with a common return. One 
| of these feeders is maintained ata constant voltage and 
supplies the lighting, domestic and power requirements 
| of the consumer, while the other supplies energy at a 
| variable voltage for thermal storage purposes. The 
| voltage on the latter feeder is varied automatically, so 
j that the total load on the sub-station is always 
maintained constant. This system was recently 
demonstrated at the Stafford works of the English 
Electric Company, Limited, in conjunction with that 
| firm’s induction regulators. To apply this arrangement 
| to existing networks requires the addition of an extra 
feeder per phase, as well as an induction regulator in 
the sub-station. The usual three-phase four-wire 
system then becomes a seven-wire system as shown 
diagrammatically in Fig. 1. As the maximum pressure 
at which the thermal load is supplied is twice that of 
the normal voltage, the extra conductors need only be 
of small sectional area. 

As is clear from this diagram, the ordinary supply for 
the lighting, domestic and industrial loads is, as usual, 
given at a constant voltage, while the pressure of the 
thermal supply can be varied from zero to a maximum 
| of double the line voltage by the induction regulators. 
The latter have a ratio of 1/1, the rotor and stator 
windings being connected in series. When the trans- 
former is fully loaded with the ordinary load the voltage 
across these regulators is zero and no current is supplied 
to the thermal storage circuit. When on the other 
hand the ordinary load is a minimum the voltage across 
the regulators is a maximum, current is supplied to 
the thermal storage circuit and the total load on 
the transformer is maintained constant. 

In the case of new systems a more economical 
arrangement than that just described is to use a double- 
range regulator, as shown diagrammatically in Fig. 2 
for a single-phase system, while in the case of small 
stations it may be cheaper to employ a tapping-switch 
on the transformer secondary instead of an induction 
regulator. All the cables are then, of course, of equal 
section. The tapped secondary need not have very 
fine steps, as there is no necessity for great precision 
in maintaining the system load constant. These 
tappings are logarithmically spaced, since the 
load varies as the square of the voltage, and it is 
preferable to arrange the tappings for approximately 
equal increments of load. 

Turning to the practical application of this system, 
a view of the demonstration equipment installed at 
Stafford is given in Fig. 3, the connections used 
being clearly visible on the diagram in the left-hand 
top corner. A detailed diagram of the control gear 
employed is given in Fig. 4, this being arranged to 
allow a voltage variation of + 5 per cent. and being 
therefore simpler than a feeder voltage regulator, 
which must maintain a voltage within + 1 per 
cent. of some predetermined value. The object of 
this gear being to maintain a constant current on the 





input side of the transformer, the control impulse is 
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initiated from a current transformer CT, (Fig. 4), 
which is in series with the primary supply. The 
secondary current of this transformer, which is pro- 
portional to the line current, heats a thermostatic 
strip, consisting of two different nickel-iron alloys, 
which forms part of the relay. This strip is flat at 15 
deg. C. and deflects when the temperature is increased 
above that point, so that as the load varies it makes con- 
tact with either the upper or lower contact, thus closing 
the contactor circuit for “raise volts” or ‘lower 
volts ’’ on the change-circuit regulator. To compensate 
for changes in the atmospheric temperature the relay 
contacts are also carried on bimetallic strips, so that 
they remain the same distance apart under all condi- 
tions. Another ingenious feature about this device is 
that it is designed to compensate for the varying 
amount of surplus load which can be absorbed in the 
thermal storage system at different times of the year. 
Obviously the demand for hot water is much greater 
in the winter than in the summer, so that if a 100 per 
cent. load factor will supply the necessary energy for 
this purpose in the first case it will probably be found 
that a 75 per cent. load factor will satisfy the second. 
This variation is allowed for by installing a second 
current transformer, CT, (Fig. 4), in the change-circuit 
feeder and causing the current through it to heat the 
bi-metal strips which carry the relay contacts. In 
this way the total load, which the regulator will main- 
tain constant, may be altered in value, and if this 
compensating current transformer is shunted with a 
variable resistance the load factor may be adjusted as 
desired. 

Though the financial aspect of the change-circuit 
system requires examination in each particular case, 
it is claimed that it is particularly applicable to 
densely populated residential areas, as it is likely to 
have a determining effect on the rate at which the ** all- 
electric’ house comes into being. It should also be 
possible to employ it with advantage in many industries, 
where thermal storage would provide a night load. 











LABOUR NOTES. 


According to the Railway Review, the railwaymen’s 
weekly organ, the application of the new wages agree- 
ment to the case of shopmen has brought about difficul- 
ties at one or two centres. It was not anticipated, it 
says, that even with the operation of a five-day week 
where work was available, some dismissals would not 
be necessary. On the contrary, it was recognised 
that there would be some surplus to requirements, 
though many of these were in that position without 
the application of the five-day week. ‘‘ This journal 
has repeatedly called attention to the fact,” the writer 
says, “‘that companies appeared to be retaining men 
beyond the number necessary for carrying on the avail- 
able work, and that to do this, they were imposing short- 
time working. The general secretaries’ report to the 
Annual General Meeting of the union in July, contains 
« very definite reference to this state of affairs, and 
emphasis was laid upon the desirability of facing the 
issue. The operation of the recent agreement has done 
more to bring the subject to the forefront by reason of 
the agreed terms in respect to a five-day week. How- 
ever, in one or two places, there has been a tendency 
to carry on with the past practice of retaining staff by 
the process of booking men off for a week or so.” 





“To do this,” the Railway Review’s contributor goes 
on to say,” is unfair, and especially so when the position 
is raised, and at once large numbers of notices to ter- 
minate services are issued. The grounds put forward 
for the notices are that to operate a five-day week these 
are necessary. As a matter of fact, it is not the opera- 
tion of the recent agreement that is responsible, but the 
ordinary staff reductions that must have operated had 
the recent agreement never been made. Sufficient time 
appears to have elapsed for the agreement to have been 
fully put into operation, and where it has not, we hope 
that no further delay will take place. In one or two 
centres, the five-day week has been imposed, although 
there is an abundance of work available. Not only is 
the work available, but from the reports submitted, it 
would appear that it is necessary the work should be 
attended to. We understand the companies concerned 
have been approached hereon, but there does not appear 
to be that readiness to put matters right which one 


would expect in connection with an agreement of such a | 


character as the recent one.” 

The Ministry of Labour Gazette states that employ- 
ment during August, apart from temporary fluctuations 
at the holiday periods, showed little change in total 
volume. Among the workpeople, numbering approxi- 
mately 11,800,000, insured against unemployment in 
Great Britain and Northern Ireland, the percentage 
unemployed in all industries, taken together, was 11-7 
at August 20, 1928, as compared with 11-7 at July 23, 
1928, and 9-3 at August 22, 1927. The percentage 
wholly unemployed at August 20 was 8-3, as compared 





with 8-1 at July 23, while the percentage temporarily 
stopped was 3-4, as compared with 3-6. In the coal- 
mining industry there was a slight improvement, which 
reduced the number of workpeople temporarily sus- 
pended from their employment, and there were also 
reductions in the numbers unemployed in the tinplate, 
tube, linen, carpet, and confectionery industries, and 
in canal, dock, harbour, etc., service. On the other 
hand, there were increases in unemployment in a 
number of industries, including constructional and 
motor engineering, pottery manufacture, public works 
contracting, the cotton industry, and most of the 
clothing trades. Seen 

In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation 
during August resulted in a reduction of over 47,0001. 
in the weekly full-time wages of about 573,000 work- 
people, and in an increase of 1451. in those of 5,800 work- 
people. The reduction indicated by the above figures 
was mainly due to the operation of the agreements made 
between the principal railway companies in Great 
Britain and the various trade unions concerned, under 
which a temporary deduction of 2} per cent. was to be 
made from the earnings of the majority of railway 
employees of all grades. Workpeople whose wages 
were increased during the month included iron miners 
and blastfurnacemen in North Lincolnshire, machine 
calico printers, and silk dyers and finishers at Maccles- 
field. 


During the eight completed months of 1928 the 
changes reported to the Ministry of Labour in the 
industries for which statistics are compiled, have resulted 
in net increases of nearly 17,400/., in the weekly full- 
time wages of 201,000 workpeople, and in net reductions 
of 167,500/. in those of 1,680,000 workpeople. In the 
corresponding period of 1927 there were net increases 
of 30,600/. in the weekly full-time wages of over 287,500 
workpeople, and net reductions of 319,000/. in those of 
1,709,000 workpeople. 





The number of trade disputes involving stoppages of 
work, reported to the Ministry of Labour as beginning 
in August, was 12. In addition, 8 disputes which 
began before August were still in progress at the 
beginning of the month. The number of workpeople 
involved in all disputes in August (including work- 
people thrown out of work at the establishments where 
the disputes occurred, but not themselves parties to the 
disputes) was about 5,400, and the aggregate duration 
of all disputes during August was about 23,000 working 
days. These figures compare with totals of 21,600 
workpeople involved and 227,000 working days lost in 
the previous month, and with 19,000 workpeople 
involved and 169,000 days lost in August, 1927. The 
aggregate duration of all disputes in progress in the 
first eight months of 1928 was about 1,188,000 working 
days, and the total number of workpeople involved in 
these disputes was about 103,000. The figures for the 
corresponding period of 1927 were 954,000 days and 
87,000 workpeople, respectively. 





The Times correspondent at Riga quotes reports 
from Moscow to the effect that the number of unem- 
ployed has rapidly increased in the past few weeks 
throughout the U.S.S.R., and that, after fluctuating 
since January between 2,000,000 and 2,500,000, it is 
now about 3,000,000, including half a million skilled 
industrial workmen. A further increase is, he says, 
inevitable after the conclusion of harvesting. Between 
October and January last winter, the registered unem- 
ployed increased by more than half a million, and higher 
figures are expected this year. The unemployed 
members of trade unions in Moscow to-day number 
about a quarter of a million, and in some industrial 
centres they exceed 10 per cent. of the total population. 
The Labour Commissariat has decided to counteract 
the influx of labourers into the towns by weeding out 
certain categories from the lists of unemployed, and a 
three weeks ‘“‘ purge’’ has been ordered. It is to 
begin this week, when all the labour exchanges in the 
U.S.S.R. must delete a maximum number of names 
from their books. No one who has near relatives in 
regular employment may remain registered as unem- 





ployed. 





| The position of members of the Electrical Trades 

Union in relation to the wages reduction voluntarily 
| acquiesced in by the railwaymen’s unions is explained 
| by Mr. Rowan, the General Secretary, in the latest 
issue of the organisation’s official report. ‘‘ At the 
first approach of the railway staff's conference,” he 
says, “it was made perfectly clear to them that 
the E.T.U., even if the N.U.R. had agreed to accept the 
24 per cent. reduction on behalf of their members, would 
insist upon the recognised procedure in respect to the 
electrical labour grades being carried out. All through 
the negotiations affecting our members employed on the 








electricity side of railways, it has been laid down as a 
principle that there should be a close relationsh)) 
between the wages in outside electricity supply and thc 
wages in railway supply. The difference at the com- 
mencement of the negotiations was in the nature of a 
narrow fissure. Now it has developed into a yawning 
abyss. At the joint meeting, the railways staff repre. 
sentatives suggested that the best way out of the difii- 
culty would be for the E.T.U. to voluntarily accept the 
24 per cent. reduction, which had been agreed to by 
over 98 per cent. of the railway employees. At 2 
subsequent meeting the E.T.U. executive decided to 
inform the railway companies that they could not 
voluntarily agree to the 2} per cent. reduction in wages. 
As a result the railway authorities have decided to take 
the matter to the Industrial Court on the following 
agreed terms of reference :—‘ To adjudicate upon the 
following application made by the railway companies 
set out hereunder :—Great Western Railway, London 
Midland and Scottish Railway, London and North- 
Eastern Railway, Southern Railway: That the wages 
paid to staff solely employed in railway electricity 
generating stations and sub-stations and on high-tension 
cables between them should forthwith be reduced 
6s. per week.’ ”’ 





Although the National Union of Railwaymen have 
accepted on behalf of the whole of their membership 
the 24 per cent. reduction, it was made clear by their 
delegates, Mr. Rowan says, that they would be parties 
to terms of reference, and would attend the Industrial 
Court to resist the application for a reduction of 6s. per 
week. 





At the end of August, the number of members of the 
Boiler Makers and Iron and Steel Shipbuilders Society 
“signing the books’’ was 13,430 as compared with 
13,682 at the end of July. The number of members in 
receipt of superannuation benefit declined during the 
month from 4,354 to 4,242, and the number on the sick 
fund from 2,520 to 2,446. In August—when there 
were five weeks’ outlays—the expenses were 12,360/. 
18s.; in July they were 10,0137. 0s. 6d. 





On September 17, 1928, the number of unemployed 
persons on the registers of Employment Exchanges 
in Great Britain was 1,293,700, of whom 885,100 were 
wholly unemployed, 332,500 were temporarily stopped, 
and 76,100 were persons normally in casual employ- 
ment. Of the total number, 998,600 were men, 
40,600 boys, 217,800 women, and 36,700 girls. The 
total number of unemployed persons on September 10, 
1928, was 1,299,977. Of these, 877,084 were wholly 
unemployed, 348,162 were temporarily stopped, and 
74,731 were persons normally in casual employment ; 
1,003,544 were men, 41,544 boys, 217,819 women, and 
37,060 girls. On September 10, 1927, the number of 
unemployed persons was 1,047,992, of whom 823,512 
were men, 33,606 boys, 157,770 women, and 33,104 girls. 





The writer of an article in the Monthly Journal 
of the British Chamber of Commerce in Belgium 
draws attention to ‘the unforeseen consequences of 
the application of the eight-hour day law”? in that 
country. It has forced, he says, large numbers of 
workmen to seek and obtain spare-time employment, 
directly their eight hours’ work is finished. Those 
who have plots of ground cultivate them, while the 
rest—by far the larger number—seek employment 
under other employers or take work that can be done 
at home. Of late, there has been a large increase 
in the number of small workshops in which workmen 
and their families—sometimes friends in addition— 
carry on profitable activities in their spare time, and 
in one particular area, many men are finding scope for 
their energies in the sale of sewing machines, agri- 
cultural machinery, and cycles—motor and otherwise. 
In order to rectify the present state of matters, the writer 
of the article suggests that the law should be made 
more supple in its application. Rigidly applied, it 
has been a failure, and its existence in its present form 
is harmful rather than beneficial. “To make a law 
of this kind of real benefit,” he says, ‘“‘ as it undoubtedly 
could be in particular cases, it should be made to apply 
and be rigorously enforced only in those definite 


” 


cases. 








GENERATION OF ELEcTRIC POWER IN CANADA.— 


Statistics, issued periodically by the Royal Bank of 
Canada, show that the average number of kilowatt-hours 
of electrical energy generated daily in Canada in the 
month of May of this year, for Canadian use, was = 
million, equivalent to an increase of 6 million over the 
same month of last year. Since 1923, Canadian - 
duction has increased by 129 per cent., and, using the 
amount generated in 1923 as a base, the yearly a 
during the last five years has amounted to more t - 
25 per cent. This great increase has run coneurren : 
with the development which is taking place in the pu'P 
and paper industry. 
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THE NATIONAL RADIO EXHIBITION. 


Tue exhibition of wireless receiving apparatus, 
organised by the Radio Manufacturers’ Association, 
and held each year at Olympia, affords the public 
an excellent opportunity of appreciating the rapid 
progress, which is constantly being made in this 
important British industry. Progress, in this case, 
may be defined to mean better reception with 
oreater convenience in operation, lower first costs 
and maintenance charges, and greater reliability, 
and improvements in all these directions are to be 
found at the exhibition, which closes to-morrow. 
The screened-grid high-frequency amplifying valve, 
for instance, which made its appearance at last 
year’s exhibition, is now incorperated in many of 
the complete receiving sets exhibited, and this, with 
a detector and one of the five-electrode valves just 
produced for low-frequency amplification, should 
provide a three-valve set at least equal to most of 
the five-valve sets of a year or two ago. 

The Mullard Radio Valve Company, Limited, 
Nightingale-lane, Balham, S.W.12, are showing 
“Pentode” five-electrode valves for two-volt and 
four-volt circuits, the four-volt valve having an 
amplification factor of 62, with an anode impedance 
of 28,600 ohms, and an output equal to that of a 
super-power valve of the three-electrode type, 
the amplification factor of which could be 3 or 4. 
Such valves render the use of the low-frequency 
amplifying stop, usually inserted between the 
detector and the output valve, unnecessary. Of 
the three grids employed in this valve, the one 
nearest the filament is the usual control grid, the 
next is connected to the positive high-tension 
battery, to enable the valve to pass a heavy current, 
while the third is connected internally to the fila- 
ment for preventing secondary emission. Only one 
additional connection is therefore required, and for 
this a terminal is provided on the side of the cap. 
In addition to a full range of valves for all purposes, 
in most of which oxide-coated filaments are em- 
ployed, Messrs. Mullard are showing a new potential 
divider, built up of fine resistance wires wound on 
glass rods and enclosed in an exhausted bulb with 
suitable external tappings. The object of this is to 
enable 10 different anode and grid-bias voltages 
to be obtained from one direct-current supply ; 
it can be used for voltages up to 250, and for a 
maximum total current of 60 milliamperes. 

It is obviously a distinct advantage, wherever 
possible, to operate receiving sets entirely from the 
supply mains, and many complete sets are now 
available in which this can be done. In such sets, 
for use on alternating-current mains, the high-ten- 
sion current for the valve anodes is supplied from 
a small transformer with a valve or other rectifier 
and a smoothing device, including choking coils and 
condensers. The valves may be either of the 
indirectly-heated cathode type, in which a heating 
element is mounted inside the valve to heat the 
cathode by radiation, or of the type in which 
alternating current, reduced to a suitable voltage 
by a transformer, is passed directly through the 
filament itself, the filament being made compara- 
tively short and thick to prevent cyclic variations 
in the temperature, and consequently in the emis- 
sion. ‘The alternating-current valves shown by the 
Metropolitan-Vickers Electrical Company, Limited 
are of the first-mentioned type. The cathode con- 
sists of a tube coated with a mixture of the oxides 
of barium and strontium, and heated by a filament 
embedded in a porcelain insulator placed inside the 
tube. The heating filament requires 1 ampere at 
4 volts, and valves suitable for any stage in a receiving 
set are available. The General Electric Company, 
Limited, are showing Osram alternating-current 
valves of both the directly and indirectly-heated 
types, the former type requiring only 0-8 ampere at 
0-8 volt. Sereen-grid valves, pentode valves, and 
Many improved forms of three-electrode valves are 
also bei ig shown by the General Electric Company, 
Limited, in most of which a barium-coated tungsten 
filament is employed. It is claimed that the method 
of manufacture of these filaments has been recently 
improved, so as to givea more adherent coating as 
Well as yreater emission. 

It is not possible to refer to the numerous receiving 
sets shown, except to note that their performance, 
control arrangements, and appearance have been 
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obviously improved during the year. A number of 
short-wave receiving sets are being exhibited for 
use in the Dominions and in foreign countries having 
no broadcasting service of their own, as well as by 
those persons in this country who desire to listen to 
America and other foreign. broadcasting stations, 
which regularly transmit programmes on short- wave 
lengths. One set for this purpose, shown by Messrs. 
The Igranic Electric Company, Limited, 149, Queen 
Victoria-street, E.C.4, employs four valves, in- 
cluding one screen-grid valve for high-frequency 
amplification. It has a wave-length range from 
10 to 90 metres, using four air-spaced coils wound on 
hollow formers. Magnetic reaction is employed on 
the first tuned circuit, and the design is such that 
the regeneration is constant over the whole wave- 
length range. The circuit is neutralised to over- 
come the effects of stray capacities; and hand- 
capacity effects, which are usually troublesome at 
the very high frequencies involved, are eliminated 
by mounting the control dials on a panel 3 in. in 
front of an earthed metal plate. The Metropolitan- 
Vickers Electrical Company, Limited, are also 
showing a short-wave set for colonial use, with a 
range from 25 to 50 metres. This includes a detector 
valve with two stages of low-frequency amplifi- 
cation. Another interesting exhibit of the last- 
menticned firm is their so-called elastic aerial unit, 
which e.~bles the effective length of any aerial to 
be varied :* will from a maximum for great signal 
strength to a minimum for high selectivity. In this 
device, the aerial is connected to one end of a coil, 
which is earthed at the centre so that voltages 
180 degrees out of phase are developed at the 
opposite ends of the coil. A condenser, with two 
sets of fixed plates and one set of moving plates, 
has the fixed plates connected to the ends of the 
coil and the moving plates connected to the grid of 
the receiver, while a connection is also made between 
the end of the coil remote from the aerial and the 
filament of the valve. With this arrangement, 
the voltage applied to the grid will be the resultant 
of the two out of phase components, and will depend 
upon the position of the movable plates relatively to 
the fixed plates. In the mid position the two com- 
ponents will practically cancel out, the conditions 
being electrically equivalent to an aerial of zero 
length. The unit is made in two wave-length 
ranges from 200 to 600 metres and from 1,000 to 
3,000 metres, respectively. 

Many uses are being found in wireless apparatus 
for the copper-oxide rectifiers described on page 
615 of our issue of November 11, 1927. These are 
made by the Westinghouse Brake and Saxby Signal 
Company, Limited, 82, York-road, King’s Cross, N.1, 
in sizes suitable for battery eliminators, chargers, 
&c., and are incorporated in many of these appliances 
made by other firms. A particularly interesting 
application is in connection with a Jow-tension 
battery eliminator for use on alternating-current 
mains. This is capable of supplying up to 1 ampere 
of rectified and smoothed direct-current suitable for 
heating valve filaments. The apparatus, which is 
shown on the stand of the Telegraph Condenser 
Company, Limited, North Acton, W.3, is designed 
on the lines of the ordinary battery eliminator for 
high-tension current supply, and includes a trans- 
former, a Kuprox rectifier supplied by the Rothermel 
Corporation, and a choke, and condensers con- 
nected in the usual manner. Owing to the low 
voltage and comparatively heavy current required, 
the condenser must be of very large capacity to 
ensure adequate smoothing, and for this reason 
two condensers recently developed by the Telegraph 
Condenser Company have been employed. These 
are of the electrolytic type, in which the dielectric 
is an extremely thin film of gas. Their capacity is 
150 microfarads each, although their dimensions 
are no greater than those of a 4 microfarad condenser 
of the paper-insulated type. Doubtless other uses 
for these interesting components will be found in 
due course. 

Messrs. Ferranti, Limited, Hollinwood, Lanca- 
shire, in addition to their well known audio- 
frequency transformers and chokes, are showing a 
series of battery chargers and high-tension battery 
eliminators, incorporating copper-oxide rectifiers. 
One of the most interesting applications of this type 





of rectifier is, however, in connection with a series of 


voltmeters made by the firm for use with alternat- 
ing currents of ordinary commertial frequencies. 
These instruments are of the moving-coil type and 
have a small copper-oxide rectifier included in 
the casing to rectify currents, which would not 
otherwise cause a deflection of the moving-coil. 
They have a very high resistance, that of the instru- 
ment reading from 0 to 10 volts, being 800 ohms 
per volt. Another new instrument shown by the 
firm is a thermo-milliammeter employing a vacuum 
thermo-couple and having a range of 0 to 25 milli- 
amperes, this, we understand, being the lowest 
range so far produced in an instrument of this type. 
It can be used with high-frequency currents, 
ordinary alternating currents, or direct-currents, 
and is also available as a voltmeter. In these and in 
most other instruments for use in connection with 
wireless apparatus, the magnet used by the firm 
is in the form of a ring of cobalt-steel with inwardly 
projecting poles, the ring acting as an effective 
shield against external magnetic fields, so much so 
that a current of 10,000 amperes flowing in a straight 
conductor 3 in. from the casing has no effect on the 
reading. A micro-ammeter shown by Messrs. 
Ferranti is of the central-zero type and has a range 
of 250 microamperes on each side of the zero with 
critical damping. It is sufficiently sensitive to be 
used in place of a mirror galvanometer in shop 
tests with the Wheatstone bridge, potentiometer, 
&c., and is obviously much more convenient, since 
it can be employed in broad daylight. 

As the final, and perhaps the most important, 
component of a wireless-receiving set, considerable 
attention is being given to the improvement of the 
loud speaker. The diaphragm type with an ex- 
ponential horn is still much in evidence, as is 
also the magnetically-operated cone type, although 
the coil-driven cone type appears to be gaining 
ground rapidly. Several firms are exhibiting 
sets of parts, from which loud speakers of the 
last-mentioned type can be made up at home, 
as well as complete instruments. It is perhaps 
a slight drawback to the moving coil loud speaker, 
as it is usually called, that a supply of direct 
or rectified, but not necessarily smoothed, alter- 
nating current has to be supplied for energising 
the field magnet, though some makers are showing 
instruments in which the field is provided by per- 
manent magnets. In a particularly well-designed 
instrument of this class exhibited by Messrs. S. G. 
Brown, Limited, North Acton, W.3, six “C”- 
shaped magnets of cobalt steel are employed to 
produce the flux in the air gap, which is of hexagonal 
form, as also, of course, is the coil which moves in 
it. The magnet system, which contains no soft 
iron, is mounted in a mahogany cabinet, with the 
cone placed close to the entrance of a flare of oxidised 
copper. This renders the usual large flat baffle 
board unnecessary, and is said also to improve the 
acoustic properties of the instrument. 

Another design of loud speaker which, it is 
claimed, has a performance quite equal to that of 
the moving-coil type, combined with the robustness 
and sensitivity of the moving-iron type, has recently 
been produced by Messrs. Graham Amplion, 
Limited, of Slough, and is being exhibited by them. 
In these instruments, the cone is operated by a 
reed, which is sprung from a point behind the face 
of the magnet in such a manner that the movement 
of the reed is exactly proportional to the current. 
The increased magnetic pull, due to the reduction in 
the air gap, is compensated for by the fact that 
the greater pull is exerted at a shorter distance 
from the springing point. There are other interest- 
ing features in the design of these loud speakers 
which space will not permit us to refer to here, 
but we may mention that the makers claim that, 
while being sufficiently sensitive to respond to 
weak signals produced by a small receiving set, 
they can handle the full output from a 20 watt 
amplifier and they can thus be used effectively 
in a large hall. In any case they appear to mark 
a distinct step in the progress of loud-speaker 


design. 








Moror-cyctE REGISTRATIONS IN CoLomBiIa.—The 
British Vice-Consul at Cali, Colombia, reports that 
45 motor-cycles were registered up to and including 





the month of April, 1928, for the Municipality of Cali 
only. 
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EXHAUST TURBINE EQUIPMENT ON | 
S.S. “ BRITANNIA.”’ 


Some 94 per cent. of the existing total shipping of the 
world is equipped with steam reciprocators, for the 
most part standard triple-expansion sets, whieh in 
the matter of fuel economy are distinctly inferior to | 
alternative types of machinery now available. The 
conditions thus approximate to those prevailing in the 
Lancashire area some 50 or 60 years back, where many 
mills found themselves handicapped by the fact that they 
were equipped with beam engines which, though reliable 
and effective, were unable to compete in the matter 
of fuel consumption with more modern types of prime 
mover. As is well known, the economic life of these 
old engines was prolonged (possibly unduly in some 
cases), by the expedient of McNaughting them, a high- 
pressure cylinder being added, in which the steam was 
expanded down to a pressure suitable for admission 
into the pre-existing cylinder. An equivalent expe- 
dient for increasing the efficiency of existing marine | 
engines was described in a paper read last December | work can, in favourable cases, be obtained from each 
before the Institution of Engineers and Shipbuilders, | pound of steam passed through the combined system. 
in Scotland, by Dr. Gustave Bauer. By interpolating | Dr. Bauer stated in his paper that the plan in question 
an exhaust steam turbine between the low-pressure | had originated with Sir Charles Parsons, but the 
cylinder and the condenser, and coupling it by reduction | credit for the practical application of the idea appears 
gearing to the propeller shaft, some 30 per cent. more/ to rest with the Vulcan yard. Particulars were given 














Control Valve 
Chest 


20 Feet 





“ENGINEERING 


by Dr. Bauer of two steamers, each of 9,080 tons 
deadweight, which were thus converted at this esta’ 
lishment. In their original condition, these engines de- 
veloped about 2,605 indicated horse-power, and dr ve 
their ships at a speed of 14 knots. By the addition 0! 
the exhaust turbine, the horse-power, with the same 
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consumption of steam, was raised to the equivalent of 
3,590 indicated horse-power, and the speed to 15 knots. 

The one difficulty encountered in making this combi- 
nation, lies in the fact that, owing to inequalities in the 
torque, the speed of a reciprocating marine engine is not 
constant, but varies cyclically throughout each revolu- 
tion. The turbine, on the other hand, develops a uniform 
torque, and owing to the large amount of kinetic energy 
stored in its rapidly rotating rotor, its speed tends to 
be very uniform. Hence, in order that the turbine 
and the reciprocator shall work satisfactorily together, 
there must be considerable elasticity in the coupling 
between the two. In the case of the Vulcan sets above 
referred to, this elasticity was provided by the use of 
a Pottinger hydraulic coupling. 

In view of the success thus attained in Germany, it is 
of interest to note that Messrs. William Beardmore and 
Company, Limited, of the Naval Construction Works, 
Dal ‘uir, have now applied the system to the Anchor 
liner Britannia, a ship of 8,464 tonnage, launched only 
two years ago. A view of this vessel is reproduced in 
Fig. 1. She measures 460 ft. by 59 ft. by 29 ft. 4 in., 
and was fitted with quadruple expansion engines, having 
cylinders 294 in., 424 in., 603 in. and 87 in. in diameter 
by 54 in. stroke. The method of applying the turbine is 
clearly shown in Figs. 2, 3 and 4, opposite. 

In these figures the turbine is shown at A. It is 
coupled up to the low-pressure exhaust branch by a pipe 
in which is interpolated the oil-separator shown at B, 
and a two-way valve C. By means of this valve the 
exhaust steam can be directed, at will, either into the 
turbine or directly into the condenser. The latter 
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arrangement is always used in manceuvring the 
engines and in running astern. Interlocking gear is 
provided, by which the hydraulic coupling is drained 
whenever the exhaust is made directly to the con- 
denser, and this hydraulic coupling must, moreover, be 
fully charged before the valve can be changed over 
to pass the steam into the turbine. The exhaust 
branch from the latter is represented at D and the 
gear-box at E. 

The turbine and gearing are also shown to an en- 
larged scale in Figs. 5, 6, 7, above. As best seen in 
Fig. 7, the turbine is of the straightforward reaction 
type, having six rows of moving blades. No dummy is 
provided, the axial force being taken by a thrust block of 
the Michell type. The turbine drives, through the 
pinion F, one-half of the hydraulic coupling shown at G. 
The other half drives the pinion H, which*has single 
helical teeth, the axial thrust of which is taken up by 
the reaction of the oil in the hydraulic coupling. This 
second pinion and the follower half of the hydraulic 
coupling are borne by a sleeve, which runs free on 
the shaft on which the primary half of the coupling 
is mounted. 

The pinion H drives the main gear wheel I, 
which is also mounted on a hollow sleeve carried in 
bearings independent of the propeller shaft. This is 
driven on the quill system, provision being thus 
made so that wear of the crankshaft bearings will not 
affect the centreing of the main gear wheel. As 
already noted, the installation of the exhaust turbine 
increases the horse-power developed by the same 


quantity of steam by an amount which, in favourable | 





| cases, may attain 30 per cent. The corresponding 
| gain in economy is stated by the builders to range 
between 18 per cent. and 25 per cent., depending on the 
type of engine converted. Owing to the uniform 
torque of the turbine, the racing in a seaway is 
reduced, and higher average speeds can be maintained. 








THE LATE SIR HORACE DARWIN. 


WE regret to record the death of Sir Horace Darwin, 
who succumbed to a heart attack on Saturday, Septem- 
ber 22, at Cambridge. Sir Horace was a noteworthy 
figure not only in Cambridge, but in the scientific world 
generally, and was endowed, as his father once expressed 
it, with the art of habitually searching for the cause and 
meaning of everything that occurred. That, and the 
scientific and practical training, which he owed largely to 
his own initiative in a family of distinguished devotees 
to science, made him the great inventor and perfector of 
scientific instruments as which he will chiefly be remem- 
bered by those who were not privileged to meet him. 

Horace Darwin was born at Down, Kent, on 
May 13, 1851, as fifth son of Charles Darwin, and thus 
enjoyed a long spell of life, in spite of a rather delicate 
constitution. 

Educated at Cambridge, he took his degree as a 
senior optime in the mathematical tripos of 1874. He 
then joined the engineering firm of Messrs. Easton and 
Anderson as an apprentice. There he passed through 
the pattern-shop and foundry, and no doubt learnt 
many things, in which the university man of his time 
rarely interested himself. This early practical training 
probably helped him to become the competent and 
sympathetic employer he later proved to be. When 
Sir Michael Foster had been appointed to the chair 
of physiology at Cambridge and was looking for 
instruments for his researches, Horace Darwin joined 
Mr. Dew-Smith, a man of means, in business for the 
construction of instruments, then hardly obtainable at 
all, and in any case usually only on the Continent. 
Together with W. N. Caldwell and Sir Richard Threlfall, 
Darwin invented the rocking microtome, which soon 
became indispensable to biologists. He designed 
anthropometric instruments for his brother Francis 
and Sir Douglas Galton, and the bifilar pendulum for 
the seismometric work of his brother George. When 
Mr. Dew-Smith retired in 1895 Darwin carried on the 
instrument-making under the style of the Cambridge 
Scientific Instrument Company. Until failing health 
interfered in recent years, he was regularly active in 
the works of the firm, of which he was the soul, 
and which expanded under his popular chairmanship. 
Enquirers about new instruments were frequently 
informed that the suggestion had come from Sir Horace. 

Darwin was elected a Fellow of the Royal Society in 
1903. During the war he was a member of the 
Advisory Committee on Aeronautics, and chairman of 
the Air Inventions Committee, and he was indefatigable 
in bringi out and improving instruments; his 
K.B.E. dates from 1918. He took an active share in 
the local government of Cambridge, of which he was 
mayor in the jubilee year 1896-7, and he was in 1919 
elected on the Royal Commission enquiring into the 
administration of the Old Universities. When con- 
fronted by a technical problem, he did not study the 
details of existing instruments, but preferred to 
think out his own means of meeting the mechanical 
difficulties. 
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ENGINEERING TRAINING AND 
EDUCATION. 


University of London.—Particulars of the three-years’ 
course in engineering, to commence in the present 
session, which has been arranged by the Faculty of 
Engineering, University College, London, are contained 
in a publication which has recently come to hand. The 
work to be carried out during, and the examinations 
to be passed at the end of, the first two years, are the 
same for all students, but during the third year they 
will be required to specialise in one of the following 
three groups:—Civil and Municipal Engineering, 
Mechanical Engineering, and Electrical Engineering. 
Public lectures, to be given during the first term 
of the new session, include lectures on High-Tension 
Transmission of Power, by Mr. P. Dunsheath, on 
Tuesdays at 6.30 p.m., beginning November 13; three 
lectures on Smoke Pollution of the Air and Public 
Health, by Dr. J. Owens, on November 2, 9 and 14, 
at 5.30 p.m.; and a lecture on The British Coal 
Industry, by Mr. W. L. Cook, on November 9, at 
5.30 p.m. The first term of the session 1928-1929 
opens on Monday, October 1. Further information 
may be obtained from the Secretary, University 
College, London. 


University of Manchester.—The prospectus of Univer- 
sity Courses in the Municipal College of Technology, 
Manchester, arranged for the session 1928-1929, has 
been issued recently. The College offers systematic 
training in the principles of science and art as applied 
to mechanical, electrical, municipal and sanitary 
engineering, the building trades, the chemical and 
textile industries, mining, and photography and the 
printing crafts. Extensive laboratories and _ well- 
equipped workshops are available, which are fitted with 
modern machines in general use, and others especially 
constructed for demonstration and experimental pur- 
poses. The first term of the present session opens on 
Thursday, October 4. Applications for further informa- 
tion should be sent to the Principal, College of Techno- 
logy, Manchester. 


LAUNCHES AND TRIAL TRIPS. 


“ BuRDWAN.”’—Cargo stéamer; single-screw, quad- 
ruple expansion engines. Trial trip, September 5, 
Main dimensions, 435 ft. by 57 ft. 4 in. by 32 ft. 3 in. ; 
designed for a deadweight carrying capacity of 9,400 tons 
and a service speed of 14 knots. Built by Messrs. 
Barclay, Curle and Company, Limited, Whiteinch, 
Glasgow, for the Hain Steamship Company, Limited. 





“CreoLE JEFe.”’—Oil-tank steamer; twin-screw, 
triple-expansion engines. Launched, September 12. De- 
signed to carry 4,000 tons. Built by Messrs. Palmers’ 
Shipbuilding and Iron Company, Limited, Hebburn, for 
American owners. 


“Coryton.”—-Cargo steamer;  single-screw, triple- 
expansion engines. ‘Trial trip, September 12. Main 
dimensions, 412 ft. 6 in. by 33 ft. by 35 ft. l} in. Built 


by Messrs. Wm. Gray and Company, Limited, West 
ae for Messrs. John Cory and Sons, Limited, 
ardiff. 


“ 


_“* SEaTRAIN.”—Railway wagon-carrying steamer ; 
single-screw, triple-expansion engines. Launched, Sep- 
tember 13. Main dimensions, 427 ft. 6 in. by 62 ft. 3 in. 
by 21 ft. 3 in. ; designed to carry 92 wagons, or a dead- 
weight of 7,000 tons, between New Orleans and Havana. 
Built by Messrs. Swan, Hunter and Wigham Richardson, 
Limited, Wallsend-on-Tyne, for the Over-Seas Railways, 
Inc., New York. 


‘““Lorp Grey.’’—-Single-screw trawler. Launched, 
September 15. Main dimensions, 140 ft. by 24 ft. by 
14 ft. Built by Messrs. Cochrane and Sons, Limited, 
Ouse Shipbuilding Yard, Selby, for service at Hull. 


“Port Auma.’’—-Passenger and cargo motorship ; 
twin-screw Doxford Diesel engines. Launched, September 
17. Main dimensions, 500 ft. by 63 ft. Designed for a 
deadweight of 11,350 tons, and a service speed of 
15 knots. Built by Messrs. Swan, Hunter and Wigham 
Richardson, Limited, Wallsend-on-Tyne, for the Common- 
wealth and Dominion Line, Limited, London. 


“ RusHPoo..”’—Cargo steamer; single-screw, triple- 
expansion engines. Trial trip, September 19. Main 
dimensions, 435 ft. by 54 ft. Designed to carry 9,000 
tons deadweight on a nioderate draught. Built by 
Messrs. Cowpen Dry Docks and Shipbuilding Company, 
Limited, Blyth, for The Pool Shipping Company, 
Limited, West Hartlepool. 


“ Batna,’’—Cargo steamer;  single-screw, _ triple- 
expansion engines. Trial trip, September 20. Main 
dimensions, 384 ft. by 52 ft. 3-in. by 28 ft. 3in. Designed 
to carry about 7,340 tons on a light draught. Built 
by Messrs. John Readhead and Sons, Limited, West 
Docks, South Shields, for Messrs. Frank P. Strick and 
Company, Limited, of London. 


“Curpap Det Satro.’’—Passenger and cargo motor- 
ship: twin-screw, Harland-B. & W. engines. Trial trip, 
September 21. Main dimensions, 250 ft. by 42 ft. by 
il ft. 6 in.; gross tonnage being 1,952 tons, and the 
speed 12 knots. Built by Messrs. Harland and Wolff, 
Limited, Govan, for The Argentine Navigation Company, 
Limited, 
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‘* MaKasseEr ” Motorship ; single-screw, Sulzer engine. 
Launch, September 22. Main dimensions, 165 ft. by 
28 ft. 8in. by 10 ft.; deadweight, 400 tons; displace- 
ment, 783 tons. Built by the ‘De Maas”’ Shipbuilding 
Company, Slikkerveer, Holland, for the Royal Packet 
Company, of Amsterdam. 
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Motor VEHICLES IN BEtGtumM.—The Commercial 
Secretary at Brussels has forwarded, to the Department 
of Overseas Trade, a table showing the various classes 
of motor vehicles, &c., declared for taxation during the 
year 1927. The grand total is given as 129,882 of 





which 57,433 were private cars, 26,849 light lorries, 
6,236 heavy lorries and 32,686 motor bicycles, &c, 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—A hopeful tone pervades tho 
market, but inquiries circulating are, as yet, resulting in 
only moderate business. While, however, seasonal trad» 
development is slow, producers of Cleveland pig report 
tixed prices firm, with customers showing less reluctancs 
to pay the rates asked, notwithstanding continued 
competition for orders by Midland firms, who are con 
siderably underselling the products of this district. 
Enlargement of local consumption of Cleveland pig is 
assured, and there seems promise of home users elsewhere 
taking better supplies. Export trade keeps quiet, but a 
few inquiries from abroad are in the market. No. | 
Cleveland is 68s. 6d. ; No. 3 g.m.b., 66s. ; No. 4 foundry, 
65s.; and No. 4 forge, 64s. 6d. 

Hematite.—Further slight improvement in the East 
Coast hematite iron branch is noticeable. Home and 
export demand, though far from heavy, is more than 
sufficient to absorb the restricted output, and stocks, 
already very low, continue to be steadily drawn upon. 
The strengthened statistical state of this department 
enables producers to take a much firmer stand than of 
late, but West Coast brands continue to compete success- 
fully for orders, and prices for local iron, though steadily 
moving upward, are still well below cost. The general 
quotation for East Coast brands has become 70s. 

Foreign Ore.—Business in foreign ore is still extremely 
quiet, but imports in fulfilment of old contracts are 
heavier. Nominally market rates remain on the basis 
of 22s. 6d., c.i.f. Tees for best rubio. 

Blast-Furnace Coke.—Producers of Durham biast- 
furnace coke are less keen to sell on terms that have ruled 
for some time past, but good average qualities are still 
obtainable at 17s. 6d. delivered here. 

Manufactured Iron and _ Steel.—Several kinds of 
manufactured iron are selling better, and semi-finished 
steel is a good deal more sought after; while some 
improvement in demand for finished steel is reported, 
shipbuilding requisites promise to be taken up more 
freely as the result of further orders for vessels. Rail 
makers are fairly well off for work, manufacturers of 
steel for constructional engineering are busily employed, 
and sheet producers are heavily sold. Common iron 
bars are 101. 5s.; best bars, 101. 15s. ; double best bars, 
1l1l. 5s. ; treble best bars, 111. 15s. ; iron rivets, 111. 5s. ; 
packing (parallel), 7/. 10s.; packing (tapered), 101. ; 
steel billets (soft), 61. 10s.; steel billets (medium), 
7l. 2s. 6d.; steel billets (hard), 71. 12s. 6d.; steel rivets, 
11l.; steel ship plates, 8/. 7s. 6d.; steel angles, 7/. 17s. 
6d.; steel joists, 7/. 17s. 6d.; heavy sections of steel 
rails, 8. 10s.; black sheets (No. 24 gauge), 10/.; and 
galvanised corrugated sheets (No. 24 gauge), 13/. 12s. 6d. 








Moror-cycLE REGISTRATIONS IN CANADA.—His 
Majesty’s Senior Trade Commissioner in Canada reports 
that according to ‘‘ Automobile Statistics for Canada, 
1927,”’ issued by the Department of Trade and Com- 
merce, Ottawa, there were 7,563 motor-cycles in use 
during that year. The number of new registrations 
for the year in Quebec was 277, in Ontario 434, and in 
British Columbia 278. Copies of ‘‘ Automobile Statistics 
for Canada, 1927,” are available, and will be forwarded 
on loan, in order of application, to interested British firms. 





TUNNEL UNDER THE ScHELDT.—The Acting British 
Consul-General at Antwerp has furnished a report on 
the present position in regard to the projected con- 
struction of a tunnel underneath the Scheldt at Antwerp. 
Interested British firms can obtain a copy of this report 
on application to the Department of Overseas Trade, 
35, Old Queen-street, London, S.W.1, when reference 
number A.X. 6832 should be quoted. 





TENDERS.—We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, 
S.W.1, particulars of tenders invited by various bodies 
in the British Possessions and in foreign countries. 
Further details and information relating to these may 
be obtained on application to the Department at the 
above address, the reference number given below being 
quoted in each case :—Tenders, to be presented in 
Johannesburg by October 4, are being invited by the 
South African Railways and Harbours for the supply 
of one steam-driven winch for pile driving. (Ref. 
No. A.X. 6860.)}—It is reported from Wellington, New 
Zealand, that tenders are .being called for by the cor- 
poration of that city for the supply of one plate- bending 
machine. Tenders to be presented by December 3. 
(Ref. No. A.X. 6857.)—The Indian Stores Department 
is inviting tenders, to reach Simla by October 14, 
for the supply of a pipe line and pump. (Ref. No. A.X. 
6885..)—The following has been reported by telegram from 
Buenos Aires :—The Ministry of War requires three light 
motor cycles, nine combinations, and two 35-ft. motor 
cabin cruisers; tenders close October 15; only local firms 
and agents eligible to tender. (Ref. No. A. 6891.) 
Tenders for the construction of two bridges are being 
called for by the Egyptian Government. Closing dates 
October 20 and 22. (Ref. No. A.X. 6882.)—The Munic:- 
pality of Zagreb, Jugoslavia, is calling for tenders for the 
supply of an ice plant and refrigerator. Closing date 
October 8. (Ref. No. A.X. 6883.)—The South African 
Railways and Harbours are inviting tenders, to reach 
Johannesburg by November 15, for the supply of struc- 
tural steelwork for goods shed platforms. (Ref. No. 
A.X. 6896.)—Tenders, the closing date .or which 


been fixed for November 8, are being called for by the 
Municipality of Port Elizabeth, South Africa, for _ 


supply of lattice towers, complete with cross-arms, 
(Ref, No, A,X, 6897.) 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Striking variability of conditions 
at neighbouring steelworks is the outstanding feature 
of the local heavy trades. Businesses with extensive 
installations for the production and manipulation of 
steel have difficulty in finding employment for much 
more than half their plant, while in specific instances 
the oddment nature of orders tends to become more 
pronounced, with the result in those cases that the 
substantial losses of recent years are being increased. 
On the other hand, similar establishments in compar- 
able lines of manufacture are employed practically at 
full pressure. Indeed, extensions to plant are con- 
templated in exceptional cases where orders threaten 
to overtake capacity. Striking an average, an improve- 
ment is seen in the general position. The specialised 
steel branches are mainly unaffected by the higher 
prices ruling on the Continent as a result of the institu- 
tion of shorter working hours and higher wages,. but 
substantial benefit is already accruing to the bulk steel 
trades, and now that the large consumers appear to 
be convinced that a return of Continental prices to 
their former low level is unlikely, the receipt of large 
tonnage contracts for delivery over an extended period 
is widely anticipated. At both rolling mills and foun- 
dries, production is patchy. In the absence of a sus- 
tained demand the arrangement of a forward programme 
is impossible, and managers have difficulty in saying 
what tonnage will be needed as little as a fortnight 
ahead. Prices of raw and semi-finished materials are 
firmer than of late. Some of the current quotations 
are stated to be unprofitable, but increased output 
would enable costs to be distributed over a wider basis 
and would increase opportunities for profits. Siemens 
acid billets are quoted at 10/., hard basic billets at 
7l. 2s. 6d. to 7l. 128. 6d., soft basic at 71. 7s. 6d. to 71. 10s., 
Derbyshire and Lincolnshire foundry pig-iron, each 60s., 
Derbyshire forge iron, 58s. 6d., Lincolnshire basic iron 
59s., crown iron bars 101. 10s., iron hoops 12/. 10s., steel 
hoops 91. to 91. 10s. Rumoured developments in tin- 
plate production in the Scunthorpe district of Lincoln- 
shire are not confirmed, though these may be regarded 
as probable in view of the fact that a large part of the 
output of this district formerly went for tin plate pro- 
duction in South Wales. Steady business is being 
booked in mill-work and electrical machinery. Home 
business is badly needed in railway steel, but foreign 
orders tend to expand. Buyers who have been relying 
on lower grade foreign products are turning more and 
more to British manufactures of proved reliability. 
Railway carriages have been ordered by the Crown 
Agents for the Colonies. Sheffield is to supply shell 
steel to the War Office. The Admiralty have placed a 
contract in this district for electrical batteries. There 
is no improvement in plantation tools. 


South Yorkshire Coal Trade.—The extension of fine 
weather is delaying developments in house coal. Buying 
is only moderate on both local and Southern account 
and weakness tends to development in secondary quali- 
ties. There is a better demand for best grades. Indus- 
trial fuel is a steady market. Export trade is steadily 
recovering under the influence of the inter-county 
arrangement. Order books in this connection show a 
gradual improvement and prices are firmer. Blast- 
furnace coke will advance ls. per ton to 13s. 6d. on 
rail at ovens, from the beginning of October. This 
arrangement will come under consideration for revision 
at the end of December. Quotations :—Best hand- 
picked branch, 26s. to 27s. 6d. ; Derbyshire best brights, 
2ls. to 22s. 6d.; best house coal, 19s. 6d. to 20s. 6d. ; 
screened house coal, 16s. to 17s.; screened house nuts, 
14s, 6d. to 16s. ; Yorkshire hards, 14s. 6d. to 16s. ; Derby- 
shire hards, 14s. 6d. to 16s.; rough slacks, 8s. 6d. to 
9s. 6d.; nutty slacks, 4s. 6d. to 6s.; smalls, 3s. to 
4s. 6d. 








South or Enetanp ELeEctriciry ScHEME.—The 
Central Electricity Board have placed contracts, amount- 
ing in all to about 1,000,000/., for the construction of 
the 132,000-volt transmission lines in the area of the 
South East England Scheme, as follows :—For Part I, 
covering the northern portion of the area, with Messrs. 
The General Electric Company, Limited ; for Part II, 
covering the southern portion of the area, with Messrs. 
Callender’s Cable and Construction Company, Limited. 





PERSONAL.—The various types of electric soldering 
irons, hitherto made by Messrs. Knowles and Son, 87, 
Wardour-street, Piccadilly, W.1, are now manufactured 
by Messrs. ‘‘ K.N.” Electrical Products, Limited, who 
have taken over the business of the former firm at the 
same address.—The address of the offices of The Oidas 
Metals Company, Limited, is now London House, 3, New 
London-street, E.C.3. Mr. P. Levy has retired from the 
company, while Mr. L. Elton continues as a director, and 
Messrs. J. L. McConnell, R. L. H. Lancaster, and G. M. 
Sadler have joined the Board.—Messrs. Burn Trans- 
missions, Limited, Clutha House, 10, Princes-street, 
Westminster, S.W.1, have recently acquired new shops at 
Longparish, Hants.—Messrs. The A.C.-Sphynx Sparking 
Plug Company, Limited, Bradford-street, Birmingham, 
inform us that Mr. N. J. Stockbridge has been appointed 
managing director, in succession to Mr. W. A. Clark, who 
has retired.—On page 121 of our issue of July 27, mention 
wos made of a catalogue of rail joint shims as having been 
received from the American Fork and Hoe Company, 
Cleveland, Ohio. This should have been Messrs. Won- 
ham, Incorporated, 44, Whitehall-street, New York.—On 
and after October 1, the address of the London office of 
‘iessrs. John Wilkes, Sons and Mapplebeck, Limited, will 
be 10, Mayfair-place, Berkeley-street, London, W.1. 








NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel Trade.—The steel trade of Scotland has 
not shown any sign of expansion yet, and reports show 
that orders for shipbuilding material are not very 
numerous at present. Inquiries are fairly good, but 
sellers find it somewhat difficult to fix up contracts ; 
the prevailing feeling is, however, that, as home and 
Continental prices come more into line, there will most 

robably be a larger volume of business secured by the 
ocal makers. In the black sheet trade, the heavier 
gauges continue dull, but light and galvanised sheets are 
in good demand, and | oe have fairly well-filled 
order books. Prices of the latter are firm to strong. 
The following are the current market quotations :— 
Boiler plates, 107. 10s. per ton; ship plates, 8/. 7s. 6d. 
per ton; sections, 7/. 17s. 6d. per ton; sheets, } in., 
8l. 15s. per ton; and galvanised corrugated, 24 w.g., 
131. 7s. 6d. to 131. 12s. 6d. per ton, all delivered Glasgow 
stations. 

Malleable-Iron Trade.—The state of the malleable-iron 
trade of the West of Scotland shows no change over the 
week. Fresh orders are not very plentiful, and as the 
current inquiry is poor the outlook is not very satis- 
factory. In the steel re-rolling branch there has been 
a slight tapering off in orders during the past couple of 
weeks, but makers have still quite a fair tonnage on order. 
The price of “Crown” bar iron is 10/. 5s. per ton for 
home delivery and 9/. 15s. per ton for export, and 
re-rolled steel bars are quoted at 71. 10s. per ton for home 
delivery and 7/. 7s. 6d. to 7l. 10s. per ton for export. 


Scottish Pig-Iron Trade.—Very little fresh can be said 
this week in regard to the Scottish pig-iron trade, as the 
position has not changed in the slightest. A very poor 
demand exists all round, and even the limited output at 
present is more than equal to all requirements. The 
current market quotations are as follows :—Hematite, 
74s. per ton, delivered at the steel works; foundry 
iron No. 1, 75s. to 76s. per ton, and No. 3, 70s. to 71s. 
per ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, September 22, amounted to 849 tons. Of that 
total, 777 tons went overseas and 72 tons coastwise. For 
the corresponding week of last year the figures were 
300 tons overseas and 79 tons coastwise, making a total 
shipment of 379 tons. 


SOUTH-WEST. 
Carpirr, Wednesday. 


The Coal Trade.—Conditions in the Welsh steam coal 
trade show little alteration. Business is still checked by 
a shortage of shipping, which prevents exporters from 
giving collieries stems for coal already bought, with the 
result that the collieries have to find a fresh outlet for 
stocks previously sold. The undertone, however, seems 
stronger with inquiries circulating more freely. The 
feature has been the inquiry for sized products for 
delivery up to April next, especially peas and beans, which 
are extensively used in automatic firing plants. Business 
is reported to have been done in dry beans up to 17s. 6d. 
for delivery over the next six months. Large and small 
coals, however, remain in ample supply with prices on 
the basis of the minimum schedule. The Swedish Navy 
are in the market for 30,000 tons to 40,000 tons of large 
coal, and the Jamaica Railways have placed orders for 
5,000 tons of Welsh large, while news is expected at any 
time with respect to the inquiry of the Portuguese State 
Railways for 200,000 tons of Welsh small, and that of 
the French Marine for 40,000 tons of Welsh large. During 
the week some trouble was experienced at collieries 
belonging to the Tredegar Iron and Coal Company in 
respect to ‘‘show cards.’’ The Miners’ Federation 
intimated that they were going to hold a “‘ show cards ”’ 
in order to ascertain if the workmen were members of 
the Federation. The company immediately informed 
the men that “‘ show cards ” must not be conducted on 
the company’s premises, and that anyone interfering with 
the men would be dismissed. The “‘ show cards ’’ was, 
however, proceeded with, and some 25 men discharged. 
Subsequently the management of the Tredegar Company 
met representatives of the Miners’ Federation, and the 
discharged men have been reinstated pending a discussion 
on the matter, while the men have agreed not to hold a 
“show cards” in the meantime. Shipments of coal 
from South Wales in the past week were increased by 
28,600 tons to 386,100 tons, of which 87,520 tons went to 
France, 48,850 tons to Italy, 62,100 tons to Egypt, and 
27,000 tons to Argentina. Exports from Cardiff were 
increased from 213,600 tons to 255,450 tons, and at 
Swansea from 45,970 tons to 55,120 tons, but at Newport 
reduced from 72,810 tons to 52,070 tons, at Port Talbot 
from 28,170 tons to 26,810 tons, and at Llanelly from 
7,000 tons to 6,650 tons. 


Tron and Steel.—Exports of iron and steel goods from 
South Wales in the past week totalled 28,466 tons, 
compared with 17,532 tons in the preceding six days. 
Shipments of tin plates and terne plates were lowered 
from 8,856 tons to 6,909 tons, but of black plates and 
sheet rose from 811 tons to 3,997 tons, galvanised 
sheets from 2,255 tons to 6,791 tons, and of other iron 
and steel goods from 5,610 tons to 10,769 tons. 


NOTES FROM THE 








Motor-cYCcLE REGISTRATION IN PANAMA.—His 
Majesty’s Consul at Colon reports that 81 motor-cycles 
were registered in the Canal zone during 1927. In 
addition to the above, there were about 200 motor- 
cycles owned by the Panama Canal, United States 
Army and Navy, and the Panama Government. 





NOTICES OF MEETINGS. 





Hutu AssocraTION OF ENGINEERS.—Saturday, Sep- 
tember 29, 7.15 p.m., Technical College, Park-street, 
Hull. ‘ The Brush-Ljungstrém Turbine,” by Mr. J. R. 
Hutchings. 

INSTITUTION OF THE RUBBER INDUSTRY.—Monday, 
October 1, 7.30 p.m., Blackfriars Theatre, Lever House, 
William-street, New Bridge-street, E.C. ‘“‘ The Effect 
of Temperature on the Stress-Strain Properties of Vul- 
canized Rubber,” by Dr. A. A. Somerville. 

BRADFORD ENGINEERING SocreTy.—Monday, October 
1, 7.30 p.m., Technical College, Great Horton-road, 
Bradford. ‘‘ A Survey of Modern Textile Machinery,” 
by Mr. H. Unwin. Exhibition of Film depicting the 
Manufacture and Erection of the ‘‘ Royal Seot ” Loco- 
motive. 

Socrety oF CHEMICAL INDUSTRY: CHEMICAL ENGI- 
NEERING GrRouP.—Monday, October 1, 8 p.m., Royal 
Society of Arts, John-street, Adelphi, W.C.2. ‘* Road 
Surfacing Materials,” by Mr. W. J. A. Butterfield. 

ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Tuesday, October 2, 7.15 p.m., Junior Institution of 
Engineers, 39, Victoria-street, S.W.1. Presidential 
Address. 

INSTITUTION OF AUTOMOBILE ENGINEERS.—Tuesday, 
October 2, 8 p.m. Royal Automobile Club, Pall Mall, 
S.W.1. Presidential Address by Mr. Leslie H. Houns- 
field. “‘ The Integrity of the Technical Man.” 

INstTITUTION OF MUNICIPAL AND County ENGINEERS. 
—Scottish District: Thursday, October 4, 10.45 a.m. 
Town Hall, Kilmarnock. ‘“‘ Recent Municipal Works 
in Kilmarnock,’”” by Mr. W. Wilson. North Western 
District: Saturday, October 6, 11 a.m., Town Hall, 
Stockport. ‘“‘ Notes on Some Recent Municipal Acti- 
vities,”” by Mr. H. Hamer. 

Roya AERONAUTICAL Society.—Thursday, October 4, 
6.30 p.m., Royal Society of Arts, John-street, Adelphi, 
W.C.2. ‘“‘The Technical Development of the Aero- 
plane,” by Mr. J. D. North. 

Royat Sanrrary Institute.—Friday, October 5, 
5 p.m., Town Hall, Lowestoft. “‘ Economy in Refuse 
Disposal,’’ by Mr. S. W. Mobbs. 

JUNIOR INSTITUTION OF ENGINEERS.—Friday, Octo- 
ber 5, 7.30 p.m., 39 Victoria street, S.W.1. Lecture: 
“Interesting Details of Swiss Alpine Railways,” by 
Mr. A. J. Simpson. 

Institute oF British FounpRyMEeN.—Lancashire 
Branch: Saturday, October 6, 3.45 p.m. College of 
Technology, Sackville-street, Manchester. Presidential 
Address, by Mr. E. Longden. Lecture: “‘ Oxygen and 
Metals: Some Features in their Relationship,” by 
Professor F. Johnson. 








ContRracts.—Messrs. Sir W. G. Armstrong, Whitworth 
and Company, Limited, Newcastle-on-Tyne, have 
secured contracts for the construction of eleven main- 
line superheated locomotives and tenders for the Madras 
and Southern Mahratta Railway Company, and thirty- 
two large superheated locomotive boilers for the Bengal 
Nagpur Railway Company, together with other acces- 
sories. The firm have also in hand locomotives for the 
Trinidad Railways and the Cordoba Central Railway.— 
The Aden Port Trustees have placed a contract with 
Messrs. K. L. Kalis Sons and Company, Limited, Stone 
House, Bishopsgate, London, E.C.2, for the improvement 
of the entrance channel at Aden, and the extension of 
the inner harbour.—Amongst recent contracts secured 
by the English Electric Company, Limited, Queen’s 
House, Kingsway, London, W.C.2, are the following :— 
A repeat order from the Bradford Corporation for a 
30,000-k.w. turbo-alternator set of the multi-cylinder 
type, to be generally similar to the unit now under con- 
struction for the West Ham Corporation. A _ repeat 
order for a two-cylinder turbo-alternator of 12,500 k.w. 
for the Kemsley power-house of Messrs. Edward Lloyd 
Limited. Two 10,000-k.w. sets for the State Electricity 
Commission of Victoria, Australia, to be installed at the 
Yallourn briquetting plant. 





THe OverRsEAS TRADE OF THE UNITED KiIncpom.— 
From a general perusal of the tables of values of the 
imports and exports of the United Kingdom, for the 
first six months of the current year, which are given in 
the issue of July 19 of the Board of Trade Journal, the 
figures given indicate an improvement in trade as 
compared to the same period of last year. The total 
values of the imports, for the first six months’ period 
of the years 1927 and 1928, were 617,265,508/. and 
605,239,8531., respectively, while the total values of the 
exports were 408,561,482/. and 422,718,1247. Under the 
heading of Articles Wholly or Mainly Manufactured, 
the United Kingdom imports, for the two periods, show a 
fall in value of approximately 6,500,000/., and the exports 
a rise in value of approximately 15,700,000/. During 
the month of June, the value of the articles wholly or 
mainly manufactured imported shows an increase, over 
the figure for June last year, of about 1,000,000/., but 
the value of exports is a little over 3,000,000/. greater. 
In analysing this section still further, the values of the 
imports, over the two six months’ periods, of iron and 
steel and manufactures thereof shows a decline of about 
7,000,000/., and the value of exports a fall of a little 
more than 500,000/. The value of cutlery, hardware, 
implements and instruments shows a slight rise in value in 
both exports and imports, while under the sub-heading of 
vehicles, which includes locomotives, ships and aircraft, 
the value of imports shows a falling off of approximately 


-2,750,000/., and the value of the total exports a rise of 


about 4,000,000/, 
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Motor TRANSPORT IN Russ1A.—Motor transport and 
the motor industry, as we know it in this country, 
hardly exist in Russia. While, according to the Bank 
for Russia Trade Review, in the United States of 
America there is one motor car to every 4-5 persons, in 
Great Britain there is one to every 24 persons, while in 
the Soviet Union there is one motor car to approximately 
every 7,900 persons. A similar comparison made on 
the basis of territory, discloses the fact that to each 
hundred square kilometres there are 416 motor cars in 
England, 285 in the United States and 0-097 in the 
Soviet Union. The problem, as far as accelerating the 


Fie. 10. 


development of the interior is concerned, is further 
aggravated by the fact that over 82 per cent. of the total, 
which, at the beginning of the present year, numbered 
18,032 motor cars of various types and 6,340 motor 
cycles, are concentrated in the five following districts: 
Moscow, Leningrad, the Ukraine, Transcaucasia and 
the Northern Caucasus. Incidentally the difficulties 
of maintenance are very much increased by the fact 
that the above-mentioned figures include 268 different 
types of motor cars, 232 different mo of lorries 
and 154 different makes of motor cycles. In view 
of the inadequacy of railway transport, the keenest 


need, for the moment, is felt for motor ’buses ; a service 
was inaugurated in Moscow some four years ago, since 
when it has expanded from eight vehicles to a fleet of 
166, but it is still quite incapable of meeting the demand. 
The condition of the roads, of course, does not offer 
much encouragement to the movement. However, a 
society for the development of motoring and good roads 
has been organised to co-operate with the authorities. 
This society, known as the Avtodor, to whose initiative 
the proposal to erect an automobile factory in Moscow 
is mainly due, is planning an international exhibition of 
motor cars, cycles and ’buses, in Moscow, in 1929. 
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THE ADVANCEMENT OF SCIENCE. 


In two recent issues of this journal we have 
commented upon the opinions expressed by a dis- 
tinguished scientist and a well-known engineer, 
respectively, upon the part played, by what may 
conveniently be called engineering, in this distracted 
and heterogenous cosmos, which goes to make up 
our world. We should be the last to deny the truth 
of the thesis that civilisation owes a great debt 
to the engineer. We are rather concerned with 
the no less undoubted fact that the man-in-the- 
street, or his more intelligent prototype in the 
home, does not realise that debt; and we have 
already given instances of the potential and actual 
dangers which may arise from that lack of realisa- 
tion. It may not be out of place, therefore, to say 
something about one way, among many, by which 
that work might be brought to the public notice, 
especially as means already exist for that purpose, 
though, for various reasons, they are not being 
employed as they might be. For it will be agreed 
that if close connection between the public and the 
engineer can be made and maintained, it will be of 
advantage to both. 

During recent weeks, the British Association 
has been holding its annual meeting in Glasgow. 
This body, as is common knowledge, was founded 
nearly one hundred years ago to promote general 
interest in science and its applications, and there 
is no doubt that this annual gathering affords con- 
siderable opportunity for conference and co-opera- 
tion between scientific workers and others interested 
in all branches of science. Among these branches 
we may be permitted to include engineering, since 
it is, at least, as much a science as certain of the 
branches of knowledge, which are dealt with in some 
of the other sections. We do not propose to write 
a history of this body. That has already been skil- 
fully done by Mr. O. J. R. Howarth, the general 
secretary. It will suffice to say that its career has 
been on the whole successful, if a little chequered, 
and that it has certainly contributed to the advance 
of scientific knowledge. If proof of that be needed, 
it is only necessary to refer to its work on such 
matters as electrical standards, shipbuilding, screws, 
gaseous explosions and complex stress distribution 
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in engineering materials. And it may be added 
that its efforts in other branches have been equally 
fruitful and equally worthy of praise. Moreover, 
its activities have from time to time done much 
to counteract ill-conceived proposals, which have 
been made by the State and other bodies, in relation 
both to science and to education. 

So much for history! Since, however, no body, 
if it is to remain a vital organism, can live on its 
past, but must continue to renew its wasting tissues 
by drawing in fresh energy, it will be pertinent 
to consider how the British Association is performing 
the functions originally conceived by its founders, 
as well as those which have been added to it from 
time to time. In doing this, we must strictly con- 
fine ourselves to its relations with engineering, and 
make the proviso that what we have to say may not 
be generally applicable. 

We may start with a circumstance which dis- 
tinguishes the British Association from most other 
scientific bodies, at any rate in this country. Partly 
no doubt because September is a dead season for 
news, but partly also, we should like to think, 
because of the inherent interest of the proceedings, 
what takes place at its annual meeting is fully 
reported in the daily newspapers. Journals of the 
standing of The Times and the Glasgow Herald give 
several columns daily to correct and sober reports 
of what takes place, while their lighter contem- 
poraries do not fail to extract sensation from what 
would appear to anyone else to be the most unfruit- 
ful sources. What we find of significance about this 
year’s reports, however, is that while the work of the 
physicists, the chemists, the geologists, the zoologists, 
the economists, the psychologists, and the agricul- 
turists was adequately dealt with, what the 
engineers had been doing and saying was very 
largely neglected. Yet, as Sir William Ellis 
rightly said, the country is mainly indebted to the 
engineer not only for its health and safety, but also 
for almost every amenity of civilised life. And 
the Glasgow Herald informs us, doubtless with 
equal truth, that the meeting, as a whole, was a 
valuable and stimulating experience, and that the 
points of interest for the ordinary citizen raised by 
the papers and discussions were extraordinarily 
numerous. Our contemporary adds that these 
same papers and discussions constituted a striking 
reminder of the wonders which are at hand in our 
everyday life for the discerning to see, and that they 
emphasised, in significant fashion, the increasing 
dependence of our elaborate modern civilisation on 
the labours and achievements of scientific men. 
If all these statements be true, and there seems 
no reason to suppose that they are not, the question 
remains, what are the reasons for that neglect of 
engineering, to which we have called attention ? 
The answer is not far to seek. It is at once 
disclosed by an examination of the titles of the 
papers, which were set down for reading before 
Section G. For while the subjects dealt with, 
and the way in which they were treated, would 
have been quite appropriate in a communication 
to some specialist society, they were unsuited 
for presentation to a body, whose object is to 
interest the wider non-technical public. This 
criticism is not universally applicable and, without 
being invidious, we may say that it does not apply 
to Mr. J. W. Thierry’s paper on “ The Engineering 
of the Zuyderzee Works,” nor to the papers 
presented by Mr. A. E. L. Chorlton and Wing- 
Commander Cave-Brown-Cave. Even these, how- 
ever, are not perfect. For having a good story 
to tell they did not tell it, or, perhaps it would 
be fairer to say that, having pointed their moral 
they forgot to adorn their tale. How easy would it 
have been for Mr. Thierry to emphasise that the 
great work on which he is engaged will render 
thousands of acres available for cultivation in a 
country which badly needs them, or for the other 
two authors to show, without indulging in romance, 
the great advantages, both economic and technical, 
which may spring from the use of heavy-oil engines 
on aircraft. In each case an opportunity was 
offered to tell the public what engineers were doing 
for civilisation; and the opportunity was lost. 
We recently quoted the President of the Machine 
Tool Trades’ Association as complaining that the 
industry he represented did not get a good press. 
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We implied that we knew the reason. The same 
reason is probably applicable to engineering 
generally. A partial remedy iseasy. It should not 
continue to neglect the excellent publicity afforded 
by the meetings of the British Association. 

We, in turn, should be wanting in our duty if 
we failed to indicate a remedy for such an 
unsatisfactory state of affairs. In so doing we 
apportion no blame. The existing conditions are 
the fault of no official, and are due to the short- 
comings of no committee. They arise from the 
engineer’s strength—which is also his weakness— 
that he is so interested in his own job that he has 
no time to trouble about what anybody else is 
saying or thinking. But if he will drag himself 
away from his immediate task, and regard the 
position in the round he will find that much of 
what he is doing would be of interest to the 
man-in-the-street, if it were explained in language 
which that hypothetical individual could under- 
stand, and if its present or ultimate purpose were 
clearly indicated. After all, engineering is not 
an abstract science. It is a science which is 
constantly being applied for some concrete purpose. 
How that purpose is to be achieved, and why it is 
to be achieved, are equally interesting to the 
general public. In their place the theoretical 
and the academic are useful enough and are indeed 
necessary to progress. But their place is not at 
the meetings of the British Association. 

In saying so much we desire our readers to be 
clear on one point. We do not wish the papers, 
which are presented to Section G, to be less 
illumined by the scientific spirit than they have 
been in the past. Still less do we wish that they 
should be made sensational for the sake of attracting 
facile and useless publicity. They must be still 
technical, and the high standard which has been 
set by former authors must be maintained. We 
do feel, however, that there should in every case 
be introduced, if it is only in a single paragraph, 
some indication of how what is being done by 
the engineer can be applied for the public benefit. 
Such an easy adaptation of means to ends has 
been made by authors who have read papers 
before Section G in the past. It should be a 
universal rule for the guidance of those who read 
papers in the future. 

There is another reason for this policy, which 
we may emphasise in conclusion. We have already 
mentioned some of the useful work which the 
British Association has done. We may add that 
another of its useful features is that it is peripatetic 
and holds its meetings not only at home, but far 
afield. Moreover, wherever it goes it is welcomed 
as an honoured guest, and is overwhelmed with 
public and private hospitality. Next year it will 
visit South Africa, a country full of engineering 
interest and teeming with great possibilities. We 
hope, therefore, that the programme of the engi- 
neering section in 1929 will be worthy of a great 
occasion. 


COKE OVEN GAS FOR TOWN 
SUPPLY. 

THE report which the President of the Board of 
Trade is presenting to Parliament from the National 
Fuel and Power Committee [Cmd. 3201] will be 
read with general interest and satisfaction. The 
Committee was appointed two years ago “to con- 
sider and advise upon questions connected with the 
economic use of fuels and their conversion into 
various forms of energy, having regard to national 
and industrial requirenents and in the light of 
technical developments.’’ The reference is wide, 
but for the time being the committee's enquiries 
have been concerned almost exclusively with coal 
and its derivatives. With its almost unrestricted 
terms of reference, it would not have been unusual 
for such a body, at the end of two years’ work, to 
have produced a voluminous report, with recom- 
mendations corresponding rather to the extent of its 
investigations, than to the common feeling of the 
industries investigated. The present report is 
open to no such criticism. It consists of a singularly 


well-balanced statement of the situation of ques- 
tions relating to coal, as viewed from the several 
aspects in which they had to be considered, and the 
considerable number of recommendations in which 





it summarises its conclusions are addressed, almost 
without exception, to the industries and other 
unofficial bodies. Apart, indeed, from advice to 
the Government, among other authorities, and 
interests, to promote experiments in the use of high- 
pressure steam and pulverised fuel for marine pur- 
poses, its sole present recommendation for Govern- 
ment action is to institute an enquiry by a small 
committee, composed mainly of representatives of 
the industries concerned, into the technical and 
economical possibility of linking the coke-oven and 
gas-making industries in a specified district by a 
common network of mains. The thoroughness 
with which it is intended that this complex problem 
should be investigated may be inferred from the 
fact that the present committee allows a year’s 
work and an expenditure not exceeding 10,0001. 
for a preliminary enquiry as to whether it is worth 
while to proceed with the investigation, an estimate 
which may be scaled by reference to the cost of 
under 3001. at which it has produced its own 
report. 

The temper in which the committee has 
approached its difficult task is perhaps seen nowhere 
more clearly than in its discussion of this question, 
and it is satisfactory to learn that the reeommenda- 
tion has already been adopted by the Government. 
The gas industry is at a high level of efficiency, 
which moreover is rising steadily. Through no 
fault of its own, on the other hand, the coke-oven 
industry is markedly below the standard of foreign 
countries, where the much greater concentration of 
the iron and steel works has encouraged the con- 
struction of larger coke-oven plant units. At the 
present time practically all the gas produced by 
British coke ovens is turned to some account, but 
with the indispensable replacement of groups of 
small coke ovens by large single regenerative kilns of 
higher efficiency an increased output of coke and gas 
will result, and in order to enable the coke to be 
produced economically a market must be found for 
the gas. The market which seems the most suitable 
isthe supply of town’s gas through the gas companies’ 
mains, and from the coke-oven owners point of view 
the gas companies should be prohibited from in- 
stalling new plant when coke-oven gas is available 
in the district on reasonable conditions. On the 
other hand, the gas industry in this country is 
under statutory obligations to give a continuous 
supply of uniform quality, which the coke ovens, 
the production from which must vary with the 
demand for coke, would find it difficult or impossible 
to guarantee. The gas companies are not only bound 
to give this uninterrupted supply, but the fact that 
many, or most of them, have done so under all 
circumstances is among their most remarkable 
achievements. In the general restriction of supplies 
which arose through the strike of 1926, the gas 
industry was conspicuous for an output not only up 
to, but exceeding, the level of 1925; and in the 
opinion of the industry public confidence in its 
ability to keep up its supplies is essential to 
the maintenance and development of its business. 
To jeopardise the progress of a public-utility service 
which has responded so fully and efficiently to 
modern requirements would obviously be neither 
fair nor expedient. 

Yet it seems doubtful, as the report observes, 
whether the separation between two industries 
producing substantially the same product on a great 
scale may not at present be more pronounced than 
is wholly advantageous. The industries themselves 
are well aware that the interests of each of them 
might be served by co-operation. About four times 
as much coke-oven gas was taken by gas companies 
last year as compared with 1921, and the National 
Gas Council and the Coke Oven Owners contemplate 
further investigation into the possibility of still 
further co-operation. The interests involved in a 
network of gas mains extend, however, much 
beyond those of the gas producers. The market for 
the coke in industry, and for domestic purposes, 
the geographical relation of coke-oven plants to 
iron and steel works, the probable development of 
demand, even the possibility that coke-oven gas 
may be produced cheap enough to supply part of the 
needs of highly efficient power stations, include a 
variety of questions in regard to which data could 








be collected more fully and certainly by a Govern- 


ment survey than by private bodies, and all parties 
will welcome the decision that such a survey should 
be made in order to obtain these data; not to 
support a preconceived scheme. The man in the 
street or in Parliament is, indeed, a little apt to think 
that industries are less alive to their own interests 
than he is. More often their deficiency is in authen- 
tic information, which they are not able to procure. 
The first step taken by the committee consists in 
seeking to provide the industries with further 
information, and in offering them the advice it is 
qualified to give. It is for the industries to show 
that they are able to take advantage of both. 








NOTES. 


THE WorLD PowER CONFERENCE—THE LANGUAGE 
PROBLEM. 


The World Power Conference on Fuel, which is 
now being held in London, shows every prospect of 
being a great success. The various meetings are 
being well-attended by interested audiences and the 
discussions are, as a rule, satisfactorily maintained 
and of a high standard, if descriptive rather than 
critical. We desire, however, to call attention to 
two correlated defects, which are so important that 
we hope an opportunity will be taken to correct 
them before the meeting closes. We have been 
struck by the fact that with few exceptions those 
who have taken part in the various discussions 
have been of British or American nationality. 
This is the more striking, since representatives of 
forty-seven countries are present and other lan- 
guages are commonly to be heard in the ante-rooms 
and even in the unofficial conversations, which take 
place in the meeting rooms themselves. It has 
been insisted that the main object of the Conference 
is the interchange of ideas, but that interchange 
can neither be so complete nor so useful as it might 
be if it is confined to those who can speak the 
English language with fluency in public, or under- 
stand it without difficulty when spoken by those 
who are not orators. We hope, therefore, engi- 
neers from other nations will come forward more 
readily during the rest of the meeting, though 
we recognize that the reason for their diffidence 
may be found in the second defect that we have 
mentioned. It is laid down that the official 
languages of the conference are English, French 
and German, any speaker being free to use any 
of the three and interpreters being provided to 
assist those who do not understand the particular 
language employed. The theory would seem to be, 
therefore, that any speech made in any of these lan- 
guages should be translated into the other two, or 
at least the salient points raised in it should be so 
dealt with. The practice is, however, for speeches 
in English to remain untranslated, while those 
made in German and French are afterwards repeated 
by an interpreter in English. The bias is, therefore, 
very much in favour of the English, and we are not 
surprised to have received complaints from non- 
English speaking foreigners that they are being left 
in the dark as to the trend of the discussion or, in a 
word, that the Conference has been allowed to 
become more national than international. It should 
not be difficult to correct this; and it should be 
corrected, even at the expense of slowing down the 
discussions. It is true that those interested will 
subsequently be able to read what has been said in 
our columns and elsewhere, but had they appreciated 
the points raised, or the criticisms made, during the 
meeting they would, perhaps, have been able to 
contribute something of value themselves. The 
question is important from another point of view. 
The language of the country in which these Con- 
ferences are held from time to time should not be 
allowed to become temporarily predominant, or on 
occasion, the English-speaking participants ma) 
find themselves in the same difficulty to which we 
are now referring. 


Tue Port or LONDON. 


The tidal portion of the River Thames, a stretch of 
water some 70 miles in length, between Teddington 
Lock and the Nore, constitutes the Port of London. 
in which about one-third of the commerce of the 
United Kingdom is conducted. The Port is admini- 





stered by the Port of London Authority, which was 
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established on March 31, 1909, and the multifarious 
nature of the activities of the Authority may be 
gauged from a perusal of its annual report, the nine- 
teenth of which, covering the year ending March 31, 
1928, has just been issued. Probably the most 
interesting portion of the report is that which 
deals with the progress made with improvement 
works during the year under consideration. At the 
India and Millwall Docks a scheme involving the 
remodelling of the railway tracks, put in hand some 
time ago, has now been brought to a successful 
conclusion. A cutting, 350 ft. wide, through the 
quay between the South West India Dock and the 
West India Export Dock has also been completed. 
Furthermore, communication passages 80 ft. wide, 
between the South West India Dock and the 
Millwall Dock, and between the West India Export 
and Import Docks, are approaching completion. 
A contract has been placed for the construction 
of a new entrance lock, 590 ft. long, 80 ft. wide, 
and 35 ft. below T.H.W., which lock is approxi- 
mately on the site of the existing South West India 
Dock entrance ; it is stated that great progress is 
being made with this work. The construction of 
the new entrance lock, 1,000 ft. long, 110 ft. wide, 
and 453 ft. below T.H.W., at Tilbury Docks, is being 
actively pursued, as is also the building of the 
large new dry dock at the eastern end of the Tilbury 
Main Dock. The monoliths for the entrance lock 
and the dry dock have been placed in position and 
the construction of the walls and floors is well 
advanced. Good progress has also been made 
with the jetties at the lock entrance and with the 
lock gates. Turning to works of maintenance, it is 
interesting to find that 2,123,099 cub. yards of 
material were removed from the river during the 
year, to preserve and deepen the channels, and that 
the quantity of mud dredged from the docks totalled 
1,324,054 cub. yards. One 181-ton steamer, three 
steam tugs, and 47 sailing vessels and barges were 
removed from the river bed by the wreck-raising 
plant of the Authority during the twelve months 
under review. The volume of shipping utilising 
the Port has increased steadily since 1920. The 
total net register tonnage of vessels entering and 
leaving the Port, with cargoes and in ballast, was 
52,577,000 during the calendar year 1927, compared 
with 49,278,000 during 1926, 32,759,000 during 
1920, and 40,080,000 during 1913. 








THE WORLD POWER CONFERENCE. 


THE sectional meeting of the World Power 
Conference, which has been organised by the British 
National Committee of that body, to consider prob- 
lems relating to fuel, opened at the Imperial 
Institute, London, on Monday last, September 24, 
and will continue its meetings until October 6. This 
gathering represents one of the developments fore- 
shadowed at the first Plenary World Power Con- 
ference, which was held at Wembley in 1924. The 
outcome of this was that it was decided to organise 
such conferences at fairly lengthy intervals and to 
permit participating countries to arrange sectional 
meetings during the intervening periods. Since 
then one sectional conference dealing with the utili- 
sation of water-power and other cognate matters 
has taken place at Basle in 1926, so that this is the 
second of the series. The next Plenary Conference 
will assemble at Berlin in 1930. 

As will appear, even from the abbreviated account 
of the proceedings that we shall be able to give, the 
programme of the present meeting is both full and 
international in character. Some 175 papers are 
being submitted to 21 different sections, the meetings 
of two of the latter often being held simultaneously. 
In addition, a General Report on the work of each 
Section is being read at the opening of each session 
and forms a useful summary of the papers, which 
ure not read, even in abstract. In each case, 
the discussion is limited to certain definite points. 
Forty-eizht countries are represented, and the work 
of preparing the papers has devolved on the techni- 
cal and industrial institutions in twenty of them. 


OPENING PROCEEDINGS. 
5 ference was officially opened on Monday 
id the Marquess of Reading, who, in the absence of 
td Melchett, has consented to act as President. 


The Con 


nical Committees are Mr. D. N. Dunlop and Dr. 
C. H. Lander respectively. 
In a short speech of welcome, Lord Reading said 
that, as a layman, he had been extraordinarily 
impressed by the value of fuel development through- 
out the world, and that the Conference was fortu- 
nate in having present distinguished representatives 
of many nations, who could speak with authority on 
what was happening in their own countries. 
Sir Robert Horne then delivered an address, in 
the course of which he remarked that there had 
never before been a Conference from which so many 
practical consequences, which were vital to the 
prosperity of the various countries, might flow. The 
assembly had a universality of interest which was, 
among other ways, demonstrated by the fact that 
several industries, such as electricity supply, gas, 
chemical manufacture and oil, which were supposed 
to be antagonistic, were, for the first time, offering 
each other the benefit of their investigations and 
putting into a common stock all their researches 
had taught them. It was significant too, that while 
fuels of all kinds were within the ambit of their 
discussions, two-thirds of the. papers to be submitted 
dealt with coal. This subject was vital to the citizens 
of this country, one twelfth of whom depended 
directly upon the coal industry for a livelihood, while 
the same product made up four-fifths of the volume 
and one-tenth of the value of our exports. The 
prosperity of Great Britain had been created by coal, 
but it would not be maintained by coal, unless the 
improved methods dealt with in some of the papers 
were adopted. 
Continuing, Sir Robert said that he looked 
forward with most hope to some of the processes of 
low-temperature coal carbonisation, with which 
considerable progress had recently been made, 
especially in Germany, while other methods of coal 
treatment from which much might be expected were 
hydrogenation and pulverisation. The use of 
waste heat from coke ovens and blast furnaces 
and the production of synthetic liquid fuels were 
other matters which were now receiving close atten- 
tion. This combination of so many nations in one 
effort to solve their mutual problems was inspiring, 
and if they came to this Conference prepared to give 
their best for the common benefit, the results 
might well have a potent influence upon the imme- 
diate future of the world. 
Dr. C. Kéttgen returned thanks on behalf of the 
European countries attending the Conference. 
Speaking in German, he said that the first World 
Power Conference in 1924 was due to England’s 
initiative, and it was appropriate that England, 
the home of Watt, should also be the scene of a 
gathering dealing with fuel problems. Power, 
derived primarily from the sun, was the foundation 
stone of civilisation, and co-operation was the most 
modern way of dealing with the world’s problems. 
If each country assisted the others for the benefit of 
all, the general level of knowledge would undoubtedly 
be raised. 
Mr. O. ©. Merrill, who replied on behalf of the 
American countries, said that the support these 
Conferences received was evidence that they were 
necessary. They must, however, guard against too 
much uniformity, even in dealing with so material- 
istic a subject as fuel, for industry and science must 
advance in accordance with the special requirements 
of each country. A conference such as this was, 
perhaps, the surest way to economic freedom. 
Mr. B. F. Haanel and Dr. M. Kamo, who returned 
thanks on behalf of the British Dominions and the 
Asiatic countries respectively, also spoke. 
A banquet was held in connection with the 
Conference at the Connaught Rooms, Great Queen- 
street, on the Monday evening, the Marquess of 
Reading being in the chair. A very large company 
assembled and the function proved a great success. 
The proposers of, and responders to, the various 
toasts naturally and aptly referred to the value of 
such international gatherings in advancing world 
progress, both by the interchange of technical infor- 
mation and the cultivation of mutual understand- 
ing. The toast of “The Fuel Conference” was 
proposed by the President of the Board of Trade, 
Sir Philip Cunliffe-Lister, who in the course of his 


while the chairmen of the Fuel Conference and Tech- 





and Power Committee, which is dealt with elsewhere 
in this issue. The toast of “Our Guests” was 
proposed by Sir David Milne- Watson, and responded 
to by M. Guillaume, President of the French 
National Committee, Dr. E. Tissot, President of the 
Swiss Committee, and Mr. F. V. Hansen, President 
of the Swedish Committee. ‘The Chairman” 
was proposed in a particularly successful speech by 
Colonel R. K. Morcom. A further social function 
took place on Tuesday evening, when the Govern- 
ment held a reception at Lancaster House, the 
guests being received by the President of the Board 
of Trade and Lady Cunliffe-Lister. 


THE Coat InpustryY. 


Lord Aberconway opened the proceedings of 
Section A at 10.15 a.m. on Tuesday. Welcoming 
the members of the Conference, he dwelt upon the 
serious condition of the coal industry, the necessity 
of production, in the general economic interest 
whether at profit or loss, the land ownership of 
the coal fields, and international competition—all 
these questions urgently called for discussion and 
associated action. Much had already been achieved 
in Germany, but in this country the need for action 
did not appear to be recognised. 

Mr. J. Roberts then presented his general report 
upon the 16 papers prepared for presentation to 
the section. One striking feature of the papers was 
the general desire for a formulation of a standard 
system of classification. Professor A. Ramzin 
desired to extend that unification to nomencla- 
ture, symbols, and to coals of all geological ages. 
Detailed Proposals for the Technicai Designation 
of Coal characteristics were made by the Gesell- 
schaft fiir Warmewirtschaft Austria, and by Dr. 
A. Gstéttner, in the Coal Industry of Austria. 
Standard Specification for Analysis and Sampling 
had been drawn up for the Netherlands by F. C. 
Wirtz. The ideal classification given by Professor 
R. V. Wheeler in the Constitution of Coal expressed 
the composition and quality of a coal by specifying 
the proportions of hydrocarbons, resins, resistant 
plant entities (spores and cuticles), and ulmin com- 
pounds; rational analyses on those lines would 
ultimately lead to an ideal scientific classification of 
coals with which their properties would technically 
have to be correlated. The most thorough study 
of the scientific, technical and commercial aspects 
of the problem was given by A. C. Fieldner in 
Classification of Coal, on behalf of the American 
Engineering Standards Committee and the American 
Society for Testing Materials. Their 13  sub- 
committees distinguished scientific classification 
(nature, location, origin, analytical method), use 
classification (for gas and coke making, briquetting, 
cement, metallurgy, railways, domestic) and market- 
ing practice. The work was well under way. Lack 
of uniformity was particularly deplorable in the 
classification of lignites and brown coals, as pointed 
out by Dr. Formanek, Czechoslovakia. 

The second main subject to which Mr. Roberts 
drew attention was the utilisation of low-rank fuels, 
particularly lignites and brown coals. Dr E. 
Stansfield, in a Study of Post-Carboniferous Coals, 
estimated that 68 per cent. of the coal reserves of 
the United States and 98 per cent. of those of Canada 
were post-carboniferous, but only 6 per cent. and 
60 per cent. respectively, of the present outputs 
belonged to those periods. Seventy per cent. of 
Canada’s coals were lignites, and the 2,354,235,000,000 
tons of coal supposed to be available west of the 
100th meridian were mostly lignitic or sub-bitumi- 

nous. The rich deposits in Australia, dealt with in 

the paper on Combustion of Coal in the Australian 

Commonwealth, were tertiary lignites. Extensive 

deposits were also found in Germany and Czecho- 

slovakia, in the West Indies, Methods of Burning 

East India Coals were dealt with by Mr. D. J. L. 

Coninck, Westenberg. Other papers dealt with 

Korea and Roumania. In some of these countries, 

inferior anthracites and other low-rank coals were also 

used. Though the older carboniferous coal was gener- 

ally of higher rank than the younger coal, the newer 

cogls might, according to Stansfield, have reached an 

equally advanced state of metamorphosis owing to re- 

peated disturbances and volcanic action ; in Sumatra 

and Borneo, the rich layers of eocene coal had, 
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by volcanic action, partly been converted into 
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anthracite, and were fired by hand, and on travelling 
grates, briquetted or pulverised. 

The non-coking character and high moisture of 
brown coal demanded special methods of utilisa- 
tion. As regards Australia, further particulars were 
afterwards given. Professor Ramzin—we interpose 
remarks subsequently made during the discussion— 
mentioned that at Tcheljabinsk, and in the heat 
economy institute of Moscow, very moist brown coal, 
rich in ash, was burnt on underfeed chain grates 
with a hot blast of 200 deg. C., and that chain grates 
were also used for burning green wood and anthra- 
cite. Healso referred to Mazout (petroleum residue) 
which, though a very high-grade paraffin fuel, was 
difficult to transport and to handle and burn, being 
very viscous, owing to its tar. The Mazout 
was rendered more fluid by heating it in tanks by 
jets of the same substance. Mazout thus treated 
cost 2-2 per cent. more than paraffin, but its 
utilisation was of importance. Professor M. Kamo, 
director of the Fuel and Ore-Dressing Institute 
of Korea, described the low-temperature carboni- 
sation of the brown coal of Korea (which has 
no coal) by the Asorpus carboniser of Naito. The 
coal, screened as to size, passed into two concentric 
drums; the two streams were mixed in the car- 
boniser and baked at 500 deg. C. while agitated ; 
volatiles were sent back through the coal, the tar 
depositing its dust on the coarser grains. The drying 
of the brown coal consumed nearly 20 per cent. of 
the new coal, but the semi-coke produced, which 
was pulverised, was practically equal in value to the 
whole of the coal, and the value of the tar gained 
justified the installation costs; it was, therefore, 
intended to convert the whole brown coal of the 
fields into semi-coke and electricity to be distributed 
from power plant on the mines. 

Rumania briquetted its lignite coke, obtained by 
low-temperature carbonisation, using as binder a 
tar which consisted essentially of lignite tar and 
contained only 3 per cent. of oil tar. In Czecho- 
slovakia, the lignite charcoal (Kaumazit) produced 
had been briquetted with sulphite liquor, and the 
briquettes were once more carbonised to increase 
their strength; but neither this process, nor the 
briquetting process of the Breifeld Danék Company, 
without binder, had been quite satisfactory. The 
previous high-temperature carbonisation in Appolt 
ovens had not been resumed after the war, and 
various other processes were under trial. The 
briquette production amounted to 200,000 tons per 
year. Some 40,000 tons of Bohemian lignites, 
about 2 per cent. of the whole production, were 
gasified in gas producers of the Mond, Kerpely, 
Koller, Heller and other types, notably in the 1912 
Mond plant of the Mannesmann works at Chomutow. 
There a lignite with 30 per cent. of moisture and 32 
per cent. of ash (plentiful in most Bohemian lignites) 
was dealt with. 

The first speaker in the general discussion, the 
vice-chairman, Mr. W. Thorneycroft, emphasised 
the importance of the standardisation question, as 
to which he referred mainly to Mr. Fieldner’s paper. 
Before the war, the government, it was not unfair to 
say, had known little about the coal problem, and 
the public less. Wideiy-spread knowledge increased 
prosperity generally; but it was not settled yet 
how far scientific chemistry could be applied in the 
coal industry. Entirely different coals were found 
in the same field, under, apparently, equal geological 
conditions ; every kind of coal required its own 
treatment. Mr. Satlin, the Swedish Consul-General, 
then proposed a resolution calling for international 
agreement and co-operation as to standard classifi- 
cation and nomenclatures ; the ordinary terms used 
in tenders such as stean coal, &c., were too indefinite. 
Mr. C. Le Maistre warned against premature attempt 
at fixing international agreement, and Dr. A. Parker 
(of Leeds) submitted that Section A was to discuss 
economic and general features, whilst the standard 
question would come before Section B in the after- 
noon. But the chairman stated that the Executive 


Council approved of the resolution, and Dr. E. W. 
Smith (technical secretary) explained that the Coun- 
cil did not go further than urge the desirability.of 
promoting organisation and co-ordination, and the 
resolution was passed. 

Mr. H. I. C. Faraker and Mr. C. Laffer Lewis. of 
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the brown coal of Victoria. The fields were the 
richest of the world; one bore passed through 
750 ft. of almost continuous brown coal, in less than 
1,100 ft. of ground, and they had not yet reached the 
bottom of the coal. But there had been disappoint- 
ments since 1873 when the first working of the 
Lal Lal Company was started. The Morvell seam 
with about 45 to 50 per cent. of moisture was less 
important now than the limitless Yallourn deposit, in 
spite of the latter’s 64 per cent. of moisture ; the two 
seams were merely separated by a fault. The State 
Electricity Commission was installing the power 
plant up to 150,000 kw.—run entirely on brown 
coal. They had tried travelling under-feed grates and 
many other devices, having to work out their own 
system, but had finally found German mechanical 
step grates most suitable. Steam drying in drums 
might be profitable where much surplus energy was 
available; at present they pre-dried the coal. 
Pulverised fuel had proved satisfactory, but the 
labour cost too much. Mr. W. Erdés, of the Focus 
Company, Budapest, described, in an additional 
paper on New Types of Mechanical Stokers, his 
record fore-feed stoker, installed two years ago at 
the Budapest University. In this stoker the hopper 
delivered the coal—Hungarian coal was very mixed 
and generally of high ash content running up to 
40 per cent.—on to the horizontal upper ends of 
the bars, which rested on roller supports. <A 
reciprocating piston pushed the coal on to in- 
clined bars which were flanged so as to form chan- 
nels open underneath ; at the foot of the bars the 
coal passed on an auxiliary rocking grate. Adjacent 
bars alternated as to their flanges; they were 
longitudinally syb-divided in long combustion 
chambers, and the mechanism adjusted the layer 
longitudinally and vertically. The lateral bars were 
developed into preheaters for the air. 

Sir Clarence Seyler, of Swansea, referred to the 
standardisation and nomenclature problems. The 
rank of a coal depended upon the degree of altera- 
tion the carbonaceous matter had undergone ; 
the hydroscopic moisture was connected with that, 
and the fixed carbon ratio was an important factor. 
He agreed, on the whole, with Dr. Fieldner’s sugges- 
tion. Sir Albert Kitson, of the Gold Coast, said 
that in many respects the Australian brown coal 
deposits resembled those of South Nigeria, but 
layers of the depth observed in Victoria were 
unknown there and in Germany. He would call 
non-homogeneous brown coals, which contained 
logs, &c., lignites. Professor Van Hettinga Tromp, 
the last speaker, objected to the indefinite terms 
bituminous coal and ulmins; he would liquefy 
or gasify all coal. 


Om Economics. 


Simultaneously with the above meeting there was 
a meeting of Section E. This was held under the 
chairmanship of Sir R. W. Cohen, to consider the Eco- 
nomics of the Oil Industry. Two papers were pre- 
sented: The Economics of the Oil Industry, by Mr. 
E. H. Davenport; and The Oil Industry in Japan, 
by Keizaburo Hashimoto. The first of the papers 
dealt with the fluctuations in the motor spirit 
industry and their causes. The demand for this 
product in the United States in 1927 was about 
nine times what it was in 1914, while in Japan it 
trebled in the last six years. This increase had been 
met without any great increase in cost, owing to 
greater crude oil production and the development 
of cracking and the natural gas motor spirit industry. 
In Japan, the first of the latter class of plant was 
erected in 1914, and the first cracking plant in 1912, 
with the result that the yield of spirit from crude 
oil had more than doubled in six years. Fluctua- 
tions in price have broadly followed the cost of the 
raw material, but there is no systematic relation 
between the price of motor spirit and the cost of its 
manufacture, since it must return a greater propor- 
tion of the total receipts than was represented by its 
proportionate production from crude oil. The second 
paper gave a resumé of the oil industry in Japan. 
This showed that new methods had been adopted 
in that country as soon as they were available. 

The General Report for the Section was read 
by Mr. J. Kewley, who subsequently opened 
the discussion by saying that two important factors 
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of engines to make a better use of the fuels, and the 
employment of heavier fuels. Recently the quality 
of gasoline had been altered to permit its employ- 
ment in high efficiency engines without detonation, 
This was being done by modifying the cracking 
processes and by the introduction of anti-knock 
compounds. The use of heavy oil and the develop- 
ment of cracking processes would probably greatly 
affect the demand for gasoline, and enable the more 
volatile fuels to be reserved for special purposes. 
As regards the world’s crude oil resources, only some 
0-8 cub. mile, or about enough to fill Loch Lomond, 
had as yet been extracted. Petroleum might be 
cheapened by making greater use of its products, 
and it was fortunate for the motor industry that 
from it could be obtained not only fuel oil and 
lubricating oil, but carbon black for the tyres and 
asphalt for the roads. 

Dr. G. Egloff, who followed, confirmed that the 
quantities of oil already extracted were insignificant, 
compared with what remained. The newly-developed 
fields in West Texas had a capacity. of 3$ million 
barrels of crude oil per day, or more than the 
present world demand, while the fields in Peru, 
Mexico, New Zealand and Russia would assist in 
meeting requirements for many years. The position 
was such that refiners in the United States were 
working hard to open up new markets, with the 
result that in five years, the number of householders 
using gas oil had increased from 100,000 to 1,100,000, 
the consumption being 70,000,000 barrels per 
annum. Many other products could be obtained 
from the crude oil, among which might be men- 
tioned roofing paper, manufactured on ordinary 
paper-making machines, and a rubber-like substance 
suitable for use as tyres. 

The Chairman remarked that the elimination of 
the high volatile fractions was not necessarily an 
improvement from the point of view of power 
production. Mr. Kewley was optimistic in thinking 
that the increased use of Diesel engines would make 
gasoline cheaper. He himself hoped it would bring 
about competition, owing to one type of user 
employing the crude oil direct, and the other 
demanding that more and more should be cracked. 
The so-called value of a fuel was simply a function 
of the supply and demand, so that if there was a 
greater demand for heavy oil its price would go up. 

The last speaker was Mr. W. A. Whatmough, 
who remarked that from the user’s point of view 
petrol was judged by its volatility. Some standard 
for No. 1 petrol was required, as engine design was at 
present dependent on its quality. The importance of 
the anti-knock factor had been greatly exaggerated. 
Its introduction was an attempt on the part of the 
oil producer to improve the engine design. 


INTERNAL-COMBUSTION ENGINES. 


A meeting of Section N followed, at which the 
subject of Internal-Combustion Engines was 
considered. Nine papers were presented, the chair 
being occupied by Sir R. W. Cohen. 

Among these papers was one by Professor M. 
Defays, of the Belgian National Committee, on 
The Present Position of the Use of Heavy Oil for 
Motor Traction. The author stated that the fuel 
position was causing attention to be turned to the 
design of heavy-oil engines suitable for automobiles 
and aircraft. These engines were either Diesels, 
and were heavy, or semi-Diesels, which were 1n- 
efficient, difficult to start, and wasteful of fuel. 
From the point of view of speed the engines could 
be divided into three classes: those with speeds 
below 500 r.p.m., with speeds between 500 and 
1,000 r.p.m., and with speeds above 1,000 r.p.m., 
respectively. Of these, the last class had the largest 
number of possible applications. While excellent 
slow-speed engines were constructed by numerous 
firms, the number of moderate speed engines was 
small, and only one high-speed engine, that due 
to Held, of Petrograd, had been built. It was of the 
two-stroke type, and had two cylinders of 9) mm. 
bore, the stroke being 110 mm. and the volume 
1,400 cub. em. Its weight, including flywheel and 
dynamoter, was 150 kg., and in 1927 it was used for 
driving a car with a total weight of 1,700 kg. over @ 
run of 278 km. of bad roads with a fuel consumption 
of 0-131 kg. perkm. Since then the consumption had 
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speed of 1,700 r.p.m., while at a speed of 2,000 to 
2,500 it developed 20 h.p. Held was said to be con- 
structing an aero engine which weighed only 700 kg. 
and was capable of developing 600 h.p. After 
outlining the advantages of such engines over 
the petrol engine, the author gave it as his opinion 
that their general use would alter the whole 
petroleum problem, since it would enable a greater 
proportion of the contents of the crude oil to be 
utilised. Cracking would become unnecessary, 
and in the transport struggle the odds would be in 
favour of the road and the air. 

In a paper on Fuel Oils for Heavy-Oil Engines, 
Mr. H. Moore considered the question of the suit- 
ability of various available oils for this purpose, and 
laid down the requirements of the user in this 
matter. These included freedom from foreign 
matter, high calorific value in relation to price, com- 
plete combustion, low ignition temperature, and 
freedom from congealing at low temperatures. 
Professor Hubendick, in a third paper, discussed the 
relative advantages of the heavy-oil engine and the 
petrol engine, and suggested the lines of future 
development. 

The next paper on the list was on Diesel Engines 
Fitted with Exhaust Turbine-Driven Superchargers. 


_In this, Dr. A. Biichi, of the Swiss National Com- 


mittee, after dealing with the theory of these engines, 
gave an account of an engine, the exhaust gases 
from which were used to drive a rotary air-compressor. 
The latter, in turn, supplied the engine with air at a 
pressure from 4-5 to 7-5 lb. per square inch, so that 
more fuel could be consumed without altering the 
average combustion temperature or maximum pres- 
sure. The output of such an engine was about 50 per 
cent. greater than that of an ordinary Diesel engine 
of the same size. As the energy in the exhaust gases 
varied directly with the load, the speed of the 
compressor was correspondingly altered, and there 
was therefore an automatic adjustment of the 
amount of air supplied to the engine to the 
output. Such a combination had the advantage 
that it could be heavily loaded without risk of ex- 
cessive combustion temperatures and poor com- 
bustion, while in spite of the auxiliary equipment, 
its weight, dimensions and price were much less than 
those of the ordinary engine. The fuel, lubricating 
oil, and cooling water consumptions were also lower, 
especially in the larger sizes. The results of tests 
made on a 1,630 brake horse-power engine were 
given. 

In a paper on The Present Position of the High- 
Speed Heavy-Oil Engine, Dr.-Ing. W. Riehm 
described some of the high-speed heavy-oil engines 
which were being used on automobiles in Germany. 
These included the Maybach-Diesel engine, which 
had an output of 150 brake horse-power at 
1,300 r.p.m., the bore and stroke being 140 mm. 
and 180 mm. respectively. It worked with com- 
pressed-air injection, and had six cylinders in one 
casting, each of which was fitted with an inlet and 
outlet valve, an injection valve, a starting valve, 
and a safety valve. These valves were operated by 
rocking mechanism from a camshaft. The main 
shaft and big ends were carried on roller bearings. 
The compressor was direct-coupled to the engine, 
the air being supplied to the cylinders through a 
distributor at starting. The fuel consumption was 
from 185 gm. to 190 gm. per horse-power hour 
at the full load of 120 h.p., the lubricating oil 
consumption being 0-3 kg. per hour. The engine 
measured 2,000 mm. long by 725 mm. wide by 
1,200 mm. mean height. The weight, including 
the compressor and exhaust, was 1,260 kg. 

All the other engines described made use of 
airless injection. These included the M.A.N. engine, 
which could be started by hand or electricity, or, in 
the larger sizes, by compressed air. The smallest 
type of engine had four cylinders with a diameter 
of 120 mm. and a stroke of 180 mm. At 1,200 
"p.m. this engine developed 60 h.p. Its weight, 
exclusive of the flywheel, was 530 kg. The six- 
cylinder engine, made by this firm, had a bore of 
165 mm. and a stroke of 220 mm. It developed 
180 h.p. at 1,000 rp.m. The weight was 1,550 kg. 
The larger types had six cylinders with bores 
Tom 220 mm. to 280 mm., and strokes from 
sag mm. to 380 mm. They developed from 50 h.p. 

100 h.p. per cylinder at 700 r.p.m., were con- 
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structed of cast iron, and weigh 9 kg. per horse- 
power. The fuel consumption of the largest engine 
was about 175 gm. per horse-power hour. 

The Dorner engine was a four-cylinder engine 
with a fuel pump on each cylinder, the bore of 
the latter being 95 mm. and the stroke 160 mm. 
It developed 35 h.p. at 1,000 r.p.m., the fuel con- 
sumption being 210 gm. per horse-power hour. 
The Junkers engines worked on the two-stroke 
principle, the cylinder bore being 80 mm. and the 
stroke 150 mm. The cylinder jacket was made of 
Silumin and the liners of steel. The scavenging 
piston was attached to the ordinary piston, and its 
section consisted of a circle 215 mm. in diameter 
from which two segments parallel to the crankshaft 
were removed to a depth of 57-5mm. The parallel 
edges were, therefore, 100 mm. apart. This engine 
developed 45 h.p. at 1,000 r.p.m., with a fuel con- 
sumption of 180 gm. per horse-power hour. It 
weighed 280 kg. 

In the Daimler-Benz engine an auxiliary mixing 
and distributing chamber where partial combus- 
tion took place, was used, the energy obtained in 
this way being employed to distribute the main 
bulk of the fuel in the principal combustion space. 
The fuel was injected into the auxiliary chamber by 
a spring-actuated needle valve and passed into 
the cylinder through burner jets. Starting from 
cold was facilitated by a special heating device. 
The six-cylinder engine for use on lorries had a 
bore of 105 mm. and a stroke of 165 mm. It 
developed 70 h.p. at 1,300 r.p.m. The fuel con- 
sumption was about 200 gm. per horse-power hour. 
The Korting engine was also fitted with an auxiliary 
chamber and an electrically-heated starting device. 
Its weight was 1,500 kg., and it developed 90 h.p. 
at 1,200 r.p.m. Its fuel consumption was 210 gm. 
per horse-power hour. The Deutz and Mannheim 
engines operated in the same way. The Bosch- 
Aero engine was characterised by its three-part com- 
pression chamber, which ensured thorough mixing. 

Low fuel consumption said Dr. Riehm, rendered 
the Diesel engine particularly suitable for heavy 
lorries, test showing that a saving of 40 per 
cent. in the cost compared with a _benzol-petrol 
mixture could be obtained. Lorries fitted with such 
engines had run 50,000 km. without overhaul. 
They were also being used for railway work, especially 
in combination with electric transmission. 

An account of “ Experiments with Diesel-Engine- 
Driven Locomotives on Russian Railways” was 
given in a paper read by Mr. P. Yanouschevsky. 
This includes details and test results of the. three 
locomotives of this pattern which have been in 
use since 1925.* 

In a paper on The Use of Ethyl Alcohol as a 
Motor Fuel, Professor E. Hubendick stated that, 
thanks to its cellulose industry, Sweden was in the 
position of being able to produce cheap light spirit, 
and it was therefore of great economic importance 
that this should be substituted for petrol. By dis- 
tillation over quicklime an alcohol could be obtained 
which could be combined to form a homogeneous 
mixture which did not emulsify. In order to 
prevent this being used as a beverage, it was de- 
natured with some 0-19 per cent. of croton aldehyde. 
The results obtained with a mixture containing up to 
23 per cent. of such alcohol were excellent, in spite 
of the fact that no alterations had to be made in 
the carburettor. High percentages of alcohol could 
be used, but then certain modifications were neces- 
sary. The suction air must be preheated, the float 
adjusted owing to the change in the specific weight, 
and the ignition altered. The amount of preheating 
depended to a large extent on the atmospheric 
humidity, though, in order to avoid fuel losses, 
it must be sufficient to secure complete evaporation 
and to prevent the condensation of atmospheric 
moisture. 

A paper on the Evaluation of Fuels used for 
Aviation in Germany was presented by Messrs. E. 
Rackwitz and A. von Philipovitch. They stated 
that the requirements which must be complied 
with were: a compression ratio up to 6-3 to 1, easy 
starting, no dilution of lubricating oil, resistance 
to temperatures as low as — 30 deg. C., no gassing 
troubles, seizing of valves or formation of carbon, no 
corrosive properties, and low consumption. Petro- 











* See ENGINEERING, vol. eXxxv, page 504 (1928). 
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leum-gasoline was mainly used in Germany for this 
purpose, benzol-gasoline mixtures being also em- 
ployed. 

In a paper on Gasoline Engines and their Fuels 
Messrs. H. R. Ricardo and O. Thornycroft pointed out 
that the principal controlling factor in an engine 
operating on a constant-volume cycle was the com- 
pression ratio, and that this was limited by the inci- 
dence of detonation. Detonation was largely a func- 
tion of design and scale effect, and was controlled by 
the absolute distance from the sparking plug to the 
farthest point in the combustion chamber, by the 
nature and degree of turbulence within the combus- 
tion chamber, and by the position of the sparking 
plug itself. It was also shown that as the cylinder 
size increased so the losses due to internal friction, 
direct heat loss, &c., diminished, but that the ten- 
dency to detonate increased, with the result that, if 
advantage was taken of the latter feature to employ 
a higher compression ratio, the efficiency was within 
limits independent of the cylinder size. The 
influence of various fuels and groups of fuels on the 
tendency to detonate was then discussed, and refer- 
ence was made to the effect of the solubility of the 
fuel on the performance of the engine. Within limits 
this was small provided the design and heating of 
the induction system were appropriate. 

After the General Report had been read by 
Mr. O. Thornycroft, the discussion was opened 
by Mr. H. R. Ricardo, who said that he was im- 
pressed with the attention that was being given 
to the light high-speed Diesel engine. He would 
like to know how the difficulties of starting it 
were overcome, how the smell, due to incomplete 
combustion near the cylinder walls, was dealt with, 
and how the difficulties of the creepage and smell 
of the non-volatile fuel itself were solved. More- 
over, the views of those who had used Diesel engine 
vehicles as to how far the disadvantages of smell 
and greater weight would outweigh the savings 
on fuel would be interesting. The Diesel engine 
must always be heavier than the petrol engine, for, 
even if the speeds were equal, the low mean pressure 
and the greater ratio of maximum to mean pressure 
would mean weight, though the efficiency might be 
high. A modern ’bus with a 80-h.p. engine running 
at 2,000 to 2,500 r.p.m. and a mean pressure of 
110 to 120 lb., consumed 0-5 Ib. of fuel per horse- 
power and weighed 9 to 10 lb. per horse-power, so 
that except on the score of fuel consumption, it 
was well ahead of the Diesel engine. As regards 
design, at present the balance was held equally 
between the open-cylinder and the pre-ignition 
chamber, but the latter meant a loss of some 
10 per cent. to 15 per cent., and was probably a 
passing phase. Superchargers had not been a 
complete success, and the question was whether 
their additional cost and weight were balanced 
by the somewhat smaller engine. They had been 
told that the Diesel engine was useless for loco- 
motive work and he was, therefore, glad to see 
that the Russians had tackled the problem. It 
seemed strange that it had been used so much at 
sea, where the conditions were in favour of the 
steam engine, and so little on land, where they 
were not. The transmission problem had _ been 
made an unnecessary bogey in this connection. 

Professor H. R. Burstall said that very little was 
known about the true nature of combustion, since 
the experimental results were contradictory. When 
oil was injected into the cylinder it appeared that 
certain vital changes occurred before combustion. 
This was borne out by the hot-bulb engine idea, 
and he thought that simply to inject oil by air 
or by a pump was not sufficient to secure reasonably 
complete combustion. If the exhaust of a petrol 
engine was analysed, it would be found to contain 
carbon monoxide and a little hydrogen. On the 
other hand, the exhaust of a heavy oil engine 
seldom contained carbon monoxide, but did contain 
a high percentage of hydro-carbons. Designers 
should, therefore, concentrate on completing com- 
bustion in half-a-stroke. Much scientific work was 
required, quite apart from commercial applications. 

Major Beaumont, dealing with the application 
of Diesel engines to motor vehicles, thought that 
the difficulty of weight might be overcome by 
using a multi-cylinder design, though this, in turn, 





might cause trouble with oil-metering. Self-starting 
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was another problem, as the batteries would have 
to have a capacity of some 450 amp.-hours. The 
use of anti-detonants would have the advantage 
of extending the period between cleanings. 

Mr. I. Lubbock called special attention to 
Mr. Yanouschevsky’s paper and to the great 
advances that had been made in the use of Diesel 
engines for rail traction purposes. As an example 
of the cost of these, he said that in Sweden, where 
coal was 1/. per ton, they had found they could 
use oil at 7/. per ton in Diesel engines at a cost 
of 4-57d. per train-mile and make savings, which 
would pay for the rail-car in four years. 

Mr. W. A. Tookey said that the corrosion in 
exhaust pipes that had been mentioned could be 
overcome by proper drainage, as it was caused by 
condensation after the engine stopped. Perfect 
combustion would overcome the smell difficulty. 
There had been an engine in the United States 
using petrol with a compression ratio of 6-5. This 
had been due to the use of an extra piston, which 
extracted heat from the combustion chamber. 

Dr. G. Egloff called attention to the absence 
of a sulphur clause in petrol specifications in this 
country. In the United States the sulphur content 
must be less than 0-1 per cent., and if this could 
only be raised to the 0-3 per cent., as allowed in 
Germany for aviation spirit, it would mean a saving 
of 40,000,000 dols. per annum. In the United 
States there were over 200 dopes, some of which 
increased the knock. 

The last speaker was Mr. M. Gercke, who pointed 
out that it was difficult to say what the future design 
would be as the position was changing so rapidly. 
There need be no trouble with self-starting, if 
the battery were large enough. Sometimes a small 
auxiliary burner was provided, but in practice this 
was seldom used. Smell was a matter of compro- 
mise. It could be eliminated at the expense of 
simple construction. Diesel-engined lorries had 
proved very suitable for long distance work, as 
shown, by the efforts of the railways to fight their 
competition. The results with carburettors were 
not good, and he did not think these appliances 
would be generally adopted. 


SAMPLING AND TESTING OF SOLID FUEL. 


Dr. F. S. Sinnatt, of the Fuel Research Board, 
ireenwich, taking the chair in Section B at the 
Tuesday afternoon meeting, at once called upon 
Dr. A. Parker, of Leeds, for his general report upon 
the papers submitted. The papers commented on 
were : Sampling and Testing of Coal, by the Gesell- 
schaft fiir Wiarmewirtschaft, Austria; Compara- 
tive Basis for the Calorific Value of Coal, by 
S. Felsz, of Poland ; Determination of Volatile 
Matter in Coal by Low-Temperature Method, and 
the Hygroscopic Qualities of Coal, by R. Vondracek, 
representing Czechoslovakia ; and the Use of Gross 
and Net Calorific Values for Guarantee Tests, by 
by N. F. Nissen, on behalf of the Vereinigung der 
Deutschen Dampfkessel- und Apparate-Industrie, 
Diisseldorf, and the Allgemeine Verband der Deut- 
schen Dampfkessel-Uberwachungsvereine, Munich. 
Dr. Parker reviewed these papers and added remarks 
of his own. The standardisation of methods for 
sampling and examining solid fuels for general 
commercial and technical purposes would, he said, 
prove advantageous; standardised methods were 
unsuitable for special investigations and researches. 
The presentation of international standard methods 
should, therefore, be limited to methods that could 
be applied in reasonable time compatible with accur- 
acy and with reasonable facilities and apparatus. 

Sampling involved te collection of large and small 
samples; the latter were, in Austria, the practice 
of which he recommended, distributed in air- 
tight cases. The examination comprised proxi- 
mate analyses (for moisture, volatile matter, fixed 
carbon and ash); the ultimate analyses; calorific 
values; tests not so frequently required (gravity, 
coking index, reactivities, ignition and melting 
points); and special tests (carbonisation, examina- 
tion of products, &c.). When air-dried samples were 
in the moisture test, heated to 105 deg. C., there 
was risk of oxidation, to avoid which, in Austria, the 
water was extracted with xylol and the extract being 
distilled ; others charged the oven with inert gas or 
evacuated. Volatility was in Austria and America 





determined in a platinum crucible heated for seven 
minutes to 900 or 950 deg. C. In the low-tempera- 
ture volatility test, the sulphur bath (boiling point 
444 deg. C.) was used. The railways of Poland had 
adopted a hypothetical standard coal of 6,320 
calories per gramme (the total heat of steam being 
taken as 632 calories equivalent to 1 h.p.). Mr. Forte, 
of Florence, afterwards criticised this average which 
was too low for Italian coal. Professor Padronia 
(France) referred to the Italian coal survey and 
to its evaluation difficulties. Dr. Parker com- 
mented upon the manifold analytical difficulties. 
In the discussion, Mr. Le Maistre at once raised the 
international standardisation question. Section A, 
he said, had in the morning accepted a resolution 
in its favour by a snap vote. The British Engi- 
neering Standards Association was working in 
that direction. Commercially standardisation was 
desirable, but scientifically was not yet possible, and 
attempts at international federation had not been 
successful. Every country should first put its 
house in order, and the commercial aspect should 
be insisted upon right through. Dr. E. W. Smith 
replied that the Executive of the Power Conference 
did not go beyond a general recommendation, 
and the question dropped for the time. But it was 
renewed towards the end of the afternoon session 
in connection with a less general resolution which 
Dr. Zur Nedden, of Berlin, proposed on behalf of 
the German National Committee to the effect that 
the Power Conference should take every step to 
secure an agreement as to the determination of the 
calorific values of fuels, solid, liquid and gaseous. 
This resolution was seconded by Mr. Le Maistre, 
and supported by Dr. R. Lessing, who emphasised 
Dr. Vondraéek’s contention that after all the diffe- 
rences between the different methods in use were not 
great. This was passed without opposition. 
Before that many points had been discussed. 
Mr. G. W. Himus mentioned that, at the Imperial 
College of Science and Technology, they performed 
the moisture test in a steam-heated oven at 100 
deg. C. for 14 hours, and the volatility test, during 
which Welsh coal might decrepitate and jump out 
of the platinum crucible, in a silica glass beaker ; 
platinum acted as an undesirable catalyst. Dr. 
Vondraetk stated that their low-temperature 
carbonisation test gave valuable information as to 
composition and calorific value; but there was no 
satisfactory method of determining the hygroscopic 
properties, so important for transport and storage. 
Dr. Ing. H. Loeffler, Vienna, pointed out that the 
xylol was, in the moisture test, better replaced by 
the incombustible tetrachlorethane, and described 
his porosity test to distinguish large and small pores 
in coke. The coke sample was placed in benzene 
which was then washed out and tested in a refracto- 
meter; the rate of increase of the refractive index 
indicated the size of the pores. Dr. B. Cronshaw, 
of London, mentioned that a bulk sample of coal 
could be taken by driving a pipe into it; in the 
volatility test the sample should first be heated up 
slowly. Mr. A. F. Tideswell, of Sheffield, recom- 
mended ultimate analysis of coal for its evaluation 
and pointed out that the ash contents found did 
not represent the total mineral matter, not, e.g., the 
water of constitution in the clay. Mr. A. Worsley, 
of Isleworth, said that hard and soft coals should not 
be judged by the same tests as they would weather 
differently. The Institution of Civil Engineers had 
decided in favour of the gross calorific - value. 
Dr. Zur Nedden issued a warning on behalf of 
Dr. Rosin, against using the same analytical 
methods for geologically old and young coals 
(lignites), and pointed out that the residuals of 
brown coal (tar, etc.) contained absorbed volatiles. 
German engineers had, after two years of optional 
practice, decided that the gross calorific value was 
not reliable, even if all the products were calculated 
for 0 deg. C. instead of for the dew point. Professor 
Van Hettinga Tromp (Holland) finally described a 
spontaneous-combustion test which had been found 
useful in the East Indies. A U-tube was filled 
with the crushed coal, and oxygen was slowly passed 
through it, while the tube was immersed in an oil 
bath ; the temperature of the coal was observed. 
The temperature of coal liable to spontaneous 
heating would rise rapidly as soon as the bath 
reached the neighbourhood of 90 deg. C.; a 





stable coal would after a while be cooled by tlic 
oxygen current. 


CLASSIFICATION OF LiquipD FUELs. 


A meeting of Section F, which was held simuita- 
neously with the meeting of Section B, dealt with 
the composition, classification, preparation, storage, 
and handling of liquid fuels. Sir Thomas Holland 
was in the chair. Twelve papers were presented. 
In the course of a short paper on The Availability 
of the Alberta Bituminous Sands for Production of 
Fuel Oil, Mr. K. A. Clark gave an account of the 
occurrence of and recovery of oil from these deposits. 
As regards the latter, separation by means of hot 
water had been carried out on a semi-commercial 
scale with satisfactory results at a cost of about 
1 dol. per barrel of recovered bitumen. The most 
efficient method of preparing fuel oils from the 
recovered bitumen was by cracking. Two methods 
were used for this purpose, both of which gave a 
yield of over 35 per cent. of petrol with from 15 per 
cent. to 20 per cent. of fuel oil. 

A paper on The Fuel Requirements of Auto- 
mobile and Aircraft Engines and How They are 
Met by the Oil Industry, was presented by Mr. W. 
Ostwald, who pointed out that the relative values of 
fuels were determined by their calorific values, and 
these could be calculated from the proportions of 
the various constituents present. A convenient way 
of expressing these values was the energy-volume, 
or the volume of fuel required to furnish a definite 
amount of energy. As fuels were sold by volume, the 
energy-price or the price per unit of energy could 
easily be calculated, and formed a useful basis of 
evaluation. The essential properties of a fuel for 
vehicle engines were low price and high ton-mileage, 
and to secure the former often meant sacrificing the 
thermal efficiency. Both a “luxury” and a “ use- 
ful’ fuel were required, the former giving easy 
starting, rapid acceleration and absence of odour 
and the latter economy and high ton-mileage. The 
two fuels that had been developed, though differ- 
ing in boiling range were essentially the same, the 
lighter being the less economical. Fuel develop- 
ment and engine design have influenced each other. 
The constant-volume cycle engine had been im- 
proved by increasing the compression ratio owing to 
the production of stable fuels, and anti-knocking 
agents had increased the stability. On the other 
hand, the high-speed Diesel engine had resulted in 
lower compression ratios being used and in a decrease 
in weight. The need for a heavy-oil carburettor 
would exist until a light Diesel engine was available, 
owing to the risk of fire on aircraft. It would, 
therefore, seem worth while to examine the beha- 
viour in a carburettor of a close-cut hydrocarbon 
fuel, boiling at about 180 deg. C. The three pro- 
perties of a fuel which determine its value were 
volatility, purity and combustion characteristics. 

The author suggested that there should be three 
standard classes of fuel: Those of high volatility 
sub-divided into those with low, medium and high 
anti-knock values; special fuels of medium vola- 
tility for aircraft, and fuels of low volatility with 
relatively low and high boiling ranges respectively. 
The following properties should be standardised: 
Volatility, purity, compression stability, stability 
during storage, freedom from corrosive action, 
sulphur content, H/C ratio, odour and stability to 
cold. 

The paper on Recent Developments in the 
Distillation of Petroleum, by Dr. S. F. Birch and 
Dr. A. E. Dunstan, was mainly of a descriptive 
character, in which the many advantages of the 
modern pipe-still were pointed out. The most 
important of these was the increased velocity of heat 
transfer, especially where products with a high 
boiling point, which showed a tendency to crack 
when that boiling point was reached, were concerned. 
Further advantages were compact construction. @ 
minimum of steel work, easy repair and low cost. 
The fire risk was also considerably reduced. ‘The 
modern pipe-still, in combination with a suitably 
constructed fractionating tower, was very adaptable, 
so that small alterations permitted its use for 
another raw material or finished product. 

In a paper on Recent Advances in Cracking, which 
was presented by Dr. A. E. Dunstan and Mr. Bk. 
Pithkethly, an attempt was made to give a review of 
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the present position of cracking, of the reasons that 
have led up to the development of modern processes, 
of the difficulties that have been met with in the 
construction of the equipment, and of the experi- 
mental data which have been collected about their 
operation. 

In dealing with The Technical Aspects of the 
Storage, Handling and Transmission of Liquid Fuel 
by the User, Mr. I. Lubbock described the various 
regulations and recommendations that exist on this 
subject, both as regards land and sea usage. Details 
of the design of the large cylindrical steel holders, 
such as are suitable for large works, as well as those 
for small works were given, while concrete holders 
and underground holders were also dealt with. 
Handling was considered under four headings, 
including heating, cleaning and drying, jointings 
and packings and meters, the various apparatus in 
use being described. The practical considerations 
necessary in laying out a pumping plant were also 
touched upon, while the difficulties of calculating 
the pumping power, owing to the enormous number 
of variations in the same generic formula and the 
different sets of units, were mentioned. 

In a paper on The Cracking Process—A Univer- 
sal Source of Motor Fuel, Dr. Gustav Egloff said 
that in the United States, 148 of the 312 operating 
refineries were equipped with cracking plant, and were 
responsible for handling 77 per cent. of the country’s 
capacity of crude oil. The total cracking capacity 
was 1,328,000 barrels of charging stock per day, and 
in 1927 the refineries produced 101,000,000 barrels, 
or 4,200,000,000 gallons of cracked gasoline, amount- 
ing to 30-6 per cent. of the total motor fuel. The 
daily capacity of the cracking plants in other countries 
was estimated to be approximately 65,000 barrels. 
Such processes were a necessity for the most econo- 
mical use of national oil resources, as they yielded 
more than double the petrol obtainable by the 
simple distillation of crude oil, coal tar, or shale oil. 
It would be far better to instal cracking equipment 
and large concrete crude-oil reservoirs, than to 
store motor fuel. Cracking assisted in fuel conserva- 
tion. During 1927, 450,000,000 barrels of crude oil 
were conserved by this process, which produced 
4,500,000,000 gallons of petrol from oil which 
contained no petrol as such. Without its agency, 
therefore, the oil fields of the world would have 
been called upon for 1,700,000,000 barrels of oil 
instead of the 1,255,000,000 actually produced. 
Had all the petrol of recent years been produced by 
simple distillation, vast quantities of fuel oil would 
have been thrown on the market and depressed it. 
It was therefore far more fitting, as a national policy, 
to utilise fuel oil for making petrol than to burn it 
under boilers. 

The other papers presented in this section were 
as follows :—The Characteristics of Motor Spirit, 
by the Austrian Delegation ; Chemical Reactions 
involved in the Refining of Petroleum, by Dr. 8. F. 
Birch and Dr. W. 8S. Norris; The Composition 
and Chemical Properties of Russian Oils, by 
Professor J. Elin ; Investigations in the Distilling 
of Swedish Oil Shales, by Mr. B. Holmberg; and 
The Chemical Composition of Polish Natural Gases 
and the Determination of the Calorific Value, by 
several Polish authors. 

The first speaker in the discussion was Dr. G. 
Kgloif, who said that the potentialities of the crack- 
ing process were enormous, and the statement made 
from Washington that in six years there would be 
no gasoline was absurd. Calculations showed that 
with the help of cracking there was enough fuel 
to supply the needs of the motor industry for 
2,000 years, even though it was estimated that 
40,000,000,000 gallons per annum would be required 
by 1938. The efficiency of the process had been 
increased by four times in a few years. 

Mr. M. Bint asked what the effect of methanol 
on the fuel was. Mr. Ostmald at once replied that 
1t cooled the mixture and gave a greater output. 
Che higher the percentage of methanol, the higher 
the compression effect. 

Mr. W. A. Whatmough pointed out that anti- 
knock compounds to be successful must slow down 
combustion, but the solution of the problem was to 
control the engine design and not to use these 
substances, 

Mr. J. Kewley pointed out that the difficulties 
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of examining gasoline in the laboratory were 
very great, but as it was important to discover 
whether mixtures of this spirit and dopes had an 
anti-knock value, the method of spontaneous 
ignition temperature was developed, as it gave re- 
sults consonant with engine practice. Qualitative 
results had been obtained, which were useful, and 
it was hoped in this way a method that would be 
of general use would be worked out. The disadvan- 
tage with cracking was that the residual fuels were 
not always satisfactory, owing to the presence of 
colloidal matter, which settled out in the form of 
sludge. 

Sir Albert Kitson asked whether rubber could 
really be produced by the cracking process, to 
which Dr. Egloff replied that the gas evolved con- 
tained as much as 3 per cent. of butadiene, which 
could be converted into a synthesised rubber-like 
material. The quantity thus obtained would be 
sufficient for one quarter of the requirements of 
the motor industry in the United States. Dr. 
Dunstan questioned whether this was rubber, to 
which Dr. Egloff’s answer was that it had all the 
properties of rubber, so far as tyres were concerned. 


Coat TREATMENT. 


In the Section C, dealing with Coal Treatment, 
Cleaning, Drying and Briquetting, of which Prof. 
R. V. Wheeler was chairman, a paper on Cleaning 
Bituminous Coal was presented by Mr. J. R. 
Campbell. In this the following points were insisted 
upon as being fundamental: The necessity of 
‘“‘ washability ” studies. That the type of equip- 
ment should be suited to the coal under test. 
The control of the washing arrangements. The 
cost. Too much time and money, he said, could 
hardly be spent on field surveys to obtain a “ pic- 
ture” of the coal that was to be cleaned. Screen 
analyses and sink-and-float tests on the raw coal 
enabled the results that might be expected from any 
efficient cleaning apparatus to be predicted. Subse- 
quently, the methods of washing and drying em- 
ployed in the United States were described, and it 
was stated that though dry cleaning had many logical 
applications, a well-regulated wet washing plant was 
more efficient than a dry table, and that for that 
reason wet washing must be used in difficult metal- 
lurgical operations, where sulphur was the important 
factor. It was added that it was important to deter- 
mine the efficiency of the washing process. This 
should not be less than 85 per cent. qualitatively 
and 99-5 per cent. quantitatively, as calculated by 
Drakeley’s formule. The operating cost of a washery 
might be conveniently sub-divided into labour, 
power, maintenance, depreciation and loss of input, 
or conversion cost. The last was much more 
important than was generally supposed. It might 
be as much as 2 cents per ton with coal costing 
1 dol. 80 cents per ton. Good average figures for 
the cost of washing were 8-9 cents per ton without 
depreciation or conversion cost. 

In a paper on The Drying of Brown Coal With- 
out Breakage, which was presented by Pro- 
fessor Doctor H. Hussner, the author stated that 
Austrian lignite could only be economically used if 
its original moisture content were reduced from 35 
to 45 per cent. to 13 to 15 per cent. Until recently, 
the coal could not be dried without breakage, thus 
considerably decreasing its value. He described a 
method by which this disadvantage was overcome. 
The coal was heated, evaporation being prevented, 
until the lumps were of uniform temperature through- 
out so that the drying then proceeded from the 
centre outwards. The temperature must be high 
enough to cause the colloids to decompose, and the 
heating was best done in an autoclave by the direct 
application of steam under pressure. Evaporation 
of the moisture was effected by a gradual reduction 
of the steam pressure. A description of a plant 
constructed on these principles was given. It con- 
sisted of two autoclaves, which were in use alternately. 
The steam pressure was from 8 to 10 atm. and was 
maintained from 14 to 2 hours. The pressure was 
then released and either hot or cold air admitted 
for drying purposes. The daily output was 20 to 
25 metric tons of dry coal, the moisture content 
being reduced to 16 per cent. and the thermal value 
rising from 3,600 to 4,000 calories. It was found 


used. In a larger plant with an output of 560 
metric tons’per day, the working pressure was 15 atm. 
and the final moisture content 14 to 15 per cent. 
It had been found more economical to screen the 
coal after drying than before. Producer and water 
gas had been successfully produced from the dry 
coal and 4-5 to 5-5 kg. of steam had been obtained 
per kilogram of coal burnt with efficiencies up to 
79 per cent. The chief item in the operation 
was not the heating, only 0-6 to 0-7 kg. per kilogram 
of water removed being required. About one-third 
of water extracted was run off and another one-third 
was converted into steam when the pressure was 
released and was used for pre-heating the autoclave. 
The total heat required was about 460 calories per 
kilogram of water extracted, compared with 900 
calories in a tube drier. 

A paper on The Dewatering and Drying of 
Coal was presented by Mr. R. A. Mott in which, 
after the various types of dewatering and drying 
appliances in use had been described, it was stated 
that none of them could be recommended for all 
requirements, and some were of very special appli- 
cation. For example, the power consumption of 
direct heat driers and suction filters was as high, if 
not higher, than the total power requirements of a 
normal washery. On the other hand, slurry could 
not be dewatered below 30 per cent. without 
resource. to these methods of treatment, and in 
certain circumstances, the power consumptions 
might be justified. The power used by efficient 
centrifugal driers, though higher than that for 
dewatering screens, was efficiently used in effecting 
a greater degree of dewatering. The cost of main- 
taining efficient centrifuges was quite low, and com- 
pared favourably with the cost of dewatering 
screens. Poor coking coals might deteriorate by 
oxidation in a few days, and for such coals, all 
forms of mechanical dewatering appliances had an 
advantage over drainage hoppers in eliminating 
the times for natural drainage. Dewatering screens 
were rapidly establishing themselves for dewatering 
slack for coking purposes, but efficient centrifuges 
were worthy of greater attention than they had 
recently received. Unfortunately, they could not be 
used for slurry alone. Hoppers for drainage and 
drainage conveyors might both be considered obsole- 
scent. Suction filters were too expensive, and absorbed 
too much power to be generally used, but might be 
employed in special circumstances. Direct heat 
driers were primarily important in connection with 
pulverised fuel firing. For other purposes, they were 
expensive, used a great deal of power and, except in 
the simplest design, might give rise to local over- 
heating. In machines where the slurry was recovered 
separately, the use of a centrifuge for the fine coal 
alone and a direct-heat drier for the slurry was worthy 
of consideration, as it would enable the fine coal to 
be dewatered to 5 per cent., and the slurry to 10 
per cent. water content. 

In a paper on The Cleaning of Small Coal, 
Dr. W. R. Chapman defined this product as that 
portion of the pit’s output which could be cleaned 
more cheaply by a mechanical process than by hand 
picking. The actual size was probably larger than was 
usually thought to be the case, and depended mainly 
on the amount of shale and the proportion of 
middlings present. After describing the method 
used for cleaning coal mechanically, the author 
stated that the choice of the most suitable process 
depended principally on the market, the effect on 
the total cost of production of the marketable 
product, and on the circumstances in which the 
process must be operated. The first determined 
whether nut or fine coal, or both, was to be cleaned, 
and whether a wet or dry process should be chosen. 
In modern processes, the operating and maintenance 
costs per ton for cleaning should not be more than 
3d. in a 100-ton plant, but the capital costs might, 
in addition, amount to 1-2ld. to 3-03d. per ton, 
exclusive of rates, &c. The losses caused by 
cleaning must also be taken into account. 

In a paper on The Cleaning of Coal by Froth 
Flotation, Messrs. E. Edser and P. T. Williams 
remarked that coke with an ash content as low as 
1-9 per cent. had been produced after treatment by 
the process mentioned in the title. This was of great 
importance to the iron and steel industry, where the 
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might cause a reduction in the pig-iron output of 
9-4 tons. 

In Messrs. George Raw and F. F. Ridley’s paper 
on The Principles of Pneumatic Separation with 
a Description of the Static Dry Washer, descrip- 
tions were given of the dry washing plant, which 
had been installed at the Easington and South 
Hetton collieries, the first of which comprised three 
50-ton and the second two 30-ton separators. 
Typical average working results showed that raw 
coal containing 11-2 per cent. of ash with 4-2 
per cent. of ash in the floatings at 1-5 s.g. could 
be converted into clean coal with 6-3 per cent. 
of ash, the refuse containing 71-3 per cent. of 
ash. The free coal in the refuse varied from } to 
1} per cent. The power consumption at South 
Hetton was 0-85 kw.-hour per ton of new coal 
treated, the overall costs being 3-242d. per ton. 
The initial cost of a 100-ton plan was about 10,000/. 

In a paper on The Dry Cleaning of Coal, 
Major K. C. Appleyard dealt with the various 
apparatus for this purpose, which were in use or 
were being investigated in England for this purpose. 

The discussion was opened by Dr. R. Lessing, 
who said that the work which was now being done 
towards the better treatment of coal marked a 
great step in the rejuvenation of the industry. It 
would be very useful if the meeting could consider 
and perhaps settle the relative claims of the various 
dry cleaning and washing processes. Comparisons 
between them must, however, be made on the same 
basis, such as hourly throughput and correspondence 
in quality. 

Mr. C. Lambourne said that coal cleaning had now 
become essential, and some method must be devised 
which would operate at a cost which could be 
borne by the producer, and give the consumer what 
he wanted. Undoubtedly wet-washing was efficient, 
but it cost from 3s. 4d. to 1s. 2d. per ton, while the 
dry cleaning of small coal could be effected at 
an inclusive charge of less than 3d. per ton. 

Dry cleaning would increase the calorific value 
some 7 per cent. to 9 percent., and could deal with 
the whole of a pit’s output, while wet washing could 
not deal with fines. Dry cleaning also enabled a 
dry clean fuel to be produced for coke-oven plants, 
thus allowing coal that would otherwise be dis- 
carded to be used, and reducing the coking time. 

Professor Douglas Haig said that in certain mines 
in South Yorkshire practically all the slack up to 
} in. (50 per cent. of which was ;'5-in.) was carbonised, 
and it had to be treated so that it could be used in 
modern silica brick ovens, where the moisture 
limits were stringent. The problem was to obtain 
a coal with 6 per cent. of ash and 9 per cent, or 
preferably, 8 per cent. of moisture. They had 
found that these results could be definitely obtained 
with wet washing, but about dry cleaning they were 
not so certain, the drawback of the latter process 
being that there was too much waste. The key 
to success both from the ash and moisture points 
of view, was to remove all dust which would pass 
through a 1 mm. mesh before washing, and either 
using it separately or feeding it back into the washed 
product. In this way the finest moisture content 
could be reduced tc 9 or 10 per cent. and the ash 
below 6 per cent. This could be done without 
expensive auxiliary plant, but it was important 
that the washing water should be properly clarified. 

Dr. R. Lessing then gave some details of a new 
washing process, in which the specific gravity of the 
coal was the only factor of importance. The 
float-and-sink test was used as a basis, and it could 
now be employed commercially on a large scale 
to reduce the ash content to from 1 per cent. to 
3 percent. The process consisted in introducing the 
coal into a dense liquid like calcium chloride solution, 
while, in order that the latter could be recovered 
practically without loss, all the fine fusein coal, 
whose physical and chemical properties were 
different from that of ordinary coal, was removed, 
the coarse material fed to the gravity plant only 
containing 1 per cent. of a diameter less than 
} mm. The calorific value of the fuel before and 
after treatment was the criterion of success, and in 
the process mentioned slack or duff passing a 
jy -in. mesh and with an ash content of 15 per cent. 
to 20 per cent. could be cleaned so as to yield 
15 per cent. to 17 per cent. of its original calorific 








value in the form of pulverised fuel, and 75 per cent. 
in the form of clean coal with an ash content of about 
3 per cent., leaving a maximum of 5 per cent. of the 
calorific value in the refuse. 

Mr. C. W. H. Holmes remarked that there was 
no reason why preferential treatment should not be 
given to fines. The amount of improvement 
obtainable depended on the class of coal and on the 
distribution of the ash. There was no best method 
either of dry or wet cleaning. Mr. R. A. Mott, who 
followed, thought that it was a moot point whether 
any froth-flotation process could clean coal as 
large as } in. Its advantage was that it had no 
lower limit. The problem of the treatment of 
larger coal in this way seemed to have been solved 
by Elmore’s vacuum process, which also reduced the 
quantity of dirty wash water, thus giving cleaner 
concentrates and a-higher yield. Mr. G. N. A. Pitt 
commended the vacuum cleaning process, though 
each case must be considered on its merits. 

Dr. J. A. Roelofsen said in the coke-oven industry 
they required a dry coal with low ash content. He 
mentioned a washery where coals with ash contents 
from 10 per cent. to 24 per cent. were reduced to 
6 per cent. or 7 per cent. The water was removed 
by storing the coal in a series of bunkers with troughs 
at the top and containing two 2-ft. perforated 
columns 24 ft. high, through which the rest of the 
water drained. The moisture was reduced to 8 
per cent. in 36 hours. In a coke-oven plant there 
must be storage facilities, and these bunkers were 
also used for that purpose. Mr. A. Grounds 
wanted to correct the impression that dry cleaning 
and machining were antagonistic. He mentioned 
several collieries where they were used in conjunc- 
tion. He wished more had been said about costs. 
Mr. A. S. Brentnall also spoke. 


STtoRAGE OF So.ip FUEL. 


A meeting of Section D then took place at which 
four papers were presented on the subject of the 
Storage and Handling of Solid Fuels by the User. 
Dr. W. R. Chapman occupied the chair. The first 
of these papers was by Mr. R. K. Stockwell, and had 
the same title as that of the section. It described 
the various methods of handling coal for a variety 
of purposes with their relative advantages and 
disadvantages, giving methods of avoiding and 
combating spontaneous combustion. 

A paper on Methods of Control, Preparation, 
Handling and Storage of Coal by the National 
Railways of Belgium was presented by Mr. H. 
Chenu and contained a description of the methods of 
fuelling locomotives on that system. Blended coal 
was distributed to 100 stations, at the smallest of 
which it was reclaimed from the dump by cranes. At 
the more important stations it was emptied from the 
track wagons into small special wagons, which were 
taken by a lift toa platform above the tenders. The 
use of these platforms had been found to reduce idle 
time in loading. At some of the very large stations 
the coal was delivered to an underground hopper, 
elevated by a bucket conveyor and distributed to 
special loading towers by a scraper conveyor. 
The mixing plant used was fully described, the 
idea being to secure uniformity by blending coal 
from 200 sources. One main laboratory and three 
sub-laboratories were engaged in examining coal 
samples. These were used partly to control the 
mixing and partly to determine the price paid 
according to a pre-arranged scale. This scale 
provided for an increase or decrease in price by 
24 per cent. for each 1 per cent. of ash below or 
above 12} per cent., and a decrease of 1 per cent. for 
each | per cent. of water above 5 per cent. 

The third paper by Mr. D. Allemand dealt with 
the Storage and Handling of Ombilin Coal at 
Emmahaven,” and described the special storage 
houses in which the wagons discharged from the 
whole length of an upper storey into the storage 
space. The floor of the latter was at ground level, and 
was sloped to facilitate the discharge of the coal into 
special wagons for transport to the ships. The 
fourth paper by Mr. G. T. Wally dealt with the 
Storage and Handling of Lematang Admiralty 
Coal at Kertapati, Dutch East Indies. 

The discussion was opened by Dr. R. Lessing, who 
said that from the point of view of the chemist the 
most important subject dealt with in these papers 





was blending. In this respect this country was 
rather behindhand. Attention might also be called 
to the need for facilities for drawing samples, as 
standardisation was impossible unless an idea of 
the true value of the coal could be obtained. In 
connection with handling plant, breakage must be 
considered, as the size of the coal was often taken 
as a guarantee of its purity, and it might lose 10 per 
cent. of its size between the mine and the port, 
and another 10 ‘per cent. at the port. In Ger- 
many pulverised fuel was now being conveyed in 
special tank wagons, arranged to prevent consolida- 
tion, and the same system was about to be put 
into use in this country. Discharge was effected by 
compressed air. 

Mr. W. S. Edwards described a blending plant 
used in the United States, where the quantity of 
each kind of coal delivered to the mills was con- 
trolled volumetrically, and also by altering the 
speed of the various conveyors. There was com- 
plete interlocking of the various equipment, and 
means were provided for automatic shutting down 
if anything went wrong. The belt conveyor would 
overcome many of the breakage difficulties when 
loading on to ships. 

Captain J. F. Shaw, R.N., said he had examined 
250 cases of spontaneous combustion on board ship. 
These appeared to be due to one of three causes : 
The loading of new coal on to coal left in the bunkers 
on the completion of a voyage. The latter oxidised 
and generated heat, which could not escape through 
the new coal. Fire, therefore, occurred at the 
junction between the two. A second cause was the 
passage of air through the coal, owing to leaky bulk- 
heads, but the most common, and easily prevent- 
able, cause was that the coal was placed over the 
boilers. About 60 per cent. of the cases were due 
to this cause. 

Mr. J. F. Brooks remarked that in the United 
States pulverised fuel was principally used in the 
cement and metallurgical industries, and in power 
houses. In the first two cases, the bin-and-feeder 
system with storage was generally employed, but 
in the smaller power houses much use was now 
being made of the direct-fired system. Probably, 
as regards the amount of coal used, the systems were 
equal. As regards marine work, where the direct- 
fired system was now being employed, the principal 
difficulty had been that of dividing up the supply 
from the mills into the appropriate number of 
streams. On the Mercer, 90 per cent. of the trouble 
had been due to this. On railways, the storage 
system was usual, but though experiments had been 
made with the use of pulverised fuel on several 
railways during the past five years without success, 
the problem had been one of obtaining the proper 
heat release per unit of furnace volume, rather than 
of fuel distribution. 

(To be continued.) 

THe Works oF Messrs. THE BENJAMIN ELECTRIC 
Lim1rep.—Until recently, efficient interior lighting, both 
during the hours of daylight and after dark, was a rather 
neglected subject in the majority of factories. Latterly, 
however, conditions have greatly improved, due both to 
efforts on the part of the management to improve the 
employee’s working conditions, and to modern competi- 
tion necessitating the highest possible efficiency. Con- 
siderable credit for the improvement which has taken 
place, as regards artificial lighting, may fairly be given to 
Messrs. The Benjamin Electric Limited, who, in the past 
twenty years, have introduced many interesting develop- 
ments in appliances for adapting electric, and other 
sources of illumination, to industrial requirements. 
The firm was established in 1908, in Rosebery Avenue, 
but ten years later it was found necessary to acquire 
more extensive premises at Tottenham, to which further 
extensions were made in 1925, and last year, owing to the 
continued expansion of business, it was found necessary 
to erect another building, the total floor space being now 
double that previously available. The new unit 1s a 
brick and steel two-storey building, comprising eight 
north lighted bays; the second storey is used for the 
executive and general offices, while the ground floor is 
used for packing, despatching departments, &c. This 
extension has now made it possible to turn the old 
building completely over to production. An interesting 
testing and research laboratory has been incorporate 
in the new building. This is equipped with a photo- 
meter 40 ft. long, and is used for measuring light inten- 
sities from fractions of a candle-power to over 250,000 c.p. 
It is also employed for calibrating the Benjamin light 
meter. Excellent facilities are also provided out-o!- 
doors for the testing of searchlights and floodlights, and 
reflectors designed for street lighting purposes. The firm 
also manufactures wireless valve holders, Boyce moto! 
meters and electric motor horns. 
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CORROSION AT DISCONTINUITIES IN 
METALLIC PROTECTIVE COATINGS.* 
By U. R. Evans, M.A. 


Ir is probably unsafe to regard any variety of pro- 
tective coating as perfectly continuous; many forms 
of covering contain pores or pinholes when first applied, 
but even non-porous coatings may be broken under 
service conditions as a result of abrasion or bending. 
It is, therefore, of great practical importance to obtain 
a clear understanding of the character of the corrosion 
set up where the basis metal (usually steel) is exposed, 
owing to a break in the coat. In the case of two 
groups of protective coatings, some information on 
this matter has been obtained through previous 
researches. The breakdown of the invisible protective 
films produced by the so-called inhibitive chemicals 
was first studied,+ and it was found that the corrosion 
at the point of breakdown was frequently more intense 
than if no attempt had been made to form a protective 
skin over the metal. The corrosion at cracks or pin- 
holes in films of paint or varnish was next examined,t{ 
and here it was found that, under some conditions, 
the phenomenon of “ rust-stifling ’’ rendered the corro- 
sion less intense at the crack or pinhole than if the film 
were absent everywhere. The main object of the 
present research is to obtain analogous information for 
coverings of non-ferrous metal. 

In order to obtain definite results within a reason- 
able time, the specimens were exposed to conditions 
far more rigorous than commonly prevail in service. 
But, following the principles laid down elsewhere by 
Bengough and the author,§ acceleration was obtained, 
not by introducing new corrosive agencies which are 
not present under service conditions, but by intensify- 
ing the factors which will normally occur in service. 
For example, whilst in real life steel-work commonly 
suffers slow corrosion in the atmosphere owing to traces 
of sulphur dioxide and moisture, in one of the laboratory 
tests the specimens were made to undergo rapid 
corrosion by exposure to air highly charged with 
moisture and sulphur dioxide ; so long as all the speci- 
mens to be compared are exposed in the same vessel, 
the exact concentration does not matter. Even this 
acceleration would not be strictly legitimate if it were 
desired to ascertain which of various coatings was the 
most resistant, since the order of resistance towards 
drastic conditions acting for a short time may not be 
the same as the order towards milder conditions acting 
for a long period. This, however, was not the object 
of the research, which was in no sense a competition 
between rival processes, but rather an attempt to study 
the nature of the different types of breakdown, and 
thus to obtain information which will enable those 
interested to improve their processes. Deliberate 
endeavours were made to realise conditions under 
which the coatings would not merely fail to prevent 
corrosion, but would actually tend to intensify it. 

The steel used as a basis for the main experiments 
was supplied by the kindness of Mr. W. E. Ballard in 
strips having a sand-blasted surface; the size of the 
strips was 10 cm., by 2-5 cm., but in some cases they 
were cut in two, giving specimens 5 cm. by 2-5 cm. 
Analysis showed 0-044 per cent. carbon, 0-134 per 
cent. silicon, 0-061 per cent. sulphur, 0-080 per cent. 
phosphorus, and 0-472 per cent. manganese; the 
average thickness of the uncoated steel was about 
0-36 mm. This will be referred to as ‘‘ A’ steel. Some 
of the specimens were supplied uncoated ; others were 
coated, also through the kindness of Mr. Ballard and 
Mr. Parkes, by spraying, in the works of Messrs. 
Metallisation, Limited, at Dudley. Another series of 
the same steel specimens were subjected to galvanising 
by the hot-dip process, whilst others again were coated 
with zine by electro-deposition ; both hot galvanising 
and electro-galvanising were carried out at Clerkenwell, 
through the kindness of Mr. W. S. Patterson. Finally, 
another series of specimens of the same steel underwent 
the sherardising process, carried out in the works of 
the Sherardising Company at Sunbury, through the 
courtesy of Mr. Sherard Cowper-Coles. 

Half of these specimens were tested unbent, as 
received. But to ascertain the effect of discontinuities 
other than the natural porosity, other specimens were 
tested in a bent form (Fig. 1). These received two 
bends (one at least being at right angles), made with 


produced at the dents, where the pressure seemed to 
consolidate rather than to destroy the coating ; on the 
convex side of the bends, cracks in the coating were 
usually visible to the eye; in some cases, however, 
they only became visible under the microscope. Of 
course, in accordance with the policy of employing 
intensified conditions, the bending to which the metal 
was subjected was more violent than would commonly 
occur in service, especially since in the case of sprayed 
metal the coating will in practice be applied after all 
intentional bending has taken place, and will only 
have to withstand a very small amount of unintentional 
bending, such as may occur through rough usage. 

Six types of intense corrosive conditions were 
employed, namely, (a) Partial immersion in glass 
tumblers in NV /2 sodium chloride solution, the specimen 
being placed at an angle of 60 deg. to the horizon 
and covered with the liquid over two-thirds of its 
length when a full-length specimen was employed 
(three-quarters for half-length specimens). Bent 
specimens were immersed in dishes, up to the level 
shown by the broken line in Fig. 1, the longer side 
being horizontal. (b) Partial immersion, under condi- 
tions similar to (a) in Cambridge tap-water, a typical 
hard water displaying well the distinctive phenomena 
conferred by calcium compounds (see earlier papers).* 
(c) Intermittent spraying with NV /2 sodium chloride. The 
specimens were sprayed once a day with the solution 
from an atomiser (18 puffs each for full-length specimens 
in the main series), and then placed on a dish in a 
large box until the next day. In the specimens coated 
with metal by spraying, evaporation of the deposited 
moisture was at first very rapid (a few seconds) ; 
but, when once rust began to form, they remained 





damp for increasingly lengthy periods. Since in service 
metals usually fluctuate between wet and dry conditions, 
it was believed that this test would give more valuable 
results than the form of the spray test, where the 
specimens are kept definitely wet all the time. 
(d) Intermittent spraying with N/100 sulphuric acid, 
conducted in the same way as (c). Rain and mist in 
coal-burning districts usually contain sulphuric acid 
although no doubt generally at a lower concentration 
than N/100. (e) Exposure to air containing sulphur 
dioxide and moisture. The specimens were placed in 
the upper part of a ‘desiccator vessel’’ containing 
in its lower chamber a saturated solution of sulphurous 
acid, according to the method used in earlier work.+ 
(f ) Exposure to air containing hydrogen chloride. The 
arrangement was the same as in (e), but the vessel 
contained concentrated hydrochloric acid. 

The first two conditions will be grouped together 
as immersed corrosion and the last four as 
atmospheric corrosion. Altogether 314 specimens 
were exposed to the different types of corrosive 
conditions. They were examined at least once a day 
in the early stages, less frequently in the late stages. 
Obviously it is impossible to set down the detailed 
observations; only a mere summary of the progress 
of corrosion can be given. 


Part I.—BeEHAVIOUR OF DIFFERENT METALLIC Coats 
OBTAINED BY SPRAYING. 








Pliers under comparable conditions; also each bent | 

Specimen was made to receive a dent produced by pres- | 

sure between the sharp jaws of wire-cutters, and, in | 

addition to this, suffered a less intense surface disturb- | 

finell where gripped by the pliers during the bending ; | 
a 


b Y, one or more corners were cut off each of the | 
_ Specimens. It may be stated at once that the | 
corrosion produced at the bends greatly exceeded that | 





* Paper read before the Institute of Metals, Liverpool, 
on Wednesday, September 5, 1928. Abridged. 
t J. Soc. Chem. 1nd., vol. xlvi, page 347T (1927). 
} J. Soe, Chem. Ind., vol. xlvi, page 363T (1927). 
oe British Non-Ferrous Metals Research Association. | 
‘rcular and Reprint Series, No. 21 (A), June, 1925. 





The main series of experiments were conducted 
with specimens coated with (i) copper, (ii) nickel, 
and (iii) zinc. Trials of aluminium-sprayed specimens 
were commenced at a later date. In each of the 
three first-named metals, four types of coating were 
employed, namely, (1) An intentionally discontinuous 
coat, with sufficient space left between the flattened 
particles of sprayed metal to reveal the colour of 
| the steel. (2) A thin continuous but porous coat, 
| with thickness ranging about 0-001 cm. thick (the 
nickel coats were thinner). (3) A thicker, and therefore 
less porous, coat with thickness ranging about 0 -01 cm. 


* J. Soc. Chem. Ind., vol. xlvii, page 57T (1928). 


within 4 hours. 


(the zinc coats were here thinnest). (4) A coat of 
thickness similar to (3), but applied to steel which 
had been intentionally rendered slightly greasy by 
being burnished with a greasy wire brush before 
being sprayed with metal. 

(a) Partial Immersion in N/2 Sodium Chloride.—The 
blank (uncoated) specimens soon showed the usual 
distribution of attack, the areas being fixed by the 
differential aeration principle; the whole lower 
(anodic) part was heavily blanketed with flocculent 
iron hydroxides, whilst near the water level a narrow, 
uncorroded (cathodic) area was left unblanketed, 
separated from the corroded area by a sinuous mantle 
of menbranous rust. The specimens coated with 
copper and nickel displayed qualitatively the same 
effect, the position of the areas still being fixed by 
oxygen distribution, but the unchanged portion near 
the water line was much broader, especially on the 
thickly-coated specimens. In view of the fact that 
copper and nickel are normally cathodic to steel, 
it is not surprising that their presence causes a 
widening of the cathodic area. During the first few 
days the development of rust was more rapid on 
the copper-coated specimens than on the blanks, 
but the thickly-nickelled specimen (and probably 
the other nickel-coated specimens) produced rust 
less quickly than the blanks. In spite of the large 
amount of rusting produced, the coatings of nickel 
and copper were still intact and closely adherent 
to the steel at the end of the test, except over a patch 
just below the mantle where sufficient corrosion had 
occurred to loosen the coating. This persistence of the 
adhesion is a distinctive feature of immersed corrosion : 
the voluminous rust is precipitated outside the coating, 
which is not loosened by the expansion involved. 

Bent specimens partly immersed in the position 
indicated in Fig. 1 showed analogous effects, but 
there was specially rapid attack at the bends, where 
the steel was exposed by cracking. After 91 days’ 
immersion the thickly-coppered specimen here showed 
marked corrosion amounting to actual perforation 
at the edge, although the uncoated steel specimens 
(which had suffered general corrosion) were not 
perforated anywhere, except one specimen which had 
been punched rather heavily at Dudley in producing 
the identification mark. In this case, perforation had 
occurred along the punch lines—an excellent example 
of corrosion set up by stresses. Thus, a coating of 
copper, if cracked by bending, makes matters definitely 
worse. On the other hand, the nickelled specimen 
showed no perforation, nor did it suffer very marked 
thinning at the bends. Specimens coated on greasy 
steel fared on the whole in the same way as those on 
ungreasy steel. 

The zinc-coated specimens behaved in a manner 
quite different from the nickel- and copper-coated 
specimens. Whilst the zinc lasted, each specimen 
behaved much like a sheet of solid zinc, producing zinc 
hydroxide as.a flocculent precipitate which collected 
at the bottom of the vessel, and also covered the lower 
(anodic) portions with a white blanket, separated from 
the narrow uncorroded (cathodic) zone above by a 
sinuous white mantle. As long as any serious quantity 
of zinc remained, the corrosion product was pure white 
and free from rust ; but sooner or later, according to 
the amount of zinc present, rusting commenced. Thus, 
among the unbent specimens, the discontinuously 
coated specimen commenced to rust after one day’s 
immersion, and within three days had much the same 
appearance as the uncoated specimens; the thinly 
coated specimen first showed rust at some points on the 
water-line after 20 days, but it extended only very 
slowly. After 70 days considerable rust had accumu- 
lated at the bottom of the vessel, but even when the 
specimen-was taken out after 92 days the corrosion was 
much less severe than that of the uncoated specimens. 
The unbent specimen thickly coated with zinc was still 
yielding a pure white product, quite free from rust, 
after 92 days’ immersion. Bent thickly coated speci- 
mens showed traces of rust after 27 days, but even after 
91 days the amount of rust produced was small. Rusting 
was found to be connected with breaks in the zinc 

coat, but they were not confined to the bends. No 

doubt the steel, where exposed, accelerated the eating 

away of the zinc. The specimen coated on greasy 

steel developed rust less quickly than that in which 

the zinc had been sprayed on to clean steel ; apparently 

the grease constituted a second line in defence. 

(b) Partial Immersion in Cambridge Water.—The 

blank (uncoated) specimens became covered with a 

fairly uniform rust layer, the uncorroded (cathodic) 

portion being confined to a narrow straight strip about 

1 mm. broad at the water-line. The rust coat appeared 

The specimens coated thinly or 

incompletely with copper rusted at first rather faster, 

but the thickly coppered specimen definitely produced 

rust more slowly than the blank in the early stages. 

This indicates that a coat’ which actually increases 

the initial rate of attack by a chloride solution can 

diminish the initial rate of attack by hard water. The 





+ Trans. Faraday Soc., vol. xix, page 201 (1923). 
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difference between the two liquids is due, no doubt, to| becomes thickly encrusted with damp corrosion 
the great mobility of chlorine ions. Pores which permit | products. Even after a day much greenish-yellow 
of rapid electrochemical action with the chloride solution | deposit was observed. When the specimens were 
are much less serious if the hard water is employed. | taken out after 97 days, the surface was deeply encrusted 
Hopes were raised that metallic coverings would notably | with damp dark brown rust, the lower layers being 
diminish rusting by the Cambridge water, but measure-| paler, whilst rust-covered globules of liquid had 
ments of the rust sludge collected after 92 days-showed | collected in clusters at different points. Coverings of 
that this hope was not fulfilled. Actually, the specimen | nickel gave no protection, since the nickel was itself 
coated with thick copper produced twice as much rust | strongly attacked. In addition, the iron rusted below 
as uncoated specimens (10 c.c. instead of 5 c.c.), whilst, | the nickel, and the expansion involved pushed up the 
as in sodium chloride solution, nickel coatings left the | nickel, which became detached. Thick, thin, and 
rust-sludge volume almost unchanged (4 to 6 c.c.). discontinuous coats, bent and unbent, all failed entirely 
A little reflection reveals the cause of the dis-|to afford protection. On the other hand, copper and 
appointing results. The only reason that calcium and | zinc coatings both afforded some protection to the steel 
magnesium salts reduce the rate of corrosion is that in | although in different ways. A thin copper coat only 
their presence the cathodic products include sparingly | partially prevented the formation of rust, but the 
soluble bodies (calcium and magnesium hydroxides and | thick coat practically avoided the attack on the steel 
carbonates) which retard the diffusion of oxygen to the | of the unbent specimens, and, although the copper 
metallic surface even quite close to the water-level. | itself underwent a superficial change, which caused a 
But the effect of covering the steel with a porous layer | distinct alteration in appearance, the metallic lustre 
of copper is to increase the effective cathodic area, and | giving place to a dull brown-grey colour, there was 
thus to reduce the retardation due to the insoluble} no deep-seated attack, and the surface remained, 
bodies ; hence, although in the early stages, before the |on the whole, dry. Bent specimens suffered rusting 
retardation due to the deposition of insoluble calcium | at the bend, and the rust, being formed below the coat, 
and magnesium compounds becomes serious, the effect | tended to loosen it. The loosening extended farthest 
of a thick copper coat is beneficial, in the later stages it | on the specimens where the copper had been sprayed 
actually favours rusting by increasing the area available | on to greasy steel. Zinc, as usual, protected steel by 
for the ‘‘ catchment” of oxygen. Specimens thickly | sacrificial action, becoming itself converted to a moist 
coated and then bent showed special corrosion, | white paste. The protection ceased when the zinc was 
developing a marked rust mantle which followed the | eaten away. ; a 
crack at the bend-line, but there was no perforation.| (f) Specimens exposed to Air containing Hydrogen 
There was some tendency near the bend to undermine | Chloride.—Uncoated specimens showed the curious 
and loosen the coating, which was elsewhere adherent. | phenomenon of “ cathodic circles,” described else- 
The effect of zinc coats was, as usual, to defer the time | where.* The main surface became darkened, but there 
at which rusting set in. The thinly- and thickly-zinced | remained perfectly circular whitish areas with a dark 
specimens (unbent) showed no rusting after 92 days ; | spot in the centre of each. Apparently each dark spot 
and even bent thickly-zinced specimens, whether on| represented a pit within which anodic action was 
greasy or ungreasy steel, were free from rust after the | occurring, the light circle being the surrounding cathodic 
same period. area. Whilst the specimens remained in the vessel, 
(c) Specimens Sprayed with N/2 Sodium Chloride | they developed no genuine rust, but after 97 days the 
Solution.—The effect of spraying was very different | specimens were taken out into the ordinary air, and 
from that of immersion. The blank (uncoated) | then within a few further days a thick layer of moist 
specimens soon showed rusting, and after a few days | rust appeared all over the surface, whilst large rust- 
were covered with a dark brown deposit, actually | covered drops of moisture, apparently charged with 
consisting of innumerable microscopic hemispheres | hygroscopic corrosion product expelled from anodic 
of membranous rust in different stages of sub-| pits in the interior, collected at different points. No 
sidence, the newer ones sprouting through the re-|such drops appeared on steel which had not been 
mains of the older growths. The specimens coated with | exposed to hydrogen chloride. Coatings of nickel of 
a discontinuous coat of copper or nickel at first rusted | all thicknesses failed to prevent the action. While 
rather more quickly than the blanks, but after 37 days | the specimens were in the acid-charged vapour, the 
they were hardly distinguishable in appearance from | nickel-coated specimens actually had a worse appear- 
the blanks. The specimens thinly coated with copper | ance than the uncoated ones, the nickel being quickly 
and nickel at first rusted less than the blanks, nickel | blackened, and afterwards becoming partially con- 
being more efficacious in giving protection than copper. | verted into a greenish-yellow compound. On removal 
However, after 37 days both these specimens were | into the atmosphere, quantities of rust were formed 
seriously rusted, being not very different in appearance | below the nickel, and the remains of the nickel coat 
from the uncoated specimens. On the other hand, the | were bodily pushed upwards from the steel. Copper 
thickly coated specimens resisted rusting much better | gave better protection when unbent, although the 
than the blanks. The bent specimens began to rust | copper itself slowly became dark, and in places patches 
first where the covering was broken at the bend; | of a loose greenish body appeared upon it. But bent 
but the unbent specimens also produced rust although | specimens fared much less well, the steel being strongly 
more slowly, at points well distributed over the surface. | attacked where exposed at the bends, and the amount 
In both cases the rust was definitely formed below the | of corrosion was here locally more intense than on the 
metallic coat (in marked contrast to the immersed | uncoated specimens. No zinc-coated specimens were 
specimens, where it was produced outside the coat ) ; as | exposed to hydrogen chloride, since it is well known 
a result the coating was pushed upwards at these points, | that this compound attacks zinc very rapidly. 
owing to the large volume occupied by the rust. Behaviour of Aluminium-Sprayed Specimens.—The 
Zinc coatings, as usual, deferred the appearance of | results described above suggest that for many purposes 
rust, the zinc itself being converted to the hydroxide. | copper and nickel are too strongly cathodic towards 
Rust occurred on the discontinuously zinced specimen | steel, whilst zinc is too strongly anodic. A study of 
within 2 days, but only on a part which had practically | the results of the e.m.f. measurements suggested that 
escaped zinc deposition ; the rusting gradually became | aluminium might be more suitable. A number of tests 
general after about 10 days, and after 37 days the| were started with aluminium-sprayed samples. The 
specimen resembled the uncoated specimens. Speci-| samples were supplied with two thicknesses of coating, 
mens thinly and thickly coated with zinc showed slight | 0 -015 and 0 -007 cm., the former showing a much greater 
yellowness at the bends after 25 days, but there was | tendency to break badly at the bends. Aluminium in 
practically no real rust even after 37 days, although the | practice behaved (as was to be expected from the 
zine was covered with spots of white hydroxide. Evi- | e.m.f. measurements) as though it were a more weakly 
dently zine confers considerable protection from salt | anodic substance than zinc, the anodic reactions being, 
spray. no doubt, restrained by obstructive films present on 
(d) Specimens Sprayed with N/100 Sulphuric Acid.—|the metal. In N/2 sodium chloride solution, no 








The uncoated specimens rusted more slowly under the 
acid spray than under the salt spray. The metal began 
to become greenish-yeilow after two or three sprays, 
but the rust layer remained comparatively thin even 
after 37 days. Coatings of each of the three metals 
gave considerable protection, although the bent 
specimens displayed a little rust at the cracks produced 
by bending, whilst the discontinuously coated specimens 
showed a certain amount of general attack. The thick 
coats gave better protection than the thin. The 
unbent thickly copper-coated specimens showed some | 
change, largely due to superficial discoloration of the | 
copper itself, although there was a small amount of 
genuine rust; on the other hand, the specimens 
thickly coated with nickel or with zinc remained | 
practically unaltered after 37 days. 

(e) Exposure to Air containing Moisture and Sulphur 
Dioxide.—As shown in previous work,* uncoated steel 





* Trans. Faraday Soc., vol. xix, page 204 (1923). 


rusting occurred on steel specimens sprayed with 
aluminium, even when bent so as to break the covering ; 
but—in contrast with zinc coatings—the aluminium 
also suffered no visible attack at most places, although 
at certain points, especially on the edges of the speci- 
ment, a small quantity of highly flocculent aluminium 
hydroxide appeared after a few days, and after 31 days 
a considerable quantity had collected at the bottom of 
the vessels. 

In Cambridge water the state of affairs was quite 
different. Here the aluminium coating showed no 
change after seven days, and the unbent specimens 
remained quite free from rust also. But on the bent 
specimens, where the steel was exposed at the cracks, 
rusting commenced within three hours, evidently 
because the rate of attack on the aluminium was 
insufficient for protection. Evidently aluminium is 


on 


* Trans. Amer. Electrochem. Soc., vol. xlvi, page 254 | —— 


(1924). 


less suitable than zinc for protecting steel from the hard 
water, if the coating is likely to crack, Aluminium. 
sprayed specimens exposed to air containing hydrogen 
chloride showed no rusting, but the aluminium within 
a few days began to change into a white feathery body ; 
this conversion was attended by a marked increase of 
volume, and after 21 days the coating was peeling off in 
shreds. The white feathery body consisted largely of 
aluminium chloride, and deliquesced rapidly when the 
specimens were removed into the ordinary air. 

Towards air containing moisture and sulphur dioxide 
the specimens were fairly stable, but became moist. 
Specimens which had been cut at the corners began to 
show rusting at these points within 3 days, but appeared 
to be elsewhere uncorroded after 21 days ; after 31 days 
there was a trace of rust along the upper edges, and a 
distinct amount of white corrosion product on the lower 
edges. Nevertheless, the general results appeared 
favourable to the use of aluminium spraying in air 
containing reasonable amounts of acid pollution. 
Specimens of aluminium-coated steel subjected to 
spraying with N/2 sodium chloride or with N/100 
sulphuric acid in the manner already described showed 
no change after 26 days, except where the coating had 
been broken by bending. 

Reduction of Porosity by ‘“‘ Doping” with Varnish.— 
The effective porosity of sprayed coatings can be 
reduced by increasing the thickness of the coating, by 
mechanical working, or by impregnation with a varnish 
(‘doping ’’), the latter method being favoured by 
Ballard.* Mr. Ballard kindly supplied a special series 
of specimens sprayed with copper, nickel, zinc, and 
aluminium which had been treated with a varnish of the 
polymerised formaldehyde type; these were accom- 
panied by other specimens, sprayed under the same 
conditions, but not doped. It was found that the 
doping increased the brittleness of the nickel and copper 
coats, and such doped coats broke completely on 
bending; bent specimens of this character showed 
naturally rather intense rusting in the tests. In 
practice, however, neither spraying nor doping would 
be applied until all serious bending was over and the 
breakage would not occur. In the case of zinc and 
aluminium coats the doping did not confer brittleness ; 
indeed, the doped coats had approximately as good 
bending qualities as the undoped coats. Confining 
attention to unbent specimens, it may be said that 
when penetrating ions are present, the doping greatly 
reduces the rate of corrosion. Thus, in the case of 
copper-sprayed specimens immersed in N/2 sodium 
chloride, the rust appeared much more slowly, and in 
smaller amount. With nickel the advantage of doping 
was rather less marked, but with zinc or aluminium- 
sprayed specimens, the rate of wastage of these metals 
was reduced to a surprising extent by doping. In the 
Cambridge water experiments, doped coatings of either 
copper, nickel, or zinc (if unbent) appear to stop corro- 
sionaltogether. As regards atmospheric attack, doping 
reduced the action of moist air containing sulphur 
dioxide on the copper coating, which remained lustrous 
after 36 days, although the undoped coatings became 
very dull and dark in this period. But doping did not 
render nickel a suitable protective coat for steel against 
sulphur dioxide, both the nickel and the steel suffering 
rapid deterioration. 


(To be continued.) 








THE RUPA PULVERISED FUEL 
ENGINE. 


Ir iscommon knowledge that the Diesel engine, when 
originally patented in 1892, was intended to work by 
compressing air isothermally, cold water being injected 
into the cylinder for this purpose. Before the piston 
reached the end of the compression stroke, however, the 
supply of water was cut off and the air was then com- 
pressed adiabatically, thuscausing a rapid increase in its 
temperature. When the piston wasat about the top of its 
stroke, coal dust was injected into the cylinder and 
was immediately ignited by the high temperature ar. 
At a certain point on the following down stroke, the 
supply of fuel was cut off and the gas formed was 
allowed to expand to nearly atmospheric pressure and 
temperature. The tests made with an engine constructed 
on these principles were not, however, successful, the 
ratio of compression to expansion being too high and the 
water injection giving rise to difficulties. The further 
enormous developments, which have taken place with 
the Diesel engine during the past thirty-six years, 
have, in fact, been entirely effected with liquid fuel 
and externally-cooled cylinders. : 

Nevertheless, the idea that it might be possible to 
use coal dust direct in an engine working on the Diesel 
principle has not been completely abandoned, and 
research in this direction has, in Germany especially, 
been stimulated by the relative costs of oil and coal 
and by the presence of native deposits of brown coal 
of a character suitable for pulverisation. From the 








* Met. Ind. (Lond.), vol. xxvi., page 27 (1925). 








theo 
consi 
there 
assoc 
conn 
Goer! 
pract 
Verei 
detail 
which 
been 
artic] 
some 
The 
ful re; 
it was 
In th 
enging 
vertec 
diame 
horse- 
1906, 
been | 
top of 
that t 
only, r 
withor 
cylind 
Spaces 
the ra 
and wi 
ton rin 
fabrik 
materi 
agains 
now-a- 
been m 
30 atr 
runnin, 
calorie: 
sumpti 









a ee ES Ss eel 


WNP KF eS cr US Re we 


= @2@Ms 


Reretrtoananwme 





SEPT. 28, 1928.] 









































(787.F) 


and of lubricating oil 6 gm. 
(0-2 oz.) per horse-power- 
hour. The cost is 0°6 pf. 
(0-6d.) per horse-power- 
hour. 

The Rupa engine has 
been run on many kinds of 
pulverised fuel, including 
hard coal from Upper and 
Lower Silesia and from the 
Rhineland, and brown coal 
from various parts of Ger- 
many, as well as on peat, 
sawdust, charcoal, rice 
dust, meal and even pow- 


LOLIAELPONE, 


Fig. 1. 
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theoretical standpoint, the method obviously offers 
considerable advantages, and it is interesting to learn 
therefore that Mr. Rudolf Pawlikowski, who was 
associated with Dr. Diesel in the early days, and is now 
connected with the firm of F. Kosmos G.m.b.H., of 
Goerlitz, Germany, claims to have overcome the 








dered coke. Mr. Pawlikowski states that the pulverisa- | SS 
tion need not be finer than that used for firing boilers, 
but that the degree of fineness necessary increases | 
with the moisture content and the ash percentage, and | (787.H) “ENGINEERING 


decreases with the gas content. Slowly igniting coals | 
can be used if they are mixed with oil or rapidly-| trace of tar, and during the course of several years 


practical difficulties. At this year’s meeting of the igniting coals, and it was even found that hard coal, 
Verein Deutscher Ingenieure in Essen he gave some containing 16 per cent. of ash, could be employed 
details of a coal-burning engine, known as the Rupa, | Without difficulty, when a mixture of 80 per cent. of 
which works on modified Diesel principles. This has this fuel and 20 per cent. of lignite was used. 
been running for twelve years, and we are able, in the | The engine can be started up on pulverised coal, 
article which follows, to supplement his description by | @nd has given an output of as much as 120 brake 
some further information and drawings. horse-power. In spite of the wear mentioned above, 
The experiments, which eventually led to this success- | it has recently developed 110 brake horse-power, 
ful result were begun at Goerlitz as long agoas 1911, but | Which corresponds to a mean pressure of 7-7 atm. 
it was not until 1916 that any real progress was made. | (115-5 Ib. per square inch). The maximum indicated 
In that year, a single cylinder, four-stroke, M.A.N. | mean pressure obtained in the course of the experi- 
engine, a view of which is given in Fig. 1, was con-| ments was 11-3 atm. (169-5 lb. per square inch) 
verted from oil to coalfuel. This engine has a cylinder | with only 3-6 atm. (54 lb. per square inch) at the 
diameter of 16 in., a stroke of 25 in. and an effective | end of the expansion. These experiments covered some 
horse-power of 80 h.p. at 160 r.p.m. It was built in | 500 different nozzle arrangements, as well as the various 
1906, and, previous to its use for these experiments, had | kinds of fuel mentioned above. Figs. 2, 4 and 5 are 
been working in a chemical factory. By 1916, the | typical indicator diagrams obtained when lignite was 
top ofits cylinder had worn about 1mm. It was found | used as a fuel. Fig. 2 shows three starting charges with 
that this engine could be operated on pulverised fuel | compressed air followed by the ignition of a charge of 
only, on oil or on a mixture of pulverised coal and oil, | Ilse brown coal, which was injected at a pressure of 
without any deposit of coal or ash forming in the | 58 atm. (870 lb. per square inch). Fig. 4 is a mean 
cylinder, and without any caking occurring in the valve | diagram for the ignition of 50 charges of brown coal, the 
spaces or nozzles. It ran for some 4,000 hours without | pressure of the injection air being 60 atm. (900 lb. per 
the radial wear of the cylinder liner exceeding 0-5 mm., | Square inch). Fig. 5 is a mean diagram of 50 ignitions, 
and without it being necessary to change the original pis- | which were effected without injection air, and is an 





there has been no blackening of a neighbouring wall 
by the exhaust gases. 

Turning to the details of the Rupa engine itself, 
it may first be mentioned that in many previous 
experiments on the direct use of pulverised fuel in this 
way the coal dust was fed from the storage hopper 
to the cylinder by gravity, with the result that caking 
occurred in the hopper, valve spaces and nozzles, 
thus causing choking and a reduction of the charge. 
Even when this caking did not take place, the charge 
of pulverised fuel was not distributed uniformly over 
the cylinder volume, nor was it mixed sufficiently 
intimately with the air. The result was that com- 
bustion was incomplete, and a hard coke was formed 
on the cylinder walls, causing the engine to seize 
after a comparatively short time. This disadvantage 
cannot be overcome by mixing the fuel with the 
combustion air before it is injected into the cylinder, 
as even then it is found that some of the coal particles 
adhere to the cylinder walls and are not completely 
burnt. 

Mr. Pawlikowski states that these drawbacks have 
been overcome in his experiments by ensuring that the 
coal dust on its way to the cylinder is never separated 
from the relatively small amount of air, which is neces- 





tonrings. According to data supplied by the Maschinen- | indication of the way small quantities of coal dust | 
fabrik Augsburg-Nurnberg, the Brineli hardness of the |can be regularly ignited. Fig. 3 is a diagram of | 
material employed for the cylinder liner was 120, as| the performance of the engine when pulverised rye | 
against the 220 to 280 which it would be possible to use | was used as a fuel. No injection air was used and | 
now-a-days. Its full compression, which it is stated has | an indicated horse-power of 142 I.H.P. was obtained | 
been maintained throughout the experiments, is about | It is stated that with an effective output of 87 h.p. | 
30 atmospheres (450 Ib. per square inch), and when | this engine consumes. 80 Ib. of coal, containing 10 | 
ramming on coal its heat consumption is some 2,000| per cent. of ash, per hour, the cost being 0-47 marks | 
calories per effective horse power-hour. The con-| (about 6d.). The exhaust is free from combustible | 
sumption of pulverised brown coal is 0-414 kg. (0-91 Ib.), | matter, and is light brown in colour. It contains no | 


sary for its efficient conveyance. This can be effected 
by maintaining the mixture of coal and air in motion 
by screw conveyors, which force it along a continuous 
circular path past the entrance to the injection nozzle. 
The supply of the mixture to the nozzle in this way is 
ensured by gradually reducing the air pressure between 
the hopper and the nozzle chamber, the result being 
that on its journey between these two vlaces the mix- 
ture is always exposed either to a drop in pressure or 
to a centrifugal force. Unless however, arrangements, 
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are made for the fuel, in excess of what is required 
for a particular charge, to be returned to the hopper, 
care must be taken that this excess fuel is not 
compressed in any way. This can be done either by 
perforating the convolutions of the screw conveyor, 
or by providing sufficient clearance between the latter 
and the casing to allow any fuel and air which 
is not injected through the nozzle to be returned in 
an axial direction. In any event, on its way from the 
storage container to the nozzle chamber, the fuel 
must be kept in a loose condition by closely associating 
it with a small quantity of air. This mixture of air 
and fuel receives the additional air, which is required 
for ignition, as it enters the cylinder, with the result 
that easy ignition and complete combustion take 
place. To ensure, however, that ignition and combus- 


tion do occur during the short time available, a flame | 


is provided at the cylinder inlet, through which the 
coal is injected. This flame can be produced either 
by gas or oil, and since these burn at a higher tempera- 
ture than the coal particles the time required for the 
complete combustion of the latter is reduced to an 
amount suitable for the operation of the engine. 
The result is that a light ash only is formed, and this 
can be scavenged by compressed air in the ordinary 
way. 

Fig. 6 is a diagrammatic section of one cylinder of a 
Rupa engine. Fig. 7 is a cross-section on a larger 
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seale through the cylinder-head, while Fig. 8 is a 
section on the broken line AB in Fig. 6, and Fig. 9 a 
section on the line CD in the same figure. As will be 
seen, the inlet to the cylinder is through an open 
nozzle in the cylinder head, the inner end being fitted 
with a perforated plate. Coal is loaded in the form of 
small lumps into the side hopper a, whence it falls into 
a mill below. It is then forced in a pulverised state 
by the blower b into a centrifugal separator above, 
the larger particles being returned thence through a 
Pipe into the mill, while an intimate mixture of dust 
and air is passed through the heater d into the hopper c, 
from which any excess, as explained above, returns to 
the mill by the pipe shown. The coal is dried to a 
certain extent in the side hopper, which is heated for 
this purpose by the exhaust gases and the outlet cooling 
water. The heater d is also heated in the same way, the 
emperature of the fuel mixture when it leaves this 
eater being, as a result, high enough for ignition to 
occur directly it passes through the flame at the 
Kn inlet. The mill, blower, and separator are 
Fig — from the engine by belts, as shown in 

As is clear from Figs. 6, 7 and 8, below the hopper c 


high, so that there is always a slight vacuum behind 
the screws, into which the air streams and thus becomes 
mixed with the pulverised fuel. 

This nozzle is separated from the conveyors by two 
valves shown to a larger scale in Figs. 10 to 13, and 
|excess of air or waste gases is effectively prevented 
|from reaching it. Valve e is a sleeve valve, and sur- 
rounds valve f, being guided on the spindle of the 
latter. Valve e opens into the screw-conveyor casing, 
and valve f into the nozzle chamber, the annular 
space between them being connected through ports 
to the interior of the hollow valve spindle, which is 
open to the atmosphere or to the exhaust, as shown in 
| Figs. 6 and 7. In order to reduce the consumption of 
| air used for injection purposes, it is important that the 
; space between the two valves, visible in Fig. 10, 
should not be larger than is necessary to hold the 
volume of mixture used. To ensure this, the valve f 
is provided with a conica! projection, visible in Figs. 10 
to 13, so that the cross-section of the passage formed 
when this valve is raised is just sufficient to allow the 
passage of the maximum amount of fuel and air that 
will be required. This cone fills the whole of the space, 
which is not required for fuel. The diameter of the 
seating of valve e is reduced to a minimum, and the 
face of valve f is provided with a sharp edge to prevent 
fuel being caught under it. This is further assured 
| by making the spring of this valve strong enough to 























Fie. 18. 





press out any fuel, even when its sharp edges have 
become somewhat rounded by working. 

The injection air is controlled by the valve g, which 
admits air to a passage communicating with the valve f, 
in such a way that the valve is kept clear from deposit. 
Both valves, e and f, are controlled by a crank lever, 
which is actuated from the camshaft h. This camshaft 
is driven from the crankshaft through worm gearing 
and a vertical intermediate shaft. The lift of valve f 
is controlled by a governor through the adjustment 
of an eccentric, on which the crank lever is mounted. 
Valve e is operated by a shoulder on the valve f, as 
seen in Fig. 13. The lift of valve f can be adjusted 
by the governor, so that the former carries valve e 
with it through a longer or shorter stroke. Alterna- 
tively, the stroke of valve f can be maintained constant 
and the vertical clearance between the two valves 
adjusted by the governor, so that valve e is actuated 
earlier or later than valve f. A third alternative is 
to control the valves separately, while a fourth method 
is to use a slide valve through which the fuel passes 
before reaching valve f, and to close this valve before 
valve f is opened. 

The oil for ignition purposes is supplied from a 





= Placed two screw conveyors, which run in opposite 
: <camtgrng One carrying the fuel-air mixture from the 
treet to the nozzle chamber, and the other returning 
has = fuel and air from the nozzle chamber to 
bein ha In Fig. 6 these conveyors are shown as 
-_ 8 Griven by a small turbine, which is operated by 

© ©ngine exhaust, but they may equally well be 


operated by a separate electric motor or by the injec- 
They are designed with four screw threads 
to mix the powder and air intimately. 
o the proper working of the system that 


tion air, 
each, in order 
t is essential t 


pump j, which is driven as shown from the camshaft. 
A non-return valve is fitted in the fuel supply pipe. 
The oil reaches the nozzle through a passage visible 
in Figs. 6 and 7. The operation of the admission 
valves is as follows: Referring to Fig. 11, valve f 
is first opened, and any air in the nozzle is driven 
out through the ports and up the hollow stem. These 
ports are then closed (Fig. 12). As valve f continues 
to lift, it opens valve e (Fig. 13), and the fuel and 
air mixture enters the nozzle chamber, which is under 
a vacuum owing to the action of the blower 6 and 





the speed of 


rotation of these conveyors should be 





the effect of centrifugal force generated by the screw 


conveyors. Mr. Pawlikowski lays great stress on this 
point, since he believes that it was the omission entirely 
to remove the air from the nozzle chamber before the 
introduction of a new charge of fuel which partly 
accounted for the failure of earlier pulverised fuel 
engines. 

The mixture thus enters the nozzle in a swirl, and 
accumulates loosely on the perforated tube in the 
chamber below. This retains the larger particles of 
coal. The air valve g (Fig. 6) is operated from the 
camshaft by a cam and a double arm lever. Valve e, 
as shown in Fig. 12, closes first, in order to shut off 
the fuel supply, after which valve f is also closed 
' (Fig. 10). Before the air valve is opened the ignition 
oil is admitted into the cylinder, so that the charge 
of coal and air, which follows, is forced into the com- 
bustion chamber through a flame, and is rapidly and 
completely ignited. Ignition can equally satisfactorily 
be effected by injecting the oil and fuel mixture at 
different pressures. 

The engine can be fitted with either a closed or an 
open nozzle, the latter having the advantage that 
the pressures in the cylinder and the nozzle chamber 
are then approximately equal, while the pressure of the 
scavenging air need only be sufficient to overcome the 
compression. The mixture of air and pulverised fuel 
is preferably supplied to the nozzle when the cylinder 
pressure is low, 7.e., during the suction or exhaust 
stroke or at the beginning of the compression stroke, 
as this leaves sufficient time before the end of the 
compression stroke for it to be heated by the nozzle 
walls and by the gases remaining from previous 
ignitions, and ensures that it ignites at the proper 
time. In order, however, that the mixture shall not 
enter the cylinder prematurely, the nozzle chamber 
must be made large enough to allow for any expansion 
that may occur. If this is done the heating of the 
mixture in the nozzle chamber can be carried to a 
point where partial ignition occurs, thus increasing 
the pressure in the chamber and driving the rest of 
the mixture into the cylinder in a swirl, without 
any compressed air injection being necessary. In 
ordinary circumstances it has been found desirable 
to separate the nozzle from cylinder by a long, narrow 
discharge passage, as shown in Fig. 7. This prevents 
any hot gases that remain in the nozzle chamber after 
an injection from being cooled by the entrance of fresh 
cold air into the cylinder. 

Scavenging the light ash formed in the cylinder is 
effected through the three series of ports shown at /, 
mand k, in Fig. 6. The uppermost series of ports /, 
is covered on the upper dead centre, as shown dotted 
in Fig. 6. These ports communicate with an annular 
passage, in which there are non-return valves. The 
middle series of ports is uncovered when the piston is 
on its lower dead centre and communicates also with 
an annular passage, which is connected, as shown, 
to the jacket of the drier a. The lowest series of 
ports which is covered, even when the piston is on 
its lowest dead centre, communicates with a third 
annular passage, which is connected through a non- 
return valve, to the pressure side of a scavenging pump 
n. The annular passage from the ports lis connected 
through a cut-off valve to asecond scavenging pump 0. 
This valve is opened against a spring by a lever, 
the latter being actuated by a cam as shown. 

Besides the two pumps, ” and 0, there is an air 
pump p shown in Figs. 6 and 17, for the uppermost 
row of ports. This pump obtains its supply of air 
through a pipe, already under pressure owing to its 
being connected to the injection airpipe, and therefore 
compresses the air supplied to it above the pressure of 
the injection air. All three pumps are driven from 
the vertical intermediate shaft, the air pump p by an 
eccentric (Fig. 14), the pump 7 by a cam (Fig. 15) and 
the pump o by a cam (Fig. 16). 

The operation of this scavenging equipment is as 
follows: When the piston reaches its lower dead centre 
the ports m, visible in Figs. 6 and 9, are uncovered, 
and the exhaust gases are driven out through them, 
together with any solid residue, which may have been 
deposited on the piston or upper piston rings. Com- 
pressed air enters through the ports k, between the 
cylinder walls and rings and escapes to the exhaust. 
As the piston moves upwards, the top piston rings 
scrape off any deposit from the cylinder wall, and this is 
blown out through the exhaust valve q (Figs. 7 and 8) 
by compressed air, which is admitted through ports 1. 
The valve regulating this supply opens as soon as the 
piston is opposite the ports 1. This air also prevents 
deposits being found between the piston and cylinder 
wall. Before ports / are uncovered valve 7 closes. 
Compressed air may be allowed to enter through ports, 
l, after they have been uncovered by the downward 
moving piston during the working stroke, so as to give 
better atomisation. Lubricating oil can be injected 
with the scavenging air by the pump p (Figs. 6 and 17), 
so as to lubricate the piston rings and to prevent the 
penetration of ash into their joints. It is stated that 
scavenging under certain conditions is unnecessary as 
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the engine can berun occasionally on oil in the ordinary 
way when any deposits, which may have formed, are 
cleaned off by the exhaust gases. 

The conveyors and other equipment for injecting the 
fuel, which have been described above, form a self- 
contained unit as illustrated in Fig. 18, where the 
injector equipment is shown suspended over the engine, 
its outlet pipe being inserted into the opening formerly 
occupied by the original fuel valve. The casting shown 
carries the portions of the equipment, of which a 
section is given in Fig. 8. 

In addition to the 80-h.p. Rupa engine described 
above, a 40-h.p. horizontal engine, a 25-h.p.vertical hot- 
bulb engine and a 150-h.p. three-cylinder engine with a 
320 mm. bore, 520 mm. stroke and running at 215 r.p.m. 
have also been changed over from oil to coal propul- 
sion with satisfactory results. It is pointed out that the 
pulverised fuel costs per horse-power-hour work out at 
about one third of the cost of fuel oil per horse-power- 
hour, while the first cost of the engine is only slightly 
higher than that of one of the ordinary Diesel pattern. 
The thermal content of the pulverised fuel is also 
utilised more efficiently than if it is burnt under boilers 
of the most efficient type to the extent of some 30 per 
cent. to 40 per cent. 








INTERNAL COMBUSTION ENGINE 
EFFICIENCY AND ITS DETERMINA- 
TION BY THE AID OF A CHART.* 
By Professor E. F. WircHett, B.Sc., M.I.Mech.E. 


-1 
THE expression 1 — ( y for the efficiency of an 


internal-combustion engine working on the constant- 
volume cycle is obtained on the following assumptions : 
(1) That Cy and Cy, and therefore y, are constant at 
all temperatures ; (2) that there is no change in the 


Cy is the meag Cy for the 100 deg. C, interval, 














burning thus results. This is more pronounced in oil 
engines, where surface-burning of the oil probably 
occurs. But if the engine be assumed to have for 
the working agent a simple gas such as nitrogen, and 
if the heat be assumed to pass into the gas through the 
walls, so that the method of heat production is elimi- 
nated, then assumptions (2) and (3) may be justified. 

Assumption (1) is not justified, since no known gas, 
simple or compound, has constant specific heats at all 
temperatures. The ideal efficiency should therefore 
be modified to agree with the physica! properties of the 
working agent, but there is no reason why this working 
agent should not be assumed to be a simple gas such 
as nitrogen. 

If the specific heats remain constant, their actual 
values, from an efficiency point of view, are unim- 
portant; it is only their ratio which is required. 
Also the heat input does not affect the efficiency. 
Thus, if y = 1-4 and the compression ratio is 5-65, 
the temperature ratio for adiabatic compression is 
2. Starting the compression with temperature T, 
the temperature at the end of compression is 
2T. After heat addition of I, the temperature 


will be 2T+ a , and the final temperature after 
v ' 
expansion will be T + ; - . The heat rejected to return 
2 Uy 
to the initial temperature is : , and the efficiency, which 


heat rejected 


|is 1 — _—__~____, ig }, and is alike independent of 


heat supplied 


Iand T. But with variable specific heats this is not 


so. Thus, in order to double the temperature from 
300 deg. C. abs., the value of 7 is 5-665; from 
400 deg. C. abs. r is 5-760, and from 900 deg. C. abs. 
ris 6-702. The temperature ratio for a given volume 
ratio thus depends on the commencing temperature. 


Also the heat input required to produce a given rise in | 


TABLE I.—ADIABATIC VOLUME RATIOS. 








R = 0-00557 per stand. cub. ft. 





Cy 2 sa ea Ee F . 
log p = “4 log Tr r (italic figures) = antilog of = log p. 
. 
T _ log Te log p = iog p 
Cr T) 
- 
300 1:0 
060-4012) 0-12494 0-3111 0-3111 
400 2-047 1-0 
0-3995 0-09691 0-2427 0-5538 0-2427 
500 3 +580 1-749 1:0 
09-3970 0-07918 0-1994 0-7532 0-4421 0-1994 
600 5665 2°768 1°583 1-0 
0:3940 0-06695 0-1698 0-9230 0-6119 0-3692 0-1698 
700 8-376 4-092 2-340 1-479 1:0 
0-3906 0-05799 0-1485 10715 0-7604 0-5177 0-3183 0-1485 
800 11:7 5°760 3°294 2-081 1-408 1-0 
0-3870 0-05115 0-1321 1-20386 00-8925 0-6498 0-4504 02806 0-1321 
900 15°98 7-807 4°465 2°821 1-908 1-°356 1:0 
0°3827 0°04576 0-1195 1-3231 1-0120 00-7693 0-5699 0-4001 0-2516 0-1195 
1000 21-04 10-28 5-880 3°715 2-513 1+785 1-317 1-0 
0-3781 0-04139 0-1094 1:1214 0-8787 0-6793 0-5095 0-3610 0-2289 00-1094 
1100 13-23 7-563 4:779 3°232 2-296 1-694 1-287 1-0 
0°3733 0-03779 0-1012 1-222 0-9799 00-7805 00-6107 090-4622 0-330 0-2106 0-1012 
1200 9-548 6-033 4-081 2-899 2°13 1-624 1+263 
0°3682 0:03476 0-0944 1-0743 0-8749 0-7051 0-5566 0-4: 9-3050 0-1956 
1300 20-75 11-87 7-497 5°07 3-603 2 2-018 1-569 
0-3628 0-03219 0-0887 1-1630 0-9636 0-°7938 0-6453 0+: 00-3937 0:+2843 
1400 14-56 9-196 6+220 4-419 33 2-476 1-924 
0-3572 +0:-02996 0-0838 1-2468 1-0474 0-8776 0-7291 O-§ 0°-4775 0+3681 
1500 17-65 11-16 7°545 5°359 3°! 3003 2-334 
0°3514 0-02803 0-0798 1-3266 1-1272 0-9574 0-8089 0-6 90-5573 =0+4479 
1600 21°21 13-40 9-066 6-440 4: 3608 2-805 
0-3454 0-02633 0-0762 1-2034 1:0336 0O-8851 0-7 0:6335 00-5241 
1700 15°97 10-805 7-675 5°6 4-300 3+343 
0°3392 0-02482 0-0732 1-2766 1:1068 0-9583 0-8262 0-7067 0-5973 
1800 18-9 12-79 9-085 6-702 5-090 3°956 
0-3329 0-02348 0-0705 1-3471 1-1773 10288 0:8967 00-7772 0-6678 
1900 22-24 15-04 10-69 7-883 5 +987 4-654 
0-3265 0-02228 0-0682 1-2455 1-0970 00-9649 00-8454 00-7360 
2000 17-60 12-50 9-22. 7-005 5°445 
0:3200 0-02119 06-0662 1-3117 1-°1632 1-0311 0:9116 0-8022 
2100 20-50 14°56 10°74 8-158 6-342 
0-3135 0-02020 0-0644 1-2276 1:0955 0-9760 0-8666 
2200 16-89 12-46 9-462 7-356 
0-3070 0-01931 0-0629 11-2905 =1-1584 1-0389 0-9295 
2300 19-52 14°40 10-94 8-502 
0:3004 0-01848 0-0615 1-3520 1-2199 =1-1004 0-9910 
2400 22-49 16°59 12-60 9°795 
0-2938 0-01773 0-0604 1-2803 11-1608 1:0514 
19-07 14°48 11-26 


2500 





character of the working agent during the cycle, either 
by molecular contraction or dissociation ; (3) that all 
the heat given to the cycle is added at one particular 
volume (clearance volume), and therefore there cannot 
be after-burning and other factors introduced by want 
of chemical equilibrium amongst the products of 
combustion. 

The actual method by means of which heat is added 
in an engine seriously affects assumptions (2) and (3). 
The combustion, no matter what fuel is used, causes a 
molecular re-shuffle, and the presence of several 
compound gases at high temperature prevents the 
immediate full development of the heat assumed to be 
supplied in the calorific value of the fuel, and after- 





* Paper read before Section G of the British Associa- 
tion, at Glasgow, on Monday, September 10, 1928. 





temperature depends on the initial temperature. A 
rise of 1,000 deg. C. requires an input per standard 
cubic foot of 13-82, 15-53, and 17-30 when starting 
from absolute temperatures of 300 deg. C., 900 deg. C., 
and 1,500 deg. C., respectively. 

Consequently, the ideal efficiency of an engine with 
given compression ratio depends upon the heat input, 
and the temperature at which compression begins. 
Thus, with a definite heat input of 25 and a com- 
pression ratio of 5, the efficiency is 0-452 with a com- 
mencing temperature of 300 deg. C. abs. and 0-442 
with a commencing temperature of 500 deg. C. abs., 
and with the same compression ratio of 5 and the 
same commencing temperature of 300 deg. C. abs. 
the efficiency is 0-452 with heat input of 25 and 
0-472 with heat input of 5. 

For the determination of an ideal efficiency it is 





therefore necessary to know, not only the physical 
properties of the gas, but the compression ratio, the 
heat input, and the commencing temperature. The 
physical properties of the gas are given by its volu- 
metric heats. Those given in the Institution of Civil 
Engineers report* are for the quantity of gas occu- 
pying 1 cub. ft. at 14-7 lb. per square inch absolute 
pressure and 0 deg. C. or 273 deg. C. abs. This 
quantity of gas is called the standard cubic foot, 
and the volumetric heats for this quantity of gas 
are taken as 

Cy = 0:°01377 + 0-8634 x 10-9 T? Ib.-cals. 

Cp = 0-01934 + 0-8634 x 10-9 T? lb.-cals. 


and the difference R is therefore 0-00557 Ib. cals. 
In what follows the particular points in any cycle 
are denoted by suffixes as follows :— 


At the beginning of compression, the suffix a 
At the end of compression and before heat 


addition... ose os aes wa. 28 
After heat addition and before expansion... _1 
After expansion oes oes ose eo oe 

Since the efficiency = 1 — heat rejected, and since 





npu 

the heat rejected is that abstracted = cooling from T, to 
Ty, the determination of efficiency for a given compres- 
sion ratio, heat input and initial temperature Tz, 
requires the determination of the temperature T,. 
The chief difficulty in this determination is in finding 
the temperature change due to an adiabatic change in 
volume. 

For a given value of 7, the temperature ratio due to 

R 


an adiabatic change is (r)©v, where C, is the volumetric 
heat at constant volume, and R is the difference 
between the volumetric heats at constant pressure and 
constant volume. The value of R is constant for all 





Tz and T the extremes of that 100 deg. C. interval. 
Cy = 0-01377 + 0-8634 x 10-9 T2, 


deg. 
C. abs. 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1:0 1200 
0-0944 
1-243 1-0 1300 
0-1831 0-0887 
1-525 1-227 1-0 1400 
0-2669 00-1725 0-0838 
1-849 1-488 1-213 1-0 1500 
0-3467 0:°2523 0-1636 0-0798 
2°222 1-788 1°458 1-202 1:0 1600 
0:4229 0-°3285 0-2398 0-1560 0-0762 
2°648 2°131 1°737 «=61°432 =6©61°192 )=—1°0 1700 
0-4961 0-4017 0°3130 06-2292 0-1494 0-0732 
3°134 2°522 2-056 1-695 1:411 1-184 1800 
0:5666 0-4722 0:°3835 0-2997 0-2199 0-1437 
3-686 2-966 2-418 1-994 1:659 1°392 1900 
0-6348 0-5404 0-4517 0-3679 0-2881 0-2119 
4°313 3°471 2-830 2-333 1-941 1°629 2000 
0-7010 0-6066 0-5179 0-4341 0°3543 0-2781 
5°024 4:042 3:295 2-717 2:261 1-897 2100 
0-7654 0-6710 0-5823 0-4985 0-4187 0-3425 
5°826 4°688 3:822 3:151 2°622 2-200 2200 
0-8283 0-73839 0-6452 0-5614 0-4816 00-4054 
6°734 5°419 4:418 3:643 3:031 2°543 2300 
0-8898 0-7954 0-7067 0-6229 0-5481 0-4669 
7:759 =6°243 5:090 4:197 3:492 2-930 2400 
0-9502 0-8558 0-7671 0-6833 0-6035 0-5273 
8-917 7:175 «65850 = 4°823 = 4013 = 3+ 367 2500 








temperatures, but C, is a function of temperature. 
Consequently, the index = changes with temperature. 


7] 
Generally, the value taken for C, is the mean value 
for the range of temperature considered. 

In finding the temperature change from T, to T,, 
due to the compression, the solution is required to the 
equation 

~ 

Tq = (nr) 
and, since the mean value of Cy in this equation 
depends on the value of T, which is required, the 
equation can only be solved by trial and error. 

Further, if the compression ratio is at all large, the 





* Report on Heat Engine Trials, 1927. 
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error introduced by taking the mean value of Cy for 
the whole range, instead of considering its gradually 
changing value, is considerable, especially if the tem- 
peratures are high. As an example, the mean value of 
Cy over the temperature range 900 deg. to 2,300 deg. C. 
abs. is 0-01611, and the index is 0-3458. The compres- 
sion ratio for this temperature range is calculated to be 
15-1 by using this mean value of C,, whereas the 
actual ratio is 14-4. 
In the example just given, the temperatures have been 
hosen, and the ratio of expansion has been found. 
This is a direet problem, and it can be solved with 
little trouble, since the given values of temperature 
enable the internal energies to be calculated, and the 
mean value of C, is obtained from the difference of 





In order to give a more open scale for internal 
energies this graph is shown in the diagram as a 
broken curve. Values are given in Table II. 

The adiabatic curves show the relation between com- 
pression ratio, 7, and temperature. They are drawn 
from points on the horizontal r = 1 line at intervals of 
100 deg. C. The compression ratios are calculated for 
steps of 100 deg. C., and are accumulative. Thus, if a 
charge of gas is compressed so that its temperature 
rises from 700 deg. to 800 deg. C. abs., the mean value 


of C, for this interval is 0-014256. The index é is 
0-3906, and if p be the volume ratio for this tempera- 


= whence p = 1-408. 


0.3906 
ture change (p) = 700 


Fig. 1.GAS ENGINE EFFICIENCY CHART 
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“ENGINEERING” 
these energies. But if r be given and the unknown is a 
temperature, the problem is indirect as explained above. 
The practical problem is this indirect one, and hence a 
graphical aid to solution is an advantage. 

The Chart.—To find the efficiency of the constant 
volume cycle, a curve showing values of internal energy 
and a set of curves showing the effect of adiabatic change 
in volume will be required. The curves, Fig. 1, are 
drawn on a common base of absolute temperature. 

The value of Cy as given in the Inst.C.E. report is 
Cy = 0-01377 + 0-8634 x 10-9 T%. The internal 
energy is the integral of this with regard to temperature, 
and is, therefore, E = 0-01377 T + 0-2878 x 10-9 T? 
+ aconstant. Since, in the problems to be considered, 
actual values of internal energies are unimportant, and 
only the changes in internal energy are required, the 
value of E at 300 deg. C. abs. has been taken as 0. 
This gives a value of — 4-139 for the constant, and the 
equation for internal energy from which the graph is 
plotted is 


E = 0-01377 T + 0-2878 x 10-9 T? — 4-139. 


Absolute Temperature,Degrees Centigrade. 
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25 Lb. 
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(3670) Abs. Temperature,Degrees 
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This value is the ratio of the values of r for 800 deg. 
and 700 deg. C. for any and every adiabatic curve. 
If r read 1 at 700 deg. C. on a particular adiabatic 
curve, the reading of r at 800 deg. C. will be 1-408 ; 
and if r is 8-376 at 700 deg. C., the reading on the same 
curve at 800 deg. C. will be 8-376 x 1-408 = 11-79. 
(These points are found on the curve starting at 300 deg. 
C. on the r = 1 line.) 

The arithmetical work involved in the construction of 
these curves is that of successive addition of logarithms. 
Continuing with the illustration given 


log 800 — log 700 __-0-05799 


0-3006 ~ 0-3906 ~ 9" /48% 


log p = 
and log r = = log p. If the curve is to start from 
300 deg. C., then r at 300 degrees is 1, and the summa- 
tion starts from there, but if the curve is to start from 
700 degrees, then the summation starts from that 
temperature also. 
Table I used for the adiabatic curves is given on the 
preceding page. 





Use of Curves. Constant Volume Cycle (Fig. 2).—The 
data in a particular engine are : Compression ratio 1, 
initial charge temperature Ty, and heat input per 
standard cubic foot I. As an example take r = 5, 
Tg = 380 deg., I = 25 lb.-cals. Since r = 5, the adia- 
batic operations take place between the horizontal 
lines through r = 1 andr = 5. Take the given value 
of Tz, 380, and find the point on r= 1 for Tg. Trace 
the adiabatic from this point up to r = 5 and read off 
T, = 718. 

Also read off Eg, 1-11 and #,, 5:85 on the internal 
energy curve. 

Add the input I to E, and get E, = E, + I = 30°85. 

Read off T, 2,290 for the value of E,. 

Find where the T, ordinate cuts the r = 5 line, 
and trace the adiabatic back to the r = 1 line, and read 
off temperature T,, 1,330. 

Read off E,, 14°85 for the temperature T,.. 

Then the heat rejected is E, — Eg, and the efficiency 
a me Fg _,_ i4 oe = 1 — 0-5496 = 
0-4504. 

Compare with 


| (3) = 1 — 0-525 
5 


= 0-475. 





Heat Addition and Rejection at Constant Pressure.— 
When heat is added at constant volume, the heat 
addition is equal to the change of internal energy 


C, dT, and the temperature rise, due to a definite 


heat input, is found by means of the internal energy 
curve. Similarly when heat is added at constant 


pressure, the heat input is f C,dT. This integral may 


be called constant pressure heat, and since Cp = R + 
Cy, it will be equal to R (T — T’) + E — E’. 

Taking a temperature of 300 deg. C. abs. as a datum 
for this expression the constant pressure heat at any 
temperature T is H = 0-00557 (T — 300) + E, 
where E is the value of internal energy given in the 
table and plotted in the chart. 

The constant pressure heats are given in Table II 
also, and the values are plotted in the chart in a dotted 
line. 


Taste II.—Values of Internal Energies and Constant- 
Pressure Heats. 





Internal energy per standard cubic foot reckoned from 
300 deg. abs. :— 


E = 0°01377 T + 0°2878 x 10-9 T3 — 4°139. 
Constant-pressure heat reckoned from 300 deg. C. abs. 
H 0°00557 (T — 300) + FE, 

x 1D) H 

300 0-0 0-0 
400 1-3876 1-9446 
500 2-7821 3°8961 
600 4-°1853 5+ 8563 
700 5 +5989 7-8269 
800 7-0245 9-8095 
900 8-4639 11-8059 
1000 9-9189 13-8179 
1100 11-3909 15-8469 
1200 12-8821 17-8951 
1300 14-3941 19-9641 
1400 15-9286 22-0556 
1500 17-4872 24-1712 
1600 19-0717 26-3127 
1700 20-6837 28-4817 
1800 22-3250 30-6800 
1900 23-9975 32-9095 
2000 25-7026 35-1716 
2100 27-4431 37-4691 
2200 29-2191 39-8021 
2300 31-0331 42-1731 
2400 32-8871 44-5841 
2500 34-7821 47-0361 





Just as with internal energy the actual value is unim- 
portant, so with constant-pressure heats the actual 
value does not matter; it is only the difference in 
heats that is required since the use of the curve is to 
find the temperature difference due to a given input 
or output of heat at constant pressure. 

The Diesel Cycle (Fig. 3).—Let the data be Tg, r and 
I, and for example assume these to be 380 deg., 14 and 
25 respectively. Find Tg and the intercept on the 
r = 1 line, Eg = 1°11 Since the compression ratio is 
14 draw the adiabatic between r = 1 and r = 14, and 
thus get T, 1068 deg. with internal energy value E, 
and constant pressure heat value H, 15°17. Add the 
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input I to H,, and get the value of H, 40°17. Read 
off the temperature T, 2217 deg. corresponding to Hy. 

Since the heat has been added at constant pressure, 
the volume ratio for the operation is as the temperature 
ratio. Hence a volume of unity at T, becomes a volume 


T : a 
of r at T,. The expansion ratio is therefore 
c 
Piste. ee _ 1068s, -j 
© re. Therefore rz = 14 x 17 = 6°74. 


Find the point at which the horizontal line at r = 6°74 
cuts the T, ordinate and draw the adiabatic down to 
the r = 1 line giving T, 1147 deg. and the corres- 
ponding value of E, 12°06. The heat rejected at 
constant volume is E, — Eg, and the efficiency 

(-SS taste = So ook 
I 25 

If the cut-off ratio p is given instead of the heat 
input then find T, as before and also H,. T, will be 
p T,, and thus T, and H, can be found. Since rz = 


“ 
, the expansion adiabatic can be drawn, and T, and E, 


R~ Ry 


found. The efficiency is then 1 = i, 


ig.4. ATKINSON CYCLE. 


DATA: 
Ta #00°C Abs 
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Volume Ratios 
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Fig.5.COMPARISON BETWEEN MIXTURE 
AND IDEAL GAS. 
DATA: 17: 
Ta 400°C. Abs 16-41 
| 


e; A 


a) 
I 27L6. Cats. ‘ 33-38 


/ 


Heat Units 
Volume Ratios 


a 
1. 





ta tc I," tz t 
297 431 1940 20 
(s67¢) Abs. Temperature, Degrees Centigrade. 


Ideal Efficiency of the Atkinson Cycle (Fig. 4).—In the 
Atkinson cycle heat is added at constant volume, 
and therefore I = E, —E,. Proceed, therefore, as 
in the constant volume cycle, and obtain E, and also 
T,. Adiahgtic expansion now takes place through 
an unknown ratio of expansion rz, but, since the rejec- 
tion of heat is at constant pressure, the final volume V, 
divided by the initial volume Vq is equal to ; 
a 
With a compression ratio 7 and a clearance volume 
unity, Vq is r, and therefore V, is equal to rg, such that 
T, 
Ta 
Having found T,, since heat is rejected at constant 
pressure, the point H, corresponding to T,, is found 
on the constant pressure heat curve, and the point 
Hg corresponding to Tq is also read off. The heat 
rejected is then H,— Hg, and the efficiency is 
1 H, — Ha 

os 

As an example take T, = 400 deg. C. abs., I = 15 
and r = 6. The adiabatic from 400 deg. C. to r = 6 
gives T, = 812 and E,=7:17. E, is, therefore, 
22-17, giving T, = 1790. 

Assuming a value for r,, and finding T, from the chart, 


=f. It is quite easy by trial to find T,. 


2 


Assumed ry. Consequent T,. Calculated re. 
10 767 6 X on = 11-5 
11 738 6 x ies = 11-07 
11-05 737 6 x ae 11-05 


Thus re = 11:05 and T, = 737. Consequently 
H, = 8-58. Also Hg = 1-94, and the heat rejected 
is 8-58 — 1:94 = 6-64. The efficiency is therefore 
1 — SS = 1 — 0-4425 = 0-5575. 

The corresponding Otto cycle for these data would 
be Eg = 1-39, E, = 7-17, E, = 22-17, T, = 1790, 
as before, but T, = 936 and E, = 9-00. The heat 
rejected is E, — Eg = 7°61, and the efficiency is 
0-493. 

Similar charts can be drawn for any mixture of gases 
of which the volumetric composition is known. It 
must, however, be assumed that the volumetric com- 
position remains unaltered at all temperatures. To 
illustrate this, the chart for a gas engine mixture of 
about 1 of town gas to 9 of air is compared with the 
chart for ideal gas already described (Fig. 5). The 
lines for ideal gas are shown in full, and corresponding 
lines for the mixture are shown dotted. Fora com- 
pression ratio of 5, a commencing temperature of 400 
deg. C abs. and a heat input of 27 lb.-cals., the values 
of the essential points are seen to be: 


Mixture. Ideal Gas. 

Ta 400 deg. 400 deg. 
Ea 1-426 1-388 

Te 737 deg. 756 deg. 
Ec 6-38 6-39 
E, 33-38 33-39 

LiF 2,310 deg. 2,426 deg. 

as 1,440 deg. 1,431 deg. 
D5 17-34 16-41 

Efficiency 0-444 


0-4105 


MOIST CUPBOARD FOR CEMENT 
TEST BRIQUETTES. 


THE importance of controlling the humidity and 
temperature of the atmosphere in which cement and 
mortar test specimens are stored, for the first 24 hours 
after mixing, has long been recognised. The matter has 
been the subject of numerous specifications, typical 
among which is that issued, in 1926, by the American 
Society for Testing Materials. This states that all 
test specimens, immediately after moulding, must be 
kept in the moulds on plane plates in a moist cupboard, 
for from 20 hours to 24 hours, in such a manner that the 
upper surfaces are exposed to the moist air. The 
briquettes are then to be removed from the moulds and 
immersed in clean water in storage tanks, constructed 
of non-corroding material. A further refinement of 
the specification was subsequently made, and it is now 
laid down that the temperature of the materials, the 
mixing water, and the room in which the briquettes are 
made, and that of the moist cupboard and of the 
storage tank water, must be maintained to within 
+ 3 degrees of 21 deg. C. 

A storage-tank and moist-cupboard apparatus, which 
has been designed by the testing department of the 
United States Bureau of Public Roads to fulfil all the 
requirements of the specification, is described and illus- 
trated in a recent issue of Public Roads, the technical 
journal issued by the Bureau. The new equipment, 
which replaces a wood-frame apparatus used for a 
number of years, is made from soapstone plates sup- 
ported by a steel frame. The structure is rectangular, 
the moist cupboard constituting the upper portion of 
it, two superimposed storage tanks, each of which 
contains water to a depth of 8 in. being placed below. 
The apparatus comprises three features of particular 
interest. The first of these is the arrangement employed 
for heating the water flowing into the storage tanks, 
and maintaining its temperature between the required 
limits. After passing through four helical-coil immer- 
sion water heaters, the warmed water is led into a fifth 
section, which contains an electric immersion thermo- 
stat. This latter controls the temperature of the 
water, the expansion or contraction of a glass rod in 
the thermostat operating a magnetic switch through 
which current is conveyed to one or more of the heating 
units. According to the circumstances prevailing, the 
temperature of the water may be regulated by con- 
trolling the number of heating units in operation, by 
adjusting the thermostat, or by regulating the quantity 
of the water flowing. During the summer months, the 
temperature of the tap water frequently rises well 
above 21 deg. C. When this occurs, the effluent from 
the iced drinking-water system of the office building is 
used ; it is passed through the heating coils and warmed 
to the requisite temperature. 

The second feature of interest in connection with 
the apparatus is a fuse plug designed to protect the 





and then calculating r, from r . a we get 
a 


heating coils from burning out as a result of accidental 


overheating, such as, would occur, for instance, when 
the water supply was suddenly interrupted. The plug 
is placed just beyond the last heating element; it 
consists essentially of a brass shell containing a Bakelite 
core, through which the two brass terminals pass. 
Contact is made between the two terminals, within the 
plug, by means of Wood’s metal, an alloy of bismuth, 
lead, tin and cadmium, which melts at about 60 deg. C. 
Should the temperature of the water rise unduly and 
the alloy melt, the latter is caught in a brass cup and 
may be used over again for the purpose of closing the 
circuit. The interstices between the core and the 
outer shell, and the brass cup itself, are filled with a 
light lubricating oil. This ensures a better transfer of 
heat from the surrounding water to the Wood’s metal 
and also prevents the formation of an arc between the 
two terminals. The third feature of particular interest 
concerns the moist cupboard proper, and consists of 
a centrifugal blowing apparatus which draws air from 
the cupboard, passes it through a conical spray of water, 
and returns it to the cupboard laden with moisture. 
This apparatus is mounted on the top of the moist 
cupboard, it is only operated during working hours, 
when the cupboard doors are continually opened for 
the purpose of inserting specimens. During the night, 
the correct degree of humidity is maintained by the 
presence of water to a depth of 2 in. in the bottom of 
the cabinet. 








CATALOGUES. 


Lathes.—The Jones and Lamson Machine Company, 
19, Water-lane, Queen Victoria-street, London, E.C.4, 
have sent us a circular illustrating four operations on 
their turret lathe in producing and cutting off a piece of 
work, 

Ore Classifier—A separating machine, known as the 
Akins classifier, is explained in a pamphlet issued by the 
makers, Messrs. Head Wrightson and Company, Limited, 
Norton-road, Stockton-on-Tees. The machine was first 
devised for the separation of sand from slime in cyanide 
treatment plants, but is now being applied to several 
other purposes. 

Aluminium.—Six wall cards giving the standard 
dimensions and weights for aluminium sheets, sections, 
bar and strip, wire, rod, and tubes, are to hand from the 
British Aluminium Company, Limited, Adelaide House, 
King William-street, London, E.C.4. We have also 
received a small pamphlet on aluminium powder giving 
some useful information on aluminium paint. 


Electrical Control Gear and Circuit-Breakers.—We have 
received from the British Thomson—Houston Company, 
Limited, Rugby, new editions of catalogues dealing with 
electric-control gear for mines and quarries, control 
panels for shunt, series and compound-wound motors, 
ironclad oil-immersed circuit breakers for three-phase 
circuits up to 660 volts, and oil-immersed circuit- 
breakers for pressures up to 3,300 volts. 

Conveyor Chains.—A catalogue of chains for conveyors 
and elevators is to hand from Messrs. Hans Renold, 
Limited, Didsbury, Manchester, showing three types 
known as the inserted-block, hollow-stud, and solid-stud 
types. Each is made in a series of strengths with maxima 
of 9,000 Ib., 36,000 lb., and 84,000 lb., respectively. A 
wide assortment of standard parts, such as plain rollers, 
flanged roilers, and many forms of brackets or carriers, 
in addition to chain wheels, is also listed. 

Launch Engine.—A catalogue containing a specification 
of a petrol marine engine of 100 h.p., suitable for fast 
cruisers or launches, is to hand from Messrs. J. W. Brooke 
and Company, Limited, Lowestoft. The engine has six 
cylinders of 4} in. bore and 43 in. stroke, is very com- 
pletely enclosed both for protection and automatic 
lubrication, and is fitted with reverse gear. The power 
developed at 2,000 r.p.m. is 105 h.p., and at 800 r.p.m., 
42 h.p. The petrol consumption is almost constant, 
giving 11 h.p. to 11-2 h.p. per gallon per hour. 

Overhead Cables.—A bound handbook, of 240 pages 
octavo, dealing with overhead construction of trans- 
mission and distribution lines, railway electrification, 
cable bridges, &c., is to hand from Messrs. Callender’s 
Cable and Construction Company, Limited, Hamilton 
House, Victoria-embankment, London, E.C.4. The 
main chapters relate to towers, poles and accessories ; 
fallacies in design; standard specification ; bridges for 
carrying cables; railway electrification; and technical 
tables and curves. The illustrations are numerous, 
and the book is marked price 10s. 


Optical Instruments and Apparatus.—The discrimi- 
nating purchaser of high-class scientific instruments 
and apparatus for works and laboratory use will find 
much to interest him in a general catalogue of the 
manufacturers of Messrs. Adam Hilger, Limited, 24, 
Rochester-place, Camden-road, London, N.W.1. This 
firm’s products, as our readers are doubtless aware, 
include such instruments as wave-length spectrometers, 
spectrographs, spectrophotometers, colorimeters, polari- 
meters, refractometers, interferometers and _ other 
optical instruments and accessories, examples of which 
are illustrated and briefly described in the catalogue 
referred to. The descriptive matter, though brief, 
serves generally to indicate the principles upon which 
the instrument is constructed and the uses to which 
it may be applied, althodgh in many cases references 
are given to fuller particulars published in papers 
before scientific societies or elsewhere. The catalogue 
is profusely illustrated by wood engravings and line 
diagrams, and prices are given on a separate sheet, 
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THE GEOMETRY OF RESONANCE | wLI= —) +XoL 


eneumeemmees | which is obtained directly from the diagram with the 


By Professor J. K. Catrerson-Smitu, M.I.E.E. | plus sign signifying frequencies exceeding resonance. 
On of the most widely used methods of measuring | Therefore w? =p wXp _ 6 —_ oe 


the high-frequency resistance, or power-factor, of | 
an. efficient circuit, such as is used for radio trans- a ee 
mitters, is that in which the decrement (an abbrevia- cera Xp - al (32)'+ : a (1) 
tion for the logarithmic decrement) is found from the | aL aL; L0 

resonance curve obtained from measurements. It} The actual frequency corresponding to a given 
is a simple matter in the laboratory to measure the | value of the resultant reactance Xp is given by 
current flowing in a circuit adjusted to be in reson- | equation (1), but as in most practical cases, such 
ance with the applied frequency, and if this is|as efficient radio circuits, the resultant reactance 
altered and values of the current plotted to a| Xp is of the same order of magnitude as the 
frequency abscissa scale the resulting graph is a|_ Snot : 
resonance curve. Some form of decremeter may | resistance R the term [: * | may be neglected in 
1 


be used for the same purpose when testing a trans- comparison with This results in a simpli- 


mitting aerial. The theory underlying the deduc- | ; _ LC 
tion of the decrement from the resonance curve, | fication of equation (1) to the close approximation : 
due to V. Bjerknes, is given in J. A. Fleming’s | _ 1 4X * 
‘Principles of Electric Wave Telegraphy and | “_ VLC + 2L* ; > @) 


Telephony; >" and it ab selston that the width of the | in which the first term represents the resonance 
Cartesian resonance diagram is proportional to the frequency and the second term the actual or 
decrement of the circuit. The proof of these) 064 frequenc fy above, or f, below, the 
formule is somewhat complicated, and an alterna-| 1 onance ya fr by tie Pie ova “a ie 
tive method given below, embodying a simple! qi .onance f requency fo anhene 
graphical construction, has been found by the writer 

to be of considerable use in providing an instruc- | fo= Xp 
tive and expeditious means of studying resonance. shad 


(3) 


If a constant electromotive force, the frequency | The effect of high-frequency resistance upon the 









the current ordinates from : 


| therefore 
| 








be and dividing by the resonance frequency,. This 


is exactly what Bjerknes showed in his particular 
treatment of the problem. The loss of sharpness 
of tuning, or flattening, of a resonance curve is 
proportional to the increase in resistance and this 
is shown by the widening of the peak or the corre- 
sponding dissonance evaluated by equation (3). 

A resonance curve may be plotted by calculating 


E E 


I= —— Se ee eens 
a/R + (oL feat )’ VR + X;; 
w O 

and the dissonance corresponding to each value of 
current may be obtained from equation (3). A 
simpler alternative is to employ the graphical 
construction for a dissonance diagram as shown in 
Fig. 5. 

Let the current at resonance be OD = I, = E + R 
so that at any value of dissonance the current is : 


OH =I; cos ¢, 
where 
Xp 
tan ¢ = Rp’ 


From equation (3) it is seen that : 
Xp = dul x fos 
4nL 
R 
provided that R remains constant. 


tan @ - x fo = constant x dissonance (7) 























Fig.1. CONSTANT C.L.R & E WITH : Fig 4. Lead | L 
ee oO ARIABLE FREQUENCY. Fig.3. VECTOR DIAGRAM FOR pRAWN FOR Lica 
i k-BeR a DECREMENT-1-0 
Me a ‘ Max.Slope- 
/ ‘oy 
it ars Pr / m| Tangent 
/ 1 7.4 
(851.4) “ENGINEERING Fig.2. I ie aa ae 0 i 
reer Ay i & 
of which may be varied, is induced in a circuit | DIAGRA - \ ry aa 
made up of capacity, inductance and resistance, as| EXCEEDING \ oh Ss 
shown in Fig. 1, it will produce a current the | tr se x fp, Kk |S 
amplitude and phase of which depends upon the | = nb fp 
relative magnitude of C, L and R for a given value | (651.8) — O ewcivesrine: 0 | % F; 
of the impressed frequency. Thus the current will | wenes fr 
0 oe (851.0) Intercept 


lag with respect to the impressed electromotive | 
force when the frequency of the latter is greater | 


than the natural or resonance frequency of the | sharpness of tuning, or the selectivity, of a cireuit | 
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Thus if OH in Fig. 5 is produced to cut the line 


circuit, or the current will lead when the impressed | is shown by the shape of the peak of its resonance | EF drawn at right angles to OD it gives the inter- 
frequency is less. These conditions are represented curve and this may be ascertained immediately cept EG which is proportional to the dissonance 
by the vector diagram shown in Fig. 2, which is | by assigning values to the terms C, L and R in- | frequency. The uniform scale of dissonance fre- 
drawn for an impressed frequency exceeding that | volved in equation (2). | quency, on the line EF, may be found from ‘its 
corresponding to resonance in consequence of which! A case of particular interest and practical utility | value when Xp =- R, that is 
the current is shown lagging by ¢. If the impressed | is that in which the dissonance frequency causes | 

frequency is reduced the angle of lag ¢ decreases, | Xp to become equal to R, that is ¢ = 45 deg. | fi - a4 

7 


while the current OI increases until it attains the | lead or lag and I = 0-707 I, where I, is the current | 
when ¢ = 45 deg. 





SR TTS tie 


resonance value equal to E + R, when ¢ is zero, | at resonance. 


i.e., the current is in phase with the impressed | 


electromotive force. A further reduction of the 
frequency of the induced electromotive force causes 
the current to lead and fall in value. 


These conditions of constant electromotive force, | 
with varying frequency, may be represented by a 
circle or Argand diagram, as shown in Fig. 3, for | 


the current and reactive electromotive forces. In 


this diagram the current OI consumes the constant | 


impressed electromotive force OB in consequence 


of the resistance drop OA and, in quadrature, the | 


resultant reactive drop AB. The reactive drop | Baie 
/and as the resonance frequency of the circuit is | 


cycles per second, see and from equation (2) the resonance frequency is : 


AB is the difference between the inductive voltage 
AC, and, in phase opposition, the voltage CB 
across the capacity. The reactive voltage across 
the inductance is given by » LI, while that 


across the capacity is given by a and their 


difference AB is the resultant reactive voltage 
XpI, which becomes zero at resonance. The 


is fp and is given by equation (3) : 
x R 
fi, = res) ~ 47 L (4) 


|cycles per second above or below resonance. 
| 


frequency at this point is : 
R 
fi — fe = 2f5 a ae be - (5) 


. : 1 
given by f, = 2” EC 
equation (2), it follows that : 
Ae 
fr w L 


| Now the logarithmic decrement of an oscillatory 
| circuit depends upon the ratio of its resistance to 


This point of dissonance is indicated on the reson- 
/ance curve shown in Fig. 4 where it will be seen 
the width of the peak of the curve in terms of 


dotted line circle is the locus of the end C of the | its reactance and is given by : 
reactive voltage vectors as the current and fre- | 
quency changes; the diameter of this circle is | ae Ro ord = eRe, 
BC', when the circuit is reasonably efficient. The | w L ; 
difference between the frequency of resonance f, | and therefore the decrement is 


and the impressed frequency, such as f, or f>,| Sncig (Oe i) (6) 
to which the current OI corresponds, is the} oe ? te : : . 
dissonance frequency fp , thus :— | On referring again to the resonance curve, Fig. 4, 


fo = (fr — fe) or (fy — fr) 


This particular value of the dissonance frequency! Thus having the scale of dissonance it is only 
p { y | y 


necessary to set up the lengths OI on this scale as 
ordinates of the resonance curve. 

| As an example of the application of the fore- 
| going equations (3) and (6), the case of a circuit 
having a resistance of 1 ohm, an inductance of 
'0-010 henry and a capacity of 100 microfarads 
|may be considered. Here the dissonance frequency 
; when I = 0-707 I, and ¢ = 45 deg. is given’ by 
| equation (4). 

1-0 


M nes = 7-95.cyc se 
a ir yey 7-95. cycles ~ second, 


y= — - a = - = 1,000 and f/f, = 159 
0-010 x 100 x 10-6 
cycles per second, 
therefore the decrement is 
8 aw SO FE cae 
fr 159 
It is convenient to tabulate the decrement 
obtained from several points on a resonance curve, 
| instead of restricting the process to a single evalua- 
tion at a current of 0-707 of its peak value as com- 
|monly practised, in order to obtain an average 
| value. 
| Ifthe ratio of the current at any point on a reson- 


| it will be seen that the meaning of equation (6) is/ ance curve to its peak value, #.e., to I,, is y then— 


cycles per second when OI leads or lags as shown. | that the decrement may be found by measuring | 


Hence for frequencies above or below that of its width at a current value of 70-7 per cent. of 
its peak in terms of frequency, multiplying this by 


resonance the following relations hold :— 


I 
y = 7 = ©08 >, 
I, F 





416 


ENGINEERING. 








(Oct. 5, 1928. 








and from equation (7) the corresponding dissonance 
frequency is given by :— 








R J/1— y? 
Wee pee eg ee 
which gives the paige — 
— x & 
ewes i -y * fr | 
alternatively _ /Aa-#] y | - (9) 
7 rl - i vie 


Thus, the decrement at any point on the current 
resonance curve is given by its width in terms of 
frequency multiplied by x, divided by resonance 
frequence and multiplied by the factor y + /1 — ¥, 
for which some values are to be found in the following 
table :— 








I ae /T— x2 
o 5 | /1— x2 i 
r | y y 

| 

0-95 3-05 0-328 

0-90 2-06 0-485 
0-80 1-33 0-75 
9+707 1-00 1-00 
0-60 0-75 1:33 
0-50 0-577 1-73 
0-40 0-437 2-29 





Equation (9) shows that the decrement is repre- 
sented by [z + f,]- multiplied by the width of the 
resonance curve and by the factor, depending on y, 
which is y ~ 4/1 — y? and thus the reciprocal of 
this factor is the width of the curve at corresponding 
ordinates. A resonance curve may thus be plotted 
from the third column in the table, and it will be 
found practically coincident with the curve plotted 
from the equation given on page 415 for values of 
decrement less than 25 per cent. 


Properties of Resonance Curves. 


(1) The tangent drawn through the peak cuts the 
abscissa at a point which gives a direct measure of 
the decrement. The point of contact with the 
resonance curve corresponds to a phase angle of 
50 degrees and occurs at 63 per cent. of the peak 
value as shown in Fig. 4. 

The length of the intercept in terms of frequency 
is equal to the decrement multiplied by 0°53 times 
the frequency of resonance, or 
1.89 X intercept 
oer f 

(2) A resonance curve lies wholly above its 
tangent through the peak value and the angle 
between any pair of tangents is a useful measure of 
the sharpness of tuning. 

(3) If the sharpness of tuning is defined as the 
rate of change of the ordinates with change of 
frequency this quantity,* which is roughly constant 
between 0-70 and 0-90 of the peak value, is only 
slightly (13 per cent.) greater than the slope of the 
tangent through the peak. 

Example No. 1. If the resonance curve for a 
circuit is plotted from test observations, the 
frequency of resonance being 1-50 x 10° cycles 
per second, and the tangent through the peak cuts 
the base at 998 kilocycles what is the decrement of 
the circuit ? 

The intercept is 2,000 cycles per second and 
decrement 


1-89 x 2,000 
™ 7-50 x 108 

Example No. 2.—A coil having a measured 

inductance of 0:0159 henry is tested by adjusting it 

to resonance at 1,000 cycles per second with a loss- 

free condenser having a capacity of 1-59 microfarad. 

The impressed frequency then is varied a little 

and the observed current plotted. If the tangent 

drawn through I, intersects the base at 950 or 

1,050 cycles per second what is the high-frequency 
resistance of the coil ? 


= 0-0026. 


1:89 x 50 : 

Decrement = i 095 
wR andasw = 27 X 1,000 = 6-28 
ak X 1082 and w L = 6-28 x 103 


xX 0-0159 = 100. 
5x wL 0-095 x 100 — 3.9 
T = 7 ohms 





H.F. resistance = 





* Slope of resonance curve is proportional to sin ¢ + 
sec? g, the max. value of which occurs at @ = 35 deg., 
or at I = 0-819 I». 


Sharpness Diagrams.—The following expedient 
has advantageous features and has been found 
useful for a number of purposes. It will be noted 
that tangents drawn through I, lie just within the 
resonance curve as the peak current is approached, 
and as sharpness of tuning or selectivity is defined in 
terms of decrement, or width of the graph, it is 
most convenient to adopt the tangents themselves 
in place of resonance curves for resonance diagrams. 
This eliminates the laborious plotting of a number 
of resonance graphs and substitutes a number of 
straight lines, the slopes of which are proportional 
to the reciprocals of the decrements. In Fig. 6 
such a sharpness diagram is drawn for decrements of 
0-125, 0-25, 0-5 and 1-0, and in Fig. 7 a sharpness 
diagram for decrements of 0-002 to 0-010. The 
horizontal line indicates the points of contact 
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between these tangents and their respective 
resonance curves, not drawn, which occur at 
I = 0-636 I,. 


Properties of the Dissonance Diagram. 


(1) Proof that locus of the extremity of the 
reactive voltage vectors (the point C on the dotted 
circle in Fig. 3), is a circle on a diameter at right 
angles to the impressed voltage vector. Consider 
the case of @ being an angle of lag, the frequency 
then being f, + fp or @, + @p. 

The reactive voltage across the capacity is then 


a 
(wr + wp) C’ 
and at resonance this becomes BC! at right angles 
to the voltage vector OB, and 


BC = 


I, 

to. eee 

BCt= or @ 

therefore 
BC _ I wr _ J . w, C 
BOL (wr + wp) C I; * 10 + wp C)’ 


In the majority of cases of Meet importance the 








dissonance frequency is exceedingly small compared 


with the resonance frequency, ¢.g., @p is less than 
once per cent. of w,, hence 
BC 
BO 
or BC = BC' x cos ¢, and C has a circular locus 
with B C'as its diameter, provided the decrement is 
small. 
(2) At resonance the voltage across the induct- 
ance is 


I : 
va X very small correction factor, 


o = Wr I; L 
and as 
wR 
6 = ge and I; = 
therefore Vi= ** 
in which ; is the resonauce magnification. 








‘THE BRITISH ASSOCIATION AT 
GLASGOW. 


SECTION A.—MATHEMATICAL AND 
PHYSICAL SCIENCES. 
(Continued from page 389). 


X-Ray Stupy or Heat VIBRATIONS IN A 
CRYSTAL LATTICE. 


Tue chief point of interest of the paper or 
with the above subject, in which Mr. We 
James, M.A., gave an account of recent alle 
ments made by himself, Drs. I. Waller and 
R. Hartree and Miss Firth, at Manchester, lay 
in the bearing of these studies on the Question 
of Zero Point Energy, as the full title of the paper 
indicated. From measurements of the intensity 
of the reflection of X-rays from a crystal face, 
Mr. James pointed out, the average scattering power 
for X-rays of the atoms and the distribution of the 
electrons within the atom had been determined 
in the case of rock salt (containing the ions Na+ 
and Cl—) by the wave mechanics of Schrédinger. 
The distribution would be affected by the heat 
vibrations of the crystals, as had been shown by 
Debye in 1914, and their experimental scattering 
curves, obtained at different temperatures, agreed 
with the curves calculated on the supposition that 
atoms retained some energy of vibration at the 
absolute zero of temperature. Assuming that the 
zero-point energy amounted to half a quantum, 
the corrections were found to be of the proper order 
as proposed by Planck. That seemed to be a 
direct optical confirmation of the existence of the 
zero-point energy which Nernst and Lindemann 
presumed from their work on specific heats. The 
scattering power of an atom at large angles of 
incidence appeared to depend almost entirely upon 
the inner K electrons, the effect of the outer electrons 
being destroyed by interference. For an atom at 
rest the K electrons were included within a radius 
considerably smaller than the amplitude of vibration 
due to zero point energy. The difference in the 
scattering powers of an atom when! at rest and 
when vibrating with this amplitude should therefore 
be considerable. 


ULTRA-VIOLET Rap1aTIONS EmittepD By Point 
DISCHARGES. 

The experiments described by Mr. John Thom- 
son, M.A., of Glasgow University, went back to the 
observations of E. Wiedemann, who found ionising 
radiations to be emitted by gases in the vicinity 
of metallic points charged to high potentials. 
Mr. Thomson uses a horizontal glass tube with two 
axial platinum wire electrodes joined to an induc- 
tion coil. Underneath one pointed terminal is a 
branch tube which leads through a passage, 4 mm. 
wide, provided by two balf-cylinders of copper, to 
an auxiliary gas chamber which is closed above by 
a piece of wire gauze and contains a copper disc. 
The gauze and disc are connected to an electrometer. 
Between the two copper cylinders a field of 1,400 
volts per centimetre is maintained to prevent any 
ions from the tube reaching the chamber and 
affecting the disc, which is charged only by the 
photoelectric radiations excited in the gas. Of the 
gases tried so far, carbon dioxide gave hardly any 
radiations. Oxygen proved troublesome because 
the formation of ozone made the gas highly con- 
ductive. In hydrogen the spark was generally 
blue; in nitrogen it was white, but turned red at 
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low pressure. The lowest observed ionisation poten- 
tial of hydrogen was 16 volts, whilst some investiga- 
tions suggested 11 volts. The radiations appeared 
to be molecular in origin. 


Lonpon’s THEORY OF VALENCY. 


In his paper on London’s Theory of Valency 
and Stereochemistry, Mr. H. F. Biggs, M.A., of 
Oxford, extended the suggestions of Dr. A. F. 
London on dispersion electrons, wave mechanics 
and charge distributions in the atom. While the 
combinations between ionised atoms have been 
much investigated and explained to a certain degree, 
combinations between neutral atoms were not 
understood before Schrédinger, Pauli and London 
attacked the problem. Paired electrons, Mr. Biggs 
pointed out, took no part in chemical reactions 
which only depended upon the unpaired electrons. 
Two spinning electrons brought near together, 
might attract one another at certain distances, and 
reflect and repel one another at smaller distances. 
On, such lines, London had explained how the hydro- 
gen molecule was formed, and why helium atoms 
did not combine to molecules, and Mr. Biggs showed 
how the valency relations of carbon in graphite and 
carbon compounds and of nitrogen compounds could 
be understood. 


THE SCATTERING OF ELECTRONS. 


The discussion on this subject was opened by 
Dr. C. J. Davisson, of the Research Laboratories 
of the American Telephone, Telegraph and Western 
Electric Companies, who initiated a new line of 
research on these phenomena by experimenting 
with nickel in 1919. He pointed out that the inter- 
action between a homogeneous beam of electrons 
and a crystal of nickel was similar to the interaction 
between the crystal and a beam of monochromatic 
X-rays. The electron beam was regularly, but 
selectively, reflected from the crystal face, and at 
critical speeds of bombardment beams of electrons 
emerged from the incidence side of the crystal, 
in other directions as well. That was in analogy 
with the Laue diffraction of X-rays, but there was the 
difference that the electron beams did not proceed 
in the direction of regular reflection from the princi- 
pal sets of (Bragg) atom planes. That this simple 
geometrical relation held for X-ray diffraction was 
due to the fact that the indices of refraction of 
different materials for X-rays had nearly unit value. 
Even if this were not so, the wave lengths of Laue 
beams (issuing on the incidence side) could still be 


pattern could be predicted with an accuracy of about 
1 per cent. from the crystal structure of the solid 
and Broglie’s expression for the wave-length. 
The electrons forming the pattern had apparently 
the same speed as the original cathode rays. Those 
experiments, made at high potentials, had been 
extended by Rupp to slow electrons of only 300 volts. 
Rupp had also obtained rings but showing a small 
discrepancy, which he ascribed to a refraction of 
the electron waves. Professor Thomson was not 
satisfied about that point, and referred further 
to the length of the trains of waves associated 
with electrons. Their numbers probably depended 
upon the condition of the experiments. 

M. Louis de Broglie said the fundamental 
starting point had been the discovery of the 
photoelectric effect. Under the influence of 
radiations a stream of electrons was emitted by 
matter whose energy depended upon the frequency, 
and not upon the intensity of the incident radiation. 
Einstein accounted for this in 1905 by assuming 
that light was formed of corpuscles of energy hv. 
To leave the matter after absorption of one of 
these corpuscles, the electron had to expend some 
work w, so that its energy at the end of the process 
was hy—w. That had been verified for light 
| proper and still better for X-rays and y-rays. 
| That this diminution of the quantum energy due 
|to collision should, in diffusion, show in the 
frequency of the reflected radiation had simul- 
| taneously been proposed by Debye and Compton. 
| The classical theory of light had too pronounced 
| a continuity character, whilst the purely corpuscular 
| conception was inacceptable. We had to realise 
|a synthesis of the two points of view. A material 
point could not be conceived as an isolated unit, 
| but might be conceived as a centre of an undulating 
| system in which it constituted a singularity. The 
| quantum of light was likewise such a singularity 
in a wave of a particular nature, but not essentially 
| different from the nature of other points. The 
| dynamics of the material points had so far been 
occupied exclusively with the displacement of the 
'singularity without troubling about the rest of 

the wave and without going beyond the stadium 
of geometrical optics. The results had been exact 
in many cases, but they became erroneous when 
it was impossible to disregard the undulatory 
| phenomenon of which the material point merely 
| represented one aspect. Classical optics had 
‘only been concerned with the wave, conceiving 
| it to be homogeneous and neglecting the singu- 





calculated by the plane grating formula nA = | larities of its amplitude. In this way optics had 
D (sin 6, — sin 6,) with respect to one or another of | arrived at a globular representation of atoms of 


the atomic plane gratingsto which the surface layer of 


ilight of hydrodynamic character. Once the 


atoms was equivalent. This formula had been used to | phenomena of the atomic ladder were established, 


calculate equivalent wave-lengths of electron beams 
of various speeds, andthe values found had been in 
acceptable agreement with the formula of Broglie, 
A= _ . That procedure could, however, not be 
applied for calculating the beam regularly reflected 
from the crystal face ; as a plane-grating beam was 
of zero order, the wave-length would be indeter- 
minable. But observations of the reflected beam 
were suitable for calculating the indices of refraction 
of the crystal for electrons of various speeds and 
wave-lengths. In this way a definite electron 
dispersion curve had been produced for nickel. 
For bombarding potentials V greater than 100 volts 
(they ranged up to 600 volts), the index » was given 
by Bethe’s equation p» = ( 1 +%) + where @ was 
approximately 18 volts. In terms of the wave 
theory of mechanics that meant that the average 
potential inside the crystal was less than that outside 
by 18 volts. The dispersion curve below 100 volts 
was complicated and suggested optical anomalous 
dispersion. 

Giving an account of his own contribution to 
these researches on which he had recently discoursed 
in the Royal Institution,* Professor G. P. Thomson, 
of Aberdeen, remarked that the passage of cathode 
rays through thin films of metals (aluminium, gold, 
silver, platinum, copper and tin) and celluloid 
resulted in a diffraction of the Broglie waves 
associated with the electrons, and the whole of the 





* See page 79 ante. 





| however, the optical theory had failed, just as 
| the continuous mechanics of fluids were insufficient 


to account for Maxwell’s demon. Associating a 
material with a wave, M. de Broglie based his 
| fundamental formule of the light quanta theory on 
| Einstein’s dynamics. On Schrédinger’s view the 
particle would travel along a ray with the group 
velocity of Rayleigh. But Schrédinger’s simple 
idea of a particle as built up of a parcel of waves 
was not admissible, because electrons falling 
upon a crystal were diffracted and scattered like 
X-rays. The experiment, Heisinger had shown, 
could only give us the probable position of the 
particle. But we might conceive the waves occupy- 
ing a certain region of space to have an intensity 
corresponding to the probability of the presence of 
the particle. The photoelectric effect and the 
Compton effect had done for the radiation theory 
what the discovery of Brownian movements had 
done for the theory of gases. Thanks particularly 
to the wave mechanics of Schrédinger much had 
been achieved. And if much remained to be done 
the new theories began to indicate a way out 
of the tunnel in which science had long been 
working. 

Professor O. W. Richardson, the only other 
speaker, said that he admired the delicate adroitness 
with which M. de Broglie had unfolded Professor 
Thomson’s umbrella ; the latter had spoken of the 
atom as opening out and shutting up like an um- 
brella. The probable movements, to which refer- 





ence had been made, seemed to be the last straw 
to clutch at ; the position could not be final. The 





new theories constituted the greatest discoveries of 
modern times and had revolutionised science ; 
but further change was coming. 


New EXPERIMENTS ON SUPERCONDUCTORS. 


Professor W. J. de Haas, director of the Cryogenic 
Laboratory, at Leiden, commenting on recent 
work done there, stated that the metals known as 
superconductors were lead, mercury, indium, tin, 
thallium, possibly also gallium, in which the 
superconductivity might however, be due to the 
presence of indium (0-16 per cent.). In cadmium 
it had been traced to the presence of lead. Super- 
conductivity appeared in different metals at different 
temperatures (in tin at 3-6 deg. K), and vanished 
when the temperature exceeded that point, and 
also when the magnetic field was raised to a criti- 
cal strength. But this vanishing temperature and 
the threshold field value were not strictly definite 
points. There was transition and hysteresis, the 
ascending branch of the resistance-temperature 
curve differing from the descending branch. 

There were further discontinuities in the curves 
which could indeed be observed in all resistance 
curves of most metals when the temperature was 
lowered. As those experiments were very delicate, 
very homogeneous materials and fields were required. 
Professor de Haas used fine glass capillaries, 10 mm. 
long, filled with mercury, coupled for separate or 
for group measurements. He then observed 
peculiar steps in the curves which seemed possibly 
to be connected with quanta. But the steps were 
due to the formation of crystals in the mercury ; 
at the contact points of the crystals the current 
density would rise. The phenomenon was an 
individual characteristic, and the state of hysteresis 
might be likened to a memory in matter. But 
Professor de Haas and Dr. Kinoshita had not 
observed any corresponding indication of hysteresis 
in the elastic constants of superconductors; the 
modulus of torsion of mercury did not change when 
the metal became superconducting, nor had Kamer- 
lingh Onnes found any change in the thermal 
conductivity at that temperature. Yet the hy- 
steresis suggested that the metal entered a new 
phase, stable or unstable, and the problem was 
not cleared up. K. Onnes had coated a copper wire 
with a thin layer of tin. If the electrons could pass 
freely from the tin to the copper and back, supercon- 
ductivity should not be observed in this case. But 
if there were a friction effect, opposing that passage 
of electrons, as when two gas streams flowed over 
one another, the thin layer of tin should become 
superconductive in the ordinary way, and that was 
found to be so. Professor de Haas also tried the 
experiment with powdery grey tin which differed 
from ordinary white tin by its diamond lattice. 
As this tin was not easily shaped into rods, he 
compressed a rod of 7 mm. diameter under strong 
pressure in a glass tube ; in a field of 500 gauss the 
grey tin behaved like the white. 

Professor de Haas ascribed the conductivity of 
metals to the movements of electrons through cer- 
tain rows of atoms which happened to be oriented in 
favourable condition like layers of blocks which 
could be pushed along in their plane. When a 
superconductor was cooled, the current would tend 
to maintain itself owing to the field created by 
the current ; the application of an external field 
would not at once have much influence, and that 
was the reason of the hysteresis effect observed in 
the destruction of superconductivity by increasing 
fields. As regards the similar heat effect, the pheno- 
mena suggested that some heat energy was left at 
zero temperature. As zero was approached, the 
irregular heat motions and forced vibrations of the 
atoms became smaller and smaller and more regular. 
When perfect synchronism of the outer electrons 
was reached in the lattice, conditions were favour- 
able for the passage of the electrons from one atom 
to the other. It was noteworthy that all super- 
conductors had 2, 3, or 4 electrons in their outer 
orbits; with one electron perfect synchronism 
would be more difficult. It was further charac- 
teristic that superconducting binary alloys had been 
prepared, in which the one metal was not a super- 
conductor. Such alloys were Bi;Tl,, Sn,Sb;, and 
SbSn ; Ag.Sn, and further Cu,Sn, also showed some 
superconductivity. The alloyed metals usually had 
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nearly the same atomic numbers (Bi 83, Tl 81 ; 


ihe of oil used should be between 0-75 and | 


stated that more than 80 per cent. of the electricity 


Sb 51, Sn 50; Ag 47, Cu 29),so that the symmetry | 1-25 or 1-5 gm., and should be mixed with about’ sold for domestic purposes brings in less than 


of the lattice would not much be disturbed by the | twice its weight of Kieselguhr. As Kieselguhr is a 
\naturally occurring substance often containing 


substitution of one metal by the other. 
(To be continued.) 








THE DETERMINATION OF THE 
CALORIFIC VALUE OF DIESEL OIL. 
By F. V. Warnock, Ph.D., A.I.Mech.E. 

Tue problem of determining the calorific value of 
a fuel oil, such as that used in a Diesel engine, by 
a simple method is one which has been occupying 
the attention of engineers for some time. 
elaborate methods have been evolved,* and although 
these appear to give consistent results they are not 


methods which might be used in an ordinary engi- | 


neering laboratory. The bomb calorimeter appears 
to give consistent results, but here again it is possible 
that many laboratories may not be equipped with 
this apparatus on account of its initial cost. 

The problem has been occupying the attention of 
the students of the College of Technology, Belfast, 


for some time, as a considerable amount of this | 
fuel is used in the engines built by the local ship-| extreme values of the quantity of oil, &c., used. 


TABULATED RESULTs OF EXPERIMENTS ON DETERMINATION OF CALORIFIC VALUE OF DrgSEL O1t USING 
A Darurineo’s CALORIMETER. 


Various | 
| clean as possible, to abstract as much heat as possible 


faults in the method. The difference between the 


organic matter, it must be heated to a bright red for 
some time to calcine all organic matter, and then 
be allowed to cool before use. The mixture in 
the crucible should be very lightly packed, and 
should be covered with a thin layer (about ¥ in. 
or } in.) of plain Kieselguhr, and the iron wire fuse 


2 cents per kilowatt-hour; that more than 80 per 
cent. of the electricity sold for commercial lighting 
brings in less than 3 cents per kilowatt-hour; and 
that the income for more than 70 per cent. of 
the electricity sold for power purposes is less 
than 25 dols. per horse-power year. These rates 
include all charges. 

As we have already noted*, considerable progress 





used for igniting the fuel should just penetrate 
below this layer into the mixture underneath. The | 
metallic surfaces between which the gases pass | 
before liberation through the water, should be as 


during the transit. The results obtained are 
undoubtedly low, but an examination of the residue 
and experience of the tests tend to indicate that this 
is due, more to the heat losses in the apparatus 
itself, than to incomplete combustion or other 


mean and extreme values is from 2 per cent. to, 


3 per cent., and to some extent this is due to the 
fact that some of the results were obtained with 

















has been made by the Commission during the 
past two or three years with rural electrification. 
This development has been assisted by the 


‘enlightened policy of the Government in giving 


grants-in-aid amounting to 50 per cent. of the 
cost of the transmission line and equipment, the 
sum thus involved being about 2,600,000 dols. 
About 2,850 miles of transmission line have been 
constructed to date, of which 910 miles were 
erected during the year under review and on 
October 31, 1927, there were more than 25,000 
rural consumers. This marks a_ considerable 
| advance over the previous year. It may be added 
that the aggregate peak load on this system 
reached 13,273 h.p. 

A perusal of the report discloses some other 
matters of more engineering interest. The Queens- 
ton station, which has a peak load of 522,000 h.p., 
| operated without a single minute’s interruption 
during the year, but an overhaul of its equipment 
during the summer showed that the electrical appa- 





| | 
H Weight of Initial Final } Rise in Total water Calorific 
No. | Weight of oil. Kieselguhr. Temperature. | Temperature.| Temperature. Equivalent. Value. 
| | 
| Gms. Gms Deg. C. Deg. C. Deg. C Gms. B.Th.U./lb 
1 | 1-3842 1°5 14 22°5 8°5 1,668 18,440 
2 1-0970 1-2 15°15 20-5 5°35 2,018 17,730 
3 0-7618 1-0 14°85 18°7 3°85 2,018 18,360 
4 0-9406 1-0 14°5 19-05 4°55 2,018 17,590 
5 1-1868 1-7608 13-40 19-20 5-80 2,018 17,765 
6 11714 2-1336 12-15 17°85 5:70 2,018 17,680 





Mean value 17,928 B.Th.U. per Ib. 


yards, and in those supplying power to various firms | 


Extreme Values 17,590 and | 18,440. 


For an actual test on an oil, the best procedure would 


in the city. An attempt has therefore been m7 be to do a control test on an oil of known calorific 


to find a simple way of making the determination, | value, to get a correction factor for the heat losses in | 


with apparatus found in nearly all engineering | 
laboratories, viz., the Darling calorimeter. Two | 
students of the College, members of our chemical | 
department, Messrs. J. B. Bramwell and F. G. 
Lamont, were given the problem, and after trying | 
numerous arrangements of this apparatus, have, 
produced what appears to be a reasonable procedure. 
The calorimeter was used in its usual form, the glass 
bell-jar being replaced by the copper shield, an | 
arrangement which is commonly adopted for calorific 
value tests of oils, on account of the danger of crack- 
ing the glass jar. 

It appeared desirable to get the liquid fuel into a 
paste or powder form. Attempts to accomplish | 
this by mixing the oil with Kaolin proved unsuccess- 
ful. It was generally found that, on “ blowing” 
the fuse to ignite the paste, the whole contents 
of the crucible were scattered throughout the calori- 


meter. A more suitable inert material was therefore 
required. ‘The use of Kieselguhr was next suggested, 


and this at once gave more promising results, The 
reason for this lies in the structures of the two sub- 
stances. Kaolin consists of solid particles and on 
adding the oil each particle is merely coated with 
a film of oil so that the mixture is always damp. 
Kieselguhr (or diatomaceous earth) on the other 
hand is the fossil remains of diatoms. It consists 
of tiny microscopic shells. Each particle therefore | 
acts as a fine capillary tube yielding a dry powder. | 
The oil does not burn until the heat is sufficient to | 
distil it out. Finally, the Kieselguhr gets red hot | 
and drives out the last traces of oil. It is obvious | 
from the foregoing that the material must be fairly 
loosely packed, and that a liberal supply of oxygen 


must be maintained in order to ensure a high |: 


temperature of combustion. Once the correct ad- | 
justment has been found, the combustion can! 
easily be controlled so that it proceeds with an| 
entire absence of soot in the flame. 

After several blank tests, to get an idea of the most | 
convenient amount of oil to be used, and the best | 
proportion of oil to Kieselguhr, and also the correct | 
supply of oxygen, the set of results, given in the | 
table above, was obtained. 

The following points were indicated by the 
experiments. With this particular apparatus, the 





* Proc. Inst. Mech. Eng., vol. ii (1925), page 864. 


| October 31, 


| 1925-26. 


| made for exporting the surplus power, the peak load 


| price consistent with financial stability, is well 


the apparatus. 


HYDRO- ELECTRIC POWER IN | 
ONTARIO. 


TuHE twentieth annual report for the year ended 
1927, of the Hydro-Electric Power 
Commission of Ontario shows that good progress 
is being made with the supply of electricity in 
both the urban and rural districts of that Province. 
The output of the 22 hydro-electric stations 
operated by the Commission was 3,904,432,004 
kw.-h., while 201,802,454 kw.-h. were purchased. 
The grand total for the year was, therefore, 
4,106,234,458 kw.-h., which compares favourably 
with the figure of 3,796,157,703 kw.-h. for 1925-26. 
No addition was made to the generating plant 
during the year, and apparently new construction | 
is slowing down. It may also be added that the | 
20,000-h.p. reserve steam station at Toronto was not | 
used during the year. ‘The increase in the peak 
loads on all the systems during the twelve months | 
amounted to 71,500 h.p., as against 56,000 h.p. in | 
On the Niagara system, what would other- | 
wise have been a somewhat disproportionate increase 
in the peak load, was balanced by the arrangements 








exported being reduced by 9,000 h.p. and the surplus 
output increased. On the whole the peak loads show | 
an increase of about 11 per cent., which is about the | 
average for the past ten years, though the output | 
has not increased in proportion. It is satisfactory 
to note that operation has everywhere been carried 
on without serious trouble, and on the Niagara | 
system the supply was never cut off for more 
than a minute. 

A short time ago a great deal was heard about the 
high prices charged for electricity in this country. 


| Without wishing to provide those who often .mis- 


guidedly hold this view with an additional weapon, 
it may be mentioned that the aim of the Com- 
mission, to supply, electricity at the minimum | 


on the way to be realised. According to the 
report the average charge to the domestic con- 
sumer is less than 2 cents per kilowatt-hour, 
compared with 7 cents in the United States, and 
the rates for power are equally low. It is also 


2 lin the rejection of 2-6 per cent., 


|ratus will require close attention every twelve 
|months. At the Toronto station, the oil pipe lines 
'were rearranged and greatly simplified, while on 
the Niagara system, 13 transformers were rebuilt. 
| Tests of 119,442 insulators on this system resulted 
while a new 
| 110-kv. line, which is at present operating at 
60 kv., was erected to facilitate the interchange 
of power between the Queenston and Ontario 
stations and to enable more efficient use of the 
| water power to be made. On the Central Ontario 


|and Trent system, the automatic remote-controlled 


stations at Dams Nos. 8 and 9 operated satis- 
factorily, and showed considerable economic advan- 


| tages over the manually-controlled plant, apart 


from their greater flexibility when additional load 
is required. 

The rapid increase in the load on the Niagara 
system indicates that all the available power at 
the Niagara Falls will be in use by the end of 1928. 
Arrangements have therefore been made for a 
supply up to 260,000 h.p. to be taken from the 
Gatineau Power Company. This is generated on 
the Gatineau River, in Quebec, some 20 miles from 
Ottawa, and will be transmitted by a 220-kv. line to 
Toronto, and there connected to the lines of the 
Niagara system, at a new transformer station near 
Leaside. 

The towers selected for this line are of the single- 
circuit galvanised type, with the conductors hori- 
zontally spaced, and are 73 ft. high, arranged five 
to the mile. Suspension insulators will be used, 
and the conductors will consist of 795,000 cire. mil. 
(0°624 sq. in.) aluminium cable, with a steel rein- 
forcement. 

Owing to the closing down of certain pulp mills 


!on the Thunder Bay system, the construction of 


the new station at Alexander Landing has been 
deferred, though otherwise the load in the district 
has increased satisfactorily. Nevertheless, con- 
siderable work has been done at this new station. 


| The cofferdam for the diversion of the river past 
|the site of the earth dam was practically com- 


pleted on each side of the main channel of the 


' river, while the diversion canal to carry the water 
| to the lower river, together with the concrete control 
‘works had been finished at the date of the report. 
| In addition, the cofferdam for the power plant was 


half finished, and the rock excavation in the forebay 
nearly completed, while the power-house site had 


| been excavated to within approximately 9 ft. of the 


tail water level. About 70,000 cub. yd. of rock fill 
had been placed in the toe of the main dam, and an 


| extensive series of borings and test pits had been 


sunk for determining suitable foundations, avail- 
able sources of fine and coarse concrete aggregate 





* See page 169 ante. 
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and of the materials that could be used for the 
earth-fill section of the main dam. 

On the Niagara River, studies were carried out 
in relation to the various proposals for improving 
the distribution of flow over the crest of the Horse- 
shoe Falls. This subject has been dealt with 
recently in our columns. As the crest of the falls 
recedes, the length is increased, the result being a 
lower elevation of the water surface at the crest 
line. The amount of water passing over the higher 
portions of the crest near the shore is lessened, and 
that the appearance of the falls is impaired. It is 
hoped to improve the conditions and arrest erosion. 
Hydraulic tests were made at the Hanna Chute and 
South Falls stations, to obtain rating figures, to 
collect flow records, and, in the case of the former 
station, to determine the efficiency of the hydraulic 
equipment. At this station, where there is an open 
flume, current meters were used for measuring 
the water. At South Falls, two of the units were 
tested by the Gibson method, and the discharge 
from the third was measured by injecting a charge 
of fluorescin into the penstock near the headworks, 
and noting the time taken for the colour to traverse 
the remaining length of the penstock. Similar tests 
were carried out at a number of the other stations. 

On the electrical side, investigations into the 
most satisfactory type of 220-kv. line construction 
were made, and experimental work with various 
types of preservatives for painting the towers was 
continued to secure data regarding the life that may 
be obtained from such treatment. 

A considerable amount of work has _ been 
done in the Commission’s laboratory on _high- 
tension problems and illumination, while the) 
inspection activities have been widespread, and 
useful in maintaining a high standard of installa- 
tion work. On the Essex District Railways, which 
are operated by the Commission, the *bus services | 
have been extended pending the construction of 
permanent way. It is interesting to note that the 
revenue of these services was in no case sufficient 
to meet the operating costs. 











10,000-KW. TURBO-GENERATOR AND 
CONDENSER AT STONEBRIDGE 
PARK POWER STATION. 
Tue 10,000-kw. turbo-generating plant which has | 





been installed at Stonebridge Park power station by; _ 


Messrs. Metropolitan-Vickers Electrical Company, | 
Limited, Trafford Park, Manchester, though not large, 
is nevertheless of considerable interest. The plant is 
intended to generate 10,000 kw. at maximum economic 
rating, but can take a 25 per cent. overload for a 
period of 2 hours. The designed running speed is 
1,500 r.p.m. The generator develops 12,500 kw. 
at Jmaximum rating and at 0:9 power factor. It 
supplies 3-phase 50-cycle current at a potential of 
11,000 volts, and is provided with a closed circuit system 
of air cooling. Incorporated in the construction of 
the turbine are the results of the very comprehensive 
studies of blading, which have been made in the well 
equipped steam research department of the builders. 
This possesses not only what is probably the best 
nozzle tester in existence, but amongst its other 
equipment two experimental turbines, in which guide 
blades and buckets can be tested in combination. The 
condensing plant again, has a number of very interesting 
and noteworthy characteristics, and, like the turbo- 
generator, has been the subject of exceptionally thorough 
and comprehensive tests, carried out by Mr. W. M. 
Selvey asan independent expert. We shall give later on, 
in the course of this article, an abstract of Mr. Selvey’s 
results. But for the present we will merely note that 
an analysis of these shows that the hydraulic efficiency 
of the simple impulse blading of the turbine constitutes, 
we believe, a record for the type, being distinctly 
superior to the best Continental figures for impulse 
blading recorded in an independent test made in service 
conditions, whilst Mr. Selvey observes that the results 
obtained in the case of the condenser are the best of 
which he has cognizance. The interest of the latter 
figures is enhanced by the fact that through the courtesy 
of the makers, we are able to reproduce drawings of 
this condenser and of several of its accessories. 

The Stonebridge Park power station provides the 
current required for working the metropolitan elec- 
trified suburban service of the London, Midland and 
Scottish Railway Company. The new plant has been 
supplied to the specifications of their electrical engineer, 
Colonel Cortez Leigh. The steam conditions on which 
the makers guarantees were based, were a stop valve 
pressure of 200 lb. per square inch (gauge) and a 
superheat at the stop valve of 200 deg. F. Since cooling 
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towers are required to supply the circulating water, 
no definite vacuum was specified, but the contractors 
were required to do the best they could on the assump- 
tion that the circulating water temperature was 80 deg. 
F. With this, a vacuum of 28 in. was expected, and 
the turbine proportioned on this basis. Taking the 
steam conditions in the nozzle box and the vacuum at 
the exhaust flange as the basis of the calculation, 
Mr. Selvey finds that, at full load, the efficiency ratio 
at the turbine coupling was 82-17 per cent. Had the 
vacuum, as is the practice of certain Continental firms, 
in making such estimates, been taken at the top of 
the turbine casing this figure would be raised to 82-9 per 
cent. These results taken per se, however, fail to do 
justice to the improvement which the builders have 
effected in the performance of impulse blading. The 
turbine comprises, in fact, a two-row velocity stage, 
which is followed by 24 simple impulse stages, the 
whole being accommodated in a single casing. The 
velocity wheel absorbs about one-seventh of the total 
heat drop, and its own efficiency can hardly exceed 
72 per cent., which is, in fact. a little above any figure 
of which we have an authentic record. On this basis, an 
analysis of the test shows that the indicated hydraulic 
efficiency of the simple impulse wheels must have 
been about 85 per cent., which, so far as published 


data go, has not hitherto been attained in commercial | 
' 


TABLE I.—Test or 10,000-Kw. TurBINE aT T 


Lonpon, MIpLAND AND ScorTrTisH Rarinway. 


higher than the estimated figure, the absolute pressure 
at the exhaust flange being 1-564 in. of mercury. In 
this test, the total drop of pressure between the exhaust 
flange and the vapour suction was only 0-065 in., and 
the heat transfer, as calculated by the logarithmic 
formula recommended by the Heat Engine Trials 
Committee, was 817-7 B.Th.U. per square foot of 
surface per hour and per degree of mean temperature 
difference. The still higher figure of 825-4 B.Th.U. 
was recorded in the run made at three-fourths of full 
load. These figures are stated by Mr. Selvey to be 
the highest he has met with in the case of large con- 
densers. It should be noted that, in deducing these 
figures, the total amount of heat carried into the 
condenser by the exhaust steam was carefully calcu- 
lated from the known steam rate of the turbine. 
Correction was also made for that small part of the 
total condensate which entered the condenser in the 
liquid state from various drains. The conventional 
figure of 1,000 B.Th.U. per lb. of exhaust steam, some- 
times used as the basis for estimating condenser 
performance, is materially too high in the case of 
modern high-efficiency turbines. In the tests at 
Stonebridge Park, the heat content of the exhaust 
steam averaged about 920 B.Th.U. per lb. 

The exhaust-steam port measures 10 ft. 6 in. by 
6 ft. 6 in., and the steam is fed to the cooling tubes 





HE STONEBRIDGE PARK POWER STATION OF THE 


Nominal fraction of full load “F fF 5/4 3/4 2/4 4/4 
Duration of test - a ne “a minutes 60 60 120 
Actual average load at generator terminals ‘ ; kilowatts | 12,497 I 8,690 | 6,128 10,836 
Absolute steam pressure at stop valve . lb. persquareinch| 219-4 | 219-8 220-1 217-8 
Steam temperature at stop valve es a 7 deg. F.| 560°6 550-0 525-7 564-6 
Absolute steam pressure after stop valve .. lb. persquareinch| 207-0 207-1 — 204-2 
Absolute pressure at exhaust flange . 5 .. inches of Hg 1-381 1-338 1-32 1-756 

| Steam rate at generator terminals a .. 1b. per kw.-hour | 11-149 11-136 11-574 11-197 
Overall efficiency ratio (after stop-valve conditions) per cent. 76-84 77-11 — 78-92 

| Generator efficiency =e ae ‘i po | 96-18 95-55 94-16 96-04 
Efficiency ratio at turbine coupling 79-90 80-70 —_ 82-17 

TABLE II.—Anatysis oF CONDENSER PERFORMANCE. 
| | | 
Test No. | 1 | 2 3 4 5 
| | | 
Nominal load in fraction of full powe ies ni es 5/4 /4 t | 4/4 5/4 
Quantity of circulating water. . i gallons per hour | 954,026 892,376 948,649 | 949,396 978,116 
Inlet water temperature, t; a de 76-29 78-83 77°80) | = 77-27 77°79 
Outlet water temperature, fo .. ae a we oa ad | 89-95 88-93 85-94 88-87 91-27 
Average absolute pressure at exhaust flange .. inches of Hg | 1-709 1-523 1-372 1-564 1-757 
Corresponding temperature, t; ‘wa aa ea deg. F. 95-9 92°15 | 88-80 93-02 96-80 
Condensate temperature* “a ie ‘a? ee as ee 94-20 90-30 94-61 98 -02 
Heat transfer, B.Th.U. per square foot per hour per degree of | | 
(logarithmic) mean temperature difference “ “és “s | 734-0 | 817-5 824-5 | 817-0 | 779-2 

Average absolute pressure at vapour suction .. inches of Hg 1-579 1-492 1-362 | 1-499 1-649 
Pressure drop across condenser as as ee ” ) 0-130 0-031 0-009 =| 0-065 | 0-108 
Head lost by circulating water between inlet and discharge feet | 14-15 13-65 16-45 15-6 | 16°45 





* The anomaly shown by these figures is discussed below. 


machines. If as in certain Continental tests, as noted 
above, the vacuum were measured at the top of the tur- 
bine casing, this figure would be raised by fully 4 per cent. 

Whilst some over-all efficiency is necessarily sacri- 
ficed by the use of a velocity-compounded wheel for 
the first stage of a turbine, the arrangement has the 
advantage of confining high pressures and temperatures 
to the nozzle boxes, which as constructed by the 
Metropolitan-Vickers Electrical Company, Limited, 
can distort freely, without imposing any strain on the 
turbine casing. These boxes were illustrated in Enat- 
NEERING, vol. cxv, page 189 (1923). An additional 
advantage attaching to the use of a velocity com- 
pounded wheel for the first stage of the turbine, is that 
the length between bearingsis shortened, since, to utilise 
the same pressure drop with equal efficiency in single 
row wheels, about three of these, with their accompany- 
ing diaphragms, would be required. Again, the ar- 
rangement in question leads to a very flat consumption 
curve, as will be seen on reference to Mr. Selvey’s 
figures reproduced in Table I above. 

The tests were run under service conditions, save 
that the nozzles were adjusted to the load by hand, 
the automatic gear being thrown out of action. 

A separate series of runs was made for the condenser 
tests, and in these the variations in the load were 
dealt with by the automatic gear. The general 
arrangement of the condenser is illustrated in Figs. 1, 
2 and 3, page 420. It has 15,500 sq. ft. of cooling 
surface, which is provided by 5,470 tubes, } in. in 
external diameter and No. 18 8.W.G. thick, the length 
between tube plates being 14 ft. 5 in. These tube 
plates are of rolled brass 1} in. thick. The condenser 
body and the water-boxes are of cast-iron, and the 
circulating water makes two passes through the tubes. 
The condenser was designed to maintain at full load 
a vacuum of 28 in. when supplied with 15,200 gallons 
of circulating water per minute, having a temperature 
of 80 deg. F. The average water speed corresponding 
to this flow is 6-37 ft. per second. In Mr. Selvey’s full- 
load test, of which further particulars are given later, 
the flow was actually 15,838 gallons per minute, but 
the vacuum was much more than proportionately 


over the whole periphery of the condenser shell. As 
is now customary, the air and the condensate are 
drawn off at different openings, but the provisions 
made for collecting the air embody a notable departure 
from traditional practice. This withdrawal is effected 
by means of a centrally located tube a, which extends 
from end to end of the condenser and is provided with 
ports on its lower side. This collecting tube is, it 
will be seen from Fig. 2, surrounded by a comparatively 
large space clear of tubes, and the steam flows radially 
into this central space from the whole periphery of the 
shell. It has thus a short travel through the tubes, 
with correspondingly little friction. The flow being 
radial, the area available for it diminishes as the centre 
is neared. This tends to maintain the speed of the 
steam over the tubes—a desideratum which is, it will 
be seen, secured without the use of guide plates. 
Moreover, the steam being fed in over the whole peri- 
phery of the shell, the length of travel through the 
tubes is everywhere practically the same. From the 
drawing it might appear that there were vertical and 
| horizontal lanes short-circuiting the tubing, but as a 
matter of fact these are blocked by baffles. 

| As shown in the figure, the collecting tube a@ is 
| shielded by partitions, so that to get access to it the 
air has to pass down the ducts cc (Fig. 2) and thence 
up through the nest of air-cooling tubes d. The 
arrangement shown is being modified in the latest 
design of the builders, the air cooler being located in 
one of the water boxes, so that after being cooled the air 
will not have to pass through the steam space where it 
necessarily picks up again some small amount of heat. 
Having passed through this cooler, the air enters the 
collecting tube by the ports provided, and is then 
drawn off to the ejectors through the duct e. 

The condensate, on the other hand, falls dow, 
through still uncondensed steam, and thus reaches the 
bottom of the condenser at a temperature practically 
corresponding to the vacuum. In this connection, a 
curious anomaly will be found in Table II. where the 
condensate temperature is recorded as being actually 
some 2 deg. F. above the theoretical limit. The cause 
of this discrepancy, which, it may be noted, has been 
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CONDENSING PLANT FOR STONEBRIDGE PARK POWER STATION. 


CONSTRUCTED BY MESSRS. METROPOLITAN-VICKERS ELECTRICAL COMPANY, LIMITED, ENGINEERS, MANCHESTER. 


HALF SECTION A.B. 
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10,000-KW. TURBO-GENERATOR AT STONEBRIDGE PARK POWER STATION, L.M.S. RY. 


CONSTRUCTED BY MESSRS. .METROPOLITAN-VICKERS ELECTRICAL COMPANY, 
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met with in certain other cases, is not yet clear, but 
it is certain that it does not result from carelessness, 
nor of the use of indifferent instruments. The ther- 
mometers used were all highly sensitive and carefully 
calibrated instruments, and the peculiarity was dis- 
covered during the run of the tests, and even more care 
than usual was accordingly taken to secure accurate 
readings. It may, however, be noted that the pressures 
and temperatures were not recorded at the same point, 
but the full explanation is still to seek. In order to 
reduce to a minimum the aeration of the condensate, 
the latter is shielded from contact with the air entering 
the nest of air-cooling tubes d. To this end the ports 
by which the condensate drains into the well 6 are not 
central, but are arranged outside the external walls of 
the ducts cc. In practice, this arrangement has proved 
remarkably effective, and in a special series of tests 
made in October, 1927, by the chemical research depart- 
ment of the contractors, the quantity of oxygen dis- 
solved in the condensate proved to be too small for 
measurement. During these tests, the turbine was run- 
ning at about three-fourths full load, and the vacuum 
was a little higher than 28 in. In the course of these 
tests, the plant was shut down and then restarted. In 
half-an-hour, the oxygen content, which at the moment 
of restarting was 6-06 c.c. per litre, was reduced to 
zero. The condensate formed in the air-cooling tubes 
enters through the water seal shown in Fig. 1. 

As shown in Figs. 1 and 2, the condenser is sup- 
ported on eight springs, thus obviating any straining 
which might otherwise arise, on account of changes of 
temperature. The cast-iron shell of the condenser is 
stiffened by numerous ribs, particulars of which are 
shown in Fig. 7, whilst a detail of the exhaust flange 
is represented by Fig.6, The tubes, as is now almost 
invariably the case, have packed glands. The builders’ 
standard ferrule, as used for the glands of }-in. tubes, 
is shown in Fig. 8. This ferrule is bell-mouthed so 
as to reduce loss of head by the circulating water at 
entry. There are two circulating pumps. These were 
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supplied by the Pulsometer Engineering Company, 
Limited, of Reading. They are driven at 725 r.p.m. 
by electric motors, each rated at 180 brake horse-power. 
Each pump is designed to deliver 7,660 gallons of 
water per minute against a total head of 45 ft., of 
which total only some 14 ft. to 16 ft. is due to condenser 
friction. The condensate extraction pump is also 
motor-driven, the speed being 1,440 r.p.m. It is 
capable of developing a head of 140 ft., but the actual 
maximum lift at Stonebridge Park is 101 ft. Drawings 
of this pump are reproduced in Figs. 9, 10 and 11, page 
421. As there shown, the delivery branch is 4 in. in 
diameter, but in order to reduce friction, on the suc- 
tion side, where an extraction pump has to maintain 
a high suction lift, a 7-in. branch is used, and the 
inlet chamber and impeller eyes are also liberally 
proportioned. As the successful working of centrifugal 
extraction pumps is largely dependent on the exclusion 
of air, the pump shown has been provided with two 
sets of glands. Those on the outer casing are of the 
usual packed type, as shown at KK; the internal 
glands GG, on the other hand, are simple bronze 
bushes serrated where they touch the shaft. The 
chambers EE between the two sets of glands are 
connected up to the pump volute through the openings 
N and M, shown on the left-hand side of Fig. 9. These 
chambers are therefore always under pressure and 
effectually prevent the entry of air through the glands 
KK. The ports LL shown at each external packing, 
are normally blanked off, but can at need be used to 
seal the gland by coupling them up to an external 
supply of pressure water. 

The de-aeration of the condensate is further promoted 
by the fact that suction chambers are coupled up to the 
air space in the condenser, by means of the port O 
and branch P, shown on the right of Fig. 9. A plan 
of both of these ports, and of those admitting pressure 
water to the sealing chambers is shown in Fig. 11, 
and the passages leading to these ports are indicated 
by dotted lines in Fig. 16. 


LIMITED, ENGINEERS, MANCHESTER. 


The impeller is of bronze, and is mounted on a stain- 
less steel shaft, which runs in ring-lubricated bearings. 
Plain thrust collars are provided at the right-hand 
bearing to centre the impeller, and there is also an 
emergency set at the left-hand bearing. The impeller 
being hydraulically balanced, there is, in any case, but 
little axial thrust. As shown in Fig. 12, the pump is 
mounted on the same bed plate as the motor that 
drives it. 

From the extraction pump the condensate passes 
to the air ejecters, where it is used for cooling purposes. 
Here it picks up heat from the condensed ejector 
steam and is then passed on through a Venturi meter, 
to a feed heater, operated with steam bled from the 
low-pressure section of the turbine. This heater is 
constructed on surface condenser lines, and the con- 
densate which serves as the circulating water makes 
four passes through the tubing. The tubes are stan- 
dard 3-in. condenser tubes, 10 ft. long and with an 
aggregate surface of 590 sq. ft. The steam condensed 
in this heater is led back to the condenser through 
a water-sealed syphon pipe, which is large enough 
to prevent water rising in the condenser and entering 
the turbine should a tube burst. After leaving this 
heater the condensate enters a second heater, which is 
operated with the steam leaking off from the glands. 
From this heater the condensate passes on to the feed 
pumps. 

The two-stage air-ejectors are shown in Fig. 13, 
page 421. As there indicated two air ejectors are 
used in series with each other. The low-pressure 
ejector communicates with the air space inside the 
condenser by means of the branch A. Steam at the 
full stop valve pressure, enters the ejector through 
the branch C, and entraining air with it passes through 
the diffuser D, by which the pressure of the mixture 
of air and vapour is raised to that of the chamber EF, 
the mixture then flows up, through the cooling tubes 
shown, by which the vapour is condensed, to the 
second ejector, where the air is further compressed 
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and finally discharged to atmosphere. The steam 
condensed in the first ejector, is drained back through a 
water seal into the main condenser, whilst that from 
the second ejector is drained off to a small tank fitted 
with a ball valve, from which it is passed into the 
general feed system. 

As already mentioned, the ejector cooling is effected 
by the condensate. The cooling tubes are, it will be 
seen, of the Field type. The cooling water flows up 
the central tubes and back down through the annulus 
between these and the external tubes. The Field tubes 
have the advantage that they are free to expand or 
contract with changes of temperature. The air 
ejectors were designed to dispose of 60 lb. of air per 
hour, and they are stated to work with perfect stability 
under all conditions. 

As already mentioned, the condenser was carefully 
tested by Mr. W. M. Selvey, and in Tables I and II we 
give figures from his report. All instruments used in 
the tests were carefully calibrated; for the most part 
at either the Manchester School of Technology or at the 
National Physical laboratory. The turbine and con- 
denser tests were made on different days, and in the 
latter set, the heat taken out of the steam as it passed 
through the turbine was accurately ascertained so that 
the amount reaching the condenser was definitely known. 

The arrangement adopted by Mr. Selvey for deter- 
mining the temperature of the circulating water is 
shown diagrammatically in Fig. 4, page 420. A 
tube, closed at one end, and perforated with a number 
of small holes having an aggregate area equal to one- 
third of its own section, traversed the discharge branch, 
as indicated. Water was drawn off through this by 
the rubber hose shown, and its temperature read by 
a bare thermometer. The object of the arrangement 
was to secure a fair average temperature of the flow. 
This tends to be a little higher than the average at the 
top of the discharge branch, and temperatures taken 
here by a thermometer placed in a pocket may be 
expected to rule a little high. 








LABOUR NOTES. 

Warittne in Industrial News, a weekly official organ 
of the Trades Union Congress General Council, 
Mr. Herbert Tracey expresses the opinion that the 
ordinary commercial uses of the “talking film” in 
the cinema industry are of less interest than are its 
propaganda possibilities. ‘‘The weary work of the 
propagandist who spends three-fourths of his time 
in travelling, and who must give a whole day often 
to the delivery of an hour’s speech to a comparatively 
small audience, can be by this means,” he says, 
‘reduced to a negligible quantity. More important 
still are the possibilities of carrying on effective 
trade union campaigns by means of the talking picture, 
especially in remote parts of the countryside where 
the union propagandist rarely penetrates. The 
invention vastly enlarges the scope of the speaker’s 
influence. It multiplies his personality and extends 
the range of his work almost indefinitely.” ‘* Will 
the time come,” Mr. Tracey asks, ‘‘ when the trade 
union movement will maintain on the road the 
daylight travelling propaganda van with the ‘ talking 
film’ instead of the speaker in person? Stranger 
possibilities than this have come to pass.” 





An interesting table compiled from reports of the 
United States Bureau of Labour Statistics shows how 
the wages of organised workers have increased as 
compared with those of unorganised workers. In 
1923, the wages of organised workers in America 
stood at 111 per cent. above the 1913 level, as 
compared with 117 per cent. for workers in general. 
In the succeeding five years, however, the position 
was reversed. In 1924, the figures were 123 per cent. 
for workers in general, and 128 per cent. for organised 
workers; in 1925, they were 126 per cent. and 138 
per cent., respectively; and in 1926, 129 per cent. 
and 150 per cent., respectively. In 1927, the wages 
of organised workers rose another 10 per cent. Other 
figures show that the organised workers also work 
fewer hours than the unorganised workers. 





According to the Industrial Review, a monthly 
official organ of the Trades Union Congress General 
Council, a further attack on the International 
Federation of Trade Unions has been launched by 
the Red International of Trade Unions, an account 
of which is contained in a recent press report issued 
by the I.F.T.U. This time the attack is contained 
in an article in the journal of the R.I.L.U. concerning 
the invitation to reconsider the question of affiliation, 
sent by the International Federation of Trade Unions 
to the American Federation of Labour. The American 
Federation is referred to, in the R.I.L.U. iournal, 
as a “‘clique of the most unprincipled and criminal 
swindlers,” and the I.F.T.U. is criticised for writing 
particularly to this body, while not thinking it worth 
while to negotiate with the trade unions of the Soviet 
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Union. As the I.F.T.U. points out in their press 
report, their interest in the federation is exactly 
similar to their interest in all other organisations 
which are outside, and in writing to the A.F. of L. 
they were acting on the instructions of the Paris 
Congress, which adopted a resolution instructing the 
secretariat to apply to several unaffiliated national 
centres. Moreover, it is pointed out that more than 
one attempt has been made to secure the affiliation 
of the Russian Centre, and that the onus for non- 
affiliation rests upon the Russians, as they have 
publicly announced that they ‘reject all counter- 
revolutionary gossip concerning the alleged intended 
affiliation of the trade unions of the Soviet Union 
with the L.F.T.U.” peas 

In the course of a leading article, Workers’ Life, the 
organ of the British Communist Party, says that ‘‘ the 
Labour Party has no policy on the question of unem- 
ployment except that of waiting for the next General 
Election, in the expectation that the next Labour 
Government, or a Liberal-Labour combination, will 
create better conditions for the unemployed.’ ‘‘ The 
Communist Party, however,” the writer goes on to say, 
“realises that something must be done now to rouse 
the unemployed to struggle against their present terrible 
conditions .. . We require the development of a 
great unemployed agitation in every city, of marches 
to the local authorities and to the houses of the local 
councillors, culminating in a march of an unemployed 
delegation on London to interview the Prime Minister. 
Such a national march would not only stimulate 
the whole unemployed movement, but would rouse 
the whole rank and file of the Labour Movement through- 
out the country, and would create the possibility of 
definite concessions being won now. There is no need 
to wait for the Labour Government. It is a lie to 
insinuate that the Labour Government will radically 
improve the conditions of the unemployed. The fate 
of the unemployed rests in their own hands and in the 
hands of their fellow-workers. Let them raise the 
banner of unemployed revolt now under revolutionary 
leadership, and concessions can be obtained without 
waiting for the sweet by-and-by.” 





The Worker, the official organ of the National Minor- 
ity Movement, carries the idea a stage further. It 
announces that it is collaborating with the N.U.W.C.M. 
in a joint campaign with the object of rousing the whole 
Labour Movement “‘ to a sense of responsibility in this 
matter,” and of forcing ‘‘the leaders who can find 
time to discuss plans with Mond that lead to unemploy- 
ment, to drop these negotiations and do something 
on behalf of the members of their particular trade 
unions, now the victims of unemployment.” ‘‘ We 
shall hold,” the announcement continues, ‘“‘a joint 
unemployed demonstration in Trafalgar-square on 
November 4, at which it is hoped to have contingents 
from various centres in the provinces, so that the demon- 
stration shall be really national in character, and from 
this demonstration a deputation will, no doubt, be 
appointed to wait upon responsible officials to force 
upon their attention the plight of the unemployed.” 





In the light of information supplied by the General 
Secretary regarding the dismissal from the railway 
service of a large number of railway shopmen through- 
out the country, and also statements made on behalf 
of the railway companies by Sir Felix Pole as chairman 
of the meeting when the 2} per cent. reduction was 
negotiated, together with clauses in the agreement 
dealing with railway shopmen, the Executive Com- 
mittee of the National Union of Railwaymen have 
arrived at the conclusion that the dismissals which are 
taking place are unwarranted. They have, therefore, 
instructed the General Secretary to arrange a meeting 
at the first available moment between the Shops Sub- 
Committee and the railway companies concerned, and, 
in the event of their contention not being established, 
to convene a special meeting of the Executive Committee 
to consider the report of the Shops Sub-Committee 
and decide upon the further steps to be taken in order 
to establish the Union’s claim. 





Some time ago a claim relating to payment for 
overtime was submitted to the Industrial Court on 
behalf of Admiralty inspectors of trades and other 
subordinate technical officers. The proposal was that 
certain classes of officers at output establishments 
should be paid for overtime at the rate of time and a- 
quarter for the first twelve hours worked beyond the 
normal working week, time and a-half for the next 
six hours, and double time for any longer period than 
eighteen hours. The Court decided against the claim. 





On September 24, 1928, the number of unemployed 
persons on the register of employment exchanges in 
Great Britain was 1,295,200. Of these, 889,800 were 
wholly unemployed, 326,300 were temporarily stopped, 
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and 79,100 were persons normally in casual employ- 
ment; 1,001,700 were men, 39,500 boys, 217,600 
women, and 36,400 girls. The total number of unem- 
ployed persons on September 17, 1928, was 1,293,659, 
of whom 885,112 were wholly unemployed, 332,433 
were temporarily stopped, and 76,114 were persons 
normally in casual employment ; 998,518 were men, 
40,602 boys, 217,800 women, and 36,739 girls. On 
September 26, 1927, the number of unemployed 
persons was 1,050,117, of whom 835,786 were men, 
32,111 boys, 149,908 women, and 32,312 girls. 





Writing in the Record, the transport workers’ organ, 
Mr. Ernest Bevin, the General Secretary of the Tran- 
sport and General Workers’ Union, mentions that a 
point was made at Swansea that the employers’ federa- 
tions might turn down the agreed conclusions of the 
Turner-Melchett conferences. ‘‘ Well, if they do so,” 
he says, “the responsibility will be theirs. Surely 
no one can be blamed for putting a proposal forward 
on the ground that someone else may not accept it. 
° Owing to the criticism of the scheme it has 
been greatly exaggerated. No one has suggested that 
these discussions and conferences are likely to produce 
the millenium, and it is fatal to assume that there is 
no need for real effective and active trade-union 
membership and organisation. Wages, conditions, 
hours, improvement in the standard of living, political 
development—the whole thing depends upon real live 
democratic trade-union organisation, and no member 
must, whatever his views may be about the Conferences 
or the Congress decision, for a moment lose his hold of 
the vital principles that we stand for and the need for 
active and energetic work. Because, after all, whether 
it is by strike, or whether it is by negotiations, the 
power that really counts is the power which is repre- 
sented in the organisation behind those who have to 
speak and lead.” 





On Tuesday and Wednesday of last week representa- 
tives of the boot and shoe trade and representatives 
of the workers’ organisation met in London, to consider 
a request by the National Union of Boot and Shoe 
Operatives, for increased wages and shorter working 
hours, when the present agreement came to an end. 
The union asked for a minimum wage of 65s. for 
men, instead of 56s., as at present, and 40s. for women, 
instead of 348.; a reduction of the working week from 
48 hours to 44 hours; a reduction in the proportion 
of boys to men; and the abolition of overtime. The 
employers, it is understood, offered to continue the 
present agreement for a further two years. At the 
conclusion of Wednesday’s meeting, it was officially 
stated that the difference had been adjusted. The 
agreement as revised is to operate for two years, 
subject to the addition of a clause dealing with day- 
work quantities, and the National Conference is to 
meet every six months for the purpose of discussing 
matters arising out of, or in connection with, the 
agreement, in order to facilitate the business of the 
next Conference. In effect, however, the new agree- 
ment differs from the old one only in respect of the 
added clause dealing with quantities. 


The Argentine Labour Association, an employers’ 
organisation for the study of social problems, has 
declared its acceptance of legislation on the subject 
of the eight-hours’ day in industry and commerce, 
with the reservation that the period of eight hours 
should be assumed to be an average calculated over 
two or three weeks according to the needs of the 
various industries. Provision should be made, more- 
over, for exceeding the limit by way of overtime. special 
permits, &c. According to a translation of the Associa- 
tion’s annual report in the weekly official organ of the 
International Labour Office, the statement proceeds :— 
‘* The Labour Association is of the opinion—an opinion 
which it expressed in reply to the Drafting Committee 
of the Labour Code—that it is preferable to regulate 
hours of work by national legislation rather than to 
consider ratification of the Washington Convention. 
There is, of course, no fundamental objection to the 
introduction of the eight-hour day in this country, . 
but it should be stated that there is no inclination to 
ratify the Washington Convention. It seems more 
prudent to avoid restricting our freedom of legislation 
onthe subject. Why should we ratify an International 
Convention which is not ratified by more important 
industrial countries which compete with our own 
industries in our market? There is no need of a 
Convention in order to apply a principle which has 
been incorporated in our industrial life for years. It 
is more desirable to promulgate national legislation 
embodying the prevalent usage and the principles which 
we supported at Washington, with the necessary adap- 
tations to our incipient industry and its methods 
and requirements. In any case, we are of the opinion 
that neither this Convention, nor any other, should be 
ratified without preliminary consultation of the interests 
concerned.” 
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LETTER TO THE EDITOR. 


AN EMPIRICAL FORMULA FOR CRANK- 
SHAFT STIFFNESS IN TORSION. 
To THE Epitor oF ENGINEERING. 

Srr,—In his article ‘‘An Empirical Formula for 
Crankshaft Stiffness in Torsion,” in the issue of Enat- 
NEERING for July 13, 1928, page 36, ante, Mr. B.C. 
Carter suggests that those who have additional test 
data on crankshaft stiffness in torsion should send 
them in for purposes of further verifying the empi- 
rical formula proposed. 

At this laboratory, we have recently made tests on a 
small model of a Diesel engine crankshaft. This model 
had the following dimensions (using the notation of 
Mr. Carter’s paper) : 





d, = 1-6 in. 6, = 0 
d,=1-5in. 8 = 0. 
h = 0-605 
a@ = 1-724 in. 
b = 0-862 in. 
r = 1-2in. 
w 2-3 in. 
Using the formula proposed by Mr. Carter, e.g., 
d,t — 6, 3r (dy4—6,4 
=- 9b . i. ee; - 
eee Ee ee ~ 3) +3 ( hws ) 
we obtain 
2 = 4-73 in. 


which gives an angle of twist under a twisting moment of 
10,000 in.-Ib. of 0 -00803 radian. A shear modulus of 
11-87 x 10° lb. per square inch was used. 

» The actual twist was measured by means of a 
special mirror clamped on to the shaft and a Martens’ 
extensometer apparatus. The model shaft tested 
consisted of one throw at the centre of a long shaft 
1} in. diameter and 43 in. long; in this way, the 
effect of the bearings was eliminated. Because of the 
short arms, however, in this shaft this effect is believed 
to be small. The results obtained by this test were a 
twist of 0 -00835 radian under a torque of 10,000 in.-lb. 
which checks with Mr. Carter’s formula within 4 per 
cent. 

Very truly yours, 
D. M. KintNeER, 
Manager, Research Department. 
per A. M. WauL, 
Westinghouse Electric Mechanical Section. 
and Manufacturing Company, 
East Pittsburgh, Pa., U.S.A. Sept. 10, 1928. 


OF THE METROPOLITAN WATER 
BOARD. 


We have from time to time in these columns described 
some of the undertakings of the Metropolitan Water 
Board, but, as these accounts have generally been of 
reservoirs, filter beds, or pumping stations of very 
great capacity, the impression may have been given 
that the Board handles all its problems of water supply 
on the same large scale. This, however, is far from 
being the case; certain outlying areas require to be 
dealt with individually, and smaller pumping stations 
and other works are accordingly called for. The de- 
scription of a plant of a pumping capacity of 1 to 2 
million gallons a day will probably prove of interest, 
and the Eynsford Pumping Station in the Board’s Kent 
District, of which we now give some account, illus- 
trated by Figs. 1 to 9 on this page, Plate LVII and 
pages 425 and 430, is a good and modern example of 
such a plant. It is situated in the upper valley of the 
River Darent, in a meadow about 150 yards from the 
river and about 400 yards from Eynsford Station on the 
Southern Railway. The buildings have been designed 
in red brick to harmonise, as far as possible, with the 
houses of the neighbouring village, and as, further, 
there are no chimney stacks, the pumps being driven 
by heavy-oil engines, the general effect is pleasing. 
The engine house itself, although in Fig. 1 it apparently 
consists of a four-walled building square in plan, is 
really composed of two rectangular wings, each with a 
separate roof having hipped ends. These are con- 
nected by a lower portion between them, in the centre 
of which is a tower, terminating in a short spire and 
situated directly over the well. This construction is 
clearly seen in Figs. 2, Plate LVII, and 7 opposite. A 
house, of red brick, with an upper storey finished with 
rough-cast, is provided close by for the engineer in 
charge. 

As mentioned above, the installation consists of 
pumps driven by oil engines. There are two self-con- 
tained pumping units each consisting of a double-barrel 
bucket well-pump, and a three-throw surface-pump 
operated by a vertical four-cylinder solid-injection 
oilengine. The water is pumped a distance of 3$ miles 
to Chelsfield Reservoir, and, alternatively, to the 
supply main to the Swanley district. Both mains 
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are 12 in. in diameter, and their connections with the 
pump delivery pipes are shown in Fig. 1. The well, 
of which plans are given in Figs. 4 and 5, and a ver- 
tical section in Fig. 6, is 9 ft. in diameter and 86 ft. 
deep. 

The well is cased to this depth, in order to avoid con- 
tamination from surface water, and is prolonged from 
the bottom in a borehole of 24 in. in diameter, to a 
total depth of 309 ft. The situation of the engine 
house on the water-laden ground near the river 
necessitated a raft form of foundation, so, as will be 
seen from Figs. 2 and 7, the whole of the machinery 
and wall foundations are of poured concrete solid with 
a floor over the whole area. Interspaces in this 
concrete form delivery and suction tanks, and also 
basement chambers for various auxiliaries. Outside 
the engine house, and some 40 ft. away from it, is a 
pair of concrete chambers for engine exhaust silencers, 
the exhaust pipes being led through concrete culverts, 
as shown in Fig. 2. 

The well having already been referred to, the pumps 
in it may now be described, and it may be here stated 
that the contractors for the whole of the machinery 
were Messrs. John Cochrane (Barrhead), Limited, 
Barrhead, with Messrs. Ruston and Hornsby, Limited, 
as sub-contractors for the oil engines and some acces- 
sories. The deep well pumps are four in number, 
arranged in pairs. Each is 13 in in diameter, and has 
a stroke of 2 ft. 6 in. The pump rods are connected 
to bell-crank levers made of two steel plates of triangular 
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outline, the other ends of the levers being coupled by 
connecting rods to cranks on secoudary shafts. This 
arrangement will be clear from Figs. 3, 6 and 8. The 
pump barrels finish in open troughs, from which the 
discharge takes place through short pipes into a pair 
of delivery tanks in the basement. These tanks are 
provided with overflow pipes leading back to the well. 
The secondary shafts derive their motion from the 
engines through single-reduction helical gearing, the 
casing of one set of which is visible in the centre of 
Fig. 8. The ratio of the gear is such as to rotate the 
secondary shaft at 25-5 r.p.m. when the engines are 
running at a normal speed of 210 r.p.m. At this speed 
the capacity of each set of two pumps is 1,000,000 
gallons for 24 hours, the total output of the station 
when both engines are running being 2,000,000 gallons 
per 24 hours. The lift in the well is 74 ft., and there 
is a surface head of 576 ft., the total head being 650 ft.- 
The pump horse-power for each set is 137, that is, 
a total of 274 for the whole station. 

The general design of the surface pumps can best be 
seen in Fig. 8. Each set consists of three pumps 11}?-in 
in diameter by 2 ft. stroke. They are driven by the 
secondary shaft on the gearing, and are of very sub- 
stantial design. The handwheel at the end of the 
crankshaft in Fig. 8, operates a clutch actuating 
gearing driving the small air compressor just below 
it. This compressor is used for charging the main 
air vessels. The suction well for these pumps is 
situated immediately below the valve boxes as is 
shown in Fig. 7. This is fed by a straight main from 
the corresponding deep well pump delivery tank 
in the centre of the building. The surface pump 
delivery main is returned below the engine house floor 
level to the basement chambers where it is enveloped 
by three interconnected jackets, seen best in Fig. 2, 
through which the circulating water for the oil-engine 
cylinders is passed, and cooled; The pumps are, of 
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course, provided with adequate pressure and air-vessel 
water-level gauges for determining the working condi- 
tions in the mains, but at present there is no automatic 
tell-tale from the Chelsfield Reservoir, the pumps 
being worked according to telephone instructions 
from either place of final delivery. There are depth 
recorders and indicators to show the depth of water in 
the well and delivery tanks. These are placed in 
conspicuous positions in the engine house. 

Connection between the gear case pinion and the 
engine shaft is made by the friction clutch noticeable 
in the left-hand corner of Fig. 9. This is controlled by 
the horizontal handwheel to be seen nearit. The precise 
arrangement of the drive is quite clear in Fig. 3. The 
engines are Messrs. Ruston Hornsby’s 4 V.G. type 
with solid fuel injection, each having four cylinders, 
14 in. in diameter by 20 in. stroke. A general view 
of one set is given in Fig. 9. The standard rating 
of this size of engine is 300 brake horse-power at 
275 r.p.m., but they are regulated in this case to run 
at a maximum of 220 r.p.m., when 232 brake horse- 
powerisdeveloped. Starting is effected by compressed 
air stored in four bottles in the basement, but arranged 
with the stop valves, relief valves, and pressure gauges 
all above the engine house floor level, so that they 
are within the observation and reach of the attendant. 
The air compressors for charging the bottles are driven 
from the main engines by a belt through countershaft 
with fast and loose pulleys, but for use when the engines 
are not working, there is a separate auxiliary compressor 
with a belt drive from a petrol-paraffin engine. These 
compressors are @]! in the basement, and are shown in 
Figs. 3 and 7. 

The circulating water for cooling the cylinders is, as 
already stated, circulated outside the main delivery pipes 
from the surface pumps. There is, in consequence, only 
leakage loss to make good, and deposit in the cylinder 
jackets is thus minimised. The leakage loss is made 
up from an overhead tank in the engine house which 
is fed through a ball cock from the mains. The water 
circulating pumps are, like the air compressors, belt- 
driven from the main engines. 

The fuel is brought to the pumping station by road 
tank-wagons, and is run by gravity into two storage 
tanks improvised by the Board from disused Lanca- 
shire boilers, and situated outside the engine house, as 
shown in Fig. 1. A belt-driven pump operated by the 
main engines, through a countershafting with fast and 
loose pulleys, draws the oil from these storage tanks, 
and delivers it into two intermediate tanks situated 
above the crane gantries in the engine house. One 
of these tanks is seen in the top right-hand corner of 
Fig. 9. Each holds about 24 hours’ supply of fuel for 
one unit. A hand-operated pump is provided as an 
emergency stand-by. From the intermediate tanks the 
oil is fed by gravity to two ready service tanks, situated 
just above the level of the cylinder platforms, and 
accessible from an extension of them. The lubricating 
oilis also stored in tanks on the last-mentioned platform, 
and is elevated to the tanks by a hand pump. The oil 
flows to the engine lubricators from the tanks by 
gravity, and, after passing through the engines is 
collected in a tank in the basement, filtered, and 
passed again to the overhead tank. All these tanks 
are provided with depth recorders and indicators which, 
like those for the water levels, are visible from practi- 
cally every part of the engine house. The temperature 
of the exhaust gases, between the manifold and the 
silencers, is also shown by pyrometers with indicators 
on the walls. 

The engines and pumps work very smoothly, and 
quite satisfactory performance figures have been 
obtained. The guaranteed heat consumption was 
11,400 B.Th.U. per pump horse-power per hour, but 
on test, this was improved to 10,277 B.Th.U. The 
fuel consumption equivalent to the guarantee figure 
was 0-596 lb. of oil per pump horse-power per hour, 
and the corresponding test figure was 0-537 lb. The 
installation has been working on only a low load during 
the past year, and the total actual over-all average fuel 
consumption for this period was 0-62 lb. per pump 
horse-power per hour. The equipment of the engine 
house is completed by three hand-operated travelling 
cranes, all supplied by the main contractor. Those in the 
bays of the engine house are of 7} tons capacity, while 
the centre one over the well is of 15 tons capacity. 
The cranes are shown in Fig. 7, from which figure also 
the object of the central tower will be apparent. The 
engine house, as will be seen from Figs. 8 and 9, is 
lined with a dado of glazed tiles, and is a good example 
of the order and cleanliness characteristic of the Board’s 
pumping stations. 

The general accessibility of the main engines, pumps, 
and gear has been contributed to by the judicious dis- 
posal of the various auxiliaries in the basement. In 
conclusion, we wish to express our indebtedness to Mr. 
Henry E. Stilgoe, M.Inst.C.E., Chief Engineer of the 
Metropolitan Water Board, for his courtesy in providing 
us with drawings and other data for the preparation of 
this article. 
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EYNSFORD PUMPING STATION; METROPOLITAN 


CONSTRUCTED TO THE 
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Fuel Ow 
Tanks 


THE MOTOR SHIP “RABY CASTLE.”’ 


THE subsequent histories of many of the vessels whose 
trials we have to record in‘the pages of ENGINEERING 
are, though doubtless satisfactory, hardly sufficiently 
distinguished to interest our readers if followed up. 
The case of the M. V. Raby Castle, belonging to Messrs. 
James Chambers and Company, of Liverpool, does not, 
however, fall into such a category, for this ship has 
recently undergone a partial reconstruction of the 
main engines which may well make her the pioneer in 
this country of an important change in four-stroke 
Diesel engine practice. This reconstruction, perhaps 
more correctly spoken of as an addition, consists 
in the employment of the Biichi system of super- 
charging by means of a rotary compressor, driven by a 
turbine actuated by the gases exhausted from the 
engine. The output of the latter is thus very materi- 
ally increased, with, it is claimed, some gain in thermal 
efficiency, whilst, at the same time, scavenging and 
cooling are promoted by a special arrangement of the 
inlet and exhaust valves. Figs. 1 to 6, pages 426 and 
427, illustrate the new system. The vessel itself, with 
its machinery, equipment, and trial results, was fully 
described and illustrated in ENGINEERING, vol. cxix, 
pages 507 to 509, and Plates XXXI to XXXIII, 
which article should be consulted in comparing the 
present engine room lay-out with the original one. 

It may be noted, however, that the engine is of the 
four-stroke cycle type and is single acting. It was 
constructed by the North Eastern Marine Engineering 
Company, Limited, Wallsend-on-Tyne, which firm has 
carried out the installation of the Biichi system, the 
turbo-compressor being supplied by Brown, Boveri and 
Company, Limited, Baden, Switzerland. There are 
eight cylinders each of which has a bore of 730 mm. 
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(28% in.) with a piston stroke of 1,300 mm. (51} in.). 
It was originally designed to develop a total of 3,000 
i.h.p. at a speed of 92 r.p.m., and to drive the vessel, 
through a single shaft, at 11 knots on a loaded draught 
of 25 ft. 6 in., the deadweight being 8,000 tons. The 
original trials, run in April, 1925, showed a speed of 
11-9 knots, with an indicated horse power of 2,752 at 
92-5 r.p.m., the vessel being in ballast trim. Fog 
prevented trials at higher powers. Since that date, 
the vessel has been continuously employed on Messrs. 
Chambers’s New York and Far East service and has 
run 160,000 miles. The mean speed on deeply 
laden voyages was '10-95 knots, with a daily oil 
fuel consumption for all purposes of 9-414 tons, this 
total being made up of 9-147 tons for the main engines 
and 0-263 ton for auxiliaries. The total lubricating 
oil consumed per day, in cylinders, crank case, &c., 
was 7-88 gallons. These figures include voyages in all 
kinds of weather and hull conditions. The running 
conditions have been satisfactory, no other repair work 
other than such as could be carried out by the ship’s 
engineers, without delay to the main or auxiliary 
machinery, having been found necessary. The only 
spare parts supplied have been piston rings, compressor 
and exhaust valve heads. The cylinder liners are 
estimated, at the present rate of wear, to last at least 
ten years’ before requiring re-boring. 

With such a creditable record of performance the 
necessity for reconstruction might be queried, but in 
this connection the undoubted tendency now-a-days 
towards higher speeds for cargo vessels must be borne 





in mind. This being recognised, the possibility of 
increasing the speed of existing recently-constructed 
ships by the addition of no more than a few tons extra 
machinery cannot be overlooked. It is due to the 
foresight of Mr. A. E. Ash, M.I.Mech.E., of Messrs. 
Esplen and Sons, Limited, the owners’ superintendents, 
that this idea has been successfully translated into 
practice, whilst the progressive policy of both Messrs. 
Chambers and the North Eastern Marine Engineering 
Company is also to be commended. The speed of the 
vessel will now be increased from about 11 knots to, at 
least, 12 knots. This involves an increase of power of 
some 30 per cent. from the same engines, and though 
the consumption of fuel oil per brake horse-power is, 
it is stated, reduced by the adoption of the Biichi 
system, the total consumption will, naturally, be 
greater. This may work out now to between 114 tons 
to 12 tons per day. 

Having considered the major results of the re- 
construction, it will be of interest to examine more 
precisely the means taken for effecting it, and the 
first question which arises is the relation of the existing 
shafting to the additional power which is transmitted 
through it. It must be made clear, at the outset, that 
the increased horse-power is gained by a higher 
mean pressure in the cylinders, and not by a higher 
initial pressure, as a matter of fact, the latter at the 
trial trip on Wednesday, September 26, was 550 lb., 
as against the 580 Ib. for which the engines were 
originally designed. There is, therefore, no increase 
in the bending stresses on the crankshaft, whilst 
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the liberal proportions,‘of, the. {original shafting 
generally, including the tunnel: and tail shafts, 
are quite suitable for the increased horse-power. No 
changes have accordingly been made in the construc- 
tional design of the engines or shafting. A new pro- 
peller, has been fitted. The original cylinder heads 
are retained, but the skirts, originally fitted at the 
bottom of the cylinders, have been slightly lengthened 
and the rods shortened so as to increase the clearance 
volume. The compression pressure is now 420 Ib. per 
square inch when starting up, as against the 480 lb., 





Fia. 4. 


of-the original design. It should be pointed out that, 
since the skirts are movable the lengthening of. them 
does not interfere with the piston. This is a valuable 
feature in all the North-Eastern Marine Diesel engines. 

The chief alteration lies in the exhaust manifold and 
in the air supply. There are now two exhaust pipes 
which, as seen in Figs. 1 and 2 are situated above the 
top platforms, connections to each of them being made, 
in the sense of firing sequence, from alternate cylinders. 
The connections are shown in Fig. 3. As has already 
been noted, a scavenging operation is performed by 





the inlet air, and a corollary to this is that the timings 
of the inlet and exhaust valves must be different from 
those of the ordinary four-cycle engine. These valves 
are now, as a matter of fact, open together for a 
considerable period of the crank revolution. To pre- 
vent interference of the exhaust with the scavenging 
action in other cylinders, all engines fitted on this 
system and having more than four cylinders must have 
two exhaust pipes, hence the present arrangement. 
These two pipes discharge quite independently to the 
turbine, that is, the gases do not mix until they have 
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passed through it. After leaving the turbine, the 
gases are discharged directly up the funnel, the turbine 
acting quite effectively as a silencer. The original 
silencer has been retained for use should the turbine be 
not working at any time, but it has been removed from 
its position in the funnel to one on top of the engine- 
room casing. 

The air duct is also seen in Figs. 1 and 2. It is of 
unusually large dimensions, so that by its ample 
cubic capacity, any need for an equalising receiver is 
obviated. The inlet is bell-mounted, and is situated in 
the engine room, about the level of the bottom of the 
ventilator trunks. It rises to the blower, and for a 
portion of its length is parallel to the descending part 
of the discharge pipe from the blower. A short cross- 
connection with a separating diaphragm is inserted at 


this point, so that air may be taken directly from the 
engine room should the turbo-set be not working. The 
former air supply was taken individually through roses 
on the cylinder casing. The air pressure at the inlet 
valves is higher than the exhaust at the moment of 
release, so that, on completion of the exhaust stroke, 
the air enters the cylinder and sweeps out all exhaust 
gas through the exhaust valve. The effect of this 
surplus of air is to cool the combustion zone and the 
exhaust valve. 

Owing to the supercharging effect, about double the 
weight. of pure air, compared with a normal engine, is 
introduced and, just before combustion commences, 
this air is at a lower temperature than usual. As we 
have already noted, the initial pressures are less 
with the system than before the alteration, ’and the 





temperature stresses in the cylinders are lower also, 
but, it follows from the higher mean pressure that 
the exhaust temperatures are higher than in the 
unconverted engine. Thus, at one time during the 
trial trip, when the engines were running at 100 
r.p.m., we noticed that the exhaust temperature 
before the turbine was 815 deg. F., and after it, was 
710 deg. F. The engine was then developing well over 
3,000 b.h.p. The exhaust temperature on the original 
trial trip, when 2,752 i.h.p. was being developed, was 
587 deg. F. Tests on the turbine blading have shown 
that it can successfully resist higher temperatures than 
this, and only a trace of deposit is found on the blades. 
The maximum temperature recommended for con- 
tinuous work is 932 deg. F., but this could be increased 
to 980 deg. F. for short periods. It should be noted 
that these temperatures are somewhat influenced by 
the exhaust pipes being now insulated by about 3 in. 
of lagging. The single pipe previously fitted was 
water-cooled. 

General views of the turbo-compressor are given 
in Figs. 4 and 5, and a cross-section in Fig. 6. It is, as 
is clear from Figs. 1 and 2, situated on a pair of 
substantial cantilever brackets on the aft engine-room 
casing about the level of the main deck, and at 
the starboard side. This arrangement is the most 
suitable one for an engine-room already planned on 
other lines, but it by no means follows that it would 
be adopted for new vessels, although the turbo-blower 
is thus well clear of the cylinders. 

The set, as is clear from the figures, comprises a 
two-stage centrifugal compressor with a single-stage 
exhaust gas turbine on the same shaft. The impulse 
wheel of the turbine is overhung to avoid expansion 
troubles, and the method of carrying its casing is 
devised for the same purpose. The wheel and blades 
are made of a special steel, and temperature effects, 
as well as centrifugal stresses are provided against in 
the method of construction. The spigots on the wheel, 
fitting respectively into the shaft and clamping nut 
washer, may be noted. The turbine casing is divided 
horizontally, the lower half being carried on brackets cast 
on the compressor casing. The inlet portion is divided 
and has separate flanges for the two exhaust pipes. 
The nozzle ring is bolted to the inlet port and is of cast- 
iron, with chrome nickel steel blades. Both the inlet 
and turbine casings are effectively lagged. The single 
outlet branch is at the top, where it discharges up the 
funnel. The shaft is carried on two bearings of cast 
iron white-metal lined, both being lubricated by oil 
under pressure. They differ, however, in detail, the 
one nearest the turbine being cooled by fresh water 
circulating through it, and the outer one having three 
thrust collars, to take up any residual axial thrust. The 
impellers are built up of nickel steel plates. The first 
stage diffuser has riveted blades, in order that they 
may be adjusted initially in a test with the engine 
involved, that for the second stage has the blades cast 
with the discs. Both stages are sealed from one another 
and from the atmosphere by hard lead labyrinth glands. 
The joints of the exhaust pipe flanges are made with 
asbestos paste, and those of the air pipes with varnished 
paper. Expansion joints are fitted in these lines to take 
any strain off the blower set. 

The trial trip on September 26 consisted of measured 
mile tests at both approximately the original full power, 
and at the new full power. We gave figures of the 
trials in 1925 in the article previously referred to, but 
repeat some of them below for the sake of comparison. 





Date of Trial -| April 7, 
25 


192: 
Draught .. ee ..| 13 ft. 14 in. 
Displacement intons ..| 5,600 5, 
Revolutions per minute 92-5 
Maximum combustion 
_ pressures, mean of all 
 eylinders : Ib. per sq. 


September 
26, 1928 


September 
26, 1928 
13 ft. 9 in. 
5,900 
96-9 


in. as ee ae 587 
Pressure in exhaust main 
Ib. per sq. in. .. ee 
Pressure in air main: 
Falb. per sq. in. .. 2 
Mean speed in knots. 
Main exhaust tempera- 

ture, degrees F., in 


2-00 


11:9 11-934 


587-3 
Not fitted 
1,000 


water-cooled pipe a Not fitted | Not fitted 
Do., in uncooled pipe 
with 3-in. lagging 
Blast air pressure in Ib. 
per sq. in. ee ne 
Temperature of sea in 
deg. F. aa ..|Not recorded 7 | 5 
Temperature of cylinder | 
cooling water outlets. | | 
.|Not recorded) | 


521 720 





900 


o 





eg. F. ua : 
Temperature of piston 

cooling water outlets 
deg. F ; 





..|Not recorded 95 
| 





The last two figures were not recorded in the early 
trial trips, but they were noted in the full power works 
trials, the cylinder cooling water being 84-3 deg. F., 
and the piston cooling water 79-9 deg. F. In this trial, 
the brake horse-power was 2,186 at 95 r.p.m. The 
corresponding figures for the full power sea trial with 
the Biichi system are 3,069 at 96 r.p.m. It would 
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appear that the above figures, particularly taking into 
account the higher speed attained, fully substantiate 
the claims made. It is to be hoped that Messrs. 
Chambers will see fit to make public log-book data 
of future voyages similar to those given in the 
earlier part of this article for purposes of comparison. 
In the meantime, it may be noted that the North- 
Eastern Marine Engineering Company have in hand, 
among other Diesel and steam machinery, a set of 
supercharged Diesel engines for Messrs. Alfred Holt 
and Company, Limited, and trial trip figures will no 
doubt show even more interesting results, it being 
realised, of course, that in a new vessel a consider- 
ably smaller and lighter engine than was previously 
thought possible for a four-stroke Diesel engine can be 
fitted to develop the power required. 





THE LATE MR. H. D. LUMSDEN. 


WE regret to have to record the loss of an engineer 
well known in Canadian and other circles, in the death, 
on September 6, at Orilla, Ont., of Mr. H. D. Lumsden, 
who was prominently connected with railway develop- 
ments in the Dominion. Mr. Hugh David Lumsden 
was of Scotch parentage, being the son of Col. T. 
Lumsden, C.B., and born at Belhelvie Lodge, Aberdeen- 
shire, in 1844. His early education was obtained at 
the Bellview Academy in Aberdeen, and subsequently 
at Wimbledon School, Wimbledon, Surrey. 

At the age of 17 he went out to Canada and served 
his articles for five years, qualifying as a provincial 
land surveyor in the Province of Ontario in 1866. 
The final examinations, qualifying as civil engineer 
and Dominion land surveyor, he passed, we under- 
stand, in 1870. Subsequent to the last-named date, he 
was employed on railway work of a varied character. 
In 1870-71 he was in charge of the location of the 
Toronto and Nipissing, and Toronto, Grey and Bruce 
Railways, under Mr. Edmund Wragge, M.Inst.C.E. 
His next work was the charge of the location of a 
branch line of the Northern Railway of Canada, from 
Penetanguishene to Coldwater, subsequently remaining 
on the Northern Railway for some time under Mr. 
C. W. Moberly. His next work was the location 
of the Credit Valley Railway, after which he was 
responsible for the location and construction work 
on the Georgian Bay Branch (C.P.R.), under Mr. 
Sandford Fleming, C.M.G., M.Inst.C.E. For a short 
while following this he was engaged upon surveys for 
the Government, but in 1880 again returned to railway 
work, taking charge of the survey for the Canadian 
Pacific Railway of lines in the North-West territories, 
from Bird-Tail Creek northwestward. In the latter 
part of 1881 he was appointed chief engineer to the 
Ontario and Quebec Railway, being responsible for 
both survey and construction of lines about 500 miles 
in length. He returned to the Canadian Pacific Railway 
in 1884, and was responsible for location and construc- 
tion work on, among other lines, the Calgary and 
Edmonton Railways (524 miles), the C.P.R.’s Crow’s 
Nest line, Lethridge to Kootenay Landing (288 miles), 
and other branches. He was subsequently chief 
engineer of the Eastern division of the National Trans- 
continental Railway until 1909, when he retired to 
take up private practice, continuing, however, to do a 
great deal of work in connection with the expansion of 
the Canadian Pacific Railway. 

Mr. Lumsden was elected a member of the Institution 
of Civil Engineers in 1885, and was president of the 
Engineering Institute of Canada in 1907. 








THE LATE MR. HENRY GOULD. 


Tue death of Mr. Henry Gould at his home, 8, Elmer- 
gardens, Edgware, Middlesex, on September 29 last, 
removes from our midst an engineer who spent the 
greater portion of his active life in the British West 
Indies. Mr. Gould was, until quite recently, City 
Engineer of the Kingston and St. Andrew Corporation, 
Jamaica. He was born on October 16, 1859, and 
received his general education at the Devon County 
School. He commenced his practical engineering 
training under the late Mr. John Warren, at the age of 
19, and, during the following eleven years, he was 
engaged upon the surveying and designing and con- 
struction of water-supply, drainage and sewerage 
works in various parts of England and Wales. In 
1889 Mr. Gould proceeded to Barbados to take up 
the position of resident engineer on the water-supply 
works, then under construction in the Island. Some 
two vears later he was engaged by the Government of 
the Leeward Islands to undertake the design and 
construction of waterworks, bridges and public buildings 
in Antigua, Dominica, and St. Kitts. Mr. Gould 
obtained his first official appointment in Jamaica 
in 1896, in which year he became assistant engineer to 
the Kingston and Liguanea Water Commissioners 
and to the Kingston Gas Commissioners. A year later 
he was appointed resident engineer to the Kingston 


jdamage to the various undertakings of the Com- 





Water, Gas, Markets, and Improvement Commissioners 
were merged into one body, named the Kingston 
General Commissioners, and Mr. Gould became chief | 
engineer in charge of the whole of the undertakings 
of the newly-formed Commission. His first work in | 
this capacity was the carrying out of the first portion | 
of the sewerage and street-improvements schemes | 
decided upon by the Commissioners. 

In 1904, while still retaining his position as chief | 
engineer to the Commissioners, he was appointed 
surveyor to the Building Authority, his duties being 
to carry out the provisions of the new Building Law 
and to supervise the reconstruction of the City of 
Kingston after the earthquake and fire of January 14, 
1904. The repairs consequent upon the earthquake 


missioners, which repairs were completed in 1907, 
cost some 30,0007. Subsequently, Mr. Gould was res- 
ponsible for the completion of a number of improvement 
works in Kingston. These included the rebuilding 
of the gas-works retort house, the design and construc- 
tion of the Ferry river extension to the waterworks, 
and the erection of reinforced-concrete office buildings 
for the Commissioners. Just prior to the outbreak of 
the European War, the extension of the sewerage and 
sewage-disposal works was decided upon, Mr. Gould 
being responsible for the designs. Actual construction 
was commenced early in 1914, but was suspended during 
the period of hostilities. The building of these under- 
takings was, however, resumed some years ago, and 
further extensions to the waterworks of the Island 
were also put in hand. One of the last works under- 
taken by Mr. Gould in Jamaica was the designing of 
various improvements and extensions to the Morant 
Bay Waterworks. He retired some three years ago 
and settled in Middlesex. He became an associate 
member of the Institution of Civil Engineers on 
January 12, 1904, and was elected to full membership 
on March 7, 1922. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Midland iron is still 
competing successfully for orders in certain markets, 
but Cleveland pig producers adhere to their fixed figures, 


|and report that little surplus iron is available for the 


market, after provision has been made for ironmasters’ 
own foundries and steelworks. Home consumption of 
Cleveland pig is increasing, and some little improvement 
in export demand is noticeable, but sales to Scotland are 
on a very disappointing scale. No. 1 Cleveland is 
68s. 6d.; No. 3, g.m.b., 66s.; No. 4 foundry, 65s.: and 
No. 4 forge, 648, 6d. 

‘Hematite.—Continued gradual expansion of home and 
Continental business in East Coast hematite is gratifying, 
particularly as West Coast makers are competing rather 
keenly for orders. Output of this area is insufficient fully 
to satisfy current needs, with the result that the very 
low stocks are still being drawn upon. Quotations for 
East Coast brands are moving upward, but they are still 
well below cost. Ordinary qualities are quite 70s., and 
some makers hold out for rather more. 


Foreign Ore.—-New business in imported ore is very 
limited, but deliveries of past old contracts are heavier. 
Nominally market rates remain on the basis of best rubio 
at 22s. 6d. c.i.f. Tees. 

Blast-Furnace Coke.—Local users of Durham blast- 
furnace coke are buying sparingly, but on the other hand, 
producers are not pressing sales, as they have good 
export contracts arranged. Good average kinds are 
17s. 6d. to 17s. 9d. delivered here. 

Manufactured Iron and Steel.—There is rather more 
business passing in several branches of finished iron and 
steel, but a speeding up of buying is needed. Quotations 
are steady. Common iron bars are 10l. 5s.; best bars, 
101. 15s. ; double best bars, 11/1. 5s.; treble best bars, 
11. 15s. ; iron rivets, 111. 5s. ; packing (parallel), 77. 10s. ; 
packing (tapered), 101. ; steel billets, 6/. 5s. to 7/. 12s. 6d., 
according to quality ; steel rivets, 111. ; steel ship plates, 
8l. 7s. 6d. ; steel angles, 7/. 17s. 6d. ; steel joists, 71. 17s. 
6d.; heavy sections of steel rails, 8/. 10s. ; black sheets 
(No. 24 gauge), 10/.; and galvanised corrugated sheets 
(No. 24 gauge), 13/7. 10s. to 13s. 12s. 6d. 


Imports of Iron and Steel.—-Statistics just issued by the 
Tees Conservancy Commission give the imports of iron 
and steel to the Tees from various countries and coast- 
wise, for the eleven months ending September 30 last, as 
208,533 tons, compared with 354,775 tons for the same 
months a year ago, and 54,563 tons in the corresponding 
pre-war period of 1913-1914. Pig iron unshipped in the 
past eleven months was 6,248 tons, as against 103,004 tons 
a year ago, and only 1,427 tons in the pre-war period. 
Crude sheet bars, billets, blooms and slabs are returned at 
158,803 tons, as against 200,098 tons and 33,655 tons, 
respectively ; and steel plates, angles, bars, rails, sheets 
and joists, 43,482 tons as against 51,676 tons and 19,481 
tons, respectively. 

Shipments of Iron and Steel.—Official returns give the 
September shipments of iron and steel from the Tees at 
67,303 tons—the lightest of any month this year. The 
clearances comprised 18,046 tons of pig iron (8,600 tons 
abroad and 9,446 tons coastwise), 3,393 tons of manu- 
factured iron (1,417 tons overseas, and 1,976 tons coast- 
wise), and 45,864 tons of steel (36,100 tons abroad, and 
9,764 tons coastwise). Scotland was the largest buyer of 
pig iron, taking 7,708 tons ; the Cape of Good Hope, with 
an import of 642 tons, was the chief purchaser of manu- 
factured iron, and the principal customer for steel was 
India, importing 12,116 tons. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Prospects generally are somewhat 
brighter, and output continues on the up grade. Though 
foreign competition is still an important factor, producers 
of raw and semi-finished materials are receiving a fair 
share of the work in circulation. Basic materials 
are stronger, but acid varieties are not so satisfactory, 
the shortage of railway work having an adverse effect. 
The pig-iron market is firmer. Latest quotations are as 
follow : Derbyshire foundry pig, 60s. to 61s. ; crown iron 
bars, 10/.; iron hoops, 122. 10s.; steel hoops, 91. to 
9/. 10s. ; Siemen’s acid billets, 101. ; hard basic billets, 
7l. 2s. 6d. and 71. 12s. 6d.; soft basic billets, 67. 10s. ; 
soft wire rods, 7/7. 10s.; and basic steel scrap, 56s. 6d. 
Mixed conditions prevail in the heavy engineering trades. 
The demand for railway rolling stock is only moderate. 
Home business is very limited, but orders on overseas 
account are steadily reviving. India, South Africa and 
South America have placed contracts, and are also in the 
market for other steel products. The same regions 
are also inquiring for springs, axles, buffers, and frames, 
while Finland, Poland and Spain are contemplating 
railway extensions, and should prove good purchasers 
for those classes of products. Shipbuilding requirements 
are better, while the outlook is considered the brightest 
for some time past. Orders placed in northern shipyards 
should have a beneficial effect on this district. The call 
for colliery equipment on home account is dull, but 
foreign mining enterprises are coming forward with 
some good orders. Electrical plant is active. Despite 
a decline in the home demand, agricultural machinery is 
making headway through the Colonies. Automobile 
steel and fittings tend to expand, as does the output of 
stainless steel and rustless iron. ‘The tool trades are 
good in parts. There is only a quiet demand for quarry, 
mining, forest, and plantation tools, but, on the other 
wag Pha garden, builders’, and shipbuildingimplements 
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are good lines. Saws are not so active, while file makers 
could handle a larger volume of work. 

South Yorkshire Coal Trade.—A better tone prevails 
in most sections of the industry. Industrial sorts are 
in steady demand, with prices showing little alteration. 
Export requirements remain about the same level. The 
house-coal market has become fairly active. Many 
users in London and the provinces ordered supplies before 
the increased quotations came into operation. The 
advances range from ls. 8d. to 2s. per ton. Whether the 
improved volume of business will be maintained is 
somewhat doubtful, but the coming of colder weather 
is sure to have a beneficial effect. Blast-furnace coke 
continues steady at 12s. 6d. on rail at ovens. There 
is an improved call for crucible steel-making coke, while 
foundry sorts at 19s. to 19s. 6d. are also doing well. Gas 
coke quoted at 20s. to 23s. is a good market. Quotations: 
Best hand-picked branch, 26s. to 27s. 6d.; Derbyshire 
best brights, 21s. to 22s. 6d.; best house coal, 19s. 6d. 
to 20s. 6d. ; screened house coal, 16s. to 17s. ; screened 
House nuts, 14s. 6d. to 16s.; Yorkshire hards, 14s. 6d. 
to 16s.; Derbyshire hards, 14s. 6d. to 16s.; rough 
slacks, 8s. 6d. to 9s. 6d.; nutty slacks, 4s. 6d. to 6s. ; 
smalls, 3s. to 4s. 6d. 








NOTES FROM THE SOUTH-WEST. 


CarpiFrr, Wednesday. 

The Coal Trade.—Quiet conditions were again experi- 
enced in the steam-coal trade during the past week, in 
consequence of a continued shortage of shipping and the 
resultant inability of exporters to give collieries stems 
which were badly needed to enable loaded wagons to be 
cleared. The continued scarcity of shipping is some- 
what surprising in view of the fact that, during the 
past fortnight, vessels representing a carrying capacity 
of over 770,000 tons were reported as chartered to 
carry cargoes of Welsh coal abroad, many of them large 
size steamers for voyages to South America and the 
Upper Mediterranean ports. Vessels, however, are 
reported to have been delayed at discharging ports, 
and on account of labour troubles on the Continent. 
Even so, the heavy demand of late was expected to have 
stimulated shipments. Collieries, however, have been 
disappointed in securing expected stems, and as a 
result have been compelled to endeavour to find fresh 
outlets for current outputs, a task which in many cases 
has been beyond their capacity, with the result that 
pit stoppages have become more numerous. The Naval 
group of collieries, controlled by the Cambrian Combine, 
has been closed down indefinitely, throwing idle some 
2,000 men, while notices have also been given to some 
250 men employed by the Glamorgan pits, which are 
controlled by the same group. Supplies of large and 
small coal remain in excess of requirements, and buyers 
have been able to obtain their limited needs on the 
basis of the minima schedule. Sized products have, 
however, enjoyed a relatively good inquiry, and, with 
supplies rendered scarce by the lessened output of large, 
prices have developed firmness especially for peas, 
which range from 16s. 6d. to 17s., and beans, which 
varied from 17s. to 18s. Nuts, however, were in moderate 
request, and steady from 18s. to 19s. 6d. The shipping 
position will be gathered from the fact that on one day 
during the week there were less than 100 vessels in the 
Cardiff, Penarth and Barry docks, which represents 
the smallest aggregate for months. Of these only 34 
were under the tips, while as many as 20 berths were 
vacant, Shipments of coal as cargo foreign during the past 
week amounted to 398,710 tons, which was slightly 
more than in the preceding week. At Cardiff, exports 
were reduced from 255,450 tons to 236,020 tons, at 
Swansea, from 55,120 tons to 54,150 tons, and at Llanelly, 
from 6,650 tons to 6,620 tons, but at Newport, increased 
from 52,070 tons to 70,690 tons, and at Port Talbot, from 
26,810 tons to 31,110 tons. Clearances to Argentina 
were raised from 27,000 tons to 57,200 tons, for Brazil 
from 16,210 tons to 49,350 tons, for France from 87,520 
tons to 94,830 tons, and for Italy from 48,850 tons to 
48,900 tons, but for Egypt were reduced from 62,100 tons 
to 23,100 tons. 








HiGH-FREQUENCY ELEectric TRAcTION: ERRATUM.— 
We regret that in the abstract of Professor W. Cramp’s 
paper on ‘“‘ The Possible Application of High-Frequency 
Power to Electric Traction,’’ which appeared on page 369 
of our issue of September 21, he was reported as saying 
that the Poulsen are would work well, if ‘‘ the primary 
circuit is supplied with current at constant voltage.” 
This, as will appear when the full report of the paper is 
printed, should have read “‘ with constant current.” 





Launcu or H.M.S. “ Sanpwicn.’’—The launch took 
place on Saturday, September 29, of the second of two 
similar vessels which Messrs. R. and W. Hawthorn 
Leslie and Company, Limited, Hebburn-on-Tyne, have 
on hand for the British Admiralty. These vessels are 
an improvement on the sloop class, and have been 
named Bridgewater and Sandwich respectively, the 
former having been launched in the middle of last 
month. They have an overall length of about 266 ft., 
and the approximate displacement will be about 1,150 
tons. The crew’s quarters, which are forward, are 
spacious and comfortable, and, as the vessels are to 
be employed in the Far East, arrangements have been 
made for the crews to sleep and mess in the open, 
under the shelter of the forecastle and boat decks, 
which together extend for about three-fourths of the 
length of the ships. Both vessels will be equipped 
with 4-in. guns and machine guns, while the propelling 
machinery will consist of twin-screw, single-reduction, 
Parsons impulse-reaction type turbines, giving a total 
s.h.p. of 2,000 in each case. 





ENGINEERING. 


se 








NOTES FROM THE NORTH. 
Grascow, Wednesday. 

Scottish Steel Trade.—A somewhat quieter tone prevails 
in the Scottish steel trade this week, and the much 
hoped for expansion of business has not yet made its 
appearance. The general demand is not very good, 
and producers’ works are all capable of a much larger 
output than is being specified for by consumers. — Ship- 
building material is not meeting with the ready sale it 
has had, and unless many orders for new tonnage are 
received soon, the demand from shipbuilders will be very 
small during the next few months. From other sources 
the demand for steel has fallen off considerably, and the 
outlook at the moment is not very bright. Inquiries, 
however, are fair and some buyers abroad, with whom 
the Continental maker has recently had a fairly good 
innings, are beginning to awaken to the fact that home 
prices are not now so much higher than they have been 
paying for Continental material, and more business from 
overseas may be fixed up in the nearfuture. In the black 
sheet trade, the heavier gauges are still dull, but light 
and galvanised sorts remain quite busy. Orders on hand 
for the latter ensure steady running for some time ahead. 
Prices current are as follow :—Boiler plates, 101. 10s. 
per ton; ship plates, 8/7. 7s. 6d. per ton; sections, 
71. 12s. 6d. per ton; sheets, 4 in., 82. 15s. per ton; and 
galvanised corrugated sheets, No. 24 gauge,13/. 7s. 6d. to 
137. 128, 6d. per ton, all delivered Glasgow stations. 

Malleatle-Iron Trade.—In the West of Scotland 
malleable-iron trade, the position is again without change. 
The demand has not improved, and output is on a rather 
low level. The steel re-rolling departments are neverthe- 
less doing quite well, and orders on hand represent a fairly 
satisfactory tonnage. Prices are unchanged with 
““Crown ”’ bars at 10/. 5s. per ton, and re-rolled steel bars 
at 7/. 10s. per ton, both for Glasgow or home delivery. The 
export prices are, respectively, 91. 15s. and 71. 7s. 6d. to 
7l. 10s. per ton. 

Scottish Pig-Iron Trade.—Each week is very much like 
its predecessor in the Scottish pig-iron trade, and this 
one is no exception. Fresh orders are very difficult to 
obtain, and output is suffering. The call from overseas 
is also of small dimensions. Prices remain firm, and 
are as follow :—Hematite, 74s. per ton, delivered at the 
steel works ; foundry iron, No. 1, 75s. to 76s. per ton ; 
and No. 3, 70s. to 71s. per ton, both on trucks at makers’ 
yards. 


Scottish Pig-Iron Shinments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending Satur- 
day last, September 29, only amounted to 260 tons. Of 
that total, 250 tons went overseas and 10 tons coastwise. 
For the corresponding week of last year, the figures were 
466 tons to foreign destinations and 31 tons coastwise, 
making a total shipment of 497 tons. 

Scottish Shiphuilding.—Quite a large amount of work 
has been going on in the Scottish shipbuilding yards 
during recent months, and proof of this is shown by the 
output figures. The unfortunate thing is that very few 
fresh orders have recently been booked to take the place 
in the stocks of those vessels launched. During the past 
month, only one or two were reported, as against over 
20 put into the water. The output figures for the 
month of September are as follow :—~- 





Vessels. Tons. 

The Clyde Aer ree aaa 13 69,620 

The Forth ae a ia ued 5 5,588 
The Tay xa zs aa - — 

The Dee and Moray Firth ... <u + 852 

Total ... 22 76,060 


The Clyde figures are again very interesting and are the 
second highest month for the year. The total for the 
nine months is now 160 vessels, of 485,823 tons, and 
the total makes this year’s output rank third for the 
same period during the past decade. The record for 
that period was made in 1920, when the figures were 
166 vessels, of 489,425 tons, so that this year falls short 
of that total by only six vessels and 3,602 tons. 








AGRICULTURAL MACHINERY IN THE UNION oF SovutH 
Arrica.——His Majesty’s Trade Commissioner at Johannes- 
burg has forwarded to the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, a copy 
of the 1926 report on the Agricultural Census of the 
Union of South Africa, and states that the report shows 
a marked advance, one of the most interesting features 
being the figures given relative to the use of farming 
machinery during the last few years. These figures 
show a steady rise in the use of machinery and the 
increasing trend towards modern methods in agriculture. 
Firms interested in the supply of British agricultural 
machinery and implements, can borrow the report 
on application to the Department at the above address 
when reference number A.X. 6876 should be quoted. 





Emprre MINING AND METALLURGICAL ConGRESS.—As 
already announced in our columns, the third triennial 
Empire Mining and Metallurgical Congress will be 
held in South Africa in 1930. We now learn that a 
strong and influential executive committee has been 
appointed by the South African constituent institutions, 
and that the Congress will commence in Capetown on 
March 24, 1930. Sessions will probably be held in 
Capetown, Kimberley, Johannesburg, Bulawayo and 
Durban. A tentative itinerary has been arranged, 
which comprises visits to all the principal mining 
centres in South Africa and Rhodesia as well as places 
of scenic interest. The office of the secretary of the 
congress is P.O. Box 4604, 100, Fox-street, Johannésburg, 
Transvaal, South Africa. 





NOTICES OF MEETINGS. 

Junior INstiTuTION OF ENGINEERS.—To-night, 7.30 
p-m., 39, Victoria-street, S.W.1. Lecture: ‘ Interesting 
Details of Swiss Alpine Railways,” by Mr. A. J. Simpson. 


Friday, October 12, 7.30 p.m. ‘‘ The Use of Instruments 
in the Boiler-house,’”’ by Mr. F. Squirrell. 


Soctety or CHEMICAL INDUSTRY : CHEMICAL ENGIN- 
EERING GrRoup.—To-night, 8 p.m., Royal Society of 
Arts, John-street, Adelphi, W.C.2. ‘* Factory Flooring,” 
by Mr. F. H. Rogers. 


INSTITUTION OF AUTOMORILE ENGINEERS.—Bristo/ 
Centre: Monday, October 8, 6.45 p.m., Merchant 
Venturers’ Technical College. Bristol. Presidential 


Address, ‘‘ The Integrity of the Technical Man,” by 
Mr. L. H. Hounsfield. 


Institute oF MEetTats.—Scottish Local Section : Mon- 
day, October 8, 7.30 p.m., Institution of Engineers 
and Shipbuilders in Scotland. 39, Elmbank-crescent, 
Glasgow. Chairman’s Address by Mr. S. E. Flack. 
North-East Coast Local Section: Tuesday, October 9, 
7.30 p.m., Armstrong College, Newcastle-on-Tyne. 
Chairman’s Address by Dr. J. A. Smythe. Swansea 
Local Section : Wednesday, October 10, 7 p.m., Thomas’ 
Café, High-street, Swansea. Chairman’s Address by 
Mr. J. H. Grant. London Local Section: Thursday, 
October 11, 7.30 p.m., Society of Motor Manufacturers 
and Traders, Limited, 83, Pall Mall, S.W.1.  Chair- 
man’s Address by Dr. S. W. Smith. Sheffield Local 
Section: Friday, October 12, The University, St. 
George’s-square, Sheffield. ‘“‘ Alternating-Current Elec- 
trolysis,” by Mr. R. D. Barklie. ‘“‘ Sodium Cyanide 
in Silver Plating,” by Dr. E. B. Sanigar. 


InstiTuTtE or TRANSPORT.—Monday, October 8, 
5.30 ‘p.m., Institution of Electrical Engineers, Victoria 
Embankment, W.C.2. Presidential Address by Air Vice- 
Marshal Sir Sefton Brancker. 


INSTITUTE OF MARINE ENGINEERS. 
9, 6.30 p.m., 85-88, The Minories, Tower-hill, E.1. 
** Turbo-charging of Internal-combustion Engines, 
especially Diesel Engines,’ by Dipl. Ingr. A. Buchi. 


INSTITUTION OF HEATING AND VENTILATING EN- 
GINEERS.—Tuesday, October 9, 6.45 p.m., Caxton Hall, 
Caxton-street, S.W.1. ‘“Methods of Heating and 
Ventilating Schools and their Influence on Health,” 
by Dr. H. M. Vernon. 

SHEFFIELD METALLURGICAL Society. — Tuesday, 
October 9, 7.30 p.m., 198, West-street, Sheffield. ‘‘ The 
Functions of Regenerators in Relation to the Refractory 
Materials of Construction,” by Mr. A. T. Green. 


Tuesday, October 





NORTHAMPTON ENGINEERING COLLEGE ENGINEERING 
Socrety.—Wednesday, October 10, 5.30 p.m., St. John- 
street, E.C.1. Presidential Address, ‘‘ Stars and Stellar 
Matter,”’ by Mr. S. C. Laws. 


InstrTuTEe oF FurLt.—Wednesday, October 10, 6 p.m., 
Chemical Society, Burlington House, Piccadilly, W.1. 
** Automatic Combustion Control of Liquid, Solid and 
Gaseous Fuels for all Purposes,’ by Mr. T. A. Peebles. 


INSTITUTION OF ENGINEERS-IN-CHARGE.—-Wednesday, 
October 10, 7.30 p.m., St. Bride Institute, Bride-lane, 
Fleet-street, E.C.4. Presidential Address by Mr. H. G. 
Burford. 


OpticaL Society.—Thursday, October 11, 7.30 p.m., 
Imperial College of Science and Technology, Imperial 
Institute-road, 8.W.7. ‘‘ Lenses and Equipment for 
Ultra-Violet Photography,” by Colonel J. W. Gifford. 
** Some Remarks on Old English Objectives,” by Dr. H. 
Boegehold. ‘“‘On the Development of Spectacles in 
London from the End of the Seventeenth Century,” 
by Mr. T. H. Court and Professor Moritz von Rohr. 
Yorkshire 
Hotel 

and 


INSTITUTION OF MECHANICAT ENGINEERS : 
Branch.—Thursday, October 11, 7.30  p.m., 
Metropole, Leeds. ‘‘ Modern Foundry Practice 
the Engineer,” by Mr. W. H. Poole. 

MANCHESTER ASSOCIATION OF ENGINEERS.—Friday, 
October 12, 7.15 p.m., Engineers’ Club, Albert-square, 
Manchester. Presidential Address by Mr. W. B. Gass. 


Cuapwick Pustic Lectures.—We are informed by 
the secretary of the Chadwick Trust, 204, Abbey House, 
Westminster, S.W.1, that the Chadwick Trustees have 
arranged for a lecture by Mr. Torben Grut, of Sweden, 
to be given on Thursday, October 25, at 5 o’clock, in the 
galleries of the Royal Institute of British Architects, 
9, Conduit-street. The lecture is entitled ‘‘ Public Health 
Buildings and Recent Improvement in Town Develop- 
ment in Sweden.”’ Admission is free. 


THe LATE Mr. H. H. Scort.—It is with regret that we 
have to announce the death, at the age of 73, of Mr. 
Hugh Hamilton Scott, which took place, on September 
25, at Hove. Mr. Scott received his early training as an 
engineer under Mr. J. L. Hodge, A.M.Inst.C.E., of Ply- 
mouth, from 1875 to 1878inclusive, during which period 
he was engaged in the preparation of designs for sewerage 
and water supply works to towns, and for private building 
estates. At the end of 1878 he joined the staff of 
Mr. P. C. Lockwood, M.Inst.C.E., Borough Engineer of 
Brighton, and, later on during his engineering career, 
Mr. Scott became the Borough Surveyor of Hove. Mr. 
Scott became an associate member of the Institution 
of Civil Engineers in 1880, a member of the Institution 
of Municipal and County Engineers in 1888, and a 
member of the Royal Sanitary Institute in 1889; he 
was finally elected a fellow of this Institute in 1926. 
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EYNSFORD PUMPING STATION OF THE METROPOLITAN 


CONSTRUCTED TO THE DESIGNS OF MR. H. E. STILGOE, 


Fic. 8. INTERIOR oF ENGINE House sHOWING DreEP WELL Pump Heap, aND ONE SuRFACE Pump Unit. 


INTERNATIONAL AERO EXHIBITION.—The Society of 
British Aircraft Constructors, Limited, and the Society 
of Motor Manufacturers and Traders, Limited, have 
jointly put in hand the organisation of the seventh 
International Aero Exhibition, which will be held at 
Olympia, Kensington, W.14, from July 16 to 27, 1929. 


ExHACcST STEAM TURBINE ON S.S. “ BriTannta.”’—As 
mentioned in our last issue, on page 394, Messrs. William 
Beardmore and Company, Limited, of the Naval Construc- 
tion Works, Dalmuir, have recently fitted an exhaust 
steam turbine to the S.S. Britannia. This boat, when 
launched in 1926, was fitted with quadruple expansion 
engines, intended to develop about 5,000 h.p. By the 
addition of the exhaust steam turbine, the same power 
is now developed with little more than three-fourths 
the quantity of steam. With the system adopted, the 
turbine can be completely cut out of action, and it is 
thus easy to obtain reliable figures as to the economy 
secured. To this end a series of trials were run on 
September 20 and 21 last. On the first day the turbine 
was out of action, and during a 4-hours’ run the engines 
developed an average of 5,026 i.h.p., the average speed 
being 85:46 r.p.m. The mean steam pressure on the 
boiler side of the stop valve was 208-8 lb. per square | 
inch (gauge), with an average superheat of 24 deg. F., 
the vacuum in the condenser (reduced to a 30-in. Bar.) 
was 26-6in., and the consumption of oil fuel averaged 
5,240 lb. per hour, or 1:04 Ib. per indicated horse- | 
power-hour. During this series of runs steam was) 
cut off in the H.P. cylinder at 0-68 of the stroke. 
The sea was smooth and the wind light throughout 
the whole of the run. The meteorological conditions | 
on the next day were practically identical, when a | 
similar 4-hours’ test was made with the turbine in 
action. On this occasion, the steam pressure at the 
stop valve averaged 211 lb. per square inch (gauge) but 
the superheat fell to 6 deg. F. The vacuum, reduced 
to a 30-in. barometer, was 27-76 in. of Hg. The engine | 
speed was 85-08 r.p.m., or practically identical with | 
that recorded in the previous day’s test, so that the | 
total effective horse power was nearly the same on the 
two occasions. This, however, was attained with the | 
cut-off in the H.P. cylinder reduced to 0-52 of the stroke, | 
and the consumption of oil fuel fell to 4,178 lb. per hour ; | 
the indicated horse-power. developed by the reciprocator 
was 3,707 instead of 5,026, and the balance was supplied 
by the exhaust steam turbine. 





(For Description, see Page 424.) 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 


We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 


TELEGRAPHIC | “ ENGINEERING,” WESTRAND, 
ADDRESS | LONDON. 
_ ne NumBErs—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 














For the United Kingdom........................ £3 5 0 
For Canada— 
Thin paper copies ......................++ £218 6 
Thick paper copies ................... £3 3 0 


For all other places abroad— 
Thin paper copies 0 
Thick paper copies 6 
Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 





When foreign subscriptions are sent by Post Office 
Cuteen advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 








The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must acco r aap all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 








Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, alterations 
for standing advertisements should be received 
10 days previous to the day of publication. 
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A THEORY OF ENGINE KNOCK. 


THE most extraordinary fact about lead ethyl 
as applied to the prevention of knocking in petrol 
engines is the almost homeopathic dose that proves 
effective. Thus, as noted in the lecture by Mr. 
A. C. Egerton, F.R.S., which was reported in our 
issue of June 1 last (page 673), the proportion found 
effective in the normal working of petrol engines is 
one molecule of the dope to 200,000 molecules of 
the explosive mixture. It seems, therefore, difficult 
to avoid the conclusion that the action must be a 
catalytic one, the catalyst, as is customary, being 
regenerated at the end of each cycle of reactions. 
This view is strongly advocated in a noteworthy 
paper due to Professor C. Moureu and Professor C. 
Dufraisse, which appeared in the issues of August 10 
and August 17 of the Journal of Chemical Industry, 
under the title of “The Negative Catalysis of Auto- 
oxidation.” The authors seem to have established 
very definitely that what they term negative 
catalysis is a common phenomen. Thus whilst in 
the cases hitherto recognised, a catalyst promotes 
chemical changes, in its new role it inhibits the 
reaction. 

Their theory originated in the attempts made 
during the war to use acrolein for military purposes. 
This body is a volatile colourless liquid having a very 
pungent odour and attacking the mucous membrane 
of the nose and eyes. Itis, however, a very unstable 
compound and in order to use it effectively it was 
necessary to find some method by which it could 
be stored in quantity and kept indefinitely without 
change of constitution. The problem thus formu- 
lated was ultimately solved by adding hydro- 
quinone to the acrolein in the proportion of one 
part in 10,000. This result led the authors of the 
paper to try what they term a paradoxical experi- 
ment. <A drop of acrolein together with a trace of 
pyrogallol was introduced into an atmosphere of 
oxygen retained above the surface of the mercury in 
a barometric tube. Both substances are in ordinary 
conditions greedy absorbents of oxygen, but under 
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the conditions stated, no reaction occurred and the 
level of the mercury remained unaltered. 

At first sight the concept of negative catalysis may 
seem to be in conflict with the second law of thermo- 
dynamics, according to which every reaction which 
occurs spontaneously must involve an increase of 
entropy and a corresponding decrease of the poten- 
tial energy of the systems concerned. It has, 
however, long been recognised that at any given 
instant the molecules of a gas or vapour are by no 
means identical one with the other. Thus Sir J. J. 
Thomson has remarked that the absorption bands 
observed in the spectrum of water vapour show 
that at least three different kinds of molecules 
must be present. These have different internal 


3}energies, and correspondingly there are in any 


body of gas, at every instant, some molecules 
which have been activated and possess more than 
the average energy. It is with these momentarily 
activated molecules that chemical reactions start. 
A return of these molecules to the normal state 
implies a loss of potential just as surely as if they 
formed a fresh chemical combination. The sugges- 
tion made by MM. Moureu and Dufraisse is that 
a negative catalyst promotes the return to normality 
of activated molecules, whilst a positive catalyst 
promotes the alternative reaction. In both cases, 
whether the catalysis is negative or positive, the 
molecules of the catalyser make a temporary union 
with activated molecules. In the one case they re- 
store these to the normal state, and in the other the 
net result is the formation of a stable chemical com- 
pound. In either event, the catalyst is regenerated 
and prepared to repeat the operation. In the one 
case we may, perhaps, regard the transaction as a 
physical change and in the other as a chemical one. 
The energy liberated by the loss of potential, is, we 
presume, shot off as radiation, which in the steady 
state, when the net result is no chemical change, 
must be reabsorbed in activating other molecules. 

It may be suggested that this view is difficult to 
reconcile with the minute proportion of dope which 
is found to be effective. It has, however, to be 
borne in mind that at normal temperature and 
pressure a molecule of oxygen makes about 5,000 
million collisions per second, and at gas engine 
temperatures and pressures this figure is greatly 
increased. Hence, even if there were only one 
activated molecule in a million of gas, each lead 
ethyl molecule would encounter thousands of 
activated molecules per second, and if its net 
function is to neutralise these, it is easy to under- 
stand how even a small proportion of the dope may 
sensibly slow combustion. 

MM. Moureu and Dufraisse seem inclined to the 
view that negative catalysts do not act directly on 
the oxidisable body, and state quite definitely that 
if hydroquinone has any action at all on acrolein it 
is quite insufficient to account for its observed 
anti-oxygenic activity. 

In agreement with many other experimentalists, 
they conceive that the first step in the oxidation 
processes considered, consists in the combination of 
the oxidisable molecule with oxygen so as to form 
a peroxide, but in contrast with what has been 
customary in this regard, they claim that the 
formation of such bodies is characterised by an 
absorption of energy, since the partners to the union 
are activated molecules of both reactants and little 
energy is dissipated in the mating process. The 
net result is that the molecule of peroxide formed 
has a chemical potential higher than the average. 
The negative catalyst acts by taking up oxygen 
from this primary peroxide, being itself peroxidised 
in the process, whilst the molecule which it has 
robbed becomes a peroxide of another kind which is 
antagonistic to that formed by the negative 
catalyst. The two accordingly mutually destroy 
each other and are themselves restored to their 
original neutral condition. In their discussion of 
the bearing of their theory on engine knock, MM. 
Moureu and Dufraisse seem to consider detonation 
and knock as identical phenomena. This view, 
however, although it has generally been accepted, 
seems to be definitely disproved by the experi- 
ments of Mr. A. C. Egerton, described in the lecture 
already cited. Mr. Egerton and his co-workers 
found that lead ethyl had no effect whatever in 
checking detonation, but on the contrary rather 
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promoted it. Other anti-knock dopes proved 
equally ineffective. Mr. Egerton in the course 
of his lecture also showed that he could produce 
both knock and detonation in glass tubes filled 
with different explosive mixtures. When detona- 
tion occurred the tube was shattered from the 
point at which the detonation started to the 
very end of the tube. When, however, matters 
were adjusted so as to produce knock instead of 
detonation, the tube remained intact, though the 
knock was very audible. 

The theory of MM. Moureu and Dufraisse is in 
agreement, however, with the view expressed in 
Mr. Egerton’s lecture to the effect that the anti- 
knock agent acts in the early stages of combustion 
by destroying centres of high energy and thus 
breaking the chain of reactions necessary for com- 
plete combustion. As Mr. Egerton demonstrated at 
his lecture, the addition of dope to petrol materially 
raised the ignition point of the latter. The French 
chemists also are in agreement with Callendar in 
concluding that the action of the dopes takes place 
in the liquid phase. 

Another important field to which the new theory 
is directly applicable is the rubber industry. All 
rubber goods tend to oxidise and the substances 
that check this reaction are, it is claimed, negative 
catalysts. The constitution of rubber is such as 
to be particularly susceptible to oxidation, and that 
rubber exists at all as a commercial product is 
attributed to the fact that the latex contains 
“ anti-oxygens,” the action of which is reinforced 
by the practice of smoking, which impregnates the 
raw rubber with pyrogenic products from the burn- 
ing wood. Many of the accelerators used in the 
operation of vulcanising are also claimed to possess 
anti-oxygenic properties, and whilst a number of the 
substances used to protect rubber are themselves 
readily oxidisable, it is held that, as in the case of 
the pyrogallol and the acrolein of which mention 
has been made above, they actually act as anti- 
oxidants. 


EVAPORATIVE COOLING. 


IN a paper read before the Royal Aeronautical 
Society nearly three years ago, Wing Commander 
T. R. Cave-Browne-Cave pointed out that evapora- 
tive cooling would have considerable advantages 
in the case of aircraft engines. The matter was 
further discussed by him in a paper read on 
September 10 last before the British Association, 
which was reprinted on page 375 of our issue of 
the 21st ult. ‘This system of cooling has, moreover, 
heen adopted for the Tornado engine, described at 
the same meeting by Mr. A. E. L. Chorlton. With 
evaporative cooling, though water is circulated 
through the jackets, it is steam which passes from 
the engine to the radiators in which it is condensed. 
One great advantage of the system as applied to 
aircraft is that a much smaller weight of cooling 
water is required; and, moreover, the cooling 
surfaces can be located at almost any convenient 
spot, since comparatively long connections, when 
filled with steam, involve a much smaller addition 
to the total weight, than if filled with water. 

In this country, it is the application of the system 
to aircraft, which is at present receiving attention, 
but in the United States, it is claimed, that it 
can be advantageously applied to motor cars, and 
in a paper published in the September issue of 
Mechanical Engineering Mr. A. H. Marshall describes 
a series of comparative tests of a motor-car engine 
with the alternative systems of cylinder cooling. 
The object of the investigation was to ascertain 
whether evaporative cooling possessed any advan- 
tages over the ordinary system. Farm engines, 
of course, have long been cooled by means of 
a tank of water in which the head of the cylinder 
was drowned, and from which the water was 
gradually evaporated. The necessity of replenishing 
the water from time to time makes this simple 
plan unsuitable for motor-car work, but it is stated 
that two systems of evaporative cooling in which the 
radiator acts as a condenser, and not merely 
as a cooler, have now been perfected in the United 
States. The steam generated in the jackets is 


condensed in the upper part of the radiator, and 
returned to the jackets by means of either a gear 
pump or a centrifugal pump, the latter being fixed 





at such a level as to ensure priming. One advantage 
claimed is that a uniform temperature of 212 deg. F. 
is maintained in the jackets under practically all 
conditions. Each cylinder is equally cooled, and, 
as noted above, in view of the high latent heat of 
water, less cooling water has to be carried. 
Friction is reduced owing to the slightly higher 
temperature and consequent smaller viscosity of 
the lubricating oil. The pistons and rings warm 
up more rapidly than with the usual system, and 
there is less chance for leakage of oil into the 
combustion chamber. 

The tests were made at Princetown on a new 
Chevrolet engine, which was first “run in” for 
about 25 hours. The measurements made included 
the brake horse-power developed, and the corre- 
sponding consumption of fuel, whilst the tem- 
peratures of the exhaust gases and of the exhaust 
valve were recorded throughout the series of runs. 
Owing to the fact that the brake would not run 
steadily at speeds below 1,000 r.p.m., no observations 
were made below that limit, the range covered 
being, therefore, from 1,000 r.p.m. to 2,200 r.p.m. 
The results of the tests were strongly in favour of 
the evaporative system. On hot days it was found 
difficult to run the engine, with the usual system 
of water cooling, at speeds beyond 1,800 r.p.m., 
but with evaporative cooling the engine ran well 
at all speeds up to 2,000 r.p.m., even on the 
hottest days, and only on one or two occasions 
did boiling occur when the speed was raised to 
2,200 r.p.m. At speeds below 1,200 r.p.m. the 
output was slightly higher with the ordinary 
system of cooling, but beyond this limit the 
advantage lay with evaporative cooling, the 
reduction in volumetric efficiency due to the slightly 
higher cylinder temperature being more than made 
good by the reduction in frictional resistances. 
With both systems the maximum output of 
between 25 and 26 b.h.p. was attained at 
1,760 r.p.m., but the curve of output plotted 
against revolutions per minute was _ distinctly 
flatter with the evaporative cooling. Throughout 
the whole series of runs the fuel consumption per 
brake horse-power was less with the latter system, 
and the thermal efficiency was also a little higher 
throughout, whilst the temperature both of the 
exhaust gases and of the exhaust valve was also a 
little lower. With both systems the thermal effi- 
ciency fell off rapidly as the speed rose. Thus with 
evaporative cooling it was 22-8 per cent. at 
1,000 r.p.m., and 18 per cent. at 2,200 r.p.m., 
corresponding figures with water cooling being 
22-5 per cent. and 16} per cent. One drawback 
to the new system is that if the engine is stopped 
after a hard run there is sufficient heat left in the 
cylinder block to boil off some of the water, since, 
with the stoppage of the fan, condensation ceases. 
It is suggested that this drawback can be easily 
avoided by running the engine light for a few 
minutes after stopping the car. In winter time 
if aleohol be added to the cooling water in order 
to prevent freezing, this is condensed at the same 
time as the steam, and there is thus little or no 
loss of it. 


THE IRON AND STEEL INSTITUTE. 


Tue annual autumn meeting of the Iron and Steel 
Institute this year was held in Spain, the business 
sessions taking place at Bilbao, and the proceedings 
commencing at 10 a.m., on September 25 last in 
the assembly hall of the Alfonso XTIT High School. 
At the preliminary opening ceremony the chair 
was taken by the Gobernador Civil, the Civil 
Governor of the Province of Vizcaya. The first 
speaker was Mr. Valeriano Balzola, Deputy-Mayor 
of Bilbao, and chairman of the Chamber of Com- 
merce of the city. Speaking in Spanish, he wel- 
comed the Institute to Bilbao. The president of 
the reception committee, Count de Zubiria, welcomed 
the members on behalf of that committee, and, in 
the course of his speech, the greater portion of which 
was in English, stated, that several important 
schemes affecting Spanish industry and commerce 
were being carried out. Some 700 million pesetas 
had been set aside, for instance, for the building 
of roads. The output of coal amounted to 1,700,000 
tons in 1896 and reached 6,860,000 tons during 1927. 
This moderate increase was due to the enormous 


development which had taken place, since 1901, in 
the utilisation of the national hydro-electric re- 
sources. The aggregate capacity of the plants in 
operation in 1927 was 2,500,000 kw. The annual 
output of pig-iron had grown from 297,000 tons in 
1986 to 612,000 tons in 1927, and the production 
of steel from 100,000 tons in 1896 to 600,000 tons 
in 1927. <A brief speech supporting Count de 
Zubiria, was made by Mr. Alfonso de Churruca, 
a member of the reception committee, and chairman 
of the executive committee. A further welcome to 
the members to Bilbao was extended by Mr. 
Esteban Bilbao, president of the Provincial 
Government. 

In returning thanks, the president of the Institute, 
Mr. B. Talbot, stated that thirty-two years had 
elapsed since the Institute had visited Spain. It 
was pleasing to note that the visiting members on 
the present occasion included four of those who 
had been present at the meeting in 1896. Bilbao 
was the chief centre of a district in which the iron 
industry had existed from time immemorial. By 
the Middle Ages the Basque country had become 
one of the most important iron-producing lands in 
the world, and in the local forges there was pro- 
duced a quality of steel that became famous in all 
countries. The excellence of the steel weapons 
exported from Bilbao was attested by the fact that, 
in England in the days of Shakespeare, the word 
“ bilbo ” was a common term for a rapier. Owing 
to the skill of the Spanish craftsmen and the excel 
lence of the local minerals, the direct process, as 
carried on in the Catalan hearth, yielded a product 
which was nowhere excelled. Apparently, at about 
the height of its prosperity, in the eighteenth 
century, the annual production of the Province of 
Biscay was approximately 20,000 tons of direct iron. 
When puddling was introduced at the end of the 
eighteenth century, the industry began to suffer 
from severe competition. Owing, however, to the 
superiority of the Spanish material, it would seem 
that production by the direct method endured well 
into the nineteenth century. It was not until 1832 
that the first blast furnace was erected in Spain 
on the Mediterranean coast, and seventeen years 
later, the first one was built in Biscay. Since that 
time, blast-furnaces, steelworks and rolling mills, 
equipped with every modern device had been erected 
in the latter province. 

The beginning of the systematic exploitation of 
the Biscayan ore resources coincided approxi- 
mately with the rise of the Bessemer process. In 
1870, some 200,000 tons of ore were being exported 
annually, nearly all to Great Britain. Unfortunately. 
the Civil War, which afflicted Spain from 1873 until 
1876, caused a complete stoppage of the exports, 
but after the conclusion of hostilities the develop- 
ment went on apace, and, by 1878, the exports 
from Bilbao to Great Britain were 903,000 tons. 
During this decade, the Bessemer steel rail was 
introduced, and, owing to the great railway develop- 
ments of that period, the demand for Bessemer 
rails increased so rapidly that, unless British steel- 
makers had been able to obtain an ample supply of 
the very pure ores of the Bilbao neighbourhood, it 
would have been impossible for them to keep pace 
with that demand. The earliest recorded figures of 
the production of Bessemer steel rails was 620,000 
tons in 1875. By 1880 it was 1,044,000 tons, and, 
in 1890, the production of steel rails in Great Britain 
had reached 1,720,000 tons. From 1900 onwards, 
the production and exports of iron ore from Bilbao, 
had greatly declined, owing to the approaching 
exhaustion of some of the better mines. Notwith- 
standing these conditions, however, the prosperity 
of the city had by no means declined and there had 
sprung up a number of new prosperous manufactur- 
ing industries for the maintenance and conduct of 
which the local conditions were well adapted. 

In a brief final speech of welcome from the 
chair, the Civil Governor of Vizcaya, thanked Mr. 
Talbot for his interesting address, and the reading 
and discussion of the papers on the agenda com- 
menced. 


Tron-OrE MINING IN VIZCAYA. 


The first paper considered by the meeting was 
that entitled “Tron Ore Mining in Vizcaya,” by 





Mr. J. Balzola. Owing to the absence of the author 
owing to sudden illness, the paper was read in 
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abstract by the secretary. The author stated that 
on the occasion of the Institute’s last visit to Bilbao, 
in 1896, a detailed paper, descriptive of the sur- 
rounding mining district, its position and prospects, 
had been presented by the late Mr. W. Gill. The 
present paper constituted a continuation of Mr. 
Gill’s contribution and gave an account of the 
progress made during the past thirty years. Typical 
analyses of Vizcaya ores showed that first-class rubio 
had a ferric oxide percentage of 77-48 and second- 
class rubio a ferric oxide content of 70-71 per cent. 
The Fe,0, percentage of Campanil and best calcined 
spathic ores were 84 and 81-62 respectively. The 
phosphoric acid content ranged from 0-052 to 
0-078 in rubio ore, and averaged 0-032 in calcined 
spathic ore. The majority of the mines were 
worked in open cast, with benches from 65 ft. to 
98 ft. in height, which were connected by railways 
or inclined planes. The explosive in general use 
was dynamite. Drilling was conducted either by 
hand or by compressed air. When the rock had 
been reduced by blasting into lumps measuring about 
20 in. across, it was no longer economical to use 
explosive, and the material was then finally broken 
up, by means of a hammer, to the necessary dimen- 
sions for classification and shipment. No mechanical 
crushers were used as yet, but in the general trend 
towards the introduction of machinery it was more 
than possible that they would shortly be adopted. 
In a spathic-ore quarry, for example, 20 per cent. 
of the loading men were employed on rock-breaking. 
The tools generally used for loading were primitive 
—namely, hoes, rakes, and baskets. The hand 
shovel was not employed. Of late years, however, 
power shovels had been coming into general use. 

The clay adhering to clayey ironstones was 
separated by means of trommels or beaters using 
large quantities of water. Unwashed ore contained 
an average of 42 per cent. of iron and 27 per 
cent. of silica, and the concentrated ore contained 
from 6°5 to 7 additional units of iron, the silica 
being reduced by 10 per cent. A few mines in 
the district were worked by underground methods, 
The two principal of these were the Bilbao and 
the Onton, in both of which the ore was principally 
spathic. In the first-mentioned mine extraction 
was conducted by means of adits, and in the second 
by means of shafts. In both cases the system 
employed was the room-and-pillar method, leaving 
such pillars as the particular operation required. 
The Vizcaya mines were distributed to such an 
extent that the production from each was very 
small, and much would be gained by a general com- 
bination of neighbouring mines. This would permit 
the introduction of labour-saving devices, which 
would not be economical propositions in the case 
of single mines. Mine owners, however, did not 
appear inclined to favour general amalgamation, 
even, with their nearest neighbours. It was diffi- 
cult to quote definite figures regarding the ore 
reserves of the district, but tentatively, it might 
reasonably be estimated that present workings 
contained some 65 million tons, of which, say, 40 per 
cent., was probably spathic. From borings made 
in virgin mines, a reserve of some 40 millions tons 
of ore, principally spathic, might be deduced, 
and a conservative addition of a further 60 million 
tons, in unbored parts of the district, might be 
supposed. These, together with the 200 million 
tons already extracted, brought the total of 
original ore to 365 million tons. 

The future of the district was dependent on the 
spathic ore. The conditions under which the ore 
had to be extracted, as compared with rubio, 
necessitated a larger consumption of explosives, 
but this was compensated for by the fact that the 
faces were much cleaner, and the general conditions 
favoured the systematic introduction of machinery. 
On the other hand, the amount of crude spathic 
ore which had to be extracted was greater by 
40 per cent. than that of the calcined material 
finally obtained, but this also had its compensation 
in the higher iron content yielded. 

The first speaker in the discussion, Mr. W. 
Simons, stated that Mr. Balzola’s paper contained a 
good account of the changes brought about in the 
local industries during the past thirty years, by the 
introduction of machinery in the place of hand labour. 
The chart of the yearly production of iron ore from 


the Vizcaya mines, given by Mr. Balzola, showed that 
the rise in the output of iron ore coincided with the 
development of the steel industry in Great Britain. 
Since 1900 outputs had declined; this was prin- 
cipally due to the introduction of the Basic Bessemer 
process and the consequent enlargement of the 
field of available ores. The author had said that 
the future of the Vizcaya district was dependent 
on the spathic ore. They, themselves, had foreseen 
this and had decided that it was necessary either 
to erect additional kilns or to obtain a larger output 
from the existing kilns. They had found that, by 
changing the base of the kilns and by altering the 
admissions of air and the method of discharging, they 
had been able to reduce materially the cost of 
calcining. The increased use of spathic ore had 
introduced difficulties in connection with fines. 
They had accordingly erected a sintering plant which 
had only been in operation for some six weeks. The 
improvement in blast furnace practice which had 
resulted was most marked ; they had, for instance, 
decreased the amount of flue dust blown out of the 
furnace by 50 per cent. A cablegram had just been 
received by him stating that one of their furnaces 
at Cardiff had yielded an output of 3,700 tons during 
the past week. They already held the record for 
output in Great Britain, but this constituted a 
new high record of production. He wished to 
emphasise the importance of fines in iron ore, and, 
in his opinion, pig-iron makers should make the most 
of the fine material at present in the market. 

The only other speaker in the discussion, Mr. F. W. 
Harbord, said that he believed that little of the 
ore in the Bilbao district was washed, and he 
would like to know to what extent the proportion 
of ore washed had increased during the past twenty 
years. 

THE TRANSVERSE TEST FoR Cast-[RON, 

The only other paper taken on September 
was that entitled, ‘The Use and Interpretation of 
the Transverse Test for Cast-Iron,” by Mr. J. G. 
Pearce. In the absence of Mr. Pearce, the contribu- 
tion was presented to the meeting by the secretary. 
The author showed that by concentration on the 
new standard cylindrical transverse test bar, and 
by casting bars of varied sizes and compositions, it 
became possible to chart relations between size 
and strength, and between composition and strength. 
We intend to reproduce Mr. Pearce’s contribution 
in a forthcoming issue of ENGINEERING. There was 
no discussion on this paper, and the Chairman 
declared the meeting adjourned until 3.30 p.m. on 
the following day. 

A reception was held at noon at the Ayuntamiento 
(Town Hall) by His Excellency the Aleade (Lord 
Mayor) of Bilbao. The members then partook of 
lunch at the Sociedad Bilbaina (Bilbaina Club) 
at the invitation of the mining companies of Vizcaya. 
The remainder of the afternoon was spent in visits to 
the Sestao and Baracaldo works of the Altos Hornos 
Company of Vizcaya. The following morning 
Wednesday, September 26, was spent in visiting 
the mines of the Orconera Iron Ore Company, 
Limited, the S.A. Minera Franco-Belga, the 
Compafiia Minera de Setares, and the Compafiia 
Minera de Dicido, S.A. When the members 
reassembled in the Assembly Hall of the Alfonso 
XIII High School that afternoon, at 3.30 p.m., 
Mr. Talbot, the president, again occupied the 
chair. In accordance with the articles, the names 
of the vice-presidents and members of council 
due to retire at the next annual general meeting, 
to be held in 1929, were read by the secretary. 
The names of the vice-presidents were Mr. E. H. 
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and Mr. M. Mannaberg. The names of the members 
of council were Mr. A. Dorman, Dr. W. H. Hatfield, 
Mr. V. B. Stewart, Mr. H. Spence Thomas, and 
Mr. A. O. Peech. The president then announced 
that Count de Zubiria had been elected an honorary 
member of the Institute. 


YORROSION OF IRON AND STEEL. 
The first paper considered by the meeting bore 
the title, ‘‘The Phenomena of Corrosion of [ron 
and Steel.” It was by Messrs. A. Herrero and 
M. de Zubiria, and was read in abstract by the 
latter. The contribution contained a discussion 





on the modern theories of corrosion, and the causes 


Saniter, Colonel Sir W. Charles Wright, Bart., |. 


of the deterioration of iron and steel structures 
were briefly dealt with. Some methods of 
moderating the effects of corrosion were suggested. 
We intend to reproduce an abridged form of this 
paper in a forthcoming issue. 

Mr. Talbot, in opening the discussion, recalled 
the fact that a special committee which was to 
devote itself entirely to corrosion questions had 
been appointed by the Institute. The second 
speaker, Professor C. Benedicks, stated that the 
authors had mentioned the Delhi iron pillar, the 
question of the preservation of which had first 
been brought before the members by Sir Robert A. 
Hadfield. The authors had stated that the 
preservation of this pillar during some fourteen 
centuries was due to the presence of a fine coating, 
which originated in the process of manufacture. 
It was perfectly true that such a coating was known 
to be present on various manufactured goods and 
remained for some time. Generally, however, 
corrosion did set in at some point of the surface, 
after a time, and the deterioration produced was 
often more severe than if no coating had been 
present. If, on the other hand, the coating could, 
in some way, be periodically renewed, it constituted 
an efficient preservative. The question, therefore, 
arose whether there was not some factor which 
favoured the formation of such a coating in tropical 
districts. In those regions more nitric acid was 
present in the atmosphere than was the case in 
more temperate climates. This was due to the 
violence and frequency of the tropical thunder- 
storms, and was especially true of that region 
lying between the Himalayas and the plains. 

It had been known since the eighteenth century 
that concentrated nitric acid rendered steel passive 
or non-corrodible. He had, therefore, carried out 
a number of experiments recently in order to 
ascertain the effect of very dilute nitric acid upon 
steel. He had added varying amounts of water 
to a 0-1 per cent. nitric acid solution in ethylic 
alcohol (C,H,OH), and had utilised these solutions 
as etching media for a 0-9 per cent. carbon Swedish 
tool steel, which contained spheroidised cementite 
and was free from slag and oxide inclusions. 
Metallographic examination seemed to indicate 
that preservative layers were formed on the 
surface of the metal, under certain conditions, 
and the conclusion might be justified that the 
present state of the Delhi pillar might be due to 
the preservative action of the rain water. 

Sir William Larke stated that, as a member of 
the corrosion committee of the Institute, he 
welcomed the paper. He urged metallurgists in 
general, and especially all members of the Institute, 
to co-operate by exchanging results obtained in 
the course of corrosion researches. The pooling 
of experience was the only way to attack the 
problem. The next speaker, Mr. J. Henderson, 
stated that the authors had said that it was a 
curious fact that as the demand for steel increased 
and as the capacity for its production on a large 
scale grew, the relative amount annually wasted 
by corrosion also increased, i.e., with more intensive 
manufacture the inferiority of the product with 
respect to its resistance to corrosion appeared to 
be on the increase. As a practical manufacturer 
of steel in England, he hardly subscribed to the truth 
of that statement. He maintained that, during 
the past twenty-five years, there had been a great 
technical improvement in our metallurgical pro- 
cesses, and steels, as now produced, were freer 
from oxides and metalloids than was formerly 


the case. The authors had stated that corrosion 
centred round these impurities. He felt that a 
steady improvement regarding impurities had 


taken place, and that a higher quality of steel 
was now being produced, which material was less 
liable to suffer corrosion. Some time previously 
experiments had been carried out at his works, 
using a steel containing a small percentage of 
copper and a similar steel containing no copper, 
in order to determine whether the former possessed 
improved corrosion-resisting properties. The results 
obtained, however, had been entirely negative ; the 
two steels corroded approximately at the same rate. 

Mr. M. de Zubiria thanked the speakers who 
had taken part in the discussion and stated that 





Mr. Herrero and himself would reply in writing. 
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PEARLITISATION AND THE PROPERTIES OF CARBON 
STEELS. 


The contribution next taken up was entitled, 
“The Influence of Pearlitisation below the AR, 
Point on the Mechanical Properties of Carbon 
Steels.” It was by the Rev. J. Orland, who read 
it in abstract. He stated that it was a well-known 
fact that if a piece of steel were rapidly cooled from 
a temperature above Ac; to a temperature below Ar,, 
a precipitation of the constituents ferrite and 
cementite, took place in a degree varying according 
to the cooling speed and the temperature at which 
the cooling was stopped. The purpose of the 
present paper was to give an account of the results 
of experiments conducted on some carbon steels, 
the carbon in which ranged from 0-155 per cent. 
to 1-05 per cent., comparing the mechanical proper- 
ties of the lamellar pearlite in the normalised 
steel with those of the very fine globular pearlite 
obtained in the same steels by tempering. It was | 
found that, on tempering the quenched steel, the 
finely granular pearlite obtained, gave to the steel | 
a tensile strength and an impact resistance greater 
than the values given by the lamellar pearlite in | 
the annealed steel. The 0-15 per cent. carbon steel, | 
when air cooled from 850 deg. C., gave a maximum | 
stress figure of 45-9 kg. per square millimetre 
(29-14 tons per square inch), and an impact value, | 
determined on a Charpy machine, of 22-8 kg. per | 
square centimetre. The same steel, water-quenched | 
from 850 deg. C. and tempered for 2 hours at 500 deg. | 
C., gave ultimate strength values of from 59 to | 
60 kg. per square millimetre (37-46 tons to 38-09 | 
tons per square inch) and impact values of from | 
21-2 to 24-0 kg. per square centimetre. Similar 
results had been obtained throughout the whole 
series. ‘Tempering the quenched specimens increased 
the maximum tensile stress figure considerably and, 
generally speaking, also increased the impact value. 
The tempering temperature in the case of low-carbon 
steels should be in the neighbourhood of 500 deg. C. 
For higher percentages of carbon the temperature 
of 580 deg. C., had yielded very good results. 

The only speaker in the discussion was Professor 
C. Benedicks, who stated that a useful purpose was 
served by making a detailed study of the various 
questions affecting the thermal treatment of steel. 
Some years previously Dr. Brinell had told him that 
a carbon steel containing 0-9 per cent. of carbon 
was of little practical use. In his opinion, steels 
containing, either from 0-7 to 0-8 per cent., or 
1-0 per cent. of carbon, were preferable. The 
same conclusion had been arrived at as a result of 
more modern work. The whole question was one 
of delicate thermal treatment, and it had been found 
necessary, in order to produce material of practical 
value, to treat a steel containing 0-9 per cent. of 
carbon within particularly narrow limits of tem- 
perature. In spite of Brinell’s  skilfulness in 
making observations, the pyrometer, in his day, was 
not so well developed as was now the case. It 
had therefore been impossible for him to carry out 
the delicate thermal treatment demanded by the 
0-9 per cent. carbon steel. 

The four remaining papers were taken as read, 
and the chairman thanked the authors for their 
papers. Votes of thanks to the reception and 
executive committees, to the mining companies 
and metallurgical works of the district, to the 
directors of the Alfonso XIII High School for 
the accommodation they had kindly afforded for 
the meeting, and to all others who had made the 
Bilbao meeting a success, terminated the business 
proceedings. A reception by the President of 
the Provincial Government was held at 5 p.m., 








at the Diputacidn (Provincial Government Build- 
ings), and, later in tae evening, the members were | 
conveyed by train to Las Arenas where they were | 
entertained to dinner at the Club Maritimo del | 
Abra, by the metallurgical companies of Vizcaya. | 
The morning of Thursday, September 27, was | 
devoted to visiting the works of the Sociedad | 
Espatiola Babcock and Wilcox, the Compaiiia | 
Anénima “ Basconia,” the Sociedad Anonima | 
“Echevarria,” and the Compania Euskalduna. | 
The members were afterwards conveyed to the| 


Island of Chacharramendi where they were enter- | rators. 
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Bilbao. On the return journey to Bilbao, during 
the afternoon, a halt was made at Guernica to visit 
the historic Basque oak tree and House of Parlia- 
ment. In the late afternoon a garden party was 
held in the grounds of Count de Zubiria’s mansion at 
Ibarrecolanda, an outer suburb of Bilbao. This 
terminated the Bilbao meeting, and many of the 
memopers left early the next morning, Friday, 
September 28, for an extended tour to Burgos, 
Madrid, Sagunto, Valencia, Toledo, Seville and 
Cordoba. 


THE WORLD POWER CONFERENCE. 
(Continued from page 406.) 

Our report of last week dealt with the sectional 
meetings of the World Power Conference, which 
is being held at the Imperial Institute, up to the 
meetings of Sections C and D on the morning of 
Wednesday, Sept. 26. We report further of the 
meetings below, beginning with Section R, dealing 
with Peat, which was also held on the morning 
of Sept. 26. 

: PEAT. 

The meeting was held under the presidency 
of Dr. C. H. Lander, and was devoted to the 
consideration of various methods of winning and 
using peat. The latter aspect of the matter 
was dealt with in the paper on Peat Treatment 
by Dr. Gustav Keppeler, who pointed out that 
natural peat contained 90 per cent. of water, and 
that therefore its calorific value was hardly high 
enough to evaporate its own moisture. Artificial 
drying was difficult, and many of the processes 
proposed were based on the destruction of the col- 
loidal character of the natural peat, but although 
many million marks had been spent in the attempt 
to develop such processes, it could not be said that 
success had as yet been attained. The most 
successful was the process of Brune and Horst. 
In this, the raw peat was macerated and mixed 
with finely divided dry peat, after which the mois- 
ture was expelled in a press. In this way the water 
content could be reduced to about 55 per cent., 
which was what was found in raw lignite. The 
process in question, had been worked in Russia, 
Bavaria and Oldenburg. The Oldenburg plant 
had recently been reconstructed, and it was expected 
that it would be found practicable to obtain 1 ton 
of peat briquettes from 14 tons of raw peat contain- 
ing 89} per cent. of moisture. Both peat turfs and 
briquettes could be used to produce an excellent 
gas with a calorific value of 1,400 calories per cubic 
metre. An excellent coke could also be obtained, 
but the temperature of distillation must be kept 
below 600 deg. C. The peat coke contained only 
0-2 to 0-33 per cent. of sulphur, most of which 
remained in the ash and was not volatilised when the 
coke was burnt. 

Interesting information on the Drying of Peat, 
as carried out in Scotland, was given by Messrs. 
Nils Testrup and Thomas Gram, whose paper 
described the results of researches started when 
coal prices suddenly dropped in 1920 and made it 
commercially impracticable to maintain in opera- 
tion the peat briquette factory opened in 1919 at 
the Ironhirst Bog, near Dumfries. During its 
active life, this factory produced and sold 45,000 
tons of peat briquettes, the cost of production 
being about 3/1. per ton. After numerous experi- 
ments it was determined to abandon entirely the 
plan of pressing the peat to expel its moisture and 
to rely wholly on a multiple effect system of drying. 
Machinery had been devised by which, during the 
proper season of the year, the peat would be cut 
from the bog in thin layers. After a short period 
of air drying, in which the moisture would be 
reduced, at least, to 80 per cent., the peat would 
be transferred to a dump at the factory large enough 
for a whole year’s supply. This air-dried peat was 
then to be passed in succession through quadruple- 
effect driers, each consisting of a shell traversed 
by tubes. The space round the tubes was filled 
with low-pressure steam or other heating agent. 
The raw peat having been reduced to fine powder 
was carried by air through the tubes, and the 
dried peat finally separated out by cyclone sepa- 
A plant capable of reducing the moisture 
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had been erected at Ironhirst Bog. The heating 
steam was supplied from the exhaust of a steam 
turbine and was used successively at lower tem- 
peratures beginning with the first effect and ending 
with the fourth. The vapour driven off from the 
peat in each heater was passed through a cyclone 
separator and a scrubber, and then to a _ heat 
exchanger, where it supplied the heat necessary 
for working the succeeding effect. An efficiency 
of 75 per cent. was stated to be obtained. The 
authors claimed that this method of drying peat 
made it possible to generate electricity at a pheno- 
menally low cost. The turbines would be operated 
with peat fuel and would exhaust at 65 deg. C.. and 
the exhaust steam would be used in a multiple 
effect system for drying peat. The drier would 
thus take the place of a cooling tower. During times 
of low-load, peat briquettes would be manufactured. 
Detailed estimates were given for a 30,000-kw. 
plant. The fuel cost would be, it was stated, about 
4s. to 5s. per ton, and the total costs, including 
capital charges, superintendence, wages, repairs, 
stores and fuel would, it was claimed, be 0-0622d, 
per kilowatt-hour with a 100 per cent. load factor, 
and 0-0991d. per kilowatt-hour with a 60 per cent. 
load factor. 

Some account of the Peat Fields in Latvia, and the 
Use of Peat as Fuel, was given by Mr. P. Nomals, 
who stated there are 650,000 hectares (1,625,000 
acres) of peat bog in that country. This peat, it 
was claimed, represented 36 per cent. of the total 
possible power resources of Latvia. About 40,000 
tons of air-dried peat were produced last year. Three 
papers dealing with peat were brought forward by 
the Russian Scientific Experimental Institute of Peat. 
These were entitled respectively, Peat Bogs in Russia, 
Peat Combustion in U.S.S.R., and Experimental 
Work on the Artificial Dehydration of Peat, and 
its Conversion into Powder and Briquettes. In 
the first of these papers, the peat bogs were said 
to cover at least 31-2 million hectares in European 
Russia alone, with an average depth of 2-13 m. 
About 43 million tons of peat were produced in 
1927. About one-half of this output was con- 
sumed by the textile industry. The raw peat was 
generally excavated by hand, and loaded into 
an elevator, from which it was passed to a macerator. 
The peat ribbon delivered from this machine was 
cut into lengths and finally air dried. Twenty-one 
mechanical excavators were, however, in use last 
year, but these machines could be adopted only in 
bogs free from stumps. Hydraulicking was free 
from this drawback, and this system is, therefore 
now being carefully developed. In the second 
paper, a description was given of the methods 
of using peat as fuel in a Leningrad electric power 
station, and in a power station at the Shatura 
bog, which is distant 115 km. from Moscow. At 
the latter station, there are three 16,000-kw. 
turbo-generators, the boilers being fired with peat 
fuel having a calorific value of 2,939 calories per 
kilogram. An evaporation of 63-3 kg. per square 
metre of heating surface has, it was stated, been 
obtained without unduly forcing the stoker, and 
boiler efficiencies of 87-6 per cent. have been 
recorded. Large extensions to this station are In 
prospect, and, by the beginning of 1929, Leningrad 
will have a peat-burning station with a rated 
output of 110,000 kw. In the third paper, it was 
claimed that a commercially successful system of 
excavating and transporting and drying peat had 
now been developed. The peat was excavated by 
hydraulicking, pumped to storage tanks, coagulated 
by the addition of ferric hydrate, and then passed 
through filters and a press. The work of the latter 
was facilitated by adding to the mass before 
pressing it one-third of its weight of dry-peat 
powder. The pressed product was then dried in a 
steam-heated rotary drier. 

In the course of the discussion on the papers. Mr. 
K. Beller said he thought that Messrs. Testrup and 
Gram had underestimated the cost of winning peat. 
Where, however, the peat contained 3} per cent. 0 
nitrogen it would not nmtter if the cost were three 
or four times as much as their estimate, since 
each ton of dried peat would, in that case. vield 
2 ewt. of ammonium sulphate, in addition to 
supplying power to the extent of 1,000 kw.-hours. 
Prof. Padovani said that Italian peats gen rally 
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contained 13 to 14 per cent. of ash in addition to 
much sulphur, so that although many attempts had 
been made to make use of them, the problem still 
remained unsolved. 

Some comments of the papers dealing with 
Russian practice were made by Mr. A. Worsley 
and Prof. Purcell. Mr. Worsley said that in the 
North of Scotland the number of days available for 
drying peat was far less than the 100 days said to be 
available in Russia, or the 80 days in Northern Ger- 
many. Prof. Purcell said that the output of peat 
in Ireland was some 6,000,000 to 7,000,000 tons per 
annum. It was practically all hand won, only a 
single machine being in use. He thought that the 
enormous volumes to be handled fixed a very definite 
limit to the size of plants which could be operated 
with peat fuel. He had calculated that on the 
system proposed in the third of the Russian papers, 
it would be necessary, for a production of 50,000 tons 
a year, to provide a storage tank covering 40 acres 
and 10 ft. deep, whilst on the system described by 
Messrs. Testrup and Gram a dump 40 ft. high and 
covering 7 acres would be needed for the same annual 
output. 

Dr. E. W. Smith said that it had been suggested 
that when the peat contained say 34 per cent. of 
nitrogen almost any cost of winning could be 
justified. It must, however, be borne in mind that 
to get 1 ton of dried peat it was necessary to get 
tid of 9 tons of water, while, to get the sulphate of 
ammonia, it would be necessary to use the peat in 
a producer and this meant briquetting, since peat 
dust could not be gasified in existing commercial 
producers. 

Dr. B. F. Haanel said that about 1,000,0001. had 
been spent in experimenting on methods of winning 
and utilising peat in Canada. One of the difficulties 
was that continuous working was impossible, as the 
bogs froze. They had, however, now got plant 
which was, he thought, successful. It was designed 
for an output of 20,000 tons of peat, which it was 
thought could be dried to 25 per cent. of moisture 
and placed on trucks at a cost of from 2.50 dols. 
to 3 dols. per ton. The potential market was 
estimated at one to one and a-half million tons 
per annum. 

Dr. Egloff said that peat constituted one of the 
greatest potential resources of liquid fuel. The 
possible world supply was estimated at 100 million 
gallons of peat tar per annum. This tar would 
yield 35 per cent. of gasoline and 50 per cent. of 
Diesel oil. 

PowER ALCOHOL. 

The meeting of Section R was immediately 
followed by a meeting of Section 8, which was 
concerned with Power Alcohol. The meeting, 
which met under the chairmanship of Dr. F. 8. 
Sinnatt, was concerned with a paper entitled 
Aleohol for Power Purposes, contributed by Colonel 
Sir Frederic Nathan, who described some of the 
work done by the small organisation to inves- 
tigate the production of power alcohol, which 
was set up, in 1920, by the Department of Scien- 
tific and Industrial Research. So far, it did not 
ippear that any of the foodstuffs were com- 
mercially available for the making of power alcohol 
in Great Britain. | Elsewhere, however, condi- 
tions were more favourable, and in Queensland 
the Government were giving a bounty of 4d. per 
gallon for power alcohol produced from cassava, 
molasses and the Nipah palm. With the latter, 
itwas stated, the astonishing yields of 1,000 gallons 
per acre was possible, whilst from maize not more 
than 64 yallons per acre was obtainable. The 
Production of alcohol from grasses, straws and 
Waste vegetable materials had also been studied 
by the soard, which, however, soon abandoned 
the attempt to discover some organism which 
would convert such materials directly into alcohol, 
and fell back on the traditional method of a first 
‘onversion into sugar, followed by fermentation. 
In this way, 22} gallons per ton had been obtained 
from maize cobs, and 16} gallons per ton from Nile 
sudd. No serious manufacturing difficulties were 
‘tvolved, but the commercial practicability of the 
Plan would depend on local conditions. From a 
Tench Government report, it appeared that in 
North-West Africa power alcohol, produced from 
‘sal waste, would cost much less than imported 


petrol. In concluding his paper, Colonel Nathan 
expressed the opinion that, save in specially favour- 
able local conditions, petrol and allied liquids would 
continue to be used for internal-combustion engines, 
and, where there was no indigenous petroleum, the 
fuel needed would be obtained mainly from coal. 
There were only two speakers in the discussion 
which followed the presentation of the paper. 
Dr. Egloff said that, in the United States, CO 
and H were being condensed by suitable catalysts 
into various alcohols, of which some were merely 
laboratory curiosities, but others such as_ the 
butyl alcohol and isoprophyl alcohols were being 
made commercially, in the latter case by crack- 
ing natural gas. Some of these higher alcohols 
were being used instead of glycerine for preventing 
the freezing of motor car radiators. Mr. Crookes, 
who followed, asked if the possibilities of the residues 
left, in getting fibre from New Zealand flax, had 
been considered. This flax grew to a height of 
6 to 7 ft. or even 8 ft., and when cut down to the 
root could be cropped again in four years’ time. 
Out of 8 tons of raw material, only 1 ton of fibre was 
obtained. In reply, Sir F. Nathan said that this 
material had been studied, but the yield was small, 
only 10 gallons per ton, and it was quite impossible 
for alcohol thus obtained to compete with petrol. 


THE CARBONISATION INDUSTRY. 


The afternoon session on Wednesday, Septem- 
ber 26, was confined to a meeting of Section G, 
which covered The Carbonisation Industry-—Eco- 
nomic and General Considerations, a title the 
breadth of which was reflected in the miscellaneous 
subjects dealt with in the papers presented to the 
section. The meeting met under the chairmanship 
of Sir David Milne Watson, and the proceedings 
were opened by the reading of a general report, 
summarising the papers, by Mr. F. 8. Townend. 

Among the twelve papers dealt with, several 
were concerned with one technical aspect or another 
of the coke industry. Thus Mr. K. Rummel sub- 
mitted a paper on Heat Transfer through the Walls 
of Coke Ovens, which analysed the sources of heat 
to and from the oven, the various paths by which 
they were conveyed, and, on the basis of laboratory 
and full-size observations, estimated the order of 
magnitude of their respective importance. From 
these data, suggestions were derived as to the 
legitimate requirements of a coke oven, the nature 
of the guarantees that could properly be asked 
from the makers, and the form in which acceptance 
tests should be made. 

In a paper on Coke Quenching and Cooling, by 
Mr. W. Colquhoun, an account was given of the 
principal methods in current practice, notably 
flat and inclined cooling wharves, the Darby 
quenching hood, the coke car, and the Greensmith 
machine, in which, after one minute’s immersion 
and 30 minutes’ cooling, the moisture in the quenched 
coke was said to be 2 per cent. to 2} per cent. 
Similarly, in remote quenching, as used in most 
American plants, in which the coke was pushed 
rapidly into a car and drawn by an electric loco- 
motive to a distant quenching station, moisture 
of about 2 per cent. was obtained. For blast- 
furnace purposes, it was no less desirable that the 
quantity of moisture should be uniform than that 
it should be small. The Sulzer dry-cooling plant 
was also described, in which the cooling was effected 
by the circulation of inert gases, and the heat 
absorbed from the coke used for steam raising. In 
spite of the high capital cost, a suitable use for the 
waste-heat steam was said to make the process 
profitable. The quantity of saleable coke was also 
said to be larger than with water quenching, and its 
physical quality better. 

Coke Screening was dealt with by Mr. W. S. 
Edwards, who pointed out that, apart from general 
economic considerations, which required coke and 
coal products to be graded more carefully than 
had been usual, the increasing demand for graded 
coke, at higher prices than were paid for the un- 
graded product, was compelling coke manufacturers 
to introduce more effective methods of screening. 
The paper described the chief lines on which 
modern screens were designed, and illustrated their 
use by the example of typical plant. He observed, 





however, that there had not been time for manu- 





facturers and users to co-ordinate their experience 
on the subject adequately. As a general observa- 
tion, he remarked that much inferior grading was 
due to overloading the screen. 

Two papers of a more economic nature were that 
by Mr. M. Mackenzie, on the Economics of Coke 
Manufacture in the Coking Industry, and that by 
Mr. T. P. Ridley, on Utilisation of Coke Oven Gas by 
the Gas Industry. The papers discussed somewhat 
similar economic considerations from the points of 
view of the coke oven and the gas industries, respec- 
tively. Mr. Mackenzie pointed out that, while the 
coking industry was established primarily to provide 
coke for blast furnaces, it was now being used more 
and more as an outlet for less readily saleable grades 
of bituminous coal, and would be required to com- 
pensate, in some measure, for the gradual exhaus- 
tion of coal of good coking quality. By-product 
ovens, similarly, would be appled to using low- 
quality slacks and the residual fines of coal washeries. 
It seemed unlikely that the raw material of the 
coking industry would become cheaper, but modern 
practice of coal treatment offered some prospect 
of its being purer, and enabling coke manufacturers 
to produce coke lower in ash and sulphur, and, 
therefore, more valuable than was being manufac- 
tured to-day. Beehive ovens were going out of use 
rapidly, the number used in 1925 being little more 
than one-sixth of those in use in 1913. The capital 
cost of regenerative by-product ovens per ton of 
coal carbonised per day, was rather more than 
double the pre-war figures, but that for waste- 
heat by-product ovens operating costs were about 
3s. a ton less, or nearly one-third. If, moreover, 
a market could be found for the 70 therms of high- 
calorific gas produced per ton of coal, most or all of 
which was now being burnt on the plant, and its 
place on the plant taken by less valuable fuel, the 
net operating cost would be correspondingly 
reduced. As it was, the labour cost per ton of 
coke in the regenerative oven was barely half the 
3s. 9d. per ton of the waste-heat oven. The relatively 
short coking time of modern ovens opened, more- 
over, a possibility of substituting two eight-hour 
shifts, for the 12-hour carbonising period and three 
shifts, on which the fuller publication of experience 
would be an advantage. It appeared urgently 
desirable that data such as yield and costs should 
be expressed uniformly on a common basis. Of 
the several possible units to which such figures 
could be calculated, the author preferred the ton 
of furnace coke, but did not say whether it should 
be as produced or dry. It was to be remarked 
that the price of coke had fallen much lower 
than that of the slack from which it was made, and 
to-day was actually 10 per cent. lower than it 
had been in 1913. As compared with America and 
Germany, the industry laboured under the dis- 
advantage that its ovens had no concentrated users 
of coke and coke-oven gas, such as were found in 
the great iron and steel works of those countries. 
Where an average-sized British steel-making unit 
would produce some 3,000 tons of finished steel per 
week, requiring from 6,000 tons to 9,000 tons of 
coal to be carbonised, one works alone in Germany 
turned out some 30,000 tons. 

Mr. Ridley stated that the gas industry, in magni- 
tude, was second only to the railways among public 
utility undertakings, and to-day was more vigorous, 
successful and better managed than at any other 
period of its long history. With few exceptions, 
on the other hand, the by-products coking industry 
had made very little progress since 1913. To place 
itself in a position to compete in the world’s markets, 
or“even to supply home iron and steel makers at 
competitive prices, its plant must be rebuilt or 
abandoned, and the coke-oven owners could not 
undertake this cost unless they could sell most of the 
surplus gas which would be available after recon- 
struction. While surplus coke-overn, gas could be 
applied to many other purposes, there was no 
reason why it should not be sold to gas companies, 
provided it could be delivered at an economical 
price and under conditions consistent with allowing 
the companies to discharge their statutory obliga- 
tions. The paper discussed at length the considera- 
tions bearing on the question of price and on the 
conditions of constancy of supply and uniformity of 
composition, which the gas would have to fulfil, 
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and outlined the manner in which an estimate could 
be made of the extent to which the gas industry 
could absorb coke-oven gas. The possibility of 
increasing the volume available by carbonising more 
coal was, however, limited by the market for coke, 
of which at present there is a world over-production. 
A considerable amount of co-operation existed 
already between the two carbonising industries, 
who, indeed, had appointed a joint standing com- 
mittee to consider problems affecting the supplies 
of gas and coke. 

Messrs. C. P. Finn and R. Ray and Mr. F. W. 
Goodenough presented papers dealing with the 
by-product coke-oven industry and the gas industry, 
respectively, as sources of domestic and industrial 
energy. While admitting that it might not be 
possible or even advisable to carry out a gas-grid 
scheme, such, for instance, as has been done in 
Germany, the former authors were convinced that a 
large field was ready for development in the supply 
of coke-oven gas, and in the production of an easily 
combustible smokeless fuel. Mr. Goodenough gave 
figures evaluating the increased thermal advantage 
obtained by carbonising coal before combustion, 
and referred in some detail to the indirect advantages 
in saving of labour and coke derived from the use of 
gas. The gas industry was the most powerful 
existing agent of coal conservation, and it was 
eminently desirable that it should now be relieved 
from many obsolete legislative restrictions, by 
which its operations were hampered, and the benefits 
it could give its consumers reduced. 

A well documented paper by Mr. B. F. Haanel, 
of the Department of Mines at Ottawa, gave an 
interesting account of the bearing of high and low 
temperature carbonisation and synthetic fuel pro- 
cesses on Canada’s fuel problems. Artificial heat was 
a primary necessity to Canada, but the country’s 
demands for fuel were less than they would other- 
wise be, partly because the power requirements of 
Ontario and Quebec, the two most highly industri- 
alised provinces, were met almost entirely by hydro- 
electric energy, and partly because of the large 
supply of natural gas, the annual consumption of 
which was roughly equal to that of the entire make 
of artificial gas in gas works, coke ovens and other- 
wise. The cheapness of oil supplies discounted the 
attraction of low-temperature carbonisation and 
synthetic fuel processes, making it necessary that the 
plant and costs of operation should be extremely 
cheap before they could be entertained. High- 
temperature coke, on the other hand, was said to be 
in every way suitable to Canadian conditions. 

Mr. Sakura Okamoto in a brief history of the gas 
industry in Japan gave an interesting account of 
the development of the industry, its vicissitudes, 
progress, distribution system and appliances, the 
last of which were now largely home-made. He 
arrived at the conclusion that it was now on a 
prosperous and sound base, and was likely to 
increase, notably through the use of gas for heating. 

Three papers of a somewhat more general nature 
were also presented. Of these, a long paper by 
Prof. W. A. Bone, Prof. G. I. Finch, and Dr. 
D. T. A. Townend, on the Fundamental Aspects of 
Combustion, gave a summary of present physical 
and chemical knowledge of the subject, including 
the latest information in regard to the circum- 
stances of ‘‘ knock” in petrol engines. A paper on 
the Economical Comparison of Heat Units in 
Gaseous and Solid Fuels, by Mr. H. Elvers, discussed 
the subject in question from the point of view of 
various fuel-using industries, while Mr. N. F. 
Nissen, in a paper on Gross and Net Calorific 
Value in Acceptance Tests urged the considerable 
accuracy that might arise through the use of gross 
calorific values, and a preliminary note by the 
German Conference Committee expressed the de- 
sirability of regulating practice in this respect by 
international agreement. 

In the discussion which followed Mr. Townend’s 
general report on the papers, Mr. R. Ray agreed 
with Mr. Colquhoun that the system of remote 
quenching was the most successful up to date. 
The advantages of the Sulzer system of dry 
cooling were not to be denied, but as against 
them it must be realised that it was dependent 
economically on finding a market, either in the gene- 
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produced. Only a few plants could offer such a 
market, and if there were any substantial super- 
fluity of steam, it would be seldom that the capital 
cost of the dry-cooling installation could be afforded. 
Having regard, moreover, to the wear which, by 
common experience, was associated with the mecha- 
nical manipulation of coke, it was evident that the 
cost of maintenance and repairs must be heavy. 

A contribution to the question of the use of 
coke-oven gas for town supply was made by 
Mr. George Helps, of Nuneaton, who urged strongly 
that the practice of using gas of about 500 to 600 
B.Th.U. calorific value was mistaken, a value of 
200 B.Th.U. being much more suitable for many 
purposes, for it was seldom that the consumer 
could use the rich gas to proper advantage. 
Professor Douglas Hay, of Sheffield, pointed out 
that the effects of improved fuel technology had 
been until now to reduce the market for coal, as, 
for instance, in the considerable use of waste coal 
instead of freshly-mined. The gas and electrical in- 
dustries, doubtless, benefited when they substituted 
cheap for dearer coal, but the collieries suffered, and 
the power of barter in the hands of the customer 
industries had forced prices down in many instances 
to below the costs of the most efficient colliery. 
His own company had been able to put down a 
battery of coke ovens only because they had suc- 
ceeded in obtaining a contract for supplying gas 
to a town. Mr. L. H. Sensicle suggested that a 
use of gas that ultimately might become important 
was in connection with the production of hydrogen 
for synthetic processes. 

Mr. T. Hardie remarked, as the essential difference 
between the British situation and that of American 
and German coke-oven manufactures, the fact that 
the latter had concentrated markets for their pro- 
ducts, and had localised themselves near their custo- 
mers. In the United States, 62 per cent. of the sur- 
plus coke-oven gas was consumed by iron and steel 
works, and one coke-oven establishment was thus 
able to carbonise, solely for metallurgical uses, 32,000 
tons of coal per day. No solution was likely to be 
found in this country until the inefficient coke 
ovens were shut down, and larger ones substituted. 
Mr. Carr pointed out that the possibility of using 
coke-oven gas and long-distance transmission 
depended very much on the load factor. If this 
was variable, the size of mains and of holders would 
have to be correspondingly increased, with pro- 
portionate additions to the costs borne by the gas. 
Until now, moreover, that precision of the calorific 
value of coke-oven gas, which might vary up to 
10 per cent., was much lower than that at which 
gas companies aimed. 

An element of importance in the cost of production 
of coke-oven gas was, moreover, the smalls screened 
out of gas coal, the price of which was likely to rise 
if the demand increased. On the same subject, 
Mr. J. E. Lister Couper called attention to the 
fact that, when a gas company took coke-oven gas, 
it was liable in its rating assessment to lose certain 
allowances in respect of plant. This might, perhaps, 
double the amount of its rates, which usually 
stood already at the sufficiently serious figure of 
24d. to 3d. per 1,000 cubic feet. 

Mr. Nissen, in respect to his own paper, explained 
that the net calorific value was preferred, among 
other reasons because of the detrimental effects of 
moisture on the process. The point was of particular 
importance in Germany, where a fourth to a third 
of the material carbonised was lignite, which carried 
large quantities of water. 

Some incidental information was given by Mr. 
H. Tromp, who related an experience of some 
years ago in Borneo, when, in the absence of good 
coking coal, an attempt was made to make coke 
of eocene coal. It was found impossible to coke 
this coal in a powdered form by reason of its large 
evolution of gas, which blew the powder out. In 
large lumps, however, it gave a fair if not a good 
metallurgical coke, and the fines could be used for 
steam raising. 

Sir David Milne Watson referred in conclusion 
to the joint committee, which the coke-oven and 
gas industries had set up of their own volition. 
He took the opportunity of explaining that the 
enquiry recommended by the National Fuel Com- 


in no way to prejudge the question, but merely 
to ascertain authentically a number of facts, 
which must be known before it was possible to 
estimate how, and to what extent, co-operation 
between these industries was feasible. 


Gasrous FUELS AND CARBONISATION Propucts, 


The proceedings on Thursday, September 27, were 
confined to a single meeting, namely, one of Section 
H, which dealt with the Composition, Classification, 
Preparation, Storage and Handling of Gaseous Fuels 
and Carbonisation Products. The chair was taken 
by Mr. J. Terrace. In his general report, Mr. T. 
Campbell Finlayson had grouped the 17 communica- 
tions received under seven headings. . 
The first group, Classification and Analyses of 
Gaseous Fuels, comprised three general papers. The 
Systematic Classification of Gases, by the Austrian 
Gesellschaft fiir Warmewerkschaft ; Testing Gaseous 
Fuels, by Dr. H. Léfiler and Mr. W. J. Miiler; 
and The Properties of Gases defining Combustion, 
by Messrs. W. Bertelsmann and F. Schuster, of the 
Deutsche Verein von Gas- und Wasserfachminnern. 
These papers explained the Austrian standards, 
which Germany has adopted with slight modifica- 
tion. Dr. Léffler, in his paper, described his explo- 
sion calorimeter, which was a portable instrument 
4 kg. in weight, suitable for determining the calorific 
value, even of small volumes of gas, within 0°3 per 
cent., in three minutes, wherever flowing water was 
available. The spherical explosion chamber was 
surrounded by a Dewar jacket and the mixture was 
exploded by an electric spark in the centre of the 
sphere. In order to ensure complete combustion, 
the gas might at times have to be mixed with from 
3 to 7 volumes of air. When calories were plotted 
against time, the trend of the curve easily showed 
when the combustion was complete. Dr. Bunte’s 
important paper on New Methods for Fuel Analysis, 
also belonging to this group, had already been 
referred to by Mr. S. de Waard in Section B on 
Tuesday. 
The second group of papers was mainly concerned 
with the Manufacture of Gas, Coal Gas and Water 
Gas. In his paper on Gas Manufacture, Professor 
Cobb showed that the thermal efficiency of carbon- 
isation had increased from 70 per cent. in 1919 to 
85 per cent. in 1928, in cases where waste-heat boilers 
were combined with the plant, and he suggested 
that a further improvement might be obtained in 
a simple continuous gas producer, with the aid of 
steam-oxygen blast, if only cheap oxygen were 
obtainable. Professor Cobb, as well as Mr. W. H. 
Blauvell, in Coke Oven Practice and Developments 
in, Bulk Carbonisation in America, and Mr. E. Lan- 
gronge, in The Coking Industry in France, referred 
to the development in the use of surplus coke-oven 
gas for town supply. Especially in America, coke- 
oven gas was becoming an important source of gas 
for distribution by town mains, and more gas was 
made in the ovens than in the gas-works retorts. 
The Production of Gas and the Recovery of other 
Products of Carbonisation in the Vienna Municipal 
Gas Works was the subject of a paper by F. Menzel. 
Gas was made in this works in horizontal retorts 
and in coke-ovens combined with central producers. 
Some of these papers, as well as papers on the 
Manufacture of Gas from Oil by Mr. J. Kewley, and 
Gasification of Fuels by Liquid Slag Producers by 
M. A. Dessemond, France, referred to gas manu- 
facture from oil. Oil-gas plants, Mr. Kewley stated, 
were of three types for the production of auxiliary 
gas; for making oil gas in place of coal gas, dis- 
tributed from central stations where oil was cheaper 
than coal, asin California ; and for making gas at the 
oil wells, either by direct cracking by an intermittent 
process with the aid of a blast of hot air and oil, or 
by burning part of the oil for cracking the bulk, * 
by the interaction of superheated steam and highly- 
heated oil. Continuous plants of the partial 
combustion type were worked by the Hakol-Zwicky, 
the Dayton and also the Goldsborough processes ; 
Goldsborough was also experimenting with supe™ 
heated steam and oil. The slagging producer 
of Dessemond was fed with shale or screening 
breeze, scrap iron and limestone. The blast for the 
producer to deal with 100 to 150 tons per day was 
preheated in recuperators heated by producer gas. 
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mittee, of which he was a member, was intended 


The slag was afterwards mixed with lime for cement 
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manufacture. Commenting on this paper, Mr. 
Evans had pointed out that only the best cement 
could now compete in the market in the days of 
expensive labour. 

In the chief paper of the next group, The Purifica- 
tion of Coal Gas, Mr. Charles Cooper stated that 
washer-cooler towersjwere cheaper than water-tube 
condensers, but required much pumping, and the 
repeated operations tended to increase the forma- 
tion of toxic compounds, which made the effluents 
from the sulphate plants objectionable. Tar 
extractor plants on the Cottrell electric precipita- 
tion principle cost three times as much as the 
Pelouze-Audouin stream-droplet separators, but 
were very efficient. Coal gas could be dried prior 
to its distribution, by compression, refrigeration, 
absorption (chemical or physical), and adsorption, by 
solids (silica gel and calcium chloride). In England 
absorption by calcium chloride solution seemed to 
be the simplest and cheapest method. In California, 
Mr. Blauvell stated, the hot gas from coke-ovens 
and producers was sprayed in the collecting mains 
with hot liquor at 80 deg. C., to bring down the tar 
and to prevent pitch troubles. 

Reviewing the Technical and Economic Aspect 
of the By-Product Ammonia Recovery Problem, 
Mr. P. Parrish drew attention to the fact that 
the largest by-product works now produced 25,000 
tons of ammonium sulphate per year, whilst the 
Billingham synthetic plant was designed for 360,000 
tons. To relieve the position he suggested that 
the recovery should, in most works, only proceed 
to the production of a liquor of 15 per cent. NH;, 
or of sulphate of 40 per cent., and that central 
works should then complete the conversion into 
sulphate. As regards ammonium sulphate re- 
covery, the technical preparation of sulphuric 
acid from calcium sulphate anhydride (so-called 
anhydrite) required a far more complicated plant 
than the actual acid and saturator works. Yet 
where anhydrite was at hand, that process 
would have an advantage of 20s. 8d. per ton over 
ammonium sulphate. 

In the next group of papers, dealing with the Pro- 
duction of Smokeless Fuels, the most noteworthy 
contribution was by Dr. J. G. King, on the 
Fundamentals of Coal Blending and the Produc- 
tion of Solid Smokeless Domestic Fuels. Other 
papers were : Domestic Fuels other than Anthracite, 
by the U.S. Bureau of Mines; Coal Carbonisa- 
tion in Japan, by Y. Oshima, and Modern Methods 
for the Production and Utilisation of Coal and Lig- 
nite Briquettes in France, by M. C. Berthelot. 
Dr. King pointed out that judicious blending was 
required for the rational utilisation of coals rich 
in volatiles, and the binder should be carefully 
selected. Both the constituents should be ground 
finely to obtain a strong dense coke. Coke used as 
diluent should be finely divided, but when the 
binder was a coal the diluting particle should be 
of larger size than the material. The volatile matter 
remaining in the coke need not exceed 6 or 8 per 
cent. The period of carbonisation depended upon 
that, but was not important when coke served as the 
diluent. A high proportion of the 10 million tons 
of coke produced annually in this country could be 
converted into domestic fuel without decreasing the 
gaseous thermal output of modern plants. The 
Japanese paper dealt mainly with the improvement 
of the coke manufacture of the country and re- 
searches on the reactivity of coke, in which latter 
connection Professor Cobb’s paper should also be 
mentioned. In America coke-oven coke was re- 
placing anthracite, and private plants, unconnected 
with blast furnaces, were being built for making 
foundry and domestic coke. Such plants sold 40 
per cent. of their output in 1927 for domestic use ; 
their coke averaged only 0-7 to 2 per cent. of 
Volatiles and 7 to 15 per cent. of ashes. The French 
paper stated that, by the carbonisation of coal 
briquettes, an artificial anthracite was made in the 
“ceux mines, where semi-coke was finely powdered, 
briquetted with tar or pitch and distilled in order 
to recover the main portion of the pitch by the 
— process. Lignite briquetting was also under 
rial. 

_ The last subject, discussed in papers already men- 
tioned, was carbonisation in bulk. The largest 
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much larger ovens were built in Germany, and the 
increased capacity per man per hour compensated 
for the increased cost of construction and labour. 
Progress in France was attributed to blending, the 
compression of the charge in narrow ovens of silica 
materials, and to high carbonisation temperature for 
reduced periods. 
Mr. John Roberts, the first speaker in the general 
discussion, supported Dr. King’s statement on the 
advantages of blending by relating his experiments 
made at Ramsgate, partly in Woodall-Duckham, 
retorts 14 in. wide. A coke with 3 per cent. to 5 per 
cent. of volatile burnt quite as well as coke with the 
8 per cent. to 12 per cent., formerly insisted upon. 
High temperatures were not necessary ; free-burning 
cellular coke need not be finished at 1,100 deg. C. as 
stated by Mr. Blauvell. 
Dr. R. H. Griffiths gave the results of experiments 
concerning oil cracking for the enrichment of water 
gas made in the laboratories of the Gas Light and 
Coke Company. The four main factors were (a) 
rate of passage of the oil through the cracking 
chamber; (b) temperature and pressure of the 
reaction ; (c) the atmosphere in which the reaction 
was carried out, and (d) the character of the oil. 
As regards (a) the yield of therms per gallon of 
oils of different types increased to a maximum with 
the rate of oil feed and then fell off steadily ; there 
was an optimum rate for any oil in a given plant 
at fixed temperature. On doubling the cracking 
surface they found that the reactions were not 
limited to the hot surface, but occurred also in the 
gas phase, and this was so in atmospheres of either 
hydrogen or nitrogen, so that no distinction could, 
in this respect, be drawn between cracking and 
hydrogenation. The high rate of absorption of 
hydrogen at low rates of oil input showed, however, 
that the hydrogenation was comparatively slow, 
and that the loss of efficiency at slow oil feed was due 
to the hydrogen absorption. (b) In the ordinary 
water-gas plant the pressures were low, but the tem- 
peratures varied considerably ; in the experiments 
750 deg. C. (650-850) gave the best thermal gas 
yield. (c) The influence of the atmosphere depended 
upon its hydrogen content. (d) Forty different oils 
gave comparative yields ranging from 0-5 to 1-45 
therm per gallon, and it was established that hydro- 
carbons of a cyclic structure were far less valuable, so 
far as gas-making was concerned, than open-chain 
compounds ; practically, cyclic constituents might, 
in this respect, be considered to be useless. 
Mr. L. H. Sensicle, of Newcastle, questioned 
several statements of Mr. Parrish about the practical 
impossibility of a direct ammonium sulphate process 
without previous condensation of the ammonia, when 
the ammonium chloride were said to corrode the 
saturator. They had no difficulty with the direct 
process in the North of England, and the troubles of 
the excessive oxygen absorption by the tar acids in 
the effluent and the waste of steam in retort steaming 
could be met. Dr. G. Egloff gave some figures about 
the astounding developments of cracking in America. 
At Los Angeles billions of cubic feet of natural gas 
were cracked into hydrogen and gas for burning. 
Mr. J. E. Osterrieth drew attention to the differ- 
ence in the purity of synthetic ammonia and by- 
product ammonia. The former was practically 
pure; the latter contained pyridine and other 
objectionable impurities, and was difficult to 
neutralise and to dry completely for the transport 
of the by-product sulphate in bags. Attempts fully 
to neutralise such sulphate by synthetic ammonia 
had not been successful so far. 
Dr. W. von Hohenau raised the problem of liberat- 
ing atomic energy by decomposing water. He, how- 
ever, said very little about the experiments which 
he has been carrying on for thirty years, first in 
Philadelphia and now in Berlin. He decomposed 
his water in oscillating fields of a frequency ranging 
from 800,000 to 5,000,000 per second at 10 volts to 
26 volts, and obtained atomic hydrogen at the rate 
of 700 cub. ft. per 243 Watt-hours. The combustion 
of 176 cub. ft. of that hydrogen would generate 
25-6 h.p. Dr. E. W. Smith remarked afterwards 
that he could not understand how the decomposi- 
tion of water could liberate more energy than had 
been expended upon its decomposition. 
Dr. S. Roy Illingworth, of Pontypridd, said that 


also be secured by an incipient low-temperature 
treatment at 400 deg. or less of the coal. The 
properties of a coke depended upon the so-called 
y substances which could be separated from the coal 
by extraction with pyridine and chloroform. These 
constituents would break down near 400 deg. C. ; the 
required temperature range was narrow and changed 
with the type and dimensions of the oven. But by 
moderate heating for a short time, the subsequent 
high-temperature carbonisation period could be 
reduced by 30 per cent. Mr. N. E. S. Sidderfin, 
gave further particulars of experiments made in 
1925 with non-swelling Yorkshire coal. They had 
improved the rate of carbonisation, and thus the 
throughput in vertical retorts by using graded coal 
of lin. and above. Dr. Sinnatt then explained the 
theoretical basis of blending by showing a magnified 
model of a particle of coal, a cenosphere, that had 
been heated up to 560 deg. C. The particles, of 
which thousands had been examined at Greenwich, 
were taken from a layer of clairain. After treat- 
ment, the particle looked a little blackish ball 
which consisted of a more or less transparent sphere 
with dark ribs. The particle would, on the average, 
swell to 11 times (occasionally to 40 times) its orig- 
inal volume. The different layers of coal in a seam 
differed enormously in their swelling power, and 
the blending aimed at giving the whole mass a more 
cellular structure. 

Dr. E. W. Smith drew attention to some features 
in which America and England differed, and which 
delayed the adoption of smokeless fuel in this coun- 
try. When central heating was introduced, the 
boilers put down were of the size suitable for an- 
thracite, but too small for smokeless fuels. The 
Institution of Gas Engineers should take that pro- 
blem up. The market for good coke was spoiled by 
the unsatisfactory appliances for its burning. There 
was no lack of knowledge, but a good many of the 
1,500 undertakings could not handle the situation 
properly, and combination and organisation were 
required. 

(To be continued.) 








PerRsONAL.—-An arrangement has been _ effected 
between Messrs. Gilbert Gilkes and Company, Limited, 
of Kendal, and Messrs. James Gordon and Company, 
Limited, Windsor House, Kingsway, W.C.2, whereby 
their respective businesses, as far as the manufacture 
and supply of waterpower plants and hydraulic work 
generally is concerned, have been amalgamated, as from 
April 1, 1928, and this business is now being carried on 
under the title of Gilbert Gilkes and Gordon, Limited, 
at Windsor House, Kingsway, London, W.C.2.—-Messrs. 
Thomas Ryder and Son, Limited, Turner Bridge Works, 
Bolton, have been appointed sole selling agents in this 
country for the ‘‘ Forkardt ’ concentric chucks and air 
appliances, under the “ Forkardt’’ patents.—Messrs. 
Thos. W. Ward, Limited, Albion Works, Sheffield, have 
acquired the High Yard portion of the works of Messrs. 
John Spencer and Sons, Limited, Newburn-on-Tyne, 
and we understand that dismantling operations will 
commence shortly—It is announced that Sir W. G. 
Armstrong Whitworth and Company, Limited, have 
concluded an agreement with the Monometer Manufac- 
turing Company (1918), Limited, whereby they become 
the sole manufacturers and distributors of the range of 
‘**Monometer ”’ products.—Owing to expansion of busi- 
ness, the name of Messrs. Aktiebolaget Vaporackumulator, 
Stockholm 3, has been changed to Ruthsacecumulator 


TENDERS.— We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign ¢ountries. Further 
details and information relating to these may be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case.—A firm in Athens has approached the Department 
of Overseas Trade regarding their desire to receive 
quotations for the supply of one 35-ton floating crane 
and one 35-ton block lifting crane. (Ref. No. AX. 6917.) 
—tTenders for the supply of vehicles for the fire brigade 
of Johannesburg are being invited by the Town Council. 
Closing date November 1. (Ref. No. A.X. 6926.)— 
Tenders, to be presented in Simla by October 24, are 
being invited by the Indian Stores Department for the 
supply of a universal milling machine and dividing 
head. (Ref. No. A.X. 6931.}—It is reported from 
Wellington that the Public Works Department is calling 
for tenders, to be presented in Wellington by October 16, 
for the supply of laundry machinery and equipment. 
(Ref. No. A.X. 6935.) The commercial secretary at 
Cairo reports that the Department of Public Health is 


calling for tenders for the supply and delivery of micro- 
scopes and accessories. 


Closing date, November 15. 


(Ref. No. B.X. 4779.) Tenders are invited by the New 


Zealand Government Railway Department, to be pre- 
sented in Wellington by January 9, 1929, for the supply 








American coke-ovens took charges of 20 tons, but 


the improvement of the coke by blending could 


of pneumatic tools. 


(Ref. No. A.X. 6939.) 
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EDUCATION. 


South Wales and Monmouthshire School of Mines. — 
Particulars have just reached us regarding the session 
1928-29 of the South Wales and Monmouthshire School 
of Mines, Treforest, and of the joint diploma in coal 
mining arranged by the University College of South 
Wales and Monmouthshire in association with the 
above School of Mines. The schools, of which there 
are two, one at Treforest and the other at Crumlin, 
provide advanced and practical instruction for all grades 
of colliery officials, and are a centre for research work 
into the causes and prevention of accidents. The 
diploma will be awarded on the results of the examina- 
tions held at the conclusion of each of the four years 
of the diploma course, by the two bodies concerned. 
The present session has already commenced, and full 
particulars regarding methods of entry and fees, 
&c., may be obtained from Professor J. Knox, the 
Principal of the South Wales and Monmouthshire 
School of Mines. 


LAUNCHES AND TRIAL TRIPS. 
Oil-tank steamer;  twin-screw, 
triple-expansion engines. Trial trip, September 28. 
Designed to carry 4,000 tons. Built by Messrs. Palmers’ 
Shipbuilding and Iron Company, Limited, Hebburn, 
for American owners. 

* TILSINGTON CouRrT.’’- 


“CREOLE JEFE.”’- 


Cargo steamer ; single-screw, 
triple-expansion engines. Launch, September 28, Main 
dimensions, 420 ft. by 56 ft. 2 in. by 36 ft. 44 in. 
Designed to carry about 10,800 tons total deadweight 
on a draught of 27 ft. Built by Messrs. Sir W. G. 
Armstrong, Whitworth and Company, Limited, Walker- 
on-Tyne, for the United British Steamship Company, 
Limited. 


*“Marsa.”—Cargo steamer;  single-screw, _ triple- 
expansion engines. Launch, September 29. Main 
dimensions, 384 ft. by 52 ft. 3in. by 28 ft. 3in. Designed 


to carry 7,340 tons on a light draught. Built by Messrs. 
John Readhead and Sons, Limited, West Docks, South 
Shields, for Messrs. Frank C. Strick and Company, 
Limited, of London. 

*‘Lorp Irwrin.’’——Steel screw trawler. Launch, 
October 1. Main dimensions, 140 ft. by 24 ft. by 14 ft. 
Built and engined by Messrs. Cochrane and Sons, Limited, 
Ouse Shipbuilding Yard, Selby, for service based on the 
port of Hull. 

** THISTLEBRAE.’’—Cargo steamer ; single-screw, triple- 
expansion engine. Launch, October 1. Main dimen- 
sions, 420 ft. by 55 ft. 9$ in. by 26 ft. 6 in. Built by 
Messrs. Joseph L. Thompson and Sons, Limited, North 
Sands Shipbuilding Yard, Sunderland, for the Albyn 
Line, Limited, Sunderland. 
single-screw, triple- 
2. Main dimen- 


* KuRDISTAN.’’—Cargo steamer ; 
expansion engine. Launch, October 
sions, 420 ft. by 54 ft. by 31 ft. 10 in. Designed for a 
deadweight capacity of about 9,335 tons. Built by 
Messrs. Short Brothers, Limited, Pallion, for the Hin- 
dustan Steam Shipping Company, Limited, of Neweastle- 
on-Tyne. 

“Carrain O’Briren.”’’—Submarine of the ‘ O ’’Telass 
type for the Chilean Government. Launch, October 2. 
Built by Messrs. Vickers-Armstrongs, Limited, at Barrow 
in-Furness. 

“Marit Ficttine.”’—Steam tug; twin-screw, triple- 
expansion engines. Trial trip, October 2. Main dimen- 
sions, 104 ft. by 28 ft. 6 in. by 14 ft. 3 in. Built by 
Messrs. Karle’s Shipbuilding and Engineering Company, 
Limited, Hull, and supplied to the order of the Crown 


Agents for the Colonies, for service at the Port of 


Mombasa, East Africa. 


THe NationaAt Rapio EXHIFITION: ERRATUM.—-We 
regret that in our notice of the National Radio Exhibition 
(page 393 ante) the capacity of the new electrolytic 
condensers of the Telegraph Condenser Company, 
Limited, was given as 150 microfarads instead of 1.500 
microfarads. 


GERMAN TRADE WITH NEW ZEALAND.—The _ issue 
of September 13, of the Board of Trade Journal contains 
an interesting article comparing the economic and 
commercial conditions in New Zealand, during 1927, 
with those existing during the early part of this year, 
and a section has been devoted to the overseas trade 
with Germany. It appears that the value of goods 
imported from Germary has risen steadily during the 
last six years, the figure for 1922 being 23,537/., and that 
for 1927 838,6001., but her share in the trade is still 
considerably short of the pre-war figure of 4-65 per cent. 
A table is included in the report, which clearly shows 
the wide range of goods in which German competition 
is felt, and we propose to quote the values of imports 
from this country during the years 1925, 1926 and 1927, 
respectively, of the principal items, as follows :—Elec- 
trical machinery and equipment, 18,385/., 28,8951. and 
61,978l.; hardware and ironmongery, &c., 38,7711, 
43,8197. and 36,409/.; tools and implements, 9,494/., 
11,2501. and 12,494/.; and woollen piece-goods, 3,733/., 
8,2932. and 12,9337. The highest figures on the list are 
those for apparel and ready-made clothing, which are 
48,9851., 77,5661. and 109,872/. Exports to Germany, 


which fell away from 1,614,090/. in 1925 to 364,629/. in 
1926, rose again last year to 1,139,6541., the bulk of the 
trade being in wool. 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 


JULY. 


“og or ” 
26 $35 FPN BT 9 3 3 7H 2 


204. 











210 





1B 7 9 3B 2 
YULY. 


3.5 
(00s) 


AUGUST. 
68 DHHEUVUURABHMWSZS STNBTIU B27 Lf 


6 8 DH b 
AUGUST. 


SEPTEMBER. 
ab 
224 


od 
Ake 


220 


i/ 





a 
Bl 9 9 25 27 
SEPTEMBER. 





24 BMS 5 7 


ENGINEERING” 


Norr.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of 


the London Metal Exchange for “ fine foreign’? and * 
lead are for English metal, whilst those for spelter are for virgin metal. 
for steel plates and rails, and also for hematite and Cleveland pig-iron. 
| plates are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. 


*standard”’ metal, respectively. 


The prices shown for 
Middlesbrough prices are plotted 
The prices given in the case of stee! 
The pig-iron 


| prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price of quicksilver is per 








bottle, the contents of which vary from 70 lb. to 80 Ib. 


The price of tin-plates is per standard box, but in 


other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 
lines represent 1/. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each. 


Contracts. —Messrs. Edward Bennis and Company, 
Limited, 28, Victoria-street, Westminster, S.W.1, con- 
tinue to receive satisfactory orders for their mechanical 
chain-grate stoker equipments for water-tube boilers, 
mechanical stoking equipment for Lancashire boilers, 
and their mechanical coal and ash-handling plants ; 
their clients include the City of London Electricity Supply 
Company, Limited, The Royal Arsenal, Woolwich, The 
Imperial Tobacco Company, Limited, the British Acetate 
Silk Corporation, Limited.—Messrs. John I. Thorny- 
croft and Company, Limited, Thornycroft House, Smith- 
square, London, 8.W.1, have received a repeat order 
from the Kowloon Bus Company, of Hongkong, for 
four of their 32-seater forward-control, low-loading 
bus chassis. 


MINER’s Lamp with Two FILAMENTsS.—An innovation 
in the miner’s lamp, which should obviate any waste of 
time through the failure of the current necessitating a 
journey back trom the working face to the stores, has 
recently been developed by the General Electric Company 
of America at the National Lamp Works in Cleveland, 
Ohio. The arrangement, which we believe to be original, 
consists of a lamp, attached to the miner’s cap, which 
is fitted with two separate filaments, the necessary 
current being supplied by a compact two-cell battery 
strapped to the miner’s waist. One filament gives a 
considerably brighter beam ‘that the other, and this is 
used until the light fails, when the current, by means of 
a simple switch on the side of the lamp, is passed through 
the second filament, and the illumination thus obtained 
is amply sufficient to enable the miner to finish his day’s 
work. Incidentally, this second filament is a consider- 
able safeguard in the event of an accident detaining the 
men underground, as, by its use, a light may be main- 
tained for thirty hours or more. 





Motor VEHICLE REGISTRATIONS IN AUSTRALIA.—His 
Majesty’s Trade Commissioner at Melbourne reports 
that 6,376 motor cars and 1,572 motor lorries and 
omnibuses were registered in the various States ol 
Australia, except Western Australia, during the month 
of May, 1928. In Western Australia, metropolitan area 
only, 207 motor cars and 56 motor lorries and vans were 
registered during the same period. 


Propuction oF Pig IRON AND STEEL.—According 
to the monthly report of the National Federation ot 
Iron and Steel Manufacturers, Caxton House (Kast), 
Tothill-street, London, S.W.1, the number of _ blast 
furnaces in operation, at the end of August, was 130, a 
net decrease of one since the beginning of the month. 
The production of pig iron amounted to 519,000 tons, 
compared with 537,800 tons during July, and 596,100 
tons during August, 1927. The output of steel ingots 
and castings, during August, amounted to 648,300 tons, 
as against 666,900 tons during July, and 643,100 tons 
during August, 1927. 

Visit or His Masesty’s SENIOR TRADE CoMMISSIONER 
In SourH Arrica.—The Department of Overseas Trade 
announces that His Majesty’s Senior Trade Commissioner 
in South Africa, Mr. N. F. Elmslie, will be in attendance 
at the offices of the Department during the period 
October 8 to 20, when he will be prepared to grant inter- 
views to those interested in the export of British goods 
to the Union. Mr. Elmslie will later visit a number 0! 
industrial centres in the provinces. Applications for 
appointments should be addressed to the Comptroller- 
General, Department of Overseas Trade, 35, Old Queen- 
street, London, 8.W.1, quoting reference 5038/1/28. 
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THE CHANGE IN TENSILE STRENGTH 
DUE TO AGEING OF COLD-DRAWN 
IRON AND STEEL.* 

By L. B. Prert, D.Se., A.R.S.M. 


ESSENTIALLY, the experimental work described in this 
paper consisted of the cold-drawing without annealing 
of a series of steels of varying carbon content, and also 
of varying heat treatment, followed in all cases by 
tensile tests at different stages of reduction and at 
different lengths of time after the drawing. The pro- 
cedure in cold-drawing was as follows: The annealed 
metal } in. in diameter was drawn from 6/0 S.W.G. to 
16 5.W.G. without annealing, each die decreasing the 


diameter by approximately one gauge number. The | 


! 

| the limits of experimental error for all reductions. 
| (Reduction figures are calculated as the percentage de- 
| crease in cross-sectional area). The mild steel used for 
| these experiments was slowly cooled from 950 deg. C. 
| The microstructure showed finely crystalline ferrite and 
| pearlite. Curve No. 3 in Fig. 1 corresponds with two 
| sets of points, one set for carbon-free iron tested imme- 
| diately after drawing, and one set for carbon-free iron 
| tested one month after drawing. It will be seen that 
| cold-drawn carbon-free iron does not suffer an increase 
|in strength due to ageing. The carbon was removed 
| by heating the mild steel for six weeks in a hydrogen 
| stream at 750 deg. C., followed by slow cooling, pro- 
| ducing a structure consisting of ferrite grains with 
} some non-metallic inclusions. 

Reference should perhaps be made to the reason for 


drawing was carried out at the very slow rate of 3 in. | 


per minute, so as to minimise any tendency to spon- | 
taneous annealing due to rise in temperature. The | 


Fig .1.RELATION BETWEEN PERCENTAGE 
REDUCTION OF AREA BY COLD-ORAWING 

& THE TENSILE STRENGTH FOR LOW- 
CARBON STEEL & CARBON-FREE IRON. 
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(991.4) Cross 


TasLe IIT.—Lffect of Carbon on Age-Hardening 
Capacity. 





Fie. 5. Iron Contatnine OxtpE ABSORBED 
DURING ANNEALING IN AIR AT 950 pa. C. 
x 500. 


TABLE V.—Errecrt oF OxIDISING AND REDUCING 





smooth curve, rising very rapidly at first and gradually 
becoming nearly parallel with the time axis. The 
results so far obtained show clearly that age-hardening 
is associated with the presence of carbon. 

Effect of Structural Condition of Carbon.—Before pro- 
ceeding further, an attempt was made to determine 
whether steel with a structure other than ferrite plus 
pearlite would exhibit the age-hardening phenomenon. 
Some of the 0-11 per cent. carbon steel was heat- 
treated so as to cause the divorce of the pearlite, pro- 
ducing a structure consisting of ferrite grains with the 
carbon in the form of globules of cementite. This 
steel was cold-drawn and tested as before. Comparing 
the results with those from similar steel annealed at 
950 deg. C., it was seen that although the tensile 
tests on the divorced steel were markedly lower than 
corresponding tests on the pearlite steel, the increase 
in strength due to ageing was not appreciably different 
in the two cases. Thus it appeared that, although 
the presence of carbon was necessary for the pheno- 
menon of age-hardening, the structural nature of the 
carbon was of negligible importance. 

Relation between Carbon Content and Ageing Capacity. 
—Experiments were then made to find at what carbon 
content the ageing effect disappeared. A series of 
steels of varying carbon content was prepared by de- 
carburising the original 0-11 per cent. carbon steel 
for varying lengths of time. Bars were heated in a 
stream of hydrogen at 950 deg. C. for from 6 days 
to 5 weeks, followed in each case by heating for one 
week at the same temperature with no flow of gas 
in order to allow the remaining carbon, if any, to become 
more uniformly distributed by diffusion. The bars 
were then cold-drawn and tested as before. The 
results for four different degrees of cold-working are 
given in Table III, which indicates that the capacity 
for ageing remained very marked, until nearly all the 
carbon had been removed. It appeared as if the de- 
crease in carbon at first caused a small increase in age- 
hardening capacity, but as the carbon fell below about 
0-0025 per cent., the age-hardening effect suddenly 
fell to nearly zero. In considering these figures, it 
must be borne in mind that the experimental error in 
determining the tensile strengths was probably of the 
order of + 0-2 ton per square inch, so that in the 
difference column errors as great as + 0-4 ton might 
be found. Further, owing to the variation in time of 
annealing, there was a variation in crystal size in these 


ANNEALING ON THE AGEING CAPACITIES OF LRON AND 


Low-CARBON STEEL. 





Tensile Strength. Tons | 
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material under investigation was mild steel of the | 


following composition :— 
Carbon. Silicon. Manganese. Sulphur. Phosphorus. 
percent. per cent. percent. percent. per cent. 
0-1] 0-006 0-70 0-028 0-016 
To pr luce low carbon contents the steel was decar- 
burised by heating in hydrogen for prolonged periods. 
“rperimental Results—The effect of cold-drawing 
si the tensile strength of the mild steel and the decar- 
urised iron is shown graphically in Fig. 1. For each | 
: the materials, tensile tests were made immediately | 
oe (within 5 minutes) and after ageing for | 
ie r : (28 days). Curve No. I refers to the mild steel | 
0M * Immediately, and curve No. 2 to the same steel | 
pias ing. The increase in tensile strength due to 
= amounts on the average to 2-32 tons per square 
ch. This increase was fourd to be constant within | 
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Bin Presented at the Iron and Steel Institute Meeting, 
vs, Spain, September 25 to 27, 1928. Abridged. 





| Material FH : Heated in Hydrogen only. 
Carbon 0-O11 per cent. | 


Material FA : Material FH heated for two 


days in Oxidising Atmosphere. 
Carbon = 0-006 per cent. 





per cent. 


Tensile Strength. Tons per square inch. 


| 
| 
| Change in 

|| Ageing Capacity 
Tons per square inch. 





Tensile Strength. Tons per square inch. II 
_|| 

| 

| 

| 




















Reduction 
Immediate. | Aged. Difference. Immediate. | Aged. Difference. | 
| | | 
| 0 - _ 20-3 | « — — 
11-2 26-8 2-3 24-0 26-7 +0-4 
22-8 29-6 2-4 26°7 | 29-5 +0-4 
| 36-0 31-4 2-6 | 28-8 31-9 LOS 
| 44-0 33-0 2-65 | 30-0 33-2 +0-65 
| 52-8 34-3 2-8 | 31-3 34-8 +O-7 
| 61-2 35-4 2-9 | 32-55 36-1 0-65 
| 68-2 | 36-2 2:8 | 33-4 | 37-15 0-95 
| Average difference, 2-68 | Average difference, 3 Average, +-0-61 
| oe ee rate , || Material AA: Material AH heated for two 
| Material AH 2. — ated in Hydroge n only. | days in Oxidising Atmosphere. 
ee oy ane } Carbon = zero. 
| 
0 18-4 é a | 9-2 | : : . 
11-2 21-95 21-7 —0-25 22-8 25-4 2-6 
22-8 24-65 24-6 —0-05 5-4 28-05 65 
. 26-4 26-5 +01 3 } 30-3 ) 
| 27-8 24°43 0-05 } 8-4 31-6 3°2 
} 29-0 29-0 Zero | 9-7 33-0 3-3 
| 30-2 30-0 —0-2 | “8 34-3 +3°5 
31-0 31-0 | Zero 8 35-5 +3-7 | 
| Average difference. —0-08 | Average difference, +3-14 1] 2 
| Material DH : Material D heated for thr | 
| —- ee - Materia : Materia xeated forthree | 
Mate - D > He oh d in Air. | days at 950 deg. C. in Hydrogen. 
‘arbon zero. . 
| | Carbon = zero. 
as ke ee ee eae 
| | | | 
0 | 19-4 - — 19-2 | — ~- 
14°5 23-5 26°8 3-3 | 23-35 | 25:7 2-35 —0-95 
27-5 26-8 29-8 3-0 H 26-45 | 28-8 2-35 ~0°65 
39-0 28-5 BE -2 Ee 1] 28-35 30-8 2-45 —0-25 
30-0 29-85 32-6 2-75 29-6 | 32-0 2-4 —0-35 
58-8 30-95 33-6 2°65 | 30-7 33-4 2-7 +0-05 
67-9 32-1 8 2-7 | 31-8 | 34-6 2°8 | +0-10 
Average difference, 2-51 Average, —0°34 


3 
Average difference, 2-85 


the choice of one month as the standard time of ageing. 
The results of tests on two lots of cold-drawn 0-11 per 
cent. carbon steel, aged for periods ranging from 
10 minutes to 119 days, showed that the great majority 
of the increase in strength occurred during the lapse of 
the first month. The pletting of these points gives a 


specimens, and there is some reason to suppose that 
this factor has a bearing on the ageing capacity of 
cold-drawn iron and steel. Up till the present the 
effect of crystal size in this connection has not been 
studied sufficiently to allow any definite conclusions to 
be drawn. Chemical analysis showed that the hydrogen 
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for D (decarburised in air) were, on the average, 1:2 | 
tons per square inch above those for AH (decarburised | carbon-free iron after the oxidising treatment is due to 
in hydrogen). After ageing for one month the tensile | the absorption of oxygen, is strengthened by the micro- 
strength of bars D had increased by an average of | scopical examination of the specimens. Cross-sections 
2-85 tons per square inch, while the middle section of | of the oxidised bars showed, both in the etched and 
Table V shows that AH was unaffected by ageing. The | unetched conditions, dark particles occurring in large 
results given for DH show that the hydrogen treatment | numbers near the periphery of the section, and becoming 
given to D produced a decrease in immediate tensile | less numerous in passing towards the centre. Fig. 5 
tests of 0-24 ton per square inch (average value), and a | (page 439), shows a field near the edge of a section at 
decrease in the aged tensile tests of 0-54 ton per square | a magnification of 500 diameter. The dark globules 
inch (average value). Thus, annealing in hydrogen | dispersed through the crystals are assumed to consist 
reduced the ageing capacity by 0-35 ton per square inch | of ferrous oxide. This photograph should be compared 
(from 2-85 tons to 2-51 tons per square inch). It will| with those published by Tritton and Hanson.* The oxide 
be seen that, although in the specimens D and DH the | must have entered the metal during the oxidising anneal, 
annealing procedure has been reversed, that is, the for this structure was not exhibited by any specimen | 
oxidising anneal came first and the reducing anneal | which had not been heated in an oxidising atmosphere. | 
second, the results tend to confirm the previous finding | The most probable explanation of the structure | 
that an oxidising anneal causes an increase in the | involves the assumption that ferrous oxide is soluble to a | 
ageing capacity. | considerable extent in carbon-free iron at 950 deg. C., 

It is interesting to note that Rooney* has shown that | so that when oxide is present at the surface it gradually 
heating iron containing oxygen in a stream of hydrogen | diffuses into the body of the iron. At lower tempera- 
gas at 900 deg. C. for prolonged periods only removes tures ferrous oxide is less soluble, and on cooling, the 
about half the total oxygen present, and that a tempera- | excess separates as globules in the crystals. It is 
ture of 1,150 deg. C. to 1,200 deg. C. is probably required improbable, however, that the globules themselves are 
for the complete removal of oxygen. In view of the| responsible for the ageing capacity of the iron. It 
results of Rooney, which refer to iron in the form of | appears to be more likely that some oxide remains in 
millings, it seems probable that if these oxidised bars, | solution in the ferrite at ordinary temperatures, but. is 
0-42 in. in diameter, had been heated in hydrogen for rendered less soluble by cold-work, so that cold-drawn 
longer times at higher temperatures a much more | iron containing oxide in solution increases in strength 
convincing decrease in ageing capacity would have been | on ageing for the same reason as was assumed in the 
found. | case of iron containing carbon. 








The assumption that the ageing capacity found in| 


1,500-H.P. TwetvE-CYLINDER DIESEL-ENGINE WITH GEAR-DRIVEN SUPERCHARGER. 


The explanation here advanced to account for the 
exceptional magnitude of the age-hardening phenome- 
non in iron appears to be in accordance with the facts 
at present known, but further experimental work will 
be required before this explanation can be regarded as 
proved. It is thought that a careful study of the 
electrical resistivity of cold-worked iron may lead to 
valuable evidence, since the separation of either carbon 
or ferrous oxide from solution should lead to a decreased 
resistance. 


OIL ENGINES FOR AIRCRAFT AND 
RAILWAYS.* 


Cuortton, C.B.E., M.I.Mech.E., 
M.Inst.C.E. 


(Concluded from page 378.) 


THE quick-running oil engine has also been applied to 
all classes of railway service, its light weight and high 
economy competing very successfully with the steam 
locomotive. It is used as a power unit for rail cars, 
motor trains and full-sized locomotives. A motor train 
with the oil-electric drive is shown in Figs. 11 to 14, 
opposite, and a photograph is reproduced in Fig. 15, 
above. The whole train is operated by one man, and is 
controlled electrically from either end by an ordinary 
master switch, which is operated in a similar manner to 
the ordinary electric train drawing its current from a 
central power station through conductor rails or over- 
head wires. This motor train is probably the first 


By A. E. L. 





—— of the Iron and, Steel { Institute, vol. ex, page 
924), 





| * Journal of the Iron and Steel Institute, vol. ex, page 
190 (1924). 


*J 
122 (1 


* Paper read before Section G of the British Associa- 
tion, at Glasgow, on Monday, September 10, 1928. 
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Fig.78. ESTIMATE OF TORSIOGRAM WITHOUT VIBRATION 
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of its kind to be put in operation in Europe. It is | 
now in service on the London, Midland and Scottish 
Railway. 

For larger powers, such as the full-size locomotive | 
calls for, or as a unit in a marine oil-electric installa- | 
tion, Fig. 16 illustrates an engine developing 1,500 | 
brake horse-power at 900 r.p.m. This engine is fitted 
with a gear-driven supercharger and, for overload, 
develops 2,000 brake horse-power at 900 r.p.m. There 
are 12 cylinders arranged in V formation on six cranks, 
each cylinder being of 12-in. bore by 12-in. stroke. The 
supercharger fitted at one end is of the centrifugal fan 
type and is gear driven from the crankshaft below, as 
shown in Fig. 17. The pressure of delivery is 3-25 Ib. 
per square inch ; some air from the same source is also 
employed for scavenging purposes. 

There are some other fundamental problems in 
multi-cylinder, high-pressure, quick-running oil-engine 
design, which require great attention, and none is 
more important than torsional resonance of crank- 
shafts. In such variable-speed engines there are 
always critical vibrational speeds of various orders to 
be passed through. In certain cases, at any rate, the 
major ones can be kept out of the operating range ; 
in others, by crankshaft strength and effective damp- 
ing, and with quick passing through the critical 
periods, safety is ensured. 

Fig. 18 is an estimated torsiogram for a 12 in. by 
12 in. cylinder V type engine without a vibration 
damper, for a critical speed of 6th order, viz., 560 r.p.m., 
and similar diagrams taken at Parkhead from the 
governor end and generator end, respectively, of the 
1,500 h.p. engine fitted with a damper are given in 
Figs. 19 and 20. It will be seen that the damper is 
effective in keeping down any dangerous amplitudes 

Fig. 21 is a photo-torsiogram of an airship engine 
crankshaft not so fitted, taken at a critical period, 
which, in this case, can be brought right outside the 
operative range of speeds. In the latter, taken by the 
Air Ministry officials under Major Carter and Mr. 
Mansel ona special photographic torsiograph, the calcu- 
lated critical speed was almost exactly verified by the 
graph made. 

Heat flow, the bugkear of the large-cylinder internal- 
combustion engine, is taken care of in this type 
of engine by the thinness of the containing walls, 
which give a valuable advantage over the slow- 
running large-cylinder type of marine engine. One 
might for a moment consider the possibilities of 
further developments with this type of engine. As 
the oil engine to-day depends for its economy on its 
high rate of expansion, or the compression ratio, as it is 
usually called, one must consider whether further | 
progress will take place by two-stage work on both | 
sides of ignition, or by two-stage compression and single- | 
stage expansion, because in the one the heat may be | 
lost without disadvantage, but not in the other. On| 
the other hand, the exhaust-driven turbine, which is | 
now receiving considerable attention, would provide | 





DAMPER; 
GOVERNOR END. MAGNIFICATION 2. 


CRITICAL SPEED OF 6™ ORDER. 560R.P-M. 
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Fig.19. GOVERNOR END. MAG. 2. 560 R.P.M. 
9/5/28 TEST I. 


Fig.20. GENERATOR END.MAG.2. 560 RPM. 
9/5/28 TEST |. 
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two-stage expansion. The selection by the Heat Trials 
Committee, despite the criticism of Sir Dugald Clerk, 
of the Atkinson cycle as the ideal one to measure 
efficiency by is interesting, and may lead to the 
development of extended expansion in one cylinder 
in consequence. The Humphrey pump, though far 





“ENGINEERING 


cut off, all or in part, for the reduced speeds, and for 


| most economical loads, the range of expansion being 


removed from the subject of the paper, is an engine | 


using this cycle and its high economy is undeniable, 
even at low compression ratios. 

Supercharging, or two-stage compression, is receiving 
more attention, and scavenging is also beginning to be 


increased as in the Atkinson cycle. Certainly, with 
the work done to date with this method, the normal fluid- 
pressure injection engine is undeniably improved, a clear 
exhaust being obtained with higher mean pressures. 
The problem is really one of obtaining a highly 
efficient air pump. If an 80 per cent. efficiency pump 


/can be obtained the scavenging supercharger machine 
| will undoubtedly develop; using the centrifugal type. 


re-introduced. One must look back to even earlier | 
| the extension of the use of this method. One must not, 


days than the original supercharging engine of Sir 
Dugald Clerk (1902) to find scavenging really practised 
and to good effect. 
employed by Mr. Hamilton of the Premier Gas Engine 
Company. This good work done should not be lost 
sight of in carrying forward design. 
this type, with perhaps a comparatively low degree 
of supercharging (100 to 115 per cent. volumetric 
efficiency) would give, say, 15 to 30 per cent. over- 
load. This method, if efficiently carried out, can 
be compared to the air-blast Diesel, when it may be 
found that, for the same expenditure of power in the 
scavenging supercharger as compared with the air 
compressor, a better net result can be obtained for 
high-speed work. Herein may lie the first line of 


Figs. 22 to 25 illustrate the method | 


Scavenging of | 


development, the air-pump supply being more or less | 





the efficiency is often but 50 per cent., and the loss of 
the power required to drive it militates greatly against 


in this comparison, over-value the results of the racing 
motor-car, which really competes by over-rating on an 
obsolete formula. 

The heat balance of quick-running engines shows up 
to 40 percent. rejected to exhaust, so that it is possible 
to employ an exhaust-driven turbine which can be 
geared to the main shaft or drive the extra air-scavens 
ing supercharger pump alternatively, the determining 
factor being whether high economy or high output 
is required, the turbine developing up to 10 per cent. 
of the power of the engine. After the gases have 
passed through the exhaust turbine, there is still s 
much heat left that a flash boiler can be usefully 
employed. The temperature of the gas, leaving 
this class of engine is approximately 1,000 deg. F’.. 


and 
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in passing through the turbine there is a drop of 60 deg. , for the basis, quite apart from questions of thickness. 
F. to 70 deg. F. If power alone is wanted, the steam | Of course, in cases where wrought iron was used instead 
from the boiler can be used in a turbine wheel mounted | of steel, the character of the corrosion which occurs 





on the same shaft. The overall gain may be of the 
order of 15 per cent. when the engine jackets are 
worked above atmospheric pressure, a degree of 
temperature suitable for this class of engine. Under 
these conditions, it is not unreasonable to expect a 
final net fuel consumption of 0-3 lb. per brake 
horse-power per hour, a figure which may give some 
pause to the optimism of high-pressure steam-turbine 
devotees, an 
internal-combustion engineers to aim at. 


CORROSION AT DISCONTINUITIES IN 





| after the zinc has disappeared will be different.* It has 
| been asserted that zine will cling to wrought iron more 
| tenaciously than to steel. This may be true for some 


conditions of galvanising. Pickling of wrought iron 


| 
| dovetailing might occur in the first case. But no 


| definite evidence could be obtained for this in the | ecause t 
d is a good goal for the young enthusiastic | specimens examined. Some samples of thick wrought | retained the effect of cathodic polarisation imposed 


| iron and steel were subjected at Cambridge to prolonged 
| pickling in acid to produce exaggerated pitting, and 
| were then galvanised at Clerkenwell and returned to 
| Cambridge. Pieces were sawn nearly through and 


| produces undercut cavities, whilst that of steel produces | 
| more rounded pits, and it is just conceivable that some | 


rounded by a large vessel containing water. Under 
these conditions, the thermal changes did not produce a 
temperature fluctuation of more than 0-5 deg. C. 
Curves could then be plotted showing the change of 
potential with time (Figs. 3 and 4). The potentials 
given by sprayed or electro-deposited samples were 
at first close to that of zinc, but gradually rose steadily 
and without arrest until, when the removal of the coat 
was complete, they reached the potential of the steel 
basis ; the final value was a little low in the case of the 
electro-deposited specimen, probably because the steel 


| during the electro-deposition process. The potentials 
| of sherardised specimens were even from the earliest 
| readings very different from that of metallic zine, and 
| the curves had a definite arrest at about 0°34 volt; 


METALLIC PROTECTIVE COATINGS.®* | then broken off. In both materials it was found that | this indicates that here we are dealing with an alloy 


By U. R. Evans, M.A. 
(Concluded from page 408.) 


Part I].—DiIrFERENT METHODS OF APPLYING A 
Zinc COATING. 


Tue four methods of applying zinc to iron give 
coatings which are not merely physically but chemically 
different. Whilst spraying and_ electro-deposition 
yield coats of metallic zinc, sherardising gives a coat 
which is essentially a zinc-iron alloy, although there 
may be some free zinc on the outside. Hot-dipping, in 


| portions of the zinc coat properly belonging to one-half 
actually came away with the other half, indicating that 
the adhesion of the main part of the coating was very 
slight and was not appreciably increased by dovetailing. 
| On the other hand, the common statement that, under 
| manufacturing conditions, the weight of coating 
obtained on wrought iron will*be greater than that on 
steel is probably quite correct. 

It seems rather unlikely that the virtues of old 
galvanised iron depend solely on the choice of basis 
metal. No doubt, the conditions of galvanising will 
also affect the results. Conditions giving an inter- 
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Fig.3. POTENTIAL-TIME CURVES OF ZINC- 
COVERED STEEL IN N-HYDROCHLORIC ACID. 
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C, Thinly Sherardised. 


A, Sprayed. 
D, Thickly Sherardised. 


B, Electro-deposited. 


general, gives both a metallic zinc layer and an alloy 
layer, although the relative importance of the two layers 
varies with the procedure; the process developed by 
Bablikt, is said to avoid the production of an alloy layer 
altogether. Most modern continuous processes of 
making galvanised sheets give a product containing a 


thinner coat than the discontinuous method wherein | 


each item is dipped separately into the molten bath and 
withdrawn without any attempt to regulate the quantity 
of zine taken up. It was felt that the strips of A 
steel individually galvanised by dipping at Clerkenwell, 
hardly represented large-scale practice of sheet produc- 
tion, and for that reason, additional samples cut from 
commercial galvanised sheet (corrugated and other- 
wise) purchased locally were included in the tests. 
There is no doubt that galvanising practice has tended 
to change, and the product of to-day is definitely 
different from the product of 30 years ago. The develop- 
ments have aimed rather at reducing the cost than 
improving the quality. One method of reducing cost 
18 to diminish the amount of zinc applied, and curiously 
enough, the desire to provide a thin coat has fitted in 
with the sentiments of certain classes of buyers. A 
thin zine coat gives (assuming constancy of crystal 
nuclei per unit volume a smaller number of nuclei per 
unt area than a thick coat. In other words, it gives 
4 large-spangled pattern, which appeals to the aesthetic 
taste of many purchasers. 

Whatever be the cause, complaints are continually 


Ing uttered by engineers and builders that modern | 
galvanised iron is not equal to the older product, and | 


in this country there is a tendency to abandon it in 
favour of other materials. Some engineers attribute 
the virtues of old galvanised iron to the metal employed 
* Paper read before the Institute of Metals, Liverpool, 
on Wednesday, September 5, 1928. Abridged. 
+ Stahl. u. Eisen, vol. xliv, page 223 (1924). 
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| locking of the phases composing the different layers 
| will not only give better mechanical adhesion (less 


| stripping and probably less cracking), but will be more | 


| likely to lead to a protective type of corrosion product. 
| If a sheet has a coating with a straight surface of 
{separation (Fig. 2A), local corrosion will produce 
|relatively big cathodic and anodic areas (Fig. 28), 
|and the cathodic and anodic products will meet far 
out from the metallic surface, producing zinc hydroxide 
(or perhaps a basic salt) in a membranous form which 
will not be directly protective, although if, on drying, 
it comes to adhere to the metal closely it may acquire 
some protective power. But if we are dealing with a 
‘finely interlocked coating (Fig. 2c), corrosion must 


|lead to a state when we will get innumerable small | 


| anodic and cathodic areas very close together (Fig. 2p). 
| Here the cathodic and anodic products must mix and 
produce zine hydroxide very close to the surface of the 
metal itself, and we may expect the precipitate to have 
a protective action from the first. This is equally 
true whether the two phases are zinc and iron respec- 
tively, or whether one is a zinc-iron compound. 
Thickness of Coating of the Different Samples.—The 
usual method of measuring the thickness is to determine 
the loss of weight resulting from the dissolution of the 
zinc in acid, generally containing arsenic or antimony to 
retard attack upon the iron basis. 
no indication as to whether the coat is mainly metallic 
zine or mainly alloy, although it is possible afterwards 
to estimate the iron dissolved by the acid. 


some slight additional information. 
of the weighed strip was immersed in normal hydro- 
chloric acid (without arsenic or antimony), along with 





| potentiometer, and the potential was measured from 


'time to time; the vessel containing the acid was sur- | 





* Proc. Amer. Soc. Test. Mat., vol. ix., page 440 (1909). 


This, however, gives | 


In the, 
present work, the method was modified so as to give | 
A definite area | 


a strip of metallic zinc, the two being joined through a | 


coating. The curves given by hot-dipped samples 
(Fig. 4) indicate at first a potential close to that of 
metallic zinc, but also show an arrest at about 0-27 volt. 
| This suggests that both zinc layer and an alloy layer 
| are present. Curves of similar form were obtained under 
other conditions of acid-concentration and temperature. 

Behaviour of the Different Specimens on Partial 
Immersion.—It should be remembered that where the 
| coating consists of iron-zine alloy the corrosion product 
|}is unlikely to consist of pure white zinc hydroxide ; 
| a slight yellow or pink colour of the corrosion product 
| does not necessarily mean that the steel basis is suffering 
attack. The thickly sherardised specimens (unbent) 
partially immersed in N/2 sodium chloride began to 
show yellow spots in the corrosion product near the 
water-line on the ninth day, although the sprayed and 
| hot-dipped specimens continued to give a pure white 
corrosion product. The thinly sherardised specimen 
(unbent) began to show incipient rust on the second 
day, whilst after four days the corrosion product was 
definitely brown, certainly indicating attack on the 
| steel basis ; the bent specimen rusted still more quickly, 
the rust appearing within four hours at the bends and 
} dents. But, although the alloy coating present on this 
| sherardised metal failed to prevent entirely the rusting 
| of the basis, the rate of corrosion of the coat itself was 
| smaller than in the case of the sprayed, hot-dipped, or 
| electro-deposited coatings; this was immediately 
| obvious to the eye. 
| The electro-deposited coating gave a pure white 
| corrosion product at first, but after 28 days rust began 
|to appear locally, and gradually spread, evidently 
because the zinc was becoming exhausted. The thickly 
| sprayed and hot-dipped specimens (unbent) were quite 
|free from rust after 51 days, but one of the bent, 
| Sprayed specimens began to show yellow spots at the 
| water-line on the twenty-third day. Towards Cam- 
| bridge water, the sprayed, electro-deposited, and hot- 
| dipped specimens all remained free from rust after 
| 51 days, the surface showing a slight whitish deposit 
| and in some cases slight local darkening; the water 
| remained clear and colourless. The thinly sherardised 
| unbent specimen conferred a slight yellowish tinge to the 
| water (noticed on the third day), whilst, after 28 days, 
a definite yellow deposit had settled to the bottom of 
the vessel; the bent specimen fared worse, rust being 
noticed on the second day. The thickly sherardised 
specimen resisted well when unbent, being unchanged 
after 37 days, and only very slightly yellowish after 
51 days, but the bent specimen developed traces of 
rust at the bends after 40 days. 

Behaviour to Moist Air containing Sulphur Dioxide.— 
Specimens of the different varieties exposed to moist 
air containing sulphur dioxide soon began to differ 
among themselves. The sprayed specimens remained 
comparatively pale, but the sherardised specimens 
became blackened, evidently because both zine and 
iron from the coating were attacked, and the iron was 
then redeposited as metal in a dark form by a further 
quantity of zinc. Hot-dipped samples began to 





| darken locally, while electro-deposited specimens also 
|showed some darkening. The surface of all the 


specimens except the thinly sherardised specimen 
developed little heaps of loose white matter, and 
gradually the specimens became wet. Rusting tended 
to commence first at the bends or cut corners. 

Behaviour of Spraying.—All the specimens sprayed 
with N/100 sulphuric acid were free from rust after 
32 days’ spraying, except the thinly-sherardised 
specimen, which had acquired a slight yellowness at 
the bends after six days. This yellowness had not 
developed seriously on the thirty-second day. The 
aspect of the other specimens was practically un- 
changed. 

The specimens sprayed with N/2 sodium chloride 
soon began to show differences among themselves. 
The electro-deposited and hot-dipped specimens (of 
which nine different varieties were tested) all showed 
visible wetting of the surface, and membranous zinc 
hydroxide collected on the specimens. The hot-dipped 
specimens lost their original bright lustre and became 
a dull bluish-grey, but, except at discontinuities in 


| the coat, they were free from rust after 48 days. The 
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sherardised specimens behaved rather similarly to the 
hot-dipped material, but the product was slightly 
yellowish, especially near the bends, and on drying, it 
tended to adhere closely to the surface ; after the first 
week, the yellowness ceased to increase. The general 
appearance suggested that on all the specimens the 
corrosion products on drying tended to form a protec- 
tive film which restrained further attack. 

We thus see that whilst immersion in a chloride 
solution or wetting with definite large drops of the 
solution, causes rapid corrosion to a new hot-galvanised 
zine coating, exposure to a fine spray, alternated with 
drying, builds up in time a protective film. The idea 
that a protective film may be produced on zinc by 
atmospheric influences is, of course, not new. Very 
definite evidence has already been obtained for it by 
Patterson.* Nor is the idea inconsistent with the 
results of Vernon,} who, working in a quite different 
type of atmosphere, obtained proof of a high initial 
rate of attack followed by a lower and constant value. 

When a sheet of galvanised iron is put into service 
it is probable that sooner or later a protective film will 
be produced on it, as a result of alternative damping 
and drying. But if in the early stages it becomes 
covered at intervals with large drops or pools of saline 
water, or if it is immersed in such water, corrosion will 
occur, and if the zinc is thin, this may be eaten away 
completely in places, so that rusting may commence 
at once. If, however, the zinc be thick, no serious dam- 
age will occur, and sooner or later the alternative 
damping and drying will build up the protective film, 
and the material, having passed safely through the 
dangerous period of infancy, may enjoy a long and 
useful life. This explains why in Panama, the Philippine 
Islands, and the Scilly Islands, the old thickly-zinced 
iron has lasted so long, whilst the modern material 
quickly becomes rusty—often in the first year. It also 
explains certain puzzling recorded facts to the effect 
that types of galvanised iron which resist salt spray 
well when used for building purposes on the coast, 
nevertheless suffer rapid deterioration if salt water— 
or even rain water—collects between the sheets when 
they are stacked one upon the other, previous to 
erection. 

Considerations of Procedure in Gavanised Iron Manu- 
facture.—There are four possible ways in which ‘‘ hot- 
galvanizing’ can protect iron. The protection may 
depend on: (1) A continuous envelope of metallic 
zine, which excludes (mechanically) the corrosive agents 
from the iron itself. (2) The presence of considerable 
amounts of metallic zinc in contact with the iron, but 
not necessarily continuous. The iron receives cathodic 
protection as long as the zinc (which is eaten away in the 
process) remains; this is the sacrificial method. (3) 
The conversion of the surface layer of the iron to an 
alloy, which is less susceptible to corrosion. (4) The 
formation during exposure of a protective coating of 
zinc compounds. The procedure adopted by early 
manufacturers appears generally to have led to the 
second mode of protection operating in the early stages 
of exposure, and the fourth mode in the later stages. 
In recent years, partly owing to the desire to reduce the 
selling price, partly owing to the public taste for large 
spangles, and partly owing to the influence of Bablik 
and others of his opinion, there has been a tendency to 
rely on the first mode of protection. The question 
arises whether this policy ought not to be reconsidered. 
Clearly the matter is not an academic one, but is of vital 
economic importance. The question directly affects 
manufacturing procedure, since the first mode of 
protection requires a coating thin, flexible, and free from 
brittle alloy ; the second mode calls for a thick layer 
of free zinc, whilst the third method demands a coat 
containing alloy. The presence of impurities in the zinc 
will affect all four modes of protection in different ways. 

It should be noticed that, as a protective film is 
built up over the zine, its power of affording electro- 
chemical protection to uncovered steel is likely to 
diminish. There is no doubt that cracking of the zinc 
coat should be avoided as far as possible. Several 
cases have been mentioned in the present paper where 
it causes enhanced consumption of zine and premature 
appearance of rust. Yet it may be a mistaken policy 
to apply a thin coat of zinc with a view to avoiding 
cracks. This is indicated by a series of 14 parallel 
experiments on different varieties of galvanised iron, 
bent sharply and immersed in V/2 sodium chloride 
solution. Rust appeared on each of the six thinly 
coated specimens within 14 days, but not one of the 
eight thickly coated specimens had developed any 
rust in this time, although they had suffered far more 
conspicuous cracking at the bends. It should be noticed 
that in many cases the steel basis was the same for both 
thickly and thinly coated specimens. A similar series 
of specimens was exposed to salt spray. In this case 
several thickly coated specimens soon developed definite 
rusting at the bends, but in other instances, where the 
cracks were sufficiently narrow, the fissures finally 





* J. Soc. Chem. Ind., vol. xlvi, page 390T (1927). 
+ Trans. Faraday Soc., vol. xxiii, page 137 (1927). 
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became plugged with zinc hydroxide, and the yellow| Each unit comprises a boiler and superheater having 
or brown colour ceased to develop. | two mechanical chain-grate stokers, and with a super- 
Evidently different types of coating are desirable for | posed economiser in series. The boiler and superheater 
different purposes ; for instance, in the case of wire,| are of the firm’s latest type, the superheater being 
thicker coating is suitable if the wire is unlikely to be | self draining. The gases pass both sides of the saturated 
bent sharply than if the wire is intended to receive such | steam drum of the boiler, and the superheater is 
bending. This is already widely recognised by manu-| placed at the back between two nests of generating 
facturers, and similar considerations should apply to| tubes. The two outlet flues each have a damper, so 
sheet. If the zinc is merely intended to function as a | that the proportion of gases passing the front and back 
‘* shop coat ” (i.e., to protect the sheets during erection, | of the boiler can be varied. thereby providing mechanical 
with the intention of applying paint when the structure | means for regulating the final temperature of the steam 
is complete), a thin zinc coat is probably the best ; if | leaving the superheater. 
no paint is to be applied, the zinc should be thicker. | The economiser is Green’s cast-iron horizontal 
It would seem that when considerations of expense | tri-tube type, with tubes arranged in one large group 
and weight allow it, the proper way to prevent cracking | above the boiler. The gases pass vertically upwards 
is not to decrease the thickness of the zinc coat, but to | between the economiser tubes and enter the main flue 
use a thicker or stiffer steel for the basis of the sheet, | by a short branch flue with insulating damper. The 
which will resist sharp bending. Alternatively, appli-|stokers are the Underfeed Stoker Company’s self- 
cation of the zinc may be deferred until the necessary | contained type, having integral forced draught fans 
bending has taken place; the spraying process is | mounted on their fronts and Detrick suspended furnace 
specially applicable for this purpose. The production | arches were supplied by the same company. 
of wire fencing, which is galvanised by hot-dipping| It will be seen that there are no baffles in this plant, 
after weaving, is an interesting development, but field | the gases having a free passage between boiler super- 
observations on such material suggest that its value | heater and economiser tubes to the flue. In conse- 
largely lies in the production of large saddle-shaped | quence, the draught loss is low and no induced draught 
‘* blobs ” of solid zinc where the wires cross one another, | fans were necessary. The main flue is continuous 
thus providing a good supply of zinc to give cathodic | along the line of economisers, and has a chimney at 
protection to the steel where raindrops tend to collect. | either end, each chimney serving three boilers and 
With regard to sheet, it is probable that manufac- | giving ample suction to ensure balanced draught in the 
turers are quite capable and willing to improve their | furnaces at all loads. 
present products, but they hesitate to put more expen-| Among the auxiliary plant are two Weir turbo-driven 
sive materials on the market, without assurance that | feed pumps and two Drysdale motor-driven feed pumps. 
the public will pay the price. On the other hand, the |The water-softening plant was supplied by Messrs. 
buyers hesitate to pay an enhanced price, without a| Paterson Engineering Company, and Messrs. Edward 
definite demonstration from a disinterested authority, | Bennis and Company made the required modifications 
that the increased life will more than compensate for | to the coal-handling plant. ‘ 
the extra expenditure. There would seem to be a} The principal particulars of each unit are :— 
definite need for a more detailed investigation of this 6,000 sq. ft. 
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matter, accompanied by field exposure tests. Superheater heating surface ... ... 1,500 
Economiser heating surface ... er AC, 
Grate area =O ae a sae 192 


eee BOILERS AT H.M. Official acceptance trials were recently carried out 
KY » PORTSMOUTH. |in the presence of British Admiralty officials, and 
AN interesting installation of Yarrow water-tube | showed the efficiency to be nearly 88 per cent., which 
boilers has recently been supplied by Messrs. Yarrow | was well in excess of the makers’ guarantee. The 
and Company, Limited, Scotstoun, to H.M. Dockyard, | official normal load trial of 8 hours’ duration gave the 
Portsmouth. The installation consists of six units | following results :— 
constructed under British Admiralty Survey and to | 
their approval. The boilers were specially designed | Water evaporated per hour 
to suit an existing boilerhouse, originally planned to| Working pressure ... eee 
take units of another type. | Steam temperature ° 
The higher output obtainable at good efficiency ina| Feed ee “sy 
restricted space, coupled with the elasticity in design | Coal per hour 


i : 4 | -CO an at flue i — 
of this type of boiler, and the fact that overall dimen- | to nn scl boiler, front 


Average. 
37,827 lb. 
223 Ib. per sq. in. 
652 deg. F. 
118 deg. F. 
5,029 Ib. 
12-6 per cent. 
630 deg. F. 


sions can be varied relatively within wide limits to suit! Gases leaving boiler, back 654 deg. F. 
practically any available space, have made it possible; Mean gases leaving boiler 642 deg. F. 
for Messrs. Yarrow to obtain very good results from| Gases entering flue ; 376 deg. F. 

Feed outlet from economiser 207 deg. F. 


the space available in the original boiler house. The | da 
general design of a unit is shown in Figs. 1 and 2,| Overall efficiency ... = —- ; 
annexed, the main flue, coal bunkers and building! It is of interest that Messrs. Yarrow and Company 
being as originally built. Messrs. Yarrow and Company | have also recently installed four of their boilers at H.M. 
were the main contractors for the whole plant. | Dockyard, Devonport. 


87-94 per cent.. 
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THE FLORIDA HURRICANE OF 1926. 
By Rosrins Fiemine, M.Am.Soc.C.E. 


Tue Florida hurricane of September 17 and 18, 
1926,* as might be expected, gave a new impetus 


to the study of wind stresses and wind bracing. A 


committee was appointed from the Structural 


Division of the American Society of Civil Engineers | 


to study the structural effects of the Florida hurri- 
cane and develop any engineering conclusions that 
might be warranted thereby. A preliminary report, 


Fig.1. DIAGRAM OF STORNAI. } 
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(1005.8.) WIND BRACING DETAIL. 


under date of January 20, 1927, was made by the 
chairman of this committee, from which the follow- 
ing is quoted :—‘‘ Summarising the fields that this 
Committee might well cover are the following :— 
1. A determination of the wind pressure exerted 
by the storm. 2. A standard method for figuring 
wind stresses in tier building construction. 3. Stan- 
dard details best able to resist wind stresses both 
from the standard of stiffness, as well as that of 
Strength. 4. A study to determine whether the 
Same requirements for wind should be used for high 
buildings, having a low ratio of height to width, as 
for buildings having a high ratio. 5. The strength 





* See ENGINEERING, vol. cxxii, page 711 (1926). 


a tnd during — 


G51 (Mezz.g 223 Floors) 
iri etes 





ENGINEERING. 
of masonry walls and the bearing they have on wind 
bracing.” 

It is obvious that the fields mentioned cover the 
essence of wind bracing. It is on these points that 
more light is needed. If the questions raised by the 
five items were answered, the problem of wind 
bracing in high buildings would be solved. 

The Final Report of the Committee was presented 
at a meeting of the Structural Division, held on 
January 19, 1928, and has been printed in the 
August, 1928, issue of the Proceedings of the 

| American Society of Civil Engineers. As far as con- 
clusions regarding the five items mentioned are 
concerned, the Report is disappointing. 

With regard to point No. 1, “the Committee feels 
that, unfortunately, a strict determination of the 
wind pressure cannot be made.” 

In ‘connection with point No. 2, it is stated 

‘that “‘the results of the storm showed that, for 
buildings of the size and shape found in Miami, 
the common theory, as given in Fleming’s Manual 
on. Wind Bracing, will produce structures capable 
of standing up under the most severe condi- 
tions. The failures were caused by neglecting to 

apply the theory consistently. On the other hand, 
buildings so designed will not necessarily be suffi- 
ciently stiff to give the tenants confidence in their 
isafety.”’ This wording needs clarification. The 
‘writer has presented his latest thoughts on the 


PICAL FLOOR FRAMING PLAN, 
- MEVER-KISER BUILDING. 





















































































3 ic earn 39'. 07------- Fal 
O site-se! git--se----20' 3% Ke 2 
werk 16.9% " 20°. 3% a 
en eee = yy > RS 
oe] VPr.zedHe7. pO x 
Sxl] autauxl eax %e = 82 
__ tk Il 724-31-8 121-31-8_| ie % 
* Su | B BIB B a ~ 
S | 
=» | i 
ae Il er-ar@ Kyer-are fh 
iB BBS BI 
2 7 ke Of 
. | oy 
H q RP | 
¥ 121-91-8_K 121-31-8 
b \B B|B Bi 
8 | 
| | 
ee jf, 2231-8 I\_ 2-318 ll 
| (B Bee Bl 
> % 
T : | — | : 
een «2 Ax ik 
Lm. (2 gtbe. |S Bi mt: 
SS] 8] aoa ee 
i & GB] ie Io} Ry, 
¥ NG6EIZS56)  oIN. 
+84 re Fy | ie 
alt os . - ea 
: 8 a ¥ gs ! 
2 en 43 Rae ! 
1% | < 8 | 
yA PLE 378 | wed f 
"BB ; 28 % 
s sl 27 % 
+ & & oF | 
~* ! NX : | 
2 cf OS 8 
a ag 8 
4 i wey 
pe Ne 2a HEN i 
x | 48 Cc 
pil ic tek! Fe-13.8* > eum 








subject of wind bracing in ENGINEERING.* The 
two methods there given are substantially the same 
as compiled by him 15 years ago from the scattered 
literature of that time. They have been used for 
hundreds of buildings, in some cases with modifica- 
tions, and in not a single instance, as far as is 
known to the writer, have they failed to give 
‘tenants confidence in their safety.” 

Regarding point No. 3, we are told that while 
details have been pretty well standardised by a few 
of the leading consulting engineers, it is deemed 
inadvisable to release such information until No. 2 





* «Wind Stresses in Many-Storied Buildings,” vol. 
exxv, page 625 (1925). 
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‘is solved. In regard to No. 4, the same course of 
reasoning is applied as for No. 3. As to No. 5, we 
are told that to give any really valuable informa- 
tion, numerous tests would have to be made. 

It is evident that the structural engineer will 
obtain little help from these findings in designing 
wind bracing for a many-storied building. However, 
although the Report is incomplete, as admitted by 
the Committee, it does not follow that it has no 
value. It is of great value in showing the weaknesses 
of the Meyer-Kiser and the Realty Board Buildings, 
the two Miami many-storied buildings that suffered 
most from the storm. Figs. 1 to 9, on this page 
and on page 446, are reproduced from the Report, 
Fig. 1 beinga diagram of the storm. Point A repre- 
sents the location of Miami during the first half and 
point B the location for the second half. The arrows 
indicate the direction of the wind. 

The Meyer-Kiser Building was so damaged that 
it was ordered to be demolished from the fourth 
floor up. The height of this 15-storey building was 
about 176 ft., not including penthouses. Fig. 2 
shows the plan of the building, the dotted lines 
showing the distortion from the storm. In Fig. 3 
is shown a typical floor-framing plan. The type of 
wind bracing used is shown in Figs. 4, 5 and 6, the 
connection shown being used at points B in Fig. 3. 

The engineer is left to make his own calculations 
for bending moments, following the method he 
deems best. To quote from the Report : 

‘Based on the number and size of the rivets in 
the wind braces and assuming the elastic limit of the 
steel at 36,000 lb. per square inch, the steel work 
alone, without any help from the walls, should 
have zesisted a wind pressure of about 15 lb. per 
square ft. at the fifth floor. However, the clip 
angles were so thin that in bending they did not 
develop more than 25 per cent. of the value of the 
rivets. These clip angles, in many cases, bent or 
broke, thus destroying all the necessary strength ; 
and even if they had not broken they would have 
been so limber as to have given the building little 
stiffness. The columns too were not suited to 
develop the strength for the type of connections 
used. The columns are made up of plate and angle 
sections and in the area that failed they had few 
cover plates. The thickness of the angles in the 
columns was such that the outer rivets connecting 
the clips to the columns could not develop their 
full strength before bending the flange angles of 
the columns. In addition, in the south end of the 
building, the floor system was broken up with 
elevator shafts and there was very little bracing. 
What bracing there was, was on beams shallower 
than the 24-in. spandrel girders in the front or 
south wall. The result was that this wall took nearly 
all the wind load for this end of the building until 
it failed. At the north end, there was bracing of a 
similar character, but more bracing in the floor 
system, which evidently is the reason for less dis- 
tortion of this end of the building. In conclusion, 
it is perfectly evident that there was no adequate 
wind bracing in this building, and the bracing which 
was used was made valueless by the details.” 

The Realty Board Building also suffered quite 
severely during the storm. The walls and partitions 
were much cracked, although the steel framework 
was but little distorted. A careful survey made by 
Mr. Stuhrman, the engineer in charge of recondition- 
ing the building, showed that it was only 3¢ in. out 
of plumb and part of this may have been due to 
inaccuracies of erection. ‘There was greater 
evidence of lack of stiffness than lack of strength, 
because the structure swayed enough to crack the 
walls without, seemingly, passing the elastic limit 
of the steel.” The building is fifteen stories high, 
and the height of the top of the penthouse is 
about 166 ft. The dimensions are shown in the 
typical floor plan Fig. 7, and the main bracing 
connections are shown in Figs. 8 and 9. All these 
connections are attached to 15-in. and 18-in, beams. 
The 6-in. and 10-in. transverse beams have much 
less rigid connections. The second line of rivets 
connecting the brackets to the columns is practically 
valueless, because the connection angles of the thick- 
ness used would be weak in bending at the root if the 
full strength of these rivets were developed. At this 
point, three sentences of the Report will be quoted : 





‘“*Mr. Stuhrman stated that the steel work was 
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checked and found to comply with the Building 
Code which calls for a 20-lb. wind load. Probably 
the combined stresses used were 24,000 lb. per 
square inch. Without entering into any contro- 
versy on this point, the Committee doubts whether 
the available strength (before a 24,000-lb. unit 
stress was reached in some parts) would withstand 
a full 20-Ib. wind load.” 

To the writer, it seems unfortunate that some 
member of the Committee did not check the steel 
work and give an indication of the method he used. 
It also seems surprising that the combined stresses 
used were given as a probability and not found out 
definitely. With such omissions an opinion lacks 
the weight it otherwise would have had. 

Attention is called in the Report that in both 
buildings some attempt should have been made to 
stiffen the building in a longitudinal direction, as 


this would have had a strong tendency to resist | 


torsional racking of the building. It is also noted 
that, in both buildings, connection angles were used 


which were too thin to develop the strength of rivets | 
This is a | 


connecting them to adjoining members. 
common fault in the details of wind bracing. By 
the most liberal formula, the roots of angles } in. 
thick do not develop a great amount of bending 
strength. In one case within the observation of 
the writer, a thickness of nearly 1} in. was required 
at the root of clip angles. This was accomplished 
by using two 6 in. by 6 in. by {-in. or two 8-in. 
by }-in. angles, and grinding one angle to fit the 
fillet of the other. This was not an ideal connection, 
though it accomplished the purpose. 

An important finding of the Committee is :— 

“The effects of the Florida hurricane indicated 
that the floor system acted as a stiff plate or 


ject to the same horizontal deflection, except that 
the entire structure twisted where one end of the 
building was stiffer than the other.” 

This finding is far-reaching in its import. The 
wind bracing must be designed, as stated in the 
Report, so that no twisting action can come into 
play. Is there not also an indication as to the 
distribution of wind shears? The writer was 
personally informed by an observer that floors after 
the hurricane showed few cracks, even where made 
of cinder concrete. This would seem to indicate 
that shears were taken by the various columns 
on the basis of their relative moments of inertia, 
after the manner used by one of the members of the 
Committee in his own practice. This would secure 
stiffness, which, as the Committee emphasises, is 
necessary as well as strength. 

The writer adds the following comments of his 
own on the subject of wind bracing :— 

First, it is desirable that the actual velocity of 
a hurricane should be known. (A hurricane is not 
a tornado.) Thus far anemometers have broken 
down in recording a velocity of about 125 miles, 
more or less, but mostly less, per hour. At Miami 
Beach, on September 18, 1926, the anemometer 
blew away. In the Bermuda hurricane of Decem- 
ber 9, 1926, the official Weather Bureau gauge 
registered up to a velocity of 114 miles per hour, 
and then gave way. At Havana, in the cyclone of 
October, 1926, the destruction of the out-of-doors 
apparatus prevented the Bureau from obtaining 
any record of the velocity of the wind greater than 
90 miles per hour. Anemometers should be placed 
at strategic points that will record velocities up to 
200 miles per hour. 

Again, it is important that a method of calculating 
wind stresses for high buildings should be such that 
it can be used by those engaged in the design of such 
structures. ‘‘ A consuiting engineer generally has a 
limited time in which to design a structure, and if a 
method could be developed which will approach 
in result the slope-deflection method and still entail 
very much less work it would be desirable.” (From 
report reviewed in the foregoing.) 

Again, the reports of observations made after a 
severe storm should be reliable. Of the many reports 
of the Florida hurricane, the majority are partisan. 
They are not judicial. They magnify the merits of a 
certain kind of construction and give undue propor- 
tion to the failings of rival constructions. A staff 
article in the Contract Record and Engineering Review, 
of Toronto, for October 27, 1926, is to the point : 
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“Hardly has some calamity like the Florida 
hurricane or the Santa Barbara earthquake ceased 
its destructive rampage than the various building- 
material interests begin a campaign of publicity, 
in an attempt to vindicate the behaviour of their 
particular pet commodities. Brick, hollow tile, 
structural steel, concrete, lumber, each is emphati- 
cally reported—usually, ‘after unprejudiced and 
unbiased investigation,’ of course—to have come 
through the disaster with colours flying standing up 
under the onslaught in a manner that puts every 
other material in the market to shame.” 
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Royal Bank Building in Montreal was designed to 
carry a wind pressure of 15 lb. per square foot on the 
exposed surface of the building from the third floor 
to the roof. The balance of the 30-lb. was assumed 
to be carried by the walls and partitions. Building 
codes should state the wind pressure to be carried 
by the steel frame and not leave it to the judgment 
of the individual designer. 

Many codes do not require provision for wind 
stresses under a certain height, provided that height 
is less than a certain number of times the least width 
of the base. If, in a building 50 ft. wide and 80 ft. 





TAIL FOR MEYER-KISER BUILDING. 
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horizontal girder, and that all columns were sub- | fg. 7. REALTY BOARD BUILDING DETAILS. 







































































steel work 20lb.”” The steel framing of the 23-storey 
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As stated in the article, each building material that | high, the wind stresses according to the code could be 
|has been recognised as a standard commodity will] neglected, could the upper 80 ft. of a building 200 ft. 
stand any reasonable test, and even the test of a| high of same width be considered the same as if it 
hurricane or an earthquake, provided these con-| rested on the ground? Or can the lower 80 ft. be 
ditions have been taken into account in the design} so considered ? Or should the wind pressure be 
of the buildings. assumed over the entire surface ? Engineers have 
Once more, building codes should say what they| varied in their designs and building departments 
mean and mean what they say. New York,|have varied in their interpretations. The code 
Baltimore, Montreal and a number of other cities} should state explicitly what is required. The 
call for not less than 30 Ib. per square foot wind} question is often raised whether the minimum 
pressure to be used in the design of buildings. Does] pressure asked for is required in congested districts. 
this mean that 30 lb. per square foot is to be carried | If not, the code should so state. ave 
by the steel work ? An engineer of experience said In conclusion, it may be remarked that variations 
to the writer, “I always figure for 30 lb. of wind | of 30 per cent. to 50 per cent. in wind pressure — 
pressure, I consider the walls to take 10 lb. and the] the strength of the building as well as the technica 





detailing of connections. 
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AUTOMATIC-CONTROL APPARATUS FOR AEROPLANES. 
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THE AUTOMATIC CONTROL OF 
AEROPLANES. 


One of the great difficulties with which civil 
aviation is faced is that of maintaining a regular 
service under bad weather conditions. The problems 
arising under this category relate to control, navi- 
gation and landing, but it is with the first of these 
that we are now concerned. When the pilot is 
deprived of his horizon, the control of an aeroplane 
becomes exceedingly difficult, in spite of the informa- 
tion which can be supplied by such instruments as 
turn indicators. It is true that an aéroplane can 
be flown by askilled pilot observing a turn indicator, 
acompass and an airspeed indicator, but the amount 
of concentration required is very fatiguing, and, 
if the pilot relaxes his attention long enough for a 
considerable disturbance to arise, recovery is very 
difficult until a sense of the horizontal plane is 
regained by observation of the ground or the 
horizon. ( ‘enerally, if the rudder can be operated so 
a to keep the aeroplane flying in a constant direc- 
tion, most of the difficulty disappears. It should be 
noted. however, that observation of a magnetic 
Compass is practically useless from this point of 
view, owing to the disturbances which arise from 
centrifugal force when the aeroplane departs from 
4 straight course. For this reason, the automatic 
radder control developed at the Royal Aircraft 





Establishment relies for its sense of direction on a 
free gyroscope, or “ gyro azimuth.” 

The control consists essentially of a pneumatic 
ram servo-motor, which operates an auxiliary 
rudder bar and is controlled by an air valve attached 
to the azimuth ring of a gyroscope. The gyro wheel 
is spun at high speed, and its axle is set along the line 
of the required compass course. Deviation of the 
aeroplane from its course entails relative movement 
between the azimuth ring and the aeroplane, since 
the axle of the wheel maintains a constant direction 
in space. The consequent disturbance of the valve 
admits compressed air to one cylinder of the servo- 
motor and exhausts the other to atmosphere, thus 
causing the servo-motor to apply a correction to 
the rudder. To prevent the application of excessive 
rudder, the servo-motor is also connected to the 
casing of the valve, thus causing the valve to shut 
when the servo-motor has moved the required 
amount. This mechanism constitutes a “follow 
up,” and has the effect of making the rudder dis- 
placement proportional to the deviation of the aero- 
plane from the desired course. 

Fig. 1 is an outside view of an early form of 
the instrument, complete with servo-motor. The 
gyro-box, which is of wood, is mounted on a vertical 
pivot at approximately its geometrical centre, and 
a slotted arm, seen in front of the bottom of the 
box, is pivoted on the same centre and rotates 





Fira. 4. 


normally with the box. For course changing, the 
relative position of the box and arm can be varied 
by the operation of a Bowden control in the pilot’s 
cockpit. The auxiliary rudder bar is shown near 
the bottom of Fig. 1, and from this a torque arm 
extends backwards and engages with a piston rod 
connecting two pistons in the cylinder shown. The 
auxiliary rudder bar is connected to the torque arm 
by means of a safety pin and withdrawal of this pin, 
by a Bowden cable, therefore isolates the instrument 
and the servo-motor from the auxiliary rudder bar. 
Flexible pipes connect the valve of the instrument 
with the cylinders. A pin on the torque arm engages 
with a slot in the arm extending from the gyro box, 
the arrangement constituting the follow-up device 
and the position of the pin on the torque arm deter- 
mining the ratio of the follow-up. At the position 
numbered ‘“‘2” the angular movement of the 
auxiliary rudder bar will be twice the angular 
deviation of the aeroplane from its course, and 
so on. 

Fig. 2 shows the gyroscope removed from its box. 
The rotor is mounted on a horizontal ring which 
is, in turn, mounted in a vertical ring by pivots. 
Air for driving the rotor is led from an airscrew- 
driven air-compressor through a pipe and a gauze 
filter to the lower vertical pivot, thence by pipes 
embedded in the vertical ring to jets located near 
the horizontal pivots. The jets play on buckets 
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Fig. 5. 


cut in the periphery of the rotor. Azimuth balance | changing is effected by means of the two vertical 
is effected by nuts on the gyroscope spindle. The | cylinders and pistons shown in front of the gyro 
inner member of the valve, shown at the bottom |in Fig. 3. On the admission of air into one or 
right-hand corner of Fig. 2, is connected to a pin | other of the cylinders, the piston of that cylinder 
on the vertical ring by means of a link. The| presses against a plate attached to the horizontal 
centralising lever is operated by a Bowden cable, | ring, and thus applies a torque which causes the 
shown near the top left-hand corner of Fig. 2,| gyro to precess in azimuth. The servo motor, 
and a spring, acting on an extension of the|shown in Fig. 4, is a double-acting cylinder 
centralising lever, locks up the gyro when the} pivoted about a vertical axis, the piston rod being 
Bowden lever is released. When in the locked | connected to a lever which is, in turn, connected 
position, a valve, also operated by the Bowden|to a second lever pivoted about the same axis 
cable, cuts off the air from the valve previously | as the first by means of a safety pin. The second 
mentioned, and puts the ends of the cylinder shown | lever, shown on the right of Fig. 4, is connected 
in Fig. 1, in pneumatic communication, thereby | to the rudder, but by withdrawing the safety pin 
giving the pilot complete control of the rudder.| by means of the Bowden cable shown on_ the 
If the pilot wishes to employ the automatic | right in Fig. 4, the rudder can be controlled from 
rudder control, he first engages the safety pin|the rudder bar in the usual way. It should be 
and turns the compressed-air cock to admit air | mentioned, however, that the action of centralising 
to spin the gyro. Having manceuvred the aeroplane | the gyro cuts off air from the azimuth valve, and 
on to the desired course, allowing five minutes for | puts the two ends of the servo motor into communi- 
the gyro to speed up, he moves over the centralising | cation with each other, thus giving the pilot complete 
lever, thus releasing the gyro and admitting com- | control, even if the safety pin has not been with- 
pressed air to the valve shown on the right of |drawn. The follow-up gear, which is similar in 
Fig. 2. The gyro then takes over the control, and | principle to that above referred to, is visible on 
the pilot can remove his feet from the rudder | the left in Fig. 3. By altering the position of the 
bar. The instrument described above was tested | pin connecting the two slotted levers shown, any 
over a considerable period by Imperial Airways, | required ratio can be obtained. 
being installed on a three-engined Handley-Page| Another device used in conjunction with the gyro 
Hamilton aeroplane. The periodical reports of | rudder control gear is illustrated in Fig. 5. This 
the pilots of this machine clearly indicate the|is a pendulum control designed to operate the 
advantages to be derived from the use of gyroscopic | ailerons when the machine is side slipping, and not 
control. necessarily when it is banked. It is, in fact, a 
A more recent and more powerful type of | mechanical device to increase lateral stability, and 
gyroscopic rudder-control gear is illustrated in| would not be required on machines having a suffi- 
Figs. 3 and 4. The arrangements used are similar | ciently large dihedral angle. When in use, the 
in principle to those described above, and the) pendulum shown in Fig. 5 controls the flow of air 
main components previously referred to are easily | into one end or the other of the servo motor, which 
recognisable. An addition will, however, be noticed | is connected through a system of levers and rods, 
near the top of the gyro wheel in Fig. 4, this being | including a follow-up device, to the aileron inter- 
a valve and cylinder provided to keep the horizontal | mediate lever. The ratio of the motion of the 
ring in its correct: position relative to the vertical | aileron to that of the pendulum is controlled by 
ring. The gyro is centralised by means of a cone, | adjusting the position of the pin in the slotted arm 
seen on the left of the horizontal ring in Fig. 4,| of the bell-crank lever shown on the left of Fig. 5, 
the cone being held in the free position by com-| while the gearing of the rudder to the aileron is 
pressed air acting on a piston inside a casing | determined by the position of the pin in the slotted 
visible on the right in Fig. 3; it is kept in the | lever in the left-hand bottom corner of the figure. 
locked position by means of a spring enclosed in |The Bowden cable attached to this lever is a part 
the cap on the rotor end of the casing. Course | of that shown in the right-hand bottom corner of 
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Fig. 3. The Bowden cable at the top of Fig. 5 
operates an adjustable link in the follow-up system. 
which adjusts the lateral trim of the machine. A 
dash pot, not visible in the illustration, is provided 
to damp out the oscillations of the pendulum, and 
consists of a small tank, containing oil, in which 
the bob of the pendulum is partly immersed. 

A view of the control panel mounted in the cockpit 
is given in Fig. 6. In use, the Bowden levers at 
the top of the panel are moved to the * in” position. 
after taking off, and to the “out” position before 
landing ; the levers are, of course, connected to the 


oe 


safety pins in the rudder control and aileron control 





apparatus, respectively. The air-control cock in 
the bottom right-hand corner of the panel has three 
positions which are sufficiently indicated by the 
lettering. In the “out” position, compressed air 
is completely cut off from the controls, and the 
servo-motors are air balanced to allow free move- 
ment. The cock is moved to the “spin gyro” 
position immediately after taking off, since about 
| five minutes is occupied in bringing the gyro rotor 
| up to speed. The air cock for course changing. 
seen on the right of the panel above the air-control 
cock, enables any deviation from the course to be 
corrected or a change of course to be made by 
turning the arrow to the “ port” or “ starboard 
position, as required, and when the correct bearing 
is obtained, the arrow is returned to the central, or 
vertical, position. The trim adjuster is visible 
on the left of the panel, the disc being rotated in the 
same direction as that in which it is desired to trim 
the machine. The air-relief valve, which can be seen 
just below the trim adjuster, is set so that the 
air pressure is 30 1b. per square inch when the alr- 
control cock is at the “in” position. With this 
setting of the relief valve, the air pressure W ill be 
lower than 30 Ib. at the “ out ” position, and higher 
at the “ spin-gyro ”’ position. 

The one remaining component on the pan 
that below the pressure gauge, indicates the 
oil to the air compressor. This is of the rotary tyP¢ 
with radially-sliding vanes, and is driven by an alr 
screw, 21 in. in diameter, located in the slip stream 
of the main propeller. The compressor is dependent 
for its action upon an ample supply of oil to form a 
seal between the vanes and the casing, and this oil 
is stored in a reservoir fitted in the delivery P!P® 
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The reservoir also acts as a separator for retaining 
the major part of the oil present in the air delivered 
from the compressor, but an additional separator 
is fitted in the pipe line between the reservoir and 
the apparatus to which the air is supplied, in order 
to trap the finer globules of oil which may pass 
through the reservoir. To cool the air delivered 
by the compressor, an 8-ft. length of aluminium 
piping, i in. in diameter externally and 22 S.W.G. 
in thickness, is inserted in the delivery pipe between 
the compressor and the reservoir above referred 
to, the aluminium piping being exposed in the slip 
stream to obtain the cooling effect. The other 
connections are made by copper piping 7% in. in 
diameter externally, and of the same thickness as 
the aluminium tubing. 








THE BRITISH ASSOCIATION AT 
GLASGOW. 


SECTION A.—MATHEMATICAL AND 
PHYSICAL SCIENCES. 
(Continued from page 418). 

PHOTOGRAPHIC MEASUREMENT OF RADIATION. 


IntropUCING the general discussion on the Photo- 
graphic Measurement of Radiation, the Astronomer 
Royal for Scotland, Dr. R. A. Sampson, F.R.S., 
stated that he would first consider what hold 
radiation gave us for its measurement. Radiation 
could be treated as (1) a quantum phenomenon, 
(2) a wave phenomenon, or (3) a transfer of scalar 
energy estimated as heat. The first division led 
to the black-body theory ; the second to the inverse 
square law of decrease of intensity with increase of 
distance and the phenomena of diffraction and 
polarisation ; while the third gave a scalar process 
of addition and superimposed effect. All three were 
legitimate for use as long as not contradicted by 
any implication. For the first division, the Planck 
curves, characteristic of radiations for different 
temperatures, stellar spectra were the best sources. 
They appeared to conform to black-body relations 
for ranges from 20,000 deg. C. down to 3,000 deg. C., 
although the radiations reaching the earth were 
qualified by absorption in the atmosphere and by 
the peculiarities of the instruments. The inverse- 
square law seemed to offer a ready laboratory 
method for comparing lights of identical quality in 
order to obtain, for example, a scale for photo- 
graphic effect. 

The matter, however, was not so simple. It pre- 
supposed a point sphere as source and a diverging 
sphere as wave front, and complicated theoretical 
allowances had to be made, so that for photographic 
effects the last method seemed preferable, as pro- 
posed by Dr. E. A. Baker, of the Royal Obser- 
vatory, Edinburgh, and by others. A camera 
threw one of two beams (rendered as equal as 
possible) from a single source upon a succession of 
spots of a movable plate, producing densities I,, 
I,and I1+1I,. From these, 4 (I1 + I,) could 
then be deduced, and a correct grade in intensity 
steps of 2:1 could be obtained. Any photo- 
graphic plate could thus be calibrated for any 
wavelength, without specifying the absolute in- 
tensity of the illumination and the plate speed. 
Another way of effecting calibration was applied at 
Greenwich. A prism was crossed with a coarse 
erating. The spectrograph was attached to a 
reflector, but before the light entered the tube of 
the reflector, it passed through the grating which 
produced diffraction spectra of its own by the side 
of the principal spectrum of the star. The light 
admitted to the telescope was cut down to one-half 
and Was split into at least three spectra. 

Calibration of the photographic plate was not a 
complication introduced by photography; any 
other method of estimating the incident radiation 
required a corresponding step. If the eye were 
used, the sensation had to be translated into a mea- 
gi - intensity of the source of radiation, 

The = _ seemed to be an insoluble problem. 
igen, * nee cells was not quite so 
ac. a ration became a minor matter 
a allan —S was received by a thermopile, 
“ak . est, by a radiometer. All things 
» however, the photographic plate re- 








mained the most promising means of measuring 


radiation. The actual density of the deposited 
grain could be determined in two ways—by actu- 
ally counting the number of blackened grains, 
which was only possible for very thin layers of 
very diluted emulsions, or by measuring the 
opacity, the ratio of the incident light (or light 
transmitted by the clear plate) to the light trans- 
mitted through the deposit. 

The relation between the incident light I, the 
density D of the deposit, and the time of exposure ¢ 
was generally expressed by D = f (It) or by D = 
f(I#) or by D = y log (It ). This last equation, 
although widely used, was wrong, because D 
ranged from 0 to + co (when all the grains were 
reduced), whilst the range of the right-hand side of 
the equation was from—o to+ oo. Dr. E. A. 
Baker had replaced D by A = log,, (I absorbed/I 
transmitted) = D + log,, (l1—10- ) and had ex- 
pressed log (I/I,) (when I, corresponded to A = 0 
and ¢ = 0) by means of a formula of a series of 
terms. This formula had proved highly useful 
for studying the behaviour of plates, without 
making any further assumptions as to the theory 
of the photographic process, as Dr. Sampson pro- 
ceeded to explained. This method, however, did 
not really solve the problem of the image forma- 
tion. Dr. Baker had quite recently made some 
promising suggestions in this connection. On 
this view, Dr. Sampson concluded, a grain behaved 
asaunit; the reception of light took place in parcels 
which the grain might not retain, but emit again ; 
unless at least two receptions took place by a grain, 
the grain would not form part of the developable 
latent image. If these suppositions could be 
established, the elaboration of a calculable theory 
was well on its way. 


SPARK IGNITION. 


Professor E. Taylor Jones, in his lecture on 
spark ignition, demonstrated researches, so far un- 
published, in which he has been engaged for some 
years. The experiments were made partly in 
glass chambers, so arranged that the discharge, 
by sparks passing between pointed and spherical 
electrodes of lead and carbon, connected to a mag- 
neto and to induction coils, could be watched and 
photographed in gas mixtures of different volumes 
and pressures. It had long been known, he said, 
that, with pointed electrodes, condenser-discharge 
sparks were generally more effective in ignition 
than ordinary magneto or induction-coil discharges. 
The explanation of that feature was based upon a 
theorem in thermal conduction, from which it 
followed that an instantaneous point source of heat 
raised a larger volume of gas to the ignition tem- 
perature than a point source of the same total heat 
which was maintained in any manner for a finite 
time. The opposite result was observed with short 
sparks between spherical electrodes ; the condenser 
spark was then inferior, for ignition purposes, to the 
ordinary spark. The effect was traced to the 
wandering of the inductance (or arc) portion of the 
ordinary discharge over the surface of the electrodes. 
In each case, ignition depended upon the nature 
of the gas heated by the spark. With pointed 
electrodes, thermal conduction played the chief 
part; with spherical electrodes, the wandering of 
the are was the chief agency. Ignition by sparks 
between spherical electrodes depended greatly upon 
their curvature and their state as regards purity, 
and the evidence, in their case, was definitely against 
the view that the current through the gas was the 
determining factor. 


THE MEASUREMENT OF FLAME TEMPERATURES. 


In introducing this paper by himself and Mr. 
J. H. Awbery, Dr. Ezer Griffiths, F.R.S., said that, as 
losses of heat by radiation made the readings of 
thermocouples and of resistance thermometers 
too low, they had, at the National Physical Labora- 
tory, tried two new methods of measuring flame 
temperatures. By the one method, a tungsten 
wire was first electrically heated in a vacuum in 
order to determine the relation between heating 
current and temperature, as estimated by an 
optical pyrometer of the disappearing-filament type. 
The same wire was then heated in the flame to be 
studied, and the relation was again determined. 


The point at which the two curves thus obtained 
intersected indicated the flame temperature, since 
at that point the current just sufficed to balance 
the loss by radiation whether the wire was in the 
flame gas or ina vacuum. When the wire was glow- 
ing in the flame, however, the gas would absorb 
some heat, and when in an evacuated glass jar, the 
glass would absorb. Further, the burning gas 
might radiate and absorb, but not at the same rate 
as the cold gas. In order to allow for these effects, 
Dr. Griffiths suspended a platinum strip vertically 
between two gas jets, and placed wires of different 
diameters (0-5 mm. and 1-5 mm.) in front of the 
jets, and also arranged several jets behind one 
another in front of the thermopile. 

In the second line of research, an incandescent 
tungsten sphere was focussed through the flame on 
to the slit of a spectroscope, and sodium vapour 
was introduced into the flame. When the tempera- 
ture of the flame exceeded that of the sphere, bright 
sodium lines appeared on a background of a con- 
tinuous spectrum; when the tungsten was the 
hotter body, the lines appeared dark. By carefully 
adjusting the temperature of the metal, the lines 
could be made to disappear and the temperature 
was then determined optically. The thickness of 
the flame did not affect the results, but the 
reversal conditions might not be the same for 
different lines. This was tested by spraying sodium 
or lithium salt, or both together, into a burner, when 
the yellow and red lines (all principal lines) again 
gave the same results. The reversal method, based 
on Kirchhoff’s observations, but first applied half a 
century later by Féry, thus showed that the relative 
intensities of the red lithium lines and of the yellow 
sodium lines were the same fractions of the inten- 
sities of the wave-lengths in the black-body spec- 
trum. As different chemical reaction took place 
in different parts of a Bunsen flame, attempts were 
made to measure these temperatures. Across the 
homogeneous flame of a Méker burner, the measure- 
ments were concordant, but not with two Méker 
burners, at different temperatures, placed in series. 
The apparent temperatures of two superposed Méker 
flames differed from the means of the individual 
flames, which changed with the relative positions 
of the flames, and the method did not appear 
applicable to heterogeneous flames. Preliminary 
experiments, made in conjunction with Mr. Fenning, 
on the determination of temperatures in the explo- 
sion cycle of internal-combustion engines, appeared 
likely to give useful results. The method was free 
from the time lag affecting the usual estimates of 
temperature, based upon pressure records. 


THE TRIODE OSCILLATOR AND THE CONDENSER 
TELEPHONE. 


Two electrical papers, of theoretical interest, may 
be briefly referred to. Mr. David F. Martyn, of 
Glasgow, pointed out, in his communication on 
frequency variations of the triode oscillator, that 
previous theories inadequately accounted for the 
large frequency variations obtainable. He outlined 
a theory, based upon the flow of grid current, 
which was capable of explaining in detail all the 
observed variations, and described the conditions 
for the elimination of grid current. When no 
grid current was flowing, the frequency of the 
oscillator could be kept constant to 1 part in 
100,000, without special precautions, and the triode 
thus became a valuable means for carrying out 
physical measurements of high accuracy. 

The condenser telephone, the mathematical 
theory of which Dr. G. Green, Reader in Physics 
at Glasgow University, explained in the second 
paper, is based upon the observation, made by 
William Thomson in 1863, that spontaneous 
sounds are emitted when a condenser is charged 
and discharged. The first condenser telephones, 
constructed by Varley, Dolbear and others, were 
earphones of very small capacity. Dr. Green 
found that large condensers would transmit sounds 
of a wide frequency range with high efficiency and 
of excellent quality. The plates had to be sus- 
pended so as to be capable of vibrating freely. Dr. 
Green gave only the mathematical theory of his 
telephone, and demonstrated its use in replacing 
a loud speaker. The effect was decidedly pleasing 





and apparently true over a large frequency range. 





a 





The condenser consisted of many sheets of tin foil, 
with paper insulation, which were conveniently 
mounted in frames. 


SIMULTANEOUS DETERMINATION OF SURFACE 
TENSION AND DENSITY. 


Dr. A. Ferguson, M.A., of East London College, 
pointed out in a paper by himself and Mr. J. A. 
Hakes, that if a capillary tube of radius r were 
vertically immersed to a depth h in a liquid of 
density p and surface tension y, the surface tension 
might be deduced from observations of the pressure 
required to force the meniscus in the capillary 
down to the lower end of the tube. The working 
formula might be written 


hy =p ("—5)/ 0 += 
1 


where A stood for 2 y/g 7, and pi for the density of 
the pressure gauge liquid. If then, the tube were 
immersed to one-third of its radius, y might be 
determined independently of any knowledge of the 
density of the liquid under test. More generally, 
if observations of different values of hi and h were 
taken, plotting 4i against (h — 1/3) would yield 
a linear graph from the slope and intercept of 
which accurate values of both Y and p might be 
determined. Similar considerations applied to the 
method for the measurement of the surface tension 
of liquids obtainable only in very small quantities, 
described by Dr. Ferguson to the Physical Society 
in 1925. 
FREE-PENDULUM CLOCKS. 

Dr. J. Jackson, of Greenwich Observatory, 
reviewed the results of the tests of the clocks 
Shortt 3 and 11, installed at Greenwich in 1924 
and 1926. In these clocks, the master pendulum, 
of Invar, swung in a vacuum (at 1 in. of mercury) 
and the slave clock did all the work, including the 
release of the gravity lever, which maintained the 
free pendulum, and was only interfered with for 
a part of a second once every 30 seconds. The 
accuracy of these clocks greatly exceeded that of 
earlier types. The principal irregularity was a 
temperature effect, though it had taken two years 
to establish that effect, the temperature coefficient 
being 0-003 second per deg. F. per day. The 
length of the pendulum was slowly increasing in the 
2-seconds pendulum (11) by about 0-001 mm. in 
120 days, producing a decrease in the daily time 
rate of 0-037 second in 100 days. The growth of 
the pendulum (3) seemed to have been nearly 
constant since October, 1925. The clocks greatly | 
improved the accuracy with which time signals | 
could be sent, especially in cloudy weather when 
astronomical observations could not be made; _ but 
the accuracy was not sufficient for checking the 
small irregularities of the earth’s rotation, and it 
was clear that Invar was not the most suitable 
material, although Elinvar might be. Pendulums 
with two bobs at the end of a rod, suspended 
at the centre, were under trial in Germany 
and these would not be affected by expansion. 
Stability of the material was, however, the main 
desideratum. 


PROBABLE ERROR OF EYE ESTIMATIONS IN 
PLANETARY DETAIL. 


Mr. T. L. Macdonald, of Glasgow, said, in pre- 
senting a paper bearing the above title, that 
observers of planets could not altogether rely 
on photography, especially for comparisons with 
old records, which consisted entirely of drawings. 
Unfortunately, there was little consistency in the 
markings used even by recent observers. In their 
drawings of Mars, for example, Lowell, Antoniadi 
and Maggini had used lines, dots and shadings for 
indicating detail, but they did not agree as to the 
use of these markings. Every observer was liable 
to exaggerate certain detail that had struck him, 
and the question arose whether drawings could be | 
trusted at all. On the other hand, some details of 
the drawings, particularly of Jupiter and Saturn, 
could be accepted. Professor H. H. Turner pointed 
out in the discussion that old drawings undoubtedly 
proved that changes were actually occurring on 
the moon, 


(To be continued.) 











ENGINEERING. 








[Ocr. 12, 1928. 





THE MOTOR EXHIBITION AT 
OLYMPIA. 


Successive Olympia Motor Car Shows tend to 
emphasise the commercial problems of the British 
industry, to the exclusion of its technical aspects. 
The industry is faced with increasingly important 
problems as regards distribution of a rapidly 
increasing output, which under suitable conditions 
might be absorbed by the overseas markets. Pro- 
gress is being made in the export of British cars, 
but this development is hampered by a variety of 
circumstances—economical, fiscal and, to a certain 
extent, technical, which call for very careful con- 
sideration. Meanwhile, the British car is meeting 
all requirements of the home and certain allied 
markets, and increasing its appeal to present and 
prospective motorists by numerous refinements 
tending to increased comfort and reduced cost of 
upkeep. One of the outstanding features of the 
last few years has been the production of an ultra 
light car selling at a very low price. The idea is far 
from new, as the one-hundred pound car has ap- 
peared at regular intervals since the war. The 
sole recommendation of the earlier vehicles of this 
type was, however, their price, and the entire credit 
for the successful production of a reliable car of 
really light weight is due to Messrs. Austin. This 
firm was the first to realise that sound design must 
not be sacrificed to cost, and that a low price could 
only be achieved in conjunction with a large output. 
The Austin Seven may be said to have made motor- 
ing possible for people of restricted means, and that 
the new market created is a valuable one is shown 
by the increasing number of firms building models 
of the same type. 

As regards general developments, an examination 
of the wide variety of models exhibited at Olympia, 
indicates that new design is practically confined 
to attempts to produce smoother-running and 
more powerful engines, and to improvement in 
chassis detail from the point of view of the owner- 
driver. It has frequently been stated that makers 
have tended for many years past to improve the 
power unit at the expense of the chassis. While in 
no way endorsing this view, we certainly think that 
there is one point in the chassis to which insufficient 
attention has been given. The modern car is 
usually relatively silent on top gear, but, with one 
or two exceptions, is decidedly noisy on the lower 
ratios. The problem of obtaining a quiet indirect 
drive, without concentrating the greater part of the 
car cost in the gear box, is undoubtedly very difficult 
of solution, but it is probable that, if the same degree 
of ingenuity had been expended on this point as 
upon engine improvements, there would now be 
little reason for complaint. Attention is undoubtedly 
being devoted to this point, as is indicated by the 
cars at the Show, but it is regrettable that the 
demand for some form of simplified gear-changing 
mechanism should have overshadowed the more 
important issue in the mind of the public. 

The gradual supersession of four-cylinder engines 
for cars of high and medium power seems probable, 
following precedent in the United States, where 
even the six-cylinder engine is now stated to be 
threatened by the growing popularity of the 
“straight eight.” This tendency is probably 
responsible for the extensive revision of gear-box 
and axle gear ratios, a movement which seems to 
have induced a few American makers to replace 
their three-speed gear boxes by four-speed boxes. 
Higher engine speeds, accompanied by increase of 
compression, offer somewhat doubtful advantages 
to the average user, but, on the other hand, better 
balancing on the cheaper models, more rigid crank 
and camshafts, and shorter gear boxes will certainly 
tend to minimise wear, with corresponding quieter 
running after a year or two of use. Corresponding 
improvement of balance is seen in the transmission 
layout of standard models. Hollow and light, but 
stiff propeller-shafts are used, with self-centring 


ends housed in the half-members of the universal 
couplings. The wire wheel is more favoured, 


probably because it is regarded as an antidote to 


one source of wheel wobble. Methods of suspen- 
sion, and in particular, the details concerned with 
the fixing of suspension springs in an effort to 
reduce frame height, and to eliminate noise from 
shackles and other pivot mountings, are receiving 


careful attention. Better materials are being used 
for the valves and other important parts of even the 
cheaper models, manufacturers apparently deriving 
benefit from the increased facilities for machi. 
ning tough steel quickly and to closer limits of 
accuracy. Coil ignition is again finding favour since 
the trend towards eight-cylinder engines set in. 
Coil ignition has an advantage over the magneto 
in having a uniform camshaft rate of drive irrespec- 
tive of the number of cylinders, and in having the 
distributor in the upright or slightly inclined position. 
Combined magneto and coil ignition by a compound 
unit, with both systems working through the same 
distributor, has been recently introduced from 
France, where it has found favour with a number of 
engine builders. This is not a dual ignition unit, 
the coil being used merely to facilitate a cold start. 
Magneto ignition continues to be favoured by the 
British trade, where it is economically possible to 
use it. 

Recent improvements in carburation and the 
increasing use of thermostats and air shutters 
both in connection with carburettors and radiators, 
and “ hot spot ” induction manifolds are now being 
supplemented by the increasing use of fan-driven 
water circulators. In spite of the wide publicity 
given to free-wheel devices, there is no indication 
of their adoption to any extent as a standard fitting. 
They are, however, available to a limited extent 
as an extra fitting. That they offer a very definite 
advantage in fuel consumption in addition to their 
more obvious features is shown by a recent com- 
parative test of a Humfrey-Sandberg free-wheel 
unit, in action for 250 miles and out of action for 
the same distance, fitted to an A.C-Acedes “ six.” 
The test was observed by the Scottish Automobile 
Club, and their report, apart from testifying to the 
freedom from mishaps or the necessity for attention. 
showed an approximate 15 per cent. saving of fuel 
in favour of the free wheel. A more than passing 
interest may be attached to automatic gear control 
systems, and may tend to link up interest in both 
the free wheel as such and for combinations with 
assisted or automatic gear-control layouts. As 
regards the latter, one of the leading British firms 
is marketing one of their models with an alternative 
gear-box of the epicyclic type with novel control 
from the steering wheel, at extra cost, in lieu of the 
standard sliding-gear type. It may be timely to 
point out that the term “automatic” in this 
connection is open to misuse. There are three. 
possibly more, genuinely self-controlling progressive 
change-speed devices which function in step with 
the engine speed reacting through a centrifugal 
governor. Means are provided to restrain or limit 
the automatic step-up of these devices so as to 
meet the requirements of grade and traffic. There 
have been a much larger variety and number of 
semi-automatic control mechanisms, many of which 
were extant before the war. They comprised 
electric, pneumatic and mechanical devices for 
operating the gear-change mechanism, mostly in 
standard gear-boxes. The newer devices are 4 
departure in that epicyclic gears are used with the 
usual band-brake control for each and some form 
of cone or plate clutch to lock the unit for direct 
drive. The usually-alert American manufacturers 
who, before the war, sponsored assisted gear changes 
like the Vulcan electro-magnet system and the 
Gray pneumatic control, do not appear to be 
interested in this development, which has, however, 
engaged the practical attention of German engineers 
since the war, notably the makers of the Otto and 
Wanderer cars. The Voisin Company this year 
were early in the field with an adaptation of the 
vacuum-servo system to operate the striking gear 
of a special auxiliary change gear behind the gear- 
box. The effect is to double the normal three- 
speed ratios of the Voisin gear-box. 

The new 3-litre six-cylinder Delaunay Belleville 
chassis, which is handled in this country by Messrs. 
Maysmith and Carroll, Bruton-street, Bond-street. 
W., represents one of the more expensive chassis, 
specially designed for owner-drivers. The — 
have been building cars since 1904, and introducet 
a six-cylinder engine as far back as 1908. The new 
3-litre model is illustrated in Figs. 1 and 2, opp? 
site. The bore and stroke are 75 mm. and 120 mm.. 





respectively, and the R.A.C. rating is 20-9-b.p. 
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SIX-CYLINDER MOTOR-CAR AT OLYMPIA. 


MESSRS. DELAUNAY BELLEVILLE MOTORS, LIMITED, ENGINEERS, LONDON. 
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Fig. 1. GENERAL VIEW oF CHASSIS. 








Fia. 2. 
The engine has a moderate compression, and is cap- | 
able of a high speed, about 3,000 r.p.m. being easily 
attainable, and the car can be throttled down to 
walking pace in top gear. The speed attainable with 
a normal type and weight of seven-seater saloon 
body, is 70 miles an hour. The chassis weighs only 
263 cwt. The wheel-base and track are 11 ft. 11 in. 
and 4 ft. 7in., respectively, and the overall length is 
15 ft.. of which about 9 ft. is available for the body. 
Both front and rear springs are of semi-elliptical 
type; the rear pair are below the axle, which is 
attached to them at the centre, while the front axle 
1s attached to the front springs some 3 in. in front 
of the centre. : 

The engine, fabric-faced disc clutch, and four- 
Speed year box, are combined in one unit. The latter | 
has a three-point anchorage on pressed-steel brackets | 
affixed to the main frame, with rubber insulators | 
interposed. The gear box, which has a limited | 
girth, overhangs, and is not separately supported. | 
The six cylinders are in block, and have a removable 
head with overhead valves. The inlet valves have | 
larger heads than the exhaust valves, and both sets | 


ave - © | 
have tulip stems and are of rustless steel. Both sets 








NEAR SIDE OF ENGINE. 


have double coil-springs, and are operated by an en- 
closed rocker lever and push-rod mechanism from 
the camshaft within the crank-case. This member 


is supported in four bearings, and is driven by a 


self-adjusting inverted-tooth chain. The valve 
mechanism is lubricated by a pump at the base 
of the crank-case, driven by a spiral gear off the 
xamshaft. The crank-shaft is carried in seven 
white-metalled bronze shell bearings ; the connect- 
ing rods are of Duralumin, with white-metalled 
bronze shell bearings, and the pistons are of alu- 
minium. The oil sump holds two gallons, and the 
oil is distributed to all rotating parts at a pressure 
of about 10 lb., the circulation being shown by a 


| dial gauge on the instrument panel. 


An air filter close to the Solex automatic carbu- 
rettor draws air from under the bonnet, and an 
oil purifier is placed behind the back cylinder. The 
fuel consumption with a standard seven-seater 
Weymann saloon body is stated to be at the rate 
of 1 gallon to 20 miles. The fan is driven by belt 
and, together with a rotary water pump, dynamo 
and magneto, forms a tandem assembly on the 
near-side of the engine. A rubber-to-metal flexible 


| coupling is inserted between each of these members, 
| with the exception of the fan-pulley, which is at 
| the front of the timing case. These details will be 
| noticed in the near-side view of the engine, Fig. 2. 
| The magneto has the distributor placed vertically 
;as in coil ignition, and alternative ignition is avail- 
lable by a coil adjacent to the magneto. The 
| magneto is of the stationary armature type, and has 
| both automatic and hand timing, the latter being 
| for higher speeds. The sparking plugs are pocketed, 
ithis arrangement, it is claimed, preventing pre- 
lignition and protecting the plug-points from 
| burning. The usual form of motor starter, with 

Bendix drive through the flywheel, is employed. 
|To prevent trouble in the event of the Bendix 
| pinion failing to self-release, a freeing device is 
| provided. 





There are five brakes of the internal shoe type, 
| including a transmission brake behind the gear-box. 
|The hub brakes are of large diameter, and are so 
| designed that the braking stresses pass as nearly 
|as possible through the vertical axis of the wheels. 
| The transmission brake is wider and of less diameter 
| than the others, so that it has about the same area 
'of shoe contact, but its diameter is designed to 
| correspond with its higher speed of rotation. The 
| importance of this point will be understood when 
| it is explained that the front hub and transmission 
| brakes are controlled together, the makers having 
| adapted for the purpose the Dewandre servo system, 
| which is built into the chassis, and is arranged so that 
| the operating links are lubricated from the clutch 


_ housing. This set of brakes is controlled by a 


pedal, while the rear-wheel brakes are operated by 
| a lever with a ratchet control. 

A simple and effective adjusting mechanism 
‘enables the shoes to be adjusted independently 
without having to raise the wheels for the purpose. 
| It consists of a small externally-operated vertical 
| hand-screw and nut in a housing behind the back 
| plates of the drums. ‘Tightening the screw resets 
|the position of the shoes, causing them to move 
| outwards towards the drum. When full pressure is 
reached, indicating that the shoes are pressing against 
the drum, the screw is given a complete turn back. 

The propeller-shaft is hollow and of the open type 
and has a Spicer type of metal-to-metal coupling 
at both ends. Access for examining and removing 
the axle-gear and differential housing is obtained 
by covers at the front and back of the axle-casing. 
This member is of welded sheet metal, reinforced 
and stiffened. Provision for adjusting the spiral- 
bevel axle pinion is provided by means of a collar- 
nut at the front of the sleeve bearing which carries 
the driving pinion, and adjustment can be made 
without disturbing the axle unit. 





The angle of the steering column may be raised or 
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lowered and the post locked at the foot bracket, 
which is mounted above the frame for easy access. 
The column is secured against vibration by a 
quadrant bracket affixed to the dashboard. The 
steering gear consists of a heat-treated steel worm 
and a large white-metal lined nut. As already noted, 
the axle is secured to the springs a few inches in front 
of the centre. This effects a slight canting of the 
axle and facilitates the smooth operation of the 
steering. The front ends of the springs are shackled 
to the dumb irons, while the rear end of the near- 
side spring is pivoted to the frame, thus reversing 
the usual method of front spring attachment. A 
special suspension bracket is fitted to the off-side, 
and is provided with four short coil-springs in 
housings. The rear end of the off-side leaf spring is 


coupled to this member, which provides an elastic | 


and floating anchorage pivot for the suspension, 
and a sufficient free displacement of the spring, 
controlled within limits by the Houdaille suspension 
damper. It also relieves the drag-link of intermittent 
oscillations, which are a source of wobble with 
normal forms of steering lay-out. 

One of the more interesting light cars at the show 
is the four-cylinder 9-h.p. model shown by the 
Clyno Engineering Company (1922), Limited, 
Wolverhampton. The general lay-out of the 
chassis, together with a number of details, is shown 
in Figs. 3 to 20,on Plate LVIII. The engine, Figs. 5 
and 6, is designed for a 5 to 1 compression ratio, the 
form of the combustion space being clearly shown 
in these figures. The bore and stroke are 58 mm. 
and 90 mm., respectively, the R.A.C. rating being 
8-3 h.p., and the tax 9/. The output is 19 b.h.p. 
at 3,000 r.p.m., and 20-5 h.p. at 3,500 r.p.m. The 
cvlinder block and crank-case are cast together, but 
the cylinder head is detachable. The casting is 
continued down to the base, to which the usual oil 
sump and filter is attached, as shown in Fig. 5. 
The valves are of silico-chrome, heat-treated steel, 
and are at the side. The tappets are adjustable, 
and have flat heads. They are enclosed. The 
pistons are of iron, centrifugally cast, and have two 
rings and hollow gudgeon pins. The box shape of 
the main casting facilitates machining in reversible 
and turnover: jigs, and the faces are wet ground. 
This feature characterises practically all the 
machine-faced components, the chief exception 
being the spigot-face of the aluminium gear-box 
housing. The crankshaft is accurately ground and 
lapped to size on all journals. It is statically and 
dynamically balanced. The main bearings are 
1% in. diameter by 24 in long at the front, and 
2} in. long at the rear. The connecting-rod journals 
are 13 in. diameter by 1} in. long. White-metal, 
die-cast bearings are used for both sets of journals, 
those for the connecting rods being cast in place, 
the main bearings having bronze shells. The crank- 
shaft is removable from the rear end. The camshaft 
is hardened and ground, andis carried by two end 
bearings. The timing gear, shown on Fig. 5, has 
helical teeth, with an angle of 45 deg., and is accessible 
from the front. The drive is by a hardened steel 
pinion on the engine-shaft, through a cast-iron cam- 
shaft wheel geared to a two-stepped hardened steel 
pinion. The larger wheel on the latter drives a Lucas 
dynamo, at a speed 25 per cent. higher than the 
engine shaft, while the smaller wheel drives the 
vertical distributor of the Lucas coil-ignition set, 
at half-engine speed. by means of a phosphor-bronze 
spiral gear at the base of the distribution spindle. 
The distributor drive is shown in Figs. 7 to 9. 
An eccentric at the rear end of the camshaft 
operates a submerged plunger pump, shown in 
Fig. 5, which distributes oil at about 5 lb. pressure 
to the main bearings. timing gear, and troughs 
below the connecting rods. The mouth of the sump, 
which is a steel pressing, is covered with a full-sized 
gauze screen filter, combined with the four pressed 
metal troughs below the connecting rods. This 
filter is a close fit, and is fitted with a narrow cork 
gasket between the sump and the crank-case base. 
There is a further filter in the large filler on the 
off-side, which serves to replenish the sump. The 
electrical equipment includes a six-volt Lucas set 
and a 5l-amp.-hour battery, the latter being fitted 
on the near-side running board. 

The dynamo and Lucas starter are bolted at the 
opposite extremities of the crankcase, on the near- 
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side, and both are readily accessible. There are the 
usual head lamps with dimmer, a tail lamp, and an 
automatic warning lamp controlled by two switches. 
One switch cuts down the charging rate by 50 per 
cent. for daylight use, and the other controls the 
lamps and automatically switches on to full charging 
rate for night use of the battery. A lighted red 
prism indicates if the battery is left inadvertently in 
circuit with the ignition set. Variable timing of the 
ignition is controlled from the steering pillar. The 
carburettor is a Cox-Atmos, and is gravity fed from 
a tank, of 4} gallons capacity, attached to the dash 
under the bonnet. An air strangler is fitted and 
is controlled from the driving seat. Thermo-syphon 
cooling is employed, the water-ways and pipes 
being of ample size for effective circulation. 

The engine and gear-box are of unit construction, 
| the back cover of the engine forming a housing for the 
flywheel, and a pair of radial bearers being employed 
for attaching the unit to the side frames. The fly- 
wheel is a steel stamping machined all over, and 
toothed to mate with the Bendix starter pinion. 
It is secured to the crankshaft by a taper and nut, 
and its back face is ground and polished. A large 
diameter single-plate clutch with die-pressed fabric 





faces, shown in Fig. 5, is fitted. The driving plate 
| is ground and polished on the surface in contact with 
the fabric, and carries three stamped steel fingers, 
| which operate the clutch by means of adjustable 
| steel screws, making contact with three driving pins 
| mounted in the flywheel. The pressure on the 
| driving plate is obtained by means of six small coil- 
| springs with adjustable collar nuts. The three fingers 
are controlled from the clutch pedal through a large 
Hoffmann ball-thrust race, operated by a fork lever 
mounted in an extension of the front cover of the 
gear-box. 

Referring to Figs. 5, 10 and 12, which show the 
gear-box layout, it will be seen from Fig. 5 that 
the casing is an extension of the back flange of 
the clutch housing. All the parts forming the 
casing are of aluminium. As will be seen in 
Fig. 10, the two main shafts are in the same vertical 
plane, while the reverse shaft is at the side. The box 
is a rectangular one-piece casting with access for 
removing the gears through the end, and from the 
top for attention to the control mechanism. There 
are three forward speed changes, the respective 
gear ratios being :—first, 19-1 ; second, 10-2-1 ; and 
third (direct ), 5-5-1, the reverse being 17-1. The 
control lever is hollow, and of the ball-socket rocker 
type; it has a partly rotatable knob at the end. 
The lever is inclined aft and can be moved to engage 
one or other of a pair of side-by-side selector bars or 
gear strikers. A stop is embodied in the cover 
plate over the ball socket housing, which prevents 
the reverse being engaged until the knob on the end 
of the lever is turned clockwise. This places a 
corresponding stop at the base of the lever out of 
contact with the fixed stop on the cover plate, and 
frees the gear-lever, enabling it to be moved forwards 
to engage the reverse gear. The three forward 
gear selectors are protected by notches in the 
bars, which serve as pockets for two spring- 
pressed balls, which engage when the respective 
gear trains are in mesh. Besides this more or less 
normal form of spring gear-lock, there is a special 
neutral lock common to both selectors. It com- 
prises a stout steel plate across the mouth of the 
box, and carries a floating ball. The sliding faces of 
the two selector bars are maintained in contact 
with this plate, and have half-holes drilled to 
correspond to their neutral position when opposite 
the ball. The ball is then in a floating position, but 
on moving one or other of the selectors, the plane 
face of the member holds the ball firmly in the half 
hole of the opposed selector until the selector is 
returned to neutral. The sleeve-gear member is 
carried on a roller and ball bearing; the primary 
shaft in a floating phosphor-bronze bearing at the 
spigot end, and a combined load and thrust ball 
bearing at the rear end, and the layshaft and 
reverse shaft in phosphor-bronze sleeve bearings. 

Figs. 13 and 14 show the propeller shaft assembly. 
The shaft is hollow and has a flexible disc and spider 
coupling at both ends. The ends of the shaft are 
hardened, are self-centring in the respective half- 
members of the spiders, and are self-lubricated from 
the gear-box and axle case respectively. The rear 
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axle and brakes are shown in Figs. 14 to 16. The 
torque is taken by a special banjo-form of pressing, 
shown in plan in Fig. 4, with reinforced back ends 
and a pivoted knuckle joint at the front end, the 
load being transmitted to the frame through a 
hardened steel ball carried in a spring-loaded socket 
mounted on the penultimate cross member of the 
chassis. Grease-gun lubrication, and adjustment 
to take up wear, are arranged for at this point. The 
spiral-bevel driving pinion, shown in Fig. 14, is in 
one piece with its shaft, and is carried on two com- 
bined load and thrust bearings, the thrust being 
taken by the rear bearing. The crown-wheel is 
riveted to a flange on the differential case, the 
flange being extended to stiffen the members and 
relieve the rivets of all stress except the driving 
torque. The differential is of the straight-bevel 
type, and the casing is of malleable iron mounted on 
Hoffmann ball bearings carried direct in the axle- 
casing. The axle-casing is in two halves, and has 
steel tube casings with malleable iron end-brackets 
shrunk in and pinned. The axle-shafts are of 
nickel-chrome steel, and are oil-hardened and 
tempered. They have splined inner ends, and 
the outer ends are secured to the stamped steel 
hubs by a long taper and keys. The axle-shafts 
can be withdrawn without disturbing the gear 
casing, after the wheels have been removed. This 
gives access for removing the two screws in the face 
of each brake drum, which can then be drawn off, 
exposing four bolts which attach the respective 
bearing assemblies to the brake carrier-brackets 
on the axle casing. 

Figs. 17 to 20, show the off-side front wheel 
mounting, with the Clyno patent brake layout. 
The axle beam is made from a heat-treated 40-ton 
steel stamping, of **H” section between the spring- 
pads, and oval section from the spring pads to the 
hubs to resist braking stresses. The king pins are 
large, and are of case-hardened steel, ground to size. 
They carry knuckle-type swivel stub axles with 
phospor-bronze bushes, fitted for lubrication at the 
top and bottom of the joint. Large-diameter Hoff- 
mann ball bearings are used for the hubs, and pro- 
vision is made to prevent oil working from the hub 
on to the brake shoes. The shoes are operated by 
hardened steel cam-levers below the centre line of 
the king pins, controlled by levers with hardened- 
steel adjustable screws making contact with the pad- 
faces of the former, so that the point of contact 
does not interfere with the steering, or with the 
application of the brake at sharp corners. The 
front and rear brakes are entirely independent, 
each pair having its own operating shaft across 
the chassis, with separate rods from each shaft 
to the brakes. The hand-brake operates through 
the rear cross-shaft on the back wheels only. 
and can be held by a spring-ratchet quadrant at the 
side of the chassis. The foot brake operates on the 
front cross shaft, and also by a slip link arrange- 
ment on to the rear cross shaft, so that it operates 
on allfour wheels. The brakes are not compensated, 
the makers claiming that better results are obtained 
by careful local adjustment of each brake. This 
adjustment is made by means of hand-adjusting 
nuts in accessible positions on the front and rear 
axles. The brake drums are 8-in. in diameter, 
and the shoes are faced with Ferodo linings 1}-in. 
wide. 

The steering-gear is a three-start square-thread 
worm with a solid nut, lined with white metal, ina 
trunnion mounting with a fork crank, and works in an 
oil bath. The steering thrust bearing is self-aligning. 
and combines provision for load and thrust by @ 
double ball race. It is placed in a cupped recess at 
the top of the outer casing of the steering post. The 
front suspension is on semi-elliptic springs, and the 
back suspensions is on short cantilever springs. Gun 
lubrication is provided at all the pivot bearings. 
The wheelbase and track are 7 ft. 3 in. and 3 ft. 9 in. 
respectively, and the weight unladen, with the 
standard four-seater body, and five weldless spoke- 
type wheels with five 27 in. by 4-in. tyres, is about 
12 cwt. 

The six-cylinder car, rated at 15 to 45 hp. 
made by Wolseley Motors (1927), Limited, Ward 
End, Birmingham, is typical of British design. It 
is available with either a five-seater fabric saloon, 
or a coach-built saloon body. There is a difference 
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Fic. 29. GENERAL VIEW OF CHASSIS. 
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of about } ewt. in the two models, the coach-built 
saloon weighing 274 ewt., and the fabric body saloon 
27 ewt. A photograph of the chassis is reproduced 
in Fig. 29 on this page, while various details are illus- 
trated in Figs. 30 to 33 on this page, and in Figs. 21 
to 28, Plate LIX. The design is simple, and the 
details eminently robust and characterised by a 
good finish. The fuel consumption is moderate 
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, four capped bearings, and Belleville spring washers 
|are inserted between the camshaft driving gear 
|and the driving gear at the bottom of the vertical 
| shaft. These washers prevent noise and wear from 
/end thrust, and the upper one provides for expan- 
| sion. Again referring to Fig. 21, it will be seen 
| that the two-blade cast-aluminium fan, which is 
| driven by a flat-belt off the crankshaft, is carried 
|on an adjustable eccentric bearing. Across the 
| front of the engine is a horizontal shaft driven by 
| worm gearing, driving a Lucas magneto on the 
off-side, and a Lucas dynamo on the near-side, 
as shown in Figs. 21 and 22. The crankshaft 
|is carried in seven bearings, there being one 
| between each crank-throw, a mid-bearing, and 
|two end-bearings. Ignition is by magneto, the 


shaft which drives the camshaft telescopic, and| plugs being fitted diagonally along the off-side 
machining the ends with self-registering splines | of the combustion chambers. As the magneto is 
suitably arranged to ensure correct reassembly. | also on the same side, the plug leads are short and 
The vertical shaft, shown in Fig. 21, is driven| unobtrusively placed. The magneto has automatic 
by a pair of spiral bevel gears at the lower end | advance and retard by means of an enclosed gover- 
of the shaft. An oil-tight sliding tube encloses | nor, which is interposed behind the flexible metal- 
the vertical shaft. Eccentric adjustment for the | rubber coupling which connects the magneto to the 


valve rockers is provided. 


The arrangement con- | cross-drive shaft before mentioned. A hand control 


for a car of its weight, averaging 1 gallon per 22 sists of 12 eccentric bushes on threaded rods. The | on the steering pillar enables the governor to be cut 
to 24 miles, under normal conditions of road and | valve rocker fingers pivot about these bushes, which | out when mounting stiff grades, and when starting. 


traffic, at an average speed of 35 m.p.h. At 30) are kept taut by nuts. The fingers having tapered 


The pistons are aluminium of normal pattern, fitted 


mp-h., the engine revolutions are 1,700 per \ends, any rotatory movement of the bushes moves | with three gas rings and a scraper ring, and with 
minute, but the engine can be accelerated to the ends into closer contact with the cams and valve | hollow gudgeon pins. The connecting rods are 
3,600 r.p.m., giving a road speed of 62 m.p.h.| spindles, thereby reducing the clearance, or vice | of Duralumin, and both the crank-shaft and con- 
The bore and stroke are, respectively, 24% in. and| versa. By this means, a fine adjustment can be | necting-rod bearings are fitted with white-metalled 
4 in. The cylinders and crankcase are of iron,|made without the trouble commonly associated | bronze shells. The main bearings are well supported 
cast in block. The combustion head is a separate, | with screwed tappets and double lock-nuts. 
| Figs. 21 and 22, show the engine from the | rigid by the one-piece construction of the combined 


casting. and carries the camshaft and valve | 
assembly. the whole being removable as one unit| off-side and rear, respectively. 


| by ribs, and the whole unit is made exceptionally 


The layout and/|crank-case and cylinder block. The carburettor 


without disturbing the timing gear. This quick | details of the camshaft and valve assembly are | is the S.U. vertical model, and is carried on a bracket 
The camshaft is carried in| at the centre of the cylinder block on the near-side, 


di REE ene . e 
lismantling is facilitated by making the vertical 


shown in Fig. 21. 
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as shown in Fig. 22. It is fed by an Autovac, placed 
against the dash on the same side and under the 
bonnet. The fuel tank holds 10 gallons and is 
carried between the chassis side members at the 
back. To facilitate starting, means of raising and 
lowering the jet are provided at the dash, thus 
varying the richness of the mixture. 

The engine-oiling system, consists of a gear pump, 
which together with its skew-driving gear can be 
seen in Fig. 22, in the base of the crank-case at the 
front end. Below is a sump holding about 10 pints, 
with cooling ribs and with a large drain plug at 
the side. ‘There is an oil-filler on the off-side 
of the casing and a large cage-filter on the near- 
side, and a special cleaner is placed near the rear 
of the casing on the off-side. All the oil is passed 
through this cleaner, the filtering material being 
renewable periodically as required. A high pressure 
is used for the oil-circulation system ; the pressure 
being as much as 80 lb. per square inch at high 
engine speeds, and from 20 lb. to 40 lb. per square 
inch at starting and medium speeds. Branch 
leads from the main ducts feed direct to the 
main bearings, and at the rear end of the main 
duct is a branch to a pressure gauge on the dash. 
There is a separate feed to the bearings of the 
vertical shaft which drives the cam-shaft. <A 
simple system of filtering within the sump is pro- 
vided, and there is a pressure relief-valve alongside 
the pump. By means of a simple form of con- 
struction, consisting of plungers inserted in the ends 
of the feed pipes, the quantity of oil to the parts 
concerned may be varied. The engine and gear- 
box are a built-up unit, attached to the chassis by 
a pair of radial bearers at the rear end, and a 
central trunnion at the front. Rubber insulators 
are used for both anchorages. Figs. 23 and 24 
show the flywheel and clutch assembly. The fly- 
wheel is secured to the crankshaft by a taper and 
nut, and can be dis:odged by bolts threaded into 
holes provided for the purpose in the web of the 
flywheel. This appears to be a desirable provision, 
as it is frequently very difficult to remove a flywheel 
off the taper. The clutch consists of a dry-plate 


mounted between two fabric discs, and is controlled | vides a worm-gear drive for a speedometer. 


by three adjustable pivoted levers with fulcrum 
pins, the arrangement being self explanatory on 
reference to Figs. 23 and 24. The former shows 
the position of one of the cluster of thrust springs 
which make a pressure contact against the face of 


the clutch. The withdrawal collar and the housing | two and controls the reverse gear. 


| 





Fie. 34. GENERAL VIEW oF CHASSIS. 




















Fie. 35. Nzar-SipE oF ENGINE. 


and the forward end of the gear shaft. Both 
bearings are shrouded by their respective housings. 
The middle ball bearing shown in the figure is 
housed within the clutch-operating collar. The 
sliding-gear shaft and the lay shaft below it are 
both carried in ball bearings, and the spigot end 
of the sliding-gear shaft is carried in a bronze 
sleeve with a ball bearing at the front end of the 
box. A hardened pin and pad for end-thrust is 
inserted in the cavity between the spigot end of the 
sliding-gear shaft and the clutch shaft. The constant- 
mesh gear member on the sliding-gear shaft revolves 





about the sleeve bearing already referred to, and is 
supported by the front-end ball bearing. The rear 
end of the sliding-gear shaft is enlarged, and pro- 
Gear 
change is effected by a spring-supported ball- 
socket lever over the gear-box. There are three 
selector bars, two of them being side-by-side, and 
operating the two strikers for the four forward 
gears, while the third is slightly above the other 
This layout 


round the ball bearing can be seen in Fig. 23, and | requires the gear-lever to be lifted when the reverse 
also the two ball bearings which support, respec- | gear is to be engaged, and so prevents accidental 


tively, the splined small end of the clutch shaft,! meshing of the latter. 


The gear ratios are :— 


19-2:1 (lst and reverse) ; 11-65: 1 (2nd); 7:72:1 
(8rd) and 5:1 (4th, direct). 

The propeller shaft is hollow and not enclosed, 
and carries a fabric-disc and spider coupling at 
both ends, which are hardened and are self-centring 
in socket bearings within the spiders. 

Fig.2 25 shows the back axle assembly, with 
the differential and driving pinion. The drive is 
by spiral-bevel gears, provision being made for 
adjustment of the bearings for both pinion and 
crown-wheel. Timken adjustable roller bearings 
are used throughout, the bevel-pinion bearings being 
adjustable by an external collar behind the sleeve 
housing, and the axle-gear members by a slotted 
nut within the casing. Access for this purpose, and 
for removing the differential driving-gear unit, 18 
through an opening at the back of the casing. The 
latter is of wrought steel, of banjo form, in one 
| piece, the back cover being embossed and pro- 





vided with an oil spout. The extremities of the 
sleeve-casings are stiffened by shrunk and cross- 
pinned castings, which combine the brake-carrier 
plates and brackets for the pivot bearings of the 
brake-shoe shafts with the spring-anchorage bracxets. 
Oil retainers, or intercepting discs, are insert 1 at 
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the back of the Timken outer bearings of the axle- 
shafts. It will be noted that these bearings are in the 
central plane of the brake drum. The axle-shafts 
have long taper ends, with shoulders against which 
the roller bearings are located. The drive is trans- 
mitted to the wheel hub by stud bolts through the 
brake drums. The brake crank and spindle ends 
are fine-splined, to provide a wide range of angular 
re-meshing—a provision which, though not novel, 
might well be more frequently employed. 

There are six brakes in all, a pair on the. front 
wheels, and two pairs side by side in the rear drums. 
Most of the parts are interchangeable, and the brakes 
are of the expanding-shoe type with fabric facings. 
A pedal controls the front and one rear pair, and a 
hand lever the other rear pair. The brakes are 
cable-operated. A quick adjustment by hand nut 
at the brake pedal is conveniently accessible under 
the bonnet. This effects an equal adjustment on 
all four brakes, besides which there is a local fly-nut 
adjustment for each brake. Adjustment of the 
hand brake is effected by nuts behind the back 
axle. Access for this adjustment is facilitated since 
the cranks are behind the axle. For access to the 
brakes themselves, for cleaning or renewal, the 
drums have to be withdrawn, this being provided 
for by two recessed screws in the face of the drums 
exposed on removal of the wheels. 

The front axle, with the brake layout, is shown in 
Figs. 30 to 33, on page 453. The details of brake 
drums and hub bearings, and the means of adjust- 
ment, are mainly similar to those of the back axle. 
The stub-axle pivot pins have bronze sleeve bearings, 
the weight being supported by ball-thrust bearings. 
The axle-beam is a drop forging of the usual I- 
section, with the ends made oval to withstand 
braking stresses. 

The steering gear, shown in Figs. 26 to 28, Plate 
LIX, isa worm and full gear wheel. When worn, the 
gear wheel can be moved round to register in a fresh 
position by disconnecting the operating linkage and 
giving the steering wheel three turns. The drop 
arm and axle are fine-splined to provide a range of 
angular adjustment relative to the range and normal 
position of the track rod. A screw-nut adjustment 
1s provided for the tie-rod. An alternative, or supple- 
mentary, adjustment for wear is effected by turning 
the eccentric sleeve which provides a bearing for the 
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worm-wheel shaft. The steering gear combined front 
bracket and gear box has a swivel adjustment sup- 
port, enabling the angle of the steering post to be 
varied to suit the driver’s requirements. The steering 
post is stiffened by a trunnion anchored to the dash, 
swivelling to suit the various angles of tilt. 

The suspension is on under-slung semi-elliptical rear 
springs, and on similar front springs placed, as usual, 
above the axle. Grease-gun lubrication is provided 
for all pivot bearings. The wheel-base and track 
are 9 ft. 93 in. and 4 ft. 8 in., respectively. The 
wheels are of the metal-spoked type, and are fitted 
with 43-in. reinforced Dunlop tyres for 21-in. 
diameter rims. The fittings include a Calormeter 
inserted in the radiator cap, and friction-type shock 
dampers. The exhaust outlet is from the forward 
end of the engine, and the pipe is led down under 
the chassis, so that no discomfort from heat or 
fumes can be caused. 

The products of the Lanchester Motor Company, 
Limited, of Armourer Mills, Birmingham, have 
enjoyed a reputation for advanced design since the 
earliest days of the industry, and for this reason 
particular interest attaches to the new eight-cylinder 
model introduced at the Show. Fig. 34 on the 
opposite page, shows the complete chassis, Fig. 35 
on the same page, the engine, and Figs. 36 and 37, 
on this page, the auxiliary-driving arrangements. 
The Treasury rating is 31 h.p., the bore and stroke 
being 78:7 and 114 mm., respectively. The actual 
output is 82 b.h.p. at 2,800 r.p.m. The cylinders 
are cast in block and have a detachable head, en- 
closed valves, and a central worm-driven overhead 
camshaft. The crankcase and oil-base are of deep 
section, and form a stiff girder construction. The 
engine is supported in the chassis by bearer brackets 
cast integral with the crankcase and gearbox. 

The crankshaft is of nickel-chrome steel, machined 
from a solid forging, and has eight throws, with a 
bearing between each pair. Ten bearings in all 
are employed. The connecting rods are stampings 
of high-tensile steel, and are machined all over to a 
uniform weight. The pistons have die-cast alu- 
minium crowns combined with steel skirts, and 
are fitted with four rings, including a scraper 
ring. The valves are placed overhead, being 
slightly inclined outwards from the vertical and 





operated by rocker arms below the camshaft which, 
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as stated, is centrally placed. The camshaft is 
supported by seven bearings, and is worm-driven 
through a vertical shaft behind the back cylinder. 
The vertical shaft is driven by a worm gear on the 
crankshaft, as shown in Fig. 36. The valve- 
operating mechanism is entirely enclosed by a 
detachable cover. Dual high-tension ignition is 
fitted, and is controlled from the steering pillar. The 
magneto is a B.T.-H., of the flange type, and Delco 
coil ignition is also fitted, with the distributor 
slightly inclined to the near side in the centre of the 
valve cover, and driven by the camshaft through a 
spiral-gear train. There are two sets of sparking 
plugs on opposite sides of the combustion chamber. 
The magneto, water pump, and dynamo are driven 
by a traverse shaft at the back of the engine, as 
shown in Fig. 37. 

The cooling water is circulated by a centrifugal 
pump, and cooling is assisted by a fan. A thermostat 
is embodied in the circulation system to maintain 
the temperature constant. There is a clear water 
space round each cylinder. The carburettor is of the 
Smith multi-jet automatic type, with the usual 
foot and hand-controlled throttle. Lubrication 
is by a gear pump in the sump, driven by an exten- 
sion downwards of the vertical shaft which drives 
the overhead camshaft, as shown in Fig. 37. The 
oil is circulated at high pressure, and filtered in 
course of circulation by being passed through a filter 
conveniently placed at the side of the crankcase, 
and easily removable for cleansing. A percolator 
oil cleaner is also fitted. The starting motor is 
flanged, and is bolted to the near-side face of the 
clutch housing. This member, with the engine 
and gear-box, form a unit construction. A large 
diameter steel plate clutch is fitted, engaging with 
two Ferodo discs mounted within the engine 
flywheel. The gear box is of the four-speed and re- 
verse type, the reverse gears being normally sta- 
tionary. The propeller shaft is enclosed in a torque- 
tube, supported at the centre by a large ball bearing ; 
and the rear axle is composed of a central aluminium 
worm-gear box with steel tapered side members, 
the axle shafts being semi-floating with splined and 
coned ends. The standard gear ratios are :—15-2: 
1 (first); 8-7: 1 (second); 6-25 : 1 (third); and 
3-78 : 1 (fourth, direct). The gear lever is at the 
off-side, and works in a slotted-gate quadrant, 
bracketted above the frame member. 

The rear suspension is the Lanchester Company’s 
standard system of flexible cantilever springs, 
the ends being carried in trunnions housed in oil 
boxes. The front suspension is novel, in that it 
embodies under-slung semi-elliptic springs, with the 
free ends similarly mounted to those of the rear 
springs, in lieu of pivoted shackles. Both sets of 
springs are gaitered. The front axle is tubular, 
and this, and the steering layout, follow standard 
Lanchester practice. The steering element com- 
prises a right-and-left thread which engages with 
two half-sleeves, bearing on rollers equidistant 
from the axis of a rocker-trunnion. The four-wheel 
internal-hub brakes have a large area of friction 
surface, and are controlled by pedal; the. lever 
brake acts only on the back wheels through an 
independent linkage. Wire or disc wheels with 
32 in. by 6 in. cord tyres are standard for this model. 
Recessed brackets attached to the side frames 
serve as pockets.for rubber insulators between the 
body and chassis, and a vee-form of tubular strut 
stiffens the axle and torque tube assembly. The 
wheel base and track are 11 ft. 10} in. and 4 ft. 8 in., 
respectively, and the overall length and width of 
the chassis are 15 ft. 10 in. and 5 ft. 7 in. 

The Standard Motor Company, Limited, of 
Coventry, were notable for their pioneer work 
with one of the earliest four-cylinder models, the 
first 9-h.p. model of this type, since revived and 
improved, achieving a well-deserved success. We 
illustrate this company’s new six-cylinder model 
with a rating of 15 h.p., in Figs. 38 to 41, pages 
456 and 457, Fig. 38 being a three-quarter view 
showing the chassis from the near-side, and Fig. 40 
showing the rear quarter. The latter brings out the 
long under-slung leaf springs, and the under-hung 
worm-axle gear. Fig. 41 shows the interior of the 
Exmouth special saloon, and is interesting in 
that it shows the wide doors on each side, and 
ample accommodation which have characterised 
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15-H.P. SIX-CYLINDER MOTOR CAR AT OLYMPIA. 
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the Standard Company’s models for several years. 
It will be noticed that wire wheels are fitted on the 
Exmouth model, the combination of wire wheel and 
hub, with the usual facilities for easy changing, being 
especially neat and attractive. The cheaper Standard 
saloon has metal-spoke hub-detachable wheels, as 
shown in Fig. 38. 

The Standard products are so well known that 
it will suffice to run briefly over the leading points 
of the new chassis. The engine develops 15-5 h.p. 
at 1,500 r.p.m., and 41 h.p. at 3,600 r.p.m. The 
six cylinders are in block with detachable head, 
and have a bore and stroke of 63-5 mm. by 102 
mm. Side valves, of stainless steel, are fitted, with 
quickly removable tappets. The crankshaft has 
seven bearings with 2-in. diameter main journals 
in white-metalled bearings, and 1}-in. diameter 
connecting-rod bearings with white-metalled caps. 
A four-bearing camshaft is fitted. The connect- 
ing rods are of Duralumin and the pistons of 
aluminium with split skirts. A gear pump is 
provided for the oiling system, and the circulation 
of the cooling water is assisted by a rotor combined 
with the fan drive, special provision being made to 
ensure adequate water circulation round the exhaust- 
valve housings. Ignition is by coil, with variable 
timing, the distributor being driven off the dynamo. 
A 12-volt two-unit lighting and starting set is 
fitted, with an adjustable triangular drive by roller 
chain from the engine shaft to the camshaft and 
dynamo. The carburettor is of the horizontal type, 
with Autovac feed, and is directly attached to the 
face of the cylinder jacket on the off-side. On 
the same side is the starter motor with a Bendix 
drive. The oil pump is driven off the camshaft, 
and delivers oil through a conduit to the seven 
main bearings, whence it passes through holes in 
the drilled shaft to the connecting-rod big-end 
bearings, and by a special duct to the timing- 
chain case, where it impinges on the working 
surface of the chain. 

The engine is provided with a dry-plate clutch 
forming one unit with the four-speed and reverse gear- 
box, access to the clutch being by means of a large 
covered opening on the top of the housing. The 
gear-box overhangs and is not separately supported. 
The back of the engine is anchored by a banjo-type 
transverse bracket bolted to the side members, 
the front end being supported in a rubber-bushed 
central trunnion. The change-gear lever is central, 











Fie. 38. GENERAL VIEW OF CHASSIS. 


and is of the rocking ball-socket type. A lever on 
the left of the gear-box controls an internal-shoe 
brake behind the gear-box, the back of the drum 
serving as a flange to carry the socket sleeve member 
of the ball-type universal joint, which is totally 
enclosed, as shown in Fig. 39. A similar mounting 
is used for the rear end of the propeller shaft, 
shown in Fig. 40, and both are claimed to be oil- 
tight and to require attention only every 500 miles. 
The four gears have ratios of 20: 1 (first and 
reverse), 11-68: 1 (second), 8-35 : 1 (third), and 
5-25: 1 (fourth, direct). 

As stated, the rear axle has under-slung suspension 
on long flat springs, which provide also a Hotchkiss 
drive, combining the functions of a distance stay 
and torque reaction member. Above the top 
leaves are two springs arranged to act as rebound 
dampers. The length of the back springs is 51 in. 
and the front springs 36 in., the width of both 
being 1? in. The worm-gear axle casing is arranged 
for a generous supply of oil. The shape of the 
casing and the long reinforced trumpet-type lateral 
sleeves, secured by a ring of closely-spaced stud 
bolts, are a speciality of the makers. Removal of 
the hub caps gives access for oiling the outer 
bearings of the axle shafts. The axle clearance 
is 83 in. 

The front axle is dropped between the spring pads 
to give a low frame, so as to avoid curtailing the 
height of the saloon, and to reduce oscillation. The 
front-wheel hubs have adjustable roller bearings, 
and the axle beam has oval ends to stiffen it against 
brake stresses. The steering gear is of the worm-and- 
nut type, and the angle of the steering column is 
adjustable. Special attention has been given to 
combine a self-straightening effect after cornering, 
but the worm angle is sufficient to insulate the 
steering wheel from road-shock. The lay-out of the 
four-wheel brakes is on simplified lines, the shoes 
and other details being interchangeable, with local 
adjustment where necessary. The drums are of 
large diameter, and are flanged for stiffening, and 
also to avoid drumming. 

As the illustration, Fig. 39, does not show the 
details in full, it may be explained that the pedal 
is coupled by means of a screwed rod to a crank 
on a hollow cross-shaft, the ends of which carry a 
double-ended crank, to which are coupled tie rods 
leading to the front and back brakes, respectively. 
These fore and aft rods are outside the frame on the 





near-side, and are readily accessible, as shown in 
Fig. 38. The hand brake has been already referred to. 
The wheel-base and track are 9 ft. 3in. and 4ft. 6in., 
respectively, and the normal overall length of the 
chassis, with the rear luggage grid up, is 13 ft. 2 in. 
The chassis weight is 16 cwt., the weight of the 
complete car, with fabric saloon body, being 22 cwt. 
Among the new “straight eights,” is the 
23-70-h.p. Arrol-Aster sleeve-valve model, manu- 
factured by the Arrol-Johnston and Aster Engineer- 
ing Company, Limited, Heath Hall, Dumfries. The 
engine develops 47 b.h.p. when running at 2,000 
r.p.m. Besides the novelty of being, so far as is 
known, the only straight eight with a single sleeve- 
valve engine, its introduction apparently marks the 
end of the maker’s poppet-valve type of engine, 
which, for many years, has been the staple product 
of the Arrol-Johnston Company, since only single 
sleeve-valve engined chassis of the Burt McCollum 
type are now listed by the joint company. The 
Aster Company, when at Wembley some three 
years ago, introduced a remarkably attractive 
six-cylinder model, and apparently this is the 
model which has sponsored the new “eight, 
shown in Figs. 42 to 45, page 460. The Burt 
McCollum single sleeve-valve lay-out differs from 
other sleeve-valve engines in that there is only 
one valve per cylinder, and its reciprocating motion 
is combined with an oscillating motion about the 
longitudinal axis, the resulting movement serving 
to maintain the oil film. The new Arrol-Aster valve- 
operating mechanism may be likened to a swash- 
plate motion, as will be gathered from the illustra- 
tion, Fig. 45, of the valve-operating shaft. Rotation 
of the shaft with its inclined crankpins effects the 
combined oscillating and reciprocating movement 
necessary for the valves, enabling one valve to 
serve alternately for inlet and exhaust, with the 
necessary dwell period between these events. ‘I he 
sleeve valves are of heat-treated steel. The bore 
and stroke of the new engine are 67-5 mm. and 
115 mm., respectively. The cylinders are cast in 
block, as shown in Fig. 42, and have the inlet 
ports on the off-side, the exhaust manifold, which 
is in two pieces with an expansion joint between. 
being on the near-side. ; 
The crankcase, shown in Fig. 44, is a one-piece 
casting of aluminium, and has five bearings for 
the crankshaft and the valve-operating shaft. 
Both shafts are made up in two halves, so set 
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Fie. 41. 


that the respective end crankthrows are 90 deg. 
apart. A vibration damper is fitted to the front 
end of the crankshaft. An inverted-tooth chain, 
giving a triangular drive, serves to drive all the 
auxiliaries, comprising the valve-operating shaft 
on the off-side, the fan combined with a water 
circulator, and the dynamo and magneto, which 
are in tandem on the near-side. The starting motor 
is flanged to the back face of the clutch housing. 
Figs. 42 and 43 show these and other details of 
the lay-out, including the three-point trunnion 
suspension of the power unit. The oil filler is on 
the near-side. A gear pump, at the back of the 
casing, supplies oil under pressure to all the bearings 
by special ducts to each, and to the timing 
mechanism. The pistons are of aluminium, with 
split skirts, and have oil-trap holes. The change 
gears give four speed ranges and a reverse, with 
side-gate control. The rear drive is by an en- 
closed propeller shaft and spiral-bevel axle gear. 
These and other details of the chassis are similar 
to the smaller and earlier models of the makers. 


(To be continued.) 


Moron VEHICLE REGISTRATIONS OVERSEAS.—Accord- 


ing to information recently received by the Department 
of Overseas Trade, 35, Old Queen-street, London, 8.W.1, 
33 ew cars and 13 new lorries and omnibuses were 
eat red in Iraq during the month of July. 705 private 
yl d 2 33 lorries and omnibuses were in use in the 
, " Angola, I ortuguese South West Africa, on 
ae r 3, 1927, and 171 private cars _and 462 
se Ao omnibuses were in use in Oruro, Uncia and 


- Bolivia, on July 31. 








ARRANGEMENT OF SEATING ACCOMMODATION. 


RAILWAY EXCEPTIONAL RATES. 
By J. W. Parker, A.M.Inst.T. 


Ir it were not clear before, the close connection 
between the heavy trades and the railways has been 
made so by the recent Road Powers Act and the 
searching enquiry which it caused. At the present 
time, the coal, iron, steel and heavy-engineering 
trades are chiefly concerned with keeping down and, 
if possible, lowering the burden of rail charges upon 
their products. In the main, this has to. be done 
through those lower or commercial charges known as 
** exceptional rates.” 

Since the beginning of the year, when the Railways 
Act became fully operative, those rates have been 
subject to several restrictions, the effect of which was 
awaited with interest, not entirely free from anxiety. 
Briefly, exceptional rates less than 5 per cent. or more 
than 40 per cent. below the ordinary or “ standard ” 
figures were not to be allowed unless exceptional circum- 
stances prevailed. The idea respecting rates less than 
5 per cent. below the normal was that they could be 
cancelled without injury to the trade, thereby reducing 
the number of figures on the books and regularising 
the general position to some extent. The 40 per cent. 
limit was intended to protect the railways’ revenue, 
by preventing them from quoting unremunerative rates. 

The first few months’ working, however, was quite 
sufficient to disprove the theory in its application to 
both the upper and lower limits. Curiously enough, 
it has been possible to justify very low rates, not on 
the grounds that they might jeopardise railway revenue, 
but that they would assist it. In other words, the 
railways have adopted the view of half a loaf being 
better than none. The cause is, of course, the com- 
petition of other means of transport, chiefly coastal 
steamers and road motors. In a large number of 
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instances, traffic passing by road or water could only 
be regained to rail by breaking through the 40 per cent. 
proviso and quoting rates 45, 50 and even 60 per cent. 
below the ordinary quotations. The final decision 
rested not with the railways but with the Rates 
Tribunal, the members of which were prepared to 
sanction nearly all figures, provided that they covered 
the actual transport expenses and made some con- 
tribution to the net revenue. As a result of the 
Tribunal’s discretion, considerable quantities of machi- 
nery, especially for export, have found their way back 
to the railways, even for such comparatively short. 
journeys as Manchester to Liverpool. Some partly 
manufactured products like pig iron and other 
materials such as aluminium which used to pass by 
coasting vessels have also been induced to return to 
rail by the granting of similar rates. 

In the quoting of rates less than 5 per cent. below 
the normal, different circumstances have operated. 
In the colliery business, for example, the railways 
agreed with the Mining Association not to increase 
the exceptional rates on coal. This necessitated rates 
within 3 or 4 per cent. of the ordinary being retained 
on the books. In other instances, competition between 
adjacent collieries was so acute that a difference of 
ld. or 2d. in the rate proved sufficient to turn a con- 
tract, hence rates within 2 per cent. of the standard 
had to be conceded. The same cause operated in 
another way. Plates from Sheffield to Ipswich secured 
the continuance of an exceptional rate only 3 or 4 
per cent. under the standard, owing to a similar rate 
being in force with Rotherham. The latter place 
being several miles farther away from Ipswich, the 
exceptional rate came outside the 5 per cent. limit 
and was continued without question. 

In addition to maintaining relative rates between 
different firms and towns, it has been necessary to 
observe this principle with the ports in their com- 
petition for imports and exports to places probably a 
hundred miles distant. A case in point is goods for 
the Midlands passing through Hull or London. The 
charges had to be adjusted somewhat to enable each 
port to preserve its traffic without prejudicing the 
other. For much the same reason, a rate given to 
Liverpool for exports must be extended at the same 
amount to the Port of Manchester. In the case of 
iron ingots and heavy bars, say from West Hartlepool 
to Stockton, the chief motive in granting a low rate 
was to enable the particular firm to compete with 
foreign goods, the Tribunal accepting this as being in 
the national interest. 

While these examples show how exceptional rating 
policy has been developed despite the hampering effect 
of the 5-40 per cent. restrictions, they also emphasise 
some of the peculiar and widely spread considerations 
which govern the granting of low quotations, thus 
rendering rate making a matter of somewhat greater 
complexity than might be imagined. 








CANADIAN GOLD Propuction.—During the first six 
months of the year, Canada produced 906,258 fine 
ounces of gold, valued at 18,734,015 dols., which is an 
increase of approximately 5 per cent. over the same 
period of last year. Ontario made the largest contribu- 
tion to this total, namely, 773,289 fine ounces valued at 
15,985,302 dols., the remainder coming from British 
Columbia, Quebec, the Yukon Territory, Manitoba and 
Nova Scotia. 
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COMBINED GAS-DETECTING AND 
INSPECTION LAMP. 


It is agreed both by the manufacturers and by the 
users of miners’ lamps, that the production of this 
apparatus needs, first and foremost, patient and pro- 
longed experiment, design from the theoretical stand- 
point alone being apt to prove untrustworthy under the 
arduous conditions existing in a colliery. It is this 
fact that contributes to the survival of the old and 
empirically developed method of detecting and esti- 
mating the amount of inflammable gases present in 
the air of coal mines by noting the appearance of the 
methane cap above the wick of the ordinary gauze- 
protected safety lamp. This wick is turned down until 
only a thin blue disc of flame appears, when a faint 
conical cap of burning methane shows itself if any of 
that gas be present. The percentage of the gas in the 
air is indicated by the height of the cap, up to the high 
limit, when the flame of the wick is extinguished. 
This loss of light is often a great inconvenience to the 
tester, generally the colliery manager or deputy, not 
only from the discomfort entailed but from the time 
lost in relighting the lamp elsewhere. Further, the 
lowered flame is very easily extinguished by any 
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sudden shock to the lamp. In most modern pits, the 
deputy, who examines the workings each shift and 
officially reports on their condition, usually carries two 
lamps, an electric lamp for general use, and an oil 
lamp for gas testing. In order to render this duplica- 
tion unnecessary, whilst still retaining the old flame- 
cap method of testing for gas, Messrs. Ceag, Limited, 
Barnsley, have introduced, after official approval by 
the Mines Department an ingenious combination of 
their ordinary electric safety lamp and a miniature 
oil-flame lamp. 

This combined lamp will be seen, from the accom- 
panying figure, to be of the standard or pillared type 
as regards the lower portion, but above the bulb is 
a small oil container having a wick and supported 
on two small columns. These also form a pair of 
electric leads, and, being taken to the accumulator 
contacts, are made to render incandescent a small 
spiral of platinum wire which acts as a re-lighter to 
the oil lamp. The actuating switch is visible in the 
figure. The electric bulb and oil lamp are both enclosed 
in a glass shield, and air is admitted to the oil lamp 
through a double cap of gauze, these caps being ade- 
quately protected by metal covers attached to the 
head of the combined lamp. The electric lamp is 
used in the ordinary way, but when a gas test is to be 
made, it is switched off, and the oil flame is lighted by 
pressing the switch in the lamp head. The flame is then 
reduced and the test proceeds in the normal manner. 
At the conclusion of the test, the oil flame is extinguished 
and the electric lamp switched on again. Itis clear that, 
if for any particular inspection a more powerful light 
is required, the electric bulb can be reinforced by the 
oil lamp with the wick turned up to proper illuminating 
height. A further advantage- of; this mew lamp, in 
addition to its property of acting as a gas detector 


in a positive manner, is that, as it is a reproduction 
in miniature of the standard testing lamp, the user is at 
once familiar with its operation. The combination 
lamp is also made in the bull’s eye pattern for inspection 
purposes, the only modifications in the gas detector being 
such as are necessitated by the different shapes of the 
two patterns. 








BOOKS RECEIVED. 


Selected Papers on Wave Mechanics. By Lovis DE 
Brociie and Léon Brittoury. London: Blackie 
and Son, Limited. [Price 15s. net.] 

Collected Papers on Wave Mechanics. By E. Scuré- 
DINGER. London: Blackie and Son, Limited. [Price 
25s. net. ] 

Modern Physics. By H. A. Witson. London: Blackie 
and Son, Limited. [Price 30s. net.] 

The B.B.C. Handbook, 1929. London: British Broad- 
casting Corporation. 

Industrial Management. By R. H. Lanspures. 
Second edition. New York: John Wiley and Sons, 
Inc. London: Chapman and Hall, Limited. [Price 
22s. 6d. net. ] 

Strength of Materials. A Text-Book for Secondary 
Technical Schools. By M. Merriman. Revised by 
T. Merrman. Seventh edition. New York: John 
Wiley and Sons, Inc. London: Chapman and Hall, 
Limited. [Price 8s. 6d. net.] 

Der Eisenwasserbau. Vol. I.—Theorie und Konstruktion 
der beweglichen Wehre. By Proressor Dr. Ina. H. 
Kourxa. Berlin: Wilhelm Ernst and Sohn. [Price 29 
marks. ] 

Ministero dei Lavori Pubblici. Servizio Idrografico 
Risorse Idrauliche per Forza Motrice Utilizzale e 
Ancora Disponibili. Publication No. 12. Vol. IL— 
Bacini con Foce al Litorali del Lazio (Sezione Idrografica 
di Roma). Rome: Provveditorato Generale dello 
Stato. ([Price, Lire 35.] 

Department of Overseas Trade. Report on the Economic 
and Financial Situation of Egypt. May, 1928. By 
G. Homen Mutocr. London: His Majesty’s Station- 
ery Office. [Price ls. 6d. net.] 

United States Bureau of Standards. Technologic Papers, 
No. 369. Transmissive Properties of Eye-Protective 
Glasses and Other Substances. By W. W. CoBLENTZ 
and R. Starr. [Price 10 cents.] No. 370. Cause 
and Prevention g Kiln and Dry-House Scum and of 
Effiorescence on Face-Brick Walls. By L. A. PALMER. 
[Price 20 cents.] Washington: Government Printing 

ffice. 

Air Ministry. Meteorological Office. British Rainfall 
1927. Report on the Distribution of Rain in Space and 
Time over the British Isles during the Year 1927. 
London: His Majesty’s Stationery Office. [Price 
15s. net.] 

Anweisung fiir Mértel und Beton. Berlin: Wilhelm 
Ernst and Sohn. [Price 4 marks.] 

Schmiermittel und thre Richtige 
Dr. Curt Exters. Leipzig: Otto Spamer. 
8 marks. ] 

United States Geological Survey. Water-Supply Paper 
No. 571. Surface Water Supply of the United States 
1923. Part XI. Pacific Slope Basins in California. 
[Price 50 cents.] No. 576. The Ground Water Re- 
sources of Mississippi. By L. W. StTEPHENSON 
and others. With Discussions of the Chemical Character 
of the Waters. By C. 8S. Howarp. [Price 90 cents.] 
No. 582. Surface Water Supply of the United States, 
1924. Part II. South Atlantic Slope and Eastern 
Gulf of Mexico Basins. [Price 10 cents.] Washington: 
Government Printing Office. 

Lezioni di Costruzioni Marittime. Vol. I. By Professore 
Ing. E. Cozn Cacur. Padova: Casa Editrice Dott. 
Antonio Milani. 

Volumetric Glassware. By VERNEY Storr. 
H. F. and G. Witherby. [Price 20s. net.] 
Air Ministry. Meteorological Office. The Observatories 
Year Book, 1926. London: His Majesty’s Stationery 


Verwendung. By 
[Price 


London : 


Office. [Price 3/. 3s. net.] 
The Association of Engineering and Shipbuilding 
Draughtsmen. The Operation of Single-Phase Induc- 


tion Motors. By G. WryprRED. London: Offices of 
the Association. [Price 2s.] 

Bauvorschriften fur Flugzeuge (B.V.F.). Berlin-Adlers- 
hof: Deutsche Versuchsanstoff fiir Luftfahrt EV. 
[Price 5 marks. ] 

Die Elektrische Ausriistung des Kraftfahrzeuges. Vol. I. 
Ziindung. By Erich Kuarper and Dr. WattEer 
Lipport. Berlin: M. Krayn. [Price 17 marks.] 








Prersonat.—Mr. W. R. Wheeler has been appointed 
outside representative for the crane department of 
Messrs. Craven Brothers (Manchester) Limited, Vaux- 
hall Works, Reddish, Stockport.—As and from October 30, 
Mr. H. E. Harris is relinquishing his position with Messrs. 
Henry Bessemer and Company, Limited, of Sheffield, to 
take up the position of purchasing agent and controller 
of stores with Messrs. Graham Amplion, Limited, Slough, 
Bucks.—The address of the administrative offices of the 
Medical Research Council and of the Industrial Fatigue 
Research Board, hitherto at York Buildings, Adelphi, 
is now 38, Old Queen-street, Westminster, S.W.1.— 
Messrs. Walten McGee & Sdh, Limited, Albion Works, 
Paisley, have appointed Mr. E. H. Judd, of Messrs. 
Edwin Judd and Company, Limited, Abbey House, 
Victoria-street, S.W.1, as their London representative 
frem October 1.—Messrs. Buck and Hickman, Limited, 
2, 4 and 6, Whitechapel-road, London, E.1, have now 
taken over the sole manufacture of the patent single- 
and double-action grindstone dressers and safety rests, 
originally manufactured by Messrs. Brunton and Trier, 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—The situation as regards 
Cleveland pig-iron shows little change. The bulk of the 
output is still going into direct use at makers’ own con- 
suming plants, and the limited surplus available for dis- 
posal in the open market is reported to be well taken up. 
Midland iron is still underselling Cleveland pig in quarters 
that usually draw their supplies from Teeside, and is 
obtainable delivered here at about 3s. 6d. below fixed 
prices for local products, but Cleveland ironmasters 
hope to renew contracts with old customers who have 
been tempted to make purchases of comparatively cheap 
Midland products. Business with Scotland is quiet, but 
moderate orders from firms across the Tweed are ex- 
pected. No. 1 Cleveland is 68s. 6d. ; No. 3 g.m.b., 66s. ; 
No. 4 foundry, 65s.; and No. 4 forge, 64s. 6d. 

Hematite.—Stocks of East Coast hematite iron have 
shrunk to very small proportions, and are still being 
steadily drawn upon to meet current needs. Home and 
Continental demand is not heavy, but it is more than 
can be fully met by the restricted make, and values are 
moving slowly but steadily towards remunerative figures. 
The minimum quotation is 70s. 


Blast-Furnacemen’s Wages.—The average net selling 
price of No. 3 Cleveland pig-iron for the third quarter 
of the year has been certified at 63s. 1-91d. per ton, as 
compared with 62s. 11-6ld. for the previous three 
months, and under sliding scale arrangements, North 
East Coast blast-furnacemen’s wages are advanced by 
0-25 per cent. for the last quarter of the year, raising 
wages from 8-75 per cent. above the standard to 9 per 
cent. above the standard. 

Foreign Ore.—Transactions in foreign ore are on quite 
a trifling scale, but imports against old contracts are 
fairly heavy, and arrears of deliveries are being gradually 
overtaken. Quotations keep firm on the basis of best 
rubio at 22s. 6d., c.i.f., Tees. 

Blast-Furnace Coke.—Durham blast-furnace coke is 
still slow of sale for local use, but producers have rather 
extensive export contracts arranged, and prices are 
steady. Good average qualities are 17s. éd. to 17s. 9d., 
delivered to works in this area. 

Manufactured Iron and Steel.—The output of finished 
iron and steel is fairly heavy, but in several departments 
orders would be very welcome. Quotations all round are 
steady. Common iron bars are 10/. 5s.; best bars, 
101. 158. ; double best bars, 11/. 5s.; treble best bars, 
111. 15s. ; iron rivets, 111. 5s. ; packing (parallel), 7/. 10s. ; 
packing (tapered), 10/. ; steel billets (soft), 61. 10s. ; steel 
billets (medium), 71. 2s. 6d. ; steel billets (hard), 71. 12s. 6d.; 
stee! rivets, 11/.; steel ship plates, 8/. 7s. 6d. ; steel angles, 
7l. 17s. 6d. ; steel joists, 7/. 17s. 6d.; heavy sections of 
steel rails, 8/. 10s.; black sheets (No. 24 gauge), 10/.; and 
galvanised corrugated sheets (No. 24 gauge), 13/. 12s. 6d. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—The latest returns relating to steel 
output in this district indicate the necessity for marked 
expansion if plant is to be enabled to operate satis- 
factorily, having regard to the burden of overhead 
charges which has to be carried, irrespective of the 
measure of turnover. The total production in the Sheftield 
area in August was only 88,000 tons. This was over 
3,000 tons less than in July, and was 9,000 tons less than 
in the corresponding month last year. More than half 
the total was of basic steel. Acid-steel manufacture 
declined to 33,000 tons. The relative position in 
Lincolnshire was much the same, the August total in 
that area being only 38,000 tons, as against 48,000 tons 
in July. It is feared that the September returns will show a 
further relapse, buying having been noticeably sluggish 
at a period when the seasonal demand normally begins 
to expand following holiday quietude. Without fur- 
nishing indications of substantial revival, recent develop- 
ments have been of a more promising character. The 
diminution in Continental competition has proved of 
valuable assistance in diverting enquiries to local steel- 
making plant. Those producers who are deriving 
benefit are not, however, under any delusion as to the 
main cause of the enlivened demand. When order 
books at Continental steelworks become less heavily filled 
they fully anticipate recurrent rivalry, though it will 
probably be less keen than hitherto owing to the improved 
labour conditions that have been established. Current 
quotations are as follow :—Siemens’ acid-steel billets, 
101. per ton ; hard basic-steel billets, 7/. 2s. 6d. to 7/. 12s. 6d.; 
soft basic-steel billets, 62. 10s.; Derbyshire foundry pig 
iron, 60s.; Derbyshire forge iron, 58s. ; Lincolnshire 
foundry iron, 60s. 6d. ; Lincolnshire basic iron, 59s. ; Crown 
iron bars, 101. 10s.; iron hoops, 12/. 10s. ; steel hoops, 01. ; 
and soft wire rods, 7/. 5s. Encouraging progress 1s reported 
in some of the special steel and engineering sections. _ The 
cultivation of foreign needs by the sending of envoys trom 
local steelworks to study requirements on the spot and 
demonstrate the utility of the latest improvements 
in manufacture, is bringing a steadily increasing demand, 
not only to steelmaking furnaces but to rolling mulls 
and other intermediate departments. Good business 
is being done in electrical machinery and equipment, 
boring, drilling and crushing plant, and high-etliciency 
alloy steels for automobile and aircraft engineering, 
while a welcome improvement is seen in the cal! ror 
machine tools. Among the latest enquiries for electric 
furnaces for steel melting is one from Greece. 


South Yorkshire Coal Trade.—An important conference 





has been arranged for to-morrow, Thursday, when 
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members of the Central Collieries Commercial Association 
qill meet directors of the Scandinavian Coal Importers’ 
Federation. It is hoped, by co-operation, to enable the 
English coalowners to retain and enlarge their markets 
in Norway, Sweden and Denmark, and assist them 
against competition from Poland. How a basis of 
co-operation can best be reached will form the subject 
of discussion. Meanwhile, there is a steady demand on 
general export account, and surpluses of hard coal are 
disappearing from the inland market. Advances have 
been made in house-coal quotations; varying from ls. to 
ys, per ton. The increases are operating on all un- 
discharged orders. Winter stocking operations are 
gaining stimulus, and the market generally presents 
a more active appearance. Washed slack and washed 
smalls are on the easy side, owing to weakness in the 
industrial demand. Furnace and foundry coke are 
steady at recent rates. Quotations :—Best branch 
handpicked, 26s. to 278. 6d.; Derbyshire best bright 
house, 23s. to 24s. 6d.; best house coal, 20s. 6d. to 
3]s, 6d.; screened house coal, 17s. to 18s.; screened 
house nuts, 16s, to 18s. ; Yorkshire hards, 14s. 6d. to 16s. ; 
Derbyshire hards, 14s. 6d. to 16s.; rough slacks, 8s. 6d. 
to 93. 6d.; nutty slacks, 4s. 6d. to 6s. ; and smalls, 3s. 
to 4s. 6d. 


NOTES FROM THE SOUTH-WEST. 


CarpiFrFr, Wednesday. 








The Coal Trade.—Expectations of more active ship- 
ments, following recent heavy charterings, have not 
materialised. Tonnage has not reached port as was 
anticipated, with the result that shipment activities 
have been restricted. In fact, the volume of shipping 
in dock has been insufficient to keep the appliances at 
the docks busy or to absorb the output of collieries, with 
the result that stoppages at the pits have been of frequent 
occurrence. On paper, a number of collieries are booked 
up with orders, but have been unable to keep working 
regularly, owing to lack of shipping and the impossibility 
of clearing loaded wagons. Exporters, at the same time, 
have been unable to place orders for coal already sold. 
In the circumstances, free supplies of both large and 
small coal have been readily available on the basis of 
the minimum schedule. The only bright spot in an 
otherwise dull market has been a moderate demand for 
sized descriptions, especially dry peas and beans. The 
former command 16s. 6d. to 17s., and the latter 17s. to 
17s. 6d., while dry nuts rule from 18s. 6d. to 19s. 6d. 
Bituminous peas were, however, available at 16s. 6d. 
with beans round 17s. and nuts 18s. Shipments of coal 
in the past week totalled 400,880 tons, which was 2,000 
tons more than in the preceding week, despite a reduc- 
tion from 236,000 tons to 211,000 tons at Cardiff, which 
was more than balanced by an increase from 71,000 tons 
to 78,000 tons at Newport, from 54,000 tons to 62,000 
tons at Swansea, from 31,000 tons to 38,000 tons at 
Port Talbot, and from 6,600 tons to 12,000 tons at 
Llanelly. Exports to France, Egypt, and Spain were 
increased, but those to Argentina, Brazil and Italy were 
reduced. Mr. D. Farr Davies, formerly general manager 
for Messrs. Cleeves Colliery Company, and now connected 
with Messrs. Amalgamated Anthracite Collieries, has been 
appointed general manager of the western group, and is in 
sole charge of 24 pits in the Cwmgorse and Amman valleys. 
Mr. F. Llewellyn Jacob, J.P., who has been connected 
with the Ferndale Collieries for 20 years, is resigning 
his position as general manager to become mining and 
technical assistant to Sir David R. Llewellyn, Bart. 


, Barry Dock Pilots.—Despite the efforts of Mr. E. Bevan, 
Secretary of the Transport and General Workers’ Union, 
to persuade the shipowners to alter their decision to 
terminate the rota system of working by the dock pilots 
at Barry, the shipowners, in conjunction with ship- 
brokers, have decided to revert to the system of individual 
engagements from October 22. The reason for this 
decision is the dissatisfaction of the employers with 
the method of working the rota, and the endeavours of 


—— to compel masters to take dock pilots for short 
ifts. 


Tron and Steel.—Shipments of iron and steel goods in 
the past week totalled 18,607 tons, compared with 
13,015 tons in the previous week. Exports of tinplates 
and terneplates were raised from 7,745 tons to 8,208 tons, 
of black plates and black sheets from 775 tons to 1,790 
tons, of galvanised sheets from 1,977 tons to 4,624 tons, 


and of other iron and steel goods from 2,518 tons to 
3,986 tons, 








of EDERS.— We have received from the Department 
t Uverseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 







Piet Possessions and in foreign countries. Further 
= " 8 a itormation relating to these may be obtained 
the pplication to the Department at the above address, 
oo number given below being quoted in each 
a “ai a ommercial Secretary at Constantinople 
Pa : —_ he Direction Generale des Chemins de Fer et 
pam : stat, Angora, is calling for tenders for the supply 
4 te ead travelling crane. Closing date, October 
Sella : 10. A.X, 6954. )—Tenders, for the supply of 
Goan - chine tools are being invited by the Town 


(Ref. N Johannesburg. Closing date, November 7. 
‘ctahe ~ 4 X, 6956.)—The Chilean State Railways are 
95 he enders, to be presented in Santiago by October 
pro od st parts and fittings for locomotives, carriages 
ie — and for supplies of carbide of calcium. 
Tender. ee is essential. (Ref. No. C. 2887.)— 
are invit to be presented in Meibourne by November 28, 
pad 4 = by the Victorian Railways for the supply of 
6951.) “ton overhead electric crane. (Ref. No. A.X. 





NOTES FROM THE NORTH. 


Giascow, Wednesday. 


Scottish Steel Trade.—The position in the Scottish 
steel trade shows little change this week, and producers 
are much in need of orders to keep the mills going. 
Heavy material is dull, owing to a much smaller demand 
from shipbuilders, who themselves are not very well 
provided with work. Bookings not having been very 
numerous recently, they have not much need for steel 
material. The higher prices now asked for Continental 
steel have put the home makers in a more favourable 
position, and they have recently been picking up a 
number of orders which have helped them considerably. 
Early delivery is, of course, another factor in favour 
of the local producer. With regard to black sheets 
the demand continues good for the lighter gauges, 
but there has been no improvement for the heavier 
sorts. Makers of galvanised sheets continue to do 
fairly well, as order books are still well filled and inquiries 
are good. Prices all round have a firmer tendency and 
are quoted as follow :—Boiler plates, 10/. 10s. per ton ; 
ship plates, 8/. 7s. 6d. per ton; sections, 71. 12s. 6d. 
per ton; black sheets, }-in., 82. 15s. per ton; galvanised 
corrugated sheets, No. 24 gauge, 137. 7s. 6d. to 131. 12s. 6d. 
per ton, all delivered at Glasgow stations. 


Malleable-Iron Trade.—In the west of Scotland malle- 
able-iron trade there is still a great scarcity of work, 
and a full week’s running is difficult to secure. Orders 
are not only few but are of very small tonnage. The 
demand for re-rolled steel bars continues fairly good 
and makers have quite a number of orders on hand. 
Prices are as follow :—Crown bars, 101. 5s. per ton for 
home delivery and 9/. 15s. per ton for export ; and re-rolled 
steel bars, 7/. 10s. per ton for home delivery and 71, 7s. 6d. 
to 71. 10s. per ton for export. 


Scottish Pig-Iron Trade.—There has been no change 
in the state of the Scottish pig-iron trade. The output, 
while not large, is quite ample for the current demand, 
which is on very small lines). Home demand is quiet 
and sales on export account are very poor. Prices are 
steady and the following are the current quotations :— 
Hematite, 74s. per ton, delivered at the steel works; 
foundry iron, No. 1, 75s. to 76s. per ton; and No. 3, 
70s. to 71s. per ton, both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week vending 
last Saturday, October 6, amounted to 906 tons. Of 
this total, 880 tons went overseas and 26 tons coastwise. 
For the corresponding week of last year, the figures 
were 515 tons, 352 tons going overseas and 163 tons 
coastwise. 


Clyde Shipbuilding.—An order for a twin-screw steamer 
of 1,000 tons deadweight has been secured by Messrs. 
Bow, M’Lachlan and Company, Limited, Paisley, from 
the Anchor Shipping and Foundry Company, Limited, 
Nelson, New Zealand. The builders will supply the 
necessary machinery. 








Tue GEARED JUPITER AERO ENGINE.—In the recent 
flying meeting organised by the Petite Entente, and 
reserved exclusively for two-seater reconnaissance or 
day bombers adopted by the armies of Yugo-Slavia, 
Roumania, Czecho-Slovakia and Poland, a Smolik 8.16 
machine, fitted with a 480-h.p. geared Jupiter engine, 
gave a particularly good performance. The competition 
consisted of a speed trial over a course of 3,112 km., 
starting and finishing at Prague, and also, while carrying 
its full load, a climb to 5,000 metres. Out of a total of 
22 machines entered, 20 were equipped with water- 
cooled engines, and only one with a geared Jupiter engine, 
and this machine gained a total of 6,962 points, as com- 
pared with 5,928 points awarded to the second machine. 
Further, it may be mentioned that, in the speed trial, the 
Jupiter-engined machine carried a useful load of 1,000 kg., 
and averaged more than 200 km. an hour, while the escond 
machine, carrying a useful load of 750 kg., averaged 
186 km. an hour. 





THe INCORPORATED ASSOCIATION OF ARCHITECTS 
AnD SurvEeyors.—Constituted on September 12, 1925, 
the Incorporated Association of Architects and Sur- 
veyors provides a central organisation for architects, 
building, land, and quantity surveyors, and munici- 
pal, corporation, and official practitioners and their 
assistants. The Association was formed to represent 
the combined interests of these professional men in 
any contemplated legislation, to serve as a medium 
for mutual intercourse and the discussion of various 
professional problems, and to increase the status and 
promote and encourage the furtherance of the interests 
of architects and surveyors. The Association also 
seeks to provide for the better definition, qualification 
and protection of the professions of an architect and 
surveyor by a system of examinations in theory and 
in practice, and the issue of certificates on the results 
of these examinations. The third annual dinner of 
the Association was held on October 6 last at the Hotel 
Cecil, Strand, London, W.C.2. When proposing the 
toast to the Association, Mr. W. Ray mentioned that 
in three years the membership had risen to 1,500. 
Lieut.-Colonel J. Mitchell Moncrieff, the President of 
the Institution of Structural Engineers, in respondin 
to the toast, ‘“‘ Arts and Sciences,” said that reinfor 
concrete was responsible for a new form of architecture 
which had been brought about by the close co-operation 
of architects and engineers. Other speakers included 
Major R. I. Tasker, President of the Association, 
the Earl of Onslow, Professor W. H. Wagstaff, and 
the Earl of Drogheda. The offices of the Association 
are at 1, Wilbraham-place, Belgravia, London, S.W.1. 


NOTICES OF MEETINGS. 





Junior InstITUTION oF ENGINEERS.—To-night, 7.30 
p-m., 39, Victoria-street, S.W.1. ‘‘ The Use of Instru- 
ments in the Boiler-house,”” by Mr. F. Squirrell. Friday, 
October 19, 7.30 p.m. Lecture, “ Technical Adver- 
tising,” by Mr. R. H. Sharp. 

Minine Institute or Scortanp.—Saturday, Octo- 
ber 13, 3 p.m., Heriot Watt College, Chambers-street, 
Edinburgh. ‘‘ Design and Maintenance of Flame-Proof 
Enclosures, with Special Reference to Coal-Face 
Machinery,” by Mr. J. A. Bernard Horsley. ‘‘ More 
About Better Mine Lighting,”” by Mr. W. Maurice. 
‘** An Experience of Machine Mining in a Highly-Inclined 
Seam,” by Mr. J. M. Williamson. ‘‘A Trial Bore for 
Oil in South Africa, and the Results,” by Mr. G. W. 
Smith. ‘‘Some Impressions of German Mining,” by 
Mr. D. C. Gemmell and Mr. J. Heron. 

InstTITUTE oF FounpRyMEN.—Lancashire Branch, 
Burnley Section: Saturday, October 138, 6.30 p.m., 
Technical College, Ormerod-road, Burnley. Lecture, 
‘** Oil-Sand Cores,” by Mr. W. West. 

BRADFORD ENGINEERING Socrety.—Monday, Octo- 
ber 15, 7.30 p.m., Technical College, Great Horton-road,: 
Bradford. ‘“ Electricity Supply in Rural Areas,” by 
Mr. R. A. Thwaites. 

INSTITUTION OF THE RUBBER INDUSTRY.—Monday, 
October 15, 7.30 p.m., Blackfriars Theatre, William- 
street, New Bridge-street, E.C.4. ‘‘ Should Rubber 
Salesmen Possess Technical Knowledge ?”” by Mr. C. 
Baxter. 

Institute oF Metats.—Sheffield Local Section : 
Monday, October 15, 7.30 p.m., The University, St. 
George’s-square, Sheffield. Sorby Lecture, ‘‘ Influence 
of Pressure on Rocks and Metals,’’ by Mr. C. Johns. 

INSTITUTE OF TRANSPORT.—Tuesday, October 16, 
5.45 p.m., Institution of Electrical Engineers, Victoria- 
embankment, W.C.2. Graduates and Students’ Lecture, 
‘* Latest Developments in American Railway Practice,” 
by Mr. C. E. R. Sherrington. Birmingham and District 
Section: Tuesday, October 16, 6 p.m., Queen’s Hotel, 
Birmingham. Chairman’s Address by Mr. O. C. Power. 
“The Handling of Parcels Traffic at a Large Railway 
Station,” by Mr. H. Smith. 

SHEFFIELD METALLURGICAL ASSOCIATION.—Tuesday, 
October 16, 7.30 p.m., 198, West-street, Sheffield. 
**A Discussion of Some of the Papers of Interest to 
the Steel Industry Presented to the Recent World 
Power Conference,” by Mr. R. J. Sarjant. 

Newcomen Socrety.—Wednesday, October 17, 5.30 
p.m., Science Museum, South Kensington, S.W.7. “‘ Early 
Days of Railway Signalling,” by Mr. W. H. Deakin. 

Royat MicroscopicaL Society.—Wednesday, October 
17, 7.30 p.m., 20, Hanover-square, W.1. ‘‘ An Electric- 
ally Heated Warm Stage with Compressor for Use with 
High-Power Objectives,” by Mr. J. E. Barnard and 
Mr. F. V. Welch. ‘‘ Two New Ciliates from Sewer Water,” 
by Professor E., Ghosh. 

InstITUTION or MINING AND METALLURGY.—Thurs- 
day, October 18, 5.30 p.m., Geological Society, Bur- 
lington House, Piccadilly, W.1. ‘ The Valuation of 
Alluvial Deposits,” by Mr. W. R. Rumbold. 

Royat ArERonavticaL Socrety.—Thursday, October 
18, 6.30 p.m., Royal Society of Arts, John-street, Adelphi, 
W.C.2. “Light Alloys and their Use in Aircraft, with 
Special Reference to Corrosion Problems,” by Mr. H. 
Sutton. 

British InstiruTre or Rapiotocy.—Thursday, 
October 18, 8.30 p.m., 32, Welbeck-street, W.1. “‘ The 
Future of Medical Radiologists,” by Dr. L. A. Rowden. 
“A Slide Rule for Radio-Dosage Calculation,” by Mr. 
W. V. Mayneord. 

INsTITUTION OF MECHANICAL ENGINEERS.—Friday, 
October 19, 6 p.m., Storey’s-gate, S.W.1. Presidential 
Address, by Mr. R. W. Allen. 

ENGINEERING AND Screntiric CLUB (WOLVERHAMP- 
ToN).—Friday, October 19, 7 p.m., Queen-street, Wolver- 
hampton. ‘“ The Screened-Grid Valve,” by Mr. F. Youle. 

Hotz Association oF ENGINEERS.—Saturday, October 
20, 7.15 p.m., Technical College, Park-street, Hull. 
““The Ruston Airless Injection Heavy-Oil Engine,” by 
Mr. W. M. W. Brungate. 








American INTEREST IN Borrvia.—In view of the 
fact that Bolivia contributes about 23 per cent. to 
the world’s output of tin, and that the United States 
of America are responsible for more than half the world’s 
consumption, it is not surprising that the latter country 
is so keenly interested in the development of this South 
American Republic. It is reported from New York 
that a Bolivian loan of 23,000,000 dols. offered for 
public subscription on September 20, has already been 
over-subscribed, this being in addition to a similar 
loan last year of 15,000,000 dols. 


Froatinc Dock at Newcastte, N.S.W.—On page 
273 of our issue of August 31 we published a note 
regarding the dredging expenses in connection with the 
new floating dock to be put into service at Newcastle, 
New South Wales. In a recent report, furnished by 
Mr. T. E. Burrows, chief engineer for harbours, rivers 
and drainage, it appears that, out of the original estimate 
of 180,000/., not more than 124,000/. is attributable to 
the dock, of which the maintenance cost is estimated at 
20,0001. a year. Good progress is being made with the 
construction of the dock, which is being built by the New 
South Wales Government in accordance with an agreement 
with the Commonwealth Government, which entitles 





the latter to use the dock in time of war. 
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THE ORGANISATION OF WORLD 
POWER CONFERENCES. 

THE sectional meeting of the World Power 
Conference, which concluded its work in London 
last week, resulted in the bringing together of a mass 
of information on the subjects of fuel production 
and utilisation, mainly for the generation of power 
in some form or other. The primary object of this 
collection of fact and opinion was, to adapt a 
well-known saying, to make one pound of fuel 
do what two pounds have done heretofore. The 
more economical employment of fuel resources, 
which is thus implied, is an international problem, 
to the extent that every country must solve it, 
or lose its place in the hierarchy of civilisation. It 
is also a national problem, the answer to which must 
be discovered by each nation for itself, since its 
elements depend both on local conditions and on the 
particular arrangement of those conditions, which 
determine the final organism. Nevertheless, the 
successes, and, still more, the failures, which have 
been experienced under one set of conditions may 
throw a useful light on the best way in which to 
tackle another set. The importance of an inter- 
national interchange of information, which will 
enable this light to be produced, cannot easily be 
overstressed. 

Considered from this aspect the latest World 
Power Conference may be described as a success. 
In the 170 papers that were presented, in the General 
Reports summarising them, and in the long and 
pertinent discussions which followed, there will be 
found plenty, and to spare, of food for thought and 
application. But in this very wealth of material 
there lies a danger. In this country we have too 
often wasted our abundant coal resources, primarily 
on account of their abundance. It is not impos- 
sible that the similar wealth of material provided 
by the Conference may also be wasted, because its 
plenitude will make its utilisation difficult. It is 
too late to prevent this on the present occasion, 
but, in the form of suggestions for future action, it 
may not be out of place to review certain features 
of the existing organisation and to indicate ways 
along which they might possibly be improved. 

The number of papers presented being so large, 
the only possible course was to take them as read. 





Such a policy, however, imposes an obligation on 
the organisers that advance proofs shall be ready 
some time before the meeting, and this obligation 
was not always fulfilled. For the purposes of 
discussion the papers were divided into sections, 
but no clear policy appears to have determined 
the lines of demarcation between them. The 
result was that certain communications might 
better have been placed under other headings, 
while the frontiers adopted produced superfluity 
in some cases and poverty in others. If the 
reason is that the sections were chosen first and 
the papers allocated to them afterwards, as seems 
likely, the remedy is easy. If it were not, one 
solution seems to be to make a distinction between 
papers which are mere records and those which 
contain matter that is ripe for discussion, only the 
latter class being presented at the meetings. Many 
of the papers read at the first World Power Con- 
ference at Wembley in 1924 were largely collections 
of statistics. It was right that this should be so, 
since the information thus provided had not hitherto 
been available and was required as a foundation for 
future work. That need no longer exists. It 
should therefore be sufficient to bring this informa- 
tion up to date from time to time ; and such revision 
might well be the duty of the various National 
Committees, the results of the work being presented 
at the Plenary Conferences only. This would assist 
in rendering the papers proper, shorter and help to 
bring out the conclusions reached in greater relief. 
This question of sectionalisation has another, and 
more fundamental, aspect to which it will be con- 
venient to refer later. 

The preparation of General Reports summarising 
| the information given in the papers is from every 
j; point of view a sound policy. It would be an 
advantage, however, if these documents, like the 
papers, could be made available some time before 
the meeting. It is also desirable that their “lay- 
out” should be standardised and, without wishing 
to be invidious, we suggest that the report prepared 
by Dr. Gerald Stoney for Section J might be taken 
as a model for this purpose. This briefly indicated 
the contents of the various papers and then critically 
discussed the different points brought out in them. 
The reader was thus enabled to obtain a maximum 
of enlightenment with a minimum of effort. But, 
in any event, it is desirable that the Reporter's 
| opinions should be clearly distinguished from those 
of the authors. 

Important as the papers and General Reports are, 
however, the utility of these conferences must mainly 
be judged by the discussions. It is, therefore, worth 
while to take particular care in the organisation of 
the latter.. Last week this organisation took the 
form of indicating what subjects might be discussed 
and of requiring the speakers to state which of these 
subjects they proposed to deal with. These restric- 
tions were in general observed. Moreover, a satis- 
factorily small amount of time was wasted in empty 
compliments. The principal weakness was that 
propounders of ideas and makers of equipment far 
outnumbered those who had applied the ideas or 
employed the equipment. In engineering, how- 
ever, as in diatetics, the proof of a product lies 
in its consumption. If this can be borne in mind 
in organising future conferences it would be an 
advantage. 

At first sight the solution seems to be to select 
and “seed ”’ the speakers on a particular subject. 
But a discussion, if too well organised, becomes 
dull, and that spontaneity which gives it life must 
therefore somehow be retained. Probably a middle 
course, which organises a little and leaves a little 
to chance, would give the best results. As it was, 
the standard of the discussions was, on the whole, 
high, and the amount of new information made 
public through them large and varied. The sole 
exception of any importance arose directly from 
the sectional organisation. This allowed certain 
speakers to ventilate pet opinions on more than one 
occasion, thus not only wasting the time of the meet- 
ings, but space in the published Proceedings. 

The interpretation of remarks made in foreign 
languages is another point to which attention 
should in future be paid. This is the bugbear of all 
international conferences, including probably those 
dealing with international languages. We have 
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already referred to one result of this legacy from the 
Tower of Babel; and need only add that during the 
second week there was an increasing number of 
non-English-speaking participants in the discussions. 
That, however, satisfactory as it was, served to 
emphasise the need for proper interpretation, a 
form of metamorphosis, which inevitably imposes 
a handicap on the speaker. That handicap should 
not, therefore, be increased by condensing as well 
as interpreting the remarks made. In one case 
a series of important data in German were inter- 
preted by a general statement that they had been 
given, their object and their effect being equally 
left to the imagination. The remedy seems to be 
for speakers in foreign languages to be asked to 
submit their remarks in writing in advance, so 
that a translation can be made and read after 
they have contributed in their own tongue to the 
discussion. That this document may not be word for 
word the same as the spoken remarks is no great 
matter. 

The purpose of these criticisms is not to detract 
from the undoubted value of the recent meeting, 
but to indicate certain changes that seem to be 
necessary for the future well-being of the Conference. 
These changes are fundamental rather than super- 
ficial. The first conference at Wembley was 
admittedly an experiment, but an experiment 
successful enough to give rise to the belief that it 
was worth repeating. The subsequent meetings 
at Basle and in London have tended to confirm 
that belief, and have indeed rendered further experi- 
ment unnecessary. Steps should, therefore, be 
taken to provide the Conference with a permanent 
organisation and in so doing to draw a sharp 
distinction between Plenary Conferences and Sec- 
tional Meetings. The objects for which the World 
Power Conference was formed are laid down in 
general terms in its ‘“ Articles of Association.” 
They should be expanded and divided into, not 
too large, a number of permanent sections, and 
the subjects covered by one or more of those 
sections only (probably the fewer the better) 
should be dealt with at the Sectional Meetings. 
The tendency at present is for the scope of these 
meetings to widen; that should be checked. On 
the other hand, the Plenary Conferences should 
cover the whole field, paying most attention to 
those subjects which have not recently received 
attention. Under present arrangements there is 
a danger that the distinction between a plenary 
Conference and a Sectional Meeting may become 
obscured, and that the whole structure may thus 
become unwieldy, until finally it collapses under 
a weight of useless excrescences. To prevent this 
happening, careful pruning and strengthening are 
necessary and should be undertaken without 
delay. In the meanwhile we look forward to the 
third Sectional Meeting in Tokyo next year and 
to the second Plenary Conference in Berlin in 
1930, feeling sure that this body, whose genesis 
was in this country, will with international assist- 
ance develop into a great force, accelerating the 
progress of civilisation and illustrating in no 
uncertain way the truth that science knows no 
frontiers. 

SUPERCHARGING. 

HiGH as is the thermal efficiency of the internal 
combustion engine, still better values would be 
attained were it practicable to utilise the toe of 
the diagram. As Atkinson proved nearly fifty 
years ago, there are no mechanical difficulties in 
effecting this. In his highly ingenious gas engine 
the ratio of expansion was nearly double the ratio 
of compression, and a thermal efficiency previously 
unprecedented was recorded. It is seldom, however, 
that such gains are strictly net. Quite frequently 
they are accompanied by certain drawbacks which 
at times seriously discount the apparent profit, 
and the Atkinson engine was somewhat more com- 
plicated than the normal type, and weight for 
weight had a smaller output. As matters stand 
to-day, a low power/weight ratio cannot be charged 
against internal combustion engines regarded as a 
class, since many aero-engines weigh less than 2 Ib. 
per brake horse-power. This figure is, however, 
largely due to the use of small and numerous 
cylinders, since, as is well known, the appropriate 


law of comparison shows that the power/weight 
ratio for geometrically similar engines should vary 
directly with the cylinder diameter. Some curves 
exhibited by Sir Dugald Clerk in a discussion 
at the Institution of Mechanical Engineers in 1912 
showed that this rule was followed with remarkable 
fidelity in the case of all types of internal combustion 
engine for which data were then available. The 
lowest point plotted, however, corresponded to a 
weight of about 116 lb. per brake horse-power, 
or some fifty times as much as the corresponding 
value for an aero engine. The difference is mainly 
due to the fact that the engines are not geometrically 
similar, but an important factor has also been the 
use of special steels and alloys which were either 
unknown at the date in question or were too costly 
for use. It is quite possible, moreover, that these 
materials might not prove as reliable in large 
scantlings, and hence the law of comparison might 
fail to hold good even if the aeroplane type were 
built in large sizes. 

Nevertheless whilst a large power weight ratio 
cannot be regarded as incompatible with the principle 
of the internal combustion engine, it is undoubtedly 
true that the Diesel engine is in this respect at 
a considerable disadvantage. The two-cycle type 
was introduced with a view to diminishing this draw- 
back, but the theoretical doubling of output has not 
been attained, and in general the thermal efficiency 
is somewhat less than with four stroke engines. 
Other plans have accordingly been proposed, and in 
an interesting and informative paper read last Tues- 
day before the Institute of Marine Engineers, which 
is of value as extending the information, given 
in our last issue, about the Biichi installations on 
the M.S. Raby Castle, Dr. Alfred Biichi claims 
that a four-cycle engine fitted with this system 
of supercharging will have a materially higher 
power-weight ratio than has hitherto been reached 
with two-cycle Diesel engines. Taking all factors 
into consideration, such engines weigh, he states, 
only some 20 per cent. less than an equivalent 
four-cycle engine. By adding to the latter a super- 
charger, which will increase the total weight by, 
perhaps, 2 per cent., the output can be raised 50 
per cent. and the ratio of weight to power reduced 
by, say, 45 per cent. 

In the Biichi system of supercharging use is made, 
somewhat indirectly perhaps, but quite effectively, 
of the toe of the diagram. Asis common knowledge 
the turbine is particularly efficient in developing 
power from large volumes of working fluid delivered 
at low pressures, and on Dr. Biichi’s system the 
gases exhausted from the Diesel engine are passed 
through a turbine in which they are expanded down 
to atmospheric pressure. The turbine in addition 
to developing power, acts also as an efficient silencer. 
A direct system of utilising the power developed 
by these waste gases would be to couple up the 
turbine by suitable gear with the main engine shaft, 
along the lines adopted in the Bauer-Wach system 
of dealing with the exhaust from ordinary marine 
steam engines. From the standpoint of thermal 
efficiency this plan would have certain advan- 
tages, but the efficiency of the marine Diesel 
engine is already so high that an improvement in 
its power-weight ratio and its overload capacity 
may well be deemed more important than a reduced 
fuel rate. Dr. Biichi by coupling his turbine to an 
air compressor and using the latter to supercharge 
the Diesel engine, obtains an increase in power 
certainly much greater than could be secured by 
gearing the turbine to the main shaft. Moreover, 
owing in part probably to the excellent scavenging 
thus obtained, and in part to the greater output 
per cylinder, the fuel rate per brake horse-power is 
also somewhat improved. In normal Diesel engine 
practice about 8 per cent. of the previous charge is 
trapped in the cylinder when the exhaust port closes, 
with the result that the temperature is raised to 
about, say, 620 deg. C. With the Biichi method 
of supercharging, excellent scavenging is obtained, 
and the cylinders being swept through by a large 
volume of air having an absolute temperature of 


not more than, say, 320 deg. (., the temperature | 


at the completion of the compression stroke is 
materially less than with the normal arrangement, 
a condition which amongst other advantages ought 





to diminish the possibility of detonation. 





With the compressor designed to supercharge the 
cylinders toa pressure of 6 lb. per square inch 
gauge an increased output of 50 per cent. is claimed. 
The ratio of expansion is, of course, reduced. 
Nevertheless owing in part to the effective scavenc- 
ing, and in part to the higher mechanical efficiency, 
the consumption per brake horse-power is, it is 
claimed, actually less than with the standard Diese! 
system. Supercharging to the extent of 30 lb. per 
square inch gauge has been tried experimentally, 
and Dr. Biichi has expressed the hope that this 
may ultimately be the normal figure. In that case 
the normal output would be tripled. 

Questions have been raised as to whether the 
increased outputs will necessitate any large increase 
of scantlings, and this matter has been very ade- 
quately discussed in Dr. Biichi’s paper. He points 
out that maximum pressures are not increased by 
the supercharge, but are merely longer maintained. 
Hence the connecting rod stresses, the cylinder 
strains, and the bending stresses on the crankshaft 
will be practically unaffected. The torsional 
stresses will be increased, but by no means in 
proportion to the increased output since the 
contribution of each cylinder to the total torque 
is more uniform, and in fact he shows that in the 
particular case of a 19-inch shaft proportioned 
to Lloyd’s rules the increase in diameter to 
take a 50 per cent. increase in output would only 
be one per cent. Since in general such shafting 
is proportioned somewhat in excess of Lloyd’s 
requirements it would seldom be necessary, when 
applying the supercharging system to existing 
engines, to replace the shafting. The additional 
weight required to obtain the large increases in 
output is small since both turbine and compressor 
are high speed plant with a small power weight 
ratio. An ordinary 4-cycle Diesel marine engine 
developing 2.960 b.h.p. would, Mr. Biichi states, 
weigh about 425 tons. Adding the supercharging 
plant would only involve an addition of 8 tons 
or less than 2 per cent. 








CO-OPERATION IN TRANSPORT. 


Tue fact that Air Vice-Marshal Sir W. Sefton 
Brancker, K.C.B., has been selected as the President 
of the Institute of Transport, may be taken as an 
indication that the officers and members of that 
body are fully alive to the possibilities of civil 
aviation, which Sir Sefton so enthusiastically repre- 
sents. In his inaugural address, delivered on Monday 
last, Sir Sefton expressed his conviction that air 
transport would affect the future of the Empire at 
least as vitally as land and sea transport had done 
in the past, and gave statistics to support the claim 
that it might now be regarded as an established 
factor in economic life. He admitted, however, that 
it differed materially from the older forms of 
transport, in that, at present, it could only be 
operated on a profit-making basis under exceptional 
conditions. The chief reasons for this are, of course, 
that the amount of traffic obtainable is compara- 
tively small, and that air transport cannot handle 
heavy freight and third-class passenger traffic. 

In certain cases, air lines can be operated profit- 
ably, an instance of this, mentioned by Sir Sefton, 
being one between the coast and Bogota, the capital 
of Colombia, which, he said, had paid handsome 
dividends for some years without receiving any 
artificial financial assistance. Several companies 
carrying mails in the United States were also 
operating satisfactorily from the financial point of 
view. In Europe, on the other hand, international 
competition and the relatively small time saving 
achieved on the short journeys involved, rendered 
it impossible to charge economic rates. Extension 
of the routes, so as to distribute overhead charges 
more widely and also to effect greater saving in 
time, would, in Sir Sefton’s opinion, enable economic 
rates to be charged and would also attract more 
traffic. Operating costs, moreover, were being 
steadily reduced, and it should now be possible to 
operate a standard fleet of modern aircraft, at A 0 
miles per hour, at a total cost of 3s. per ton-mue, 
including overhead charges, provided that it could 
be kept fully employed. 

A considerable part of the address was occupied 


| with suggestions relating to the utilisation of air 
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transport in conjunction with the older transport 
systems. Co-operation between motor transport 
and air transport, Sir Sefton said, was more or less 
automatic, the motor road vehicle being essential 
for collecting passengers and cargo for transport by 
air, and although the light aeroplane might eventu- 
ally become a serious rival to the motor-car as a 
means of luxury travel for both business and pleasure 
purposes, there was no likelihood of the demand for 
motor-cars being adversely affected. That there 
are some possibilities of the future utilisation of air- 
craft by railway companies may be conceded, though, 
so far as we are aware, nothing has been done in 
that direction up till the present. Sir Sefton sug- 
gested, for instance, that in India aircraft might 
be used for carrying mails and first-class passengers 
over long distances to the seaports, in place of the 
trains de luxe now employed, which were costly to 
run and greatly disorganised other traffic in the areas 
through which they passed. Similarly, he suggested 
that our railway companies might carry mails and 
first-class passengers by air, instead of by steamer, 
between this country and the Continent or Ireland. 
By this means, he thought, they would be able to 
carry the slow traffic in passengers and goods by 
steamers at lower rates than were at present generally 
in force. 

Passengers, however, can travel safely and com- 
fortably at night in railway trains and steamers, 
which is hardly the case with aircraft at present. 
It is only by the development of night flying, we 
suggest, that it will be possible fully to utilise the 
high speeds attainable by aircraft which are, of 
course, its main advantage over other methods of 
transport. As an instance of the possibilities of 
co-operation between railways and aircraft, Sir 
Sefton mentioned that a company had been formed 
in the United States to enable passengers to travel 
by air during the day time and by train at night on 
long journeys, and time would doubtless be saved 
if such a system could be organised effectively. 
The saving, however, would be obviously much 
greater if the whole journey could be made by air. 
On the through route from Croydon to Karachi, 
which is about to be inaugurated, passengers will 
travel by air to Bale, and proceed from Bale by night 
train to Genoa, where they will be again transferred 
to aircraft. Later in the journey, where railways 
do not exist, they will land at night and proceed by 
air in the morning, and this will be necessary until 
a night-flying organisation has been developed and 
aircraft with sleeping accommodation have been 
put into service. 

While air transport does not promise to become 
a serious rival to railway transport, it is likely, in 
Sir Sefton Brancker’s opinion, to deprive shipping 
of some of its more valuable traffic, viz., mails and 
such passengers as are prepared to pay for the 
higher speed. He suggests, therefore, that shipping 
companies, in their future programmes, should 
themselves arrange for the transport of such traffic 
byair. Referring to the use by the French steamer 
Ile-de-France of a seaplane carrying mails and 
launched from the ship by a catapult some 400 
miles from the port of arrival, Sir Sefton pointed out 
that this method of employing aircraft would be 
greatly improved if the steamer could be provided 
with a flying deck similar to those on naval aircraft 
carriers, Aircraft could then alight on and take off 
from the deck, and mails and passengers could be 
delivered at, or embarked from, any port or inland 
city by a vessel steaming past at a distance of some 
200 miles or 300 miles. This, however, would be 
4 compromise, and would lose its value if airships 
prove to be commercially successful for carrying 
mails and passengers on long ocean routes. Later, 
the large flying boat may become a serious rival to 
the airship, but, in the meantime, aeroplanes and 
seaplanes will doubtless be used for developing land 
and coastwise routes, and may thus secure some of 
the traffic now carried at slower speeds and over 
greater distances by shipping. 

At present, the two developments of air transport 
which appear most likely to affect other transport 
organisations, particularly shipping, are night flying 
and airship operation, although increased speed 
and improved efficiency are other directions in which 
Progress is possible. These, Sir Sefton suggested in 
conclusion, would result in far-reaching develop- 





ments in air commerce which would benefit human 
activities in general, not excepting those of the older 
forms of transport that were able to adapt the 
facilities offered by the air to their own particular 
needs. 


THE WORLD POWER CONFERENCE. 
(Continued from page 437.) 
CoNTINUING our report of the meeting of the 
Sectional Conference on Fuel of the World Power 
Conference, held at the Imperial Institute from 
September 24 to October 6, we have now to deal 
with the meeting held on Friday, September 28. 








FuELs AND STEAM GENERATION. 

Fourteen papers on the Utilisation of Fuels for 
Steam Generation and the Production of Electricity 
were presented to the meeting of Section J, on the 
morning of this day. Sir Charles Parsons occupied 
the chair, and the general report was read by 
Dr. G. Stoney. 

In this report it was pointed out that boilers were 
becoming larger, and that trouble was being experi- 
enced owing to the size of the grates. It was 
remarkable how slow marine engineers had been to 
adopt mechanical stoking. Air heaters were being 
more and more used and, though economies resulted, 
difficulties had arisen with the grates and brickwork, 
owing to the high temperatures. Higher steam 
pressures would necessitate improved methods of 
manufacture and higher temperatures some better 
material than mild steel in the superheaters. Pul- 
verised fuel was now being largely used, but the 
best methods of pulverising it and storing it had 
yet to be determined. Another problem was how to 
deal with the very high flame temperatures, especi- 
ally with pre-heated air, unless an excess of air was 
allowed, with a consequent reduction in CO,. 

The introduction of forced and induced draught, 
as well as air heaters and economisers, had reduced 
the flue gas temperature to a point where there was 
little tendency for the gases to rise when they left the 
stack. As high stacks were not necessary in these 
conditions the atmospheric pollution was often 
serious. Large economies could possibly be effected 
by blending the coals and by proper training of the 
staff. 

It was probable that the properties of high 
pressure and high temperature steam would be more 
accurately determined in the near future. It was 
hoped that there would be collaboration between 
the various experimenters to determine the most 
probable values of the properties of steam at high 
pressures and temperatures. Examination and 
comparison of the results obtained by different 
methods were of the utmost importance, as each 
experimental method was liable to systematic errors 
peculiar to that method, and each experimenter 
was apt to consider his own method the most perfect. 
At present there was no agreement as to the steam 
tables to be used. There was room here for an 
international commission. 

The papers included one on The Economic Utili- 
sation of Fuel in the Production of Electricity, by 
Mr. R. P. Sloan. It was pointed out that the total 
quantity of coal used annually for the generation of 
electricity in Great Britain was about 7-75 million 
tons, or 4-3 per cent. of the total. This was not likely 
to increase much, as although the consumption of 
electricity was rising, so was the economy of power 
stations. Waste heat, too, was being more and more 
employed, and one company had effected a 21 per 
cent. reduction in the coal consumption by this 
means. The cost of coal amounted to about 4-6 
per cent. of the total cost of supplying electricity to 
small consumers, but might increase to 46 per cent. 
in the case of large consumers near the power 
station. To produce electricity at the lowest 
possible cost, the ratio between the capital and other 
charges and the fuel cost must be a minimum. 
Further economies must be sought by avoiding 
heat losses, pre-heating the air, extracting the steam, 
re-heating, and higher steam pressures and tempera- 
tures. In cases where process steam was required, 
large economies could be effected by using back- 
pressure turbines, any excess or deficiency in the 
electricity demanded being made up by feeding into 
the mains of or taking current from the supply 
undertaking. Another direction was in the treat- 





ment of coal to obtain the by-products and using the 


resulting coke and gas under the boilers. In 
this connection a detailed account was given of the 
by-product recovery plant at Dunston. In this 
case the value of the derivatives per ton of coal 
treated was 10s. 6d., and the coke was worth 9s. 1d., 
or a total of 19s. 7d. As the coal cost 12s. per ton 
and the total cost of operation was 4s. 8d., or a total 
of 16s. 8d., the profit was 3s. ld. No important 
commercial economies had therefore been obtained 
up till the present, but these costs could, it was 
considered, be reduced by operation on a larger scale. 
The coal was carbonised by a low temperature 
process and the coke pulverised before being burnt 
with the surplus gases under the boilers. 

In a paper on Researches with High-Pressure 
Steam, Dr. Jaroslav Havlicek gave an account of 
an extensive equipment, which had been set up at 
the University of Prague, for- investigating the 
properties of steam up to pressures of about 3,600 Ib. 
per square inch and temperatures up to 932 deg. F. 

In a paper on the Utilisation of Liquid Fuels for 
the Generation of Steam, Commander A. L. P. 
Mark-Wardlow, R.N., stated that after lengthy 
experience it was decided, in 1914, that oil fuel only 
should generally be used for steam generation in the 
main boilers of H.M.ships. Boilers generating steam 
sufficient for 10,000 s.h.p., and giving efficiencies of 
48 per cent. and 72 per cent. at the relative burning 
rates of 0-2 Ib. and 1-0 Ib. of oil per square foot of 
heating surface were now common. The various 
methods of burning oils under boilers and the 
precautions necessary to obtain good results were 
dealt with. 

Mr. Ernst Harprecht’s paper on Fuel Economy 
on the German State Railways, described the 
organisation and testing of the fuel supplies for a 
system whose coal consumption was some 14-4 
million tons per annum. About 90 per cent. of 
this amount was burnt on locomotives. It has 
been generally supposed that direct air-cooled con- 
densers cannot be used on locomotives, but from 
the researches given by Mr. M. T. Lindhagen in his 
paper on The Application of Air-Cooled Condensers 
to Locomotives, it appeared that it was quite 
possible to apply them in the space available. A 
number of experiments were described on cooling 
elements, and, as a result of these, a condenser had 
now been designed for use on locomotives of the 
Ljungstrém type, in which a vacuum of from 62 per 
cent. to 78 per cent. was obtained. The relation 
between the fuel consumption per unit distance 
and the car weight was found to follow a straight 
line similar to the Willans’ line for steam engines 
and turbines. 

Mr. T. Lindmark read a paper on The Principles 
of Flame Radiation, in which it was pointed out that 
the transmission of heat took place by convection, 
gas radiation and flame radiation, the latter being 
partly chemical and partly resulting from minute 
particles of carbon. With pulverised fuel, the flame 
was increased by the fact that the particles increased 
in volume in burning, and that there remained a 
very porous and inflated core of coke. This increase 
in volume had been found to be as much as eight 
times in some cases. Recently, work on the 
radiation of pulverised coal flames had been under- 
taken in the Stockholm Technical University, and 
it was probable that the results might have con- 
siderable effect on the design of radiation boilers. 
Formule for the Economic Ratio of Blending Coals 
for Steam Raising were dealt with by Mr. T. Sase. 
On account of the interaction between one another 
of different kinds of coal when they were mixed, 
in some cases a higher evaporation could be 
obtained than with either coal separately, so that 
important economies could be effected. 

Four papers were presented by Polish authors. 
These included The Burning of Polish Coal on 
Locomotives and Methods Adopted by the Polish 
Railways in order to Promote Fuel Economy, by 
Mr. Stanislaw Felsz; Polish Coal as Fuel for Loco- 
motives, by Mr. S. Kruszewski; and Estimation of 
Heat Losses when employing Natural Gas as Boiler 
Fuel, by Mr. Wiktor Wisniowski. The remodelling 
of the fuelling arrangements at the Vienna Muni- 
cipal Electricity Works to enable the poorer fuels 
available after the war to be burnt, was described 
by Ing. Fritz Siedle. The changes included the 








installation of chain-grate stokers, improved combus- 
tion chambers and ash pits, and the introduction of 
pulverised fuel. A paper on The Duty of the Fuel 
Technologist and the Training of the Stoker, by 
Mr. F. Smal, advocated the guidance of the latter 
by the former, so that the maximum efficiency 
might be obtained. 

The discussion was opened by Mr. R. P. Sloan, 
who said that some of the problems they were 
considering that morning were still a long way 
from solution, and the time it would take to solve 
them would depend on the amount of money 
received for research from those who would benefit. 
Greater co-ordination, both of national and inter- 
national research, was also necessary for that end 
to be attained. The prevention of the smoke nui- 
sance was becoming more urgent owing to the grow- 
ing concentration of plant and, though grit-catch- 
ing devices had had little effect, recent legislation 
might be of assistance. Referring to the low- 
temperature carbonisation plant at Dunston, 
he said that he believed that with it they 
were well on the way to a solution of this 
problem. This was very important in a country 
like Great Britain, where there was no native oil, 
as not only could oil be produced in this way, but 
the value of the raw coal could be enhanced. The 
use of mechanical stokers and pulverised fuel at sea 
would enable lower grade fuel to be burnt and check 
the employment of oil. 

Dr. Jaroslav Havlicek amplified his paper by 
saying that he had now obtained results at pressures 
of 52, 100 and 150 atm. and a temperature of 500 deg. 
C., which were comparable with those due to Mollier 
and Stodola. He employed a method which depended 
less than others upon a knowledge of the heat 
content of low-pressure steam. His results should, 
therefore, be more accurate. 

Professor Douglas Hay pointed out that the cost 
of coal would form a larger percentage of the cost 
of generation as the load factor increased. The 
price of coal was now little above that ruling before 
the war and was often below the cost of production, 
so that he saw little prospect of the prices being 
reduced by reconstruction or amalgamation. This 
applied throughout Europe. Modern methods of 
treating coal would curtail the market for that 
product, and this movement would be assisted by 
the increasing use of electricity, gas and coke for 
domestic purposes. The small low-grade fuel 
employed for the production of these agents was 
realising less than half the price of the large coal. 
As seams were becoming more difficult to mine, 
wages were tending to rise and hours to shorten, 
and he foresaw a general rise in the price of coal, so 
that the estimates for 1935 and 1940 given in the 
Weir Committee’s report would be falsified. To 
counteract this tendency new markets must be 
found. In connection with the generation of elec- 
tricity, it might be pointed out that 20,000,000 tons 
of low-grade fuel were thrown away or left in the 
pit each year, in addition to 16,000,000 tons con- 
sumed by the collieries themselves. The latter was 
coal that was not worth transporting and was used 
in some 1,000,000 kw. of generating plant, mostly 
small units. Collieries could therefore supply them- 
selves with electricity very cheaply, since there were 
no transmission charges ; and these stations, in con- 
junction with carbonisation plant, might be in a 
position to supply outside consumers and obtain 
additional revenue in that way. 

Mr. W. Erdos, following, said that mechanical 
stoker design must be determined by the fuel used 
and the load condition;. He described some tests 
in which the CO,, CO end oxygen contents of the 
furnace gases had been measured across the grate. 
It was found that the percentages of CO, and CO 
were high in the middle and low at the sides, while 
the reverse was true of the oxygen. By injecting 
air or steam, greater evenness was obtained, and the 
percentage of CO, was raised about 2 percent. This 
was due to the turbuience created by the draught. 

Mr. I. V. Robinson said that it was desirable that 
there should be some international agreement on the 
question of researches into the properties of steam. 
in this country Professor Callendar had begun work 
on the subject before the war, but progress had 
been slow. In 1921, the Americans had proposed 
to investigate these properties, certain ranges of 





ENGINEERING. 








; [OcT. 12, 1928. 


pressures up to the critical pressure being allocated | allowed a large percentage of the oils to be saved. 


to different observers. One or two ranges had not 
been allocated, and he had therefore suggested that 
they might co-operate in this country. It had thus 
been possible to draw up a complete table ; but it 
had been agreed, both with the Americans and the 
Germans, that this should not be published, until 
certain main principles had been established. He 
hoped that Dr. Havlicek, of whose work he had 
been unaware, would also co-operate on the same 
lines. As regards Mr. Stoney’s remark that an 
international commission on this subject was 
wanted he pointed out that the Prime Movers’ 
Committee of the International Electrotechnical 
Commission was in existence, and comprised repre- 
sentatives of several countries. 

Mr. Hellemans suggested that one way of obtain- 
ing cheap electricity was to make more use of the 
heat that was wasted in factories and saw mills. 
He was sure that a large amount of off-peak energy 
could be obtained in this way, while the presence of a 
large number of steam plants would mean additional 
security. 

Mr. N. Forssblad gave details of two boilers at 
Visteris, Sweden, which acts as a standby to the 
hydro-electric supply on peak loads (see ENGINEER- 
ING, vol. cxxiv, p. 436). One of these was fired by 
oil and the other by pulverised fuel. They comprised 
a super-heater, economiser and air-heater, the latter 
being of special design. As the air temperature was 
1,100 deg. F. the heater was made of stainless steel, 
as were the tubes in the superheater. The oil- 
fired boiler had a heating surface of 2,300 sq. ft., 
an evaporative capacity of 88,000 lb. and an effi- 
ciency of 75 per cent. at three-quarter load. It 
could be started in 11 min. from cold. As these 
were peak load units, low first cost, low starting 
losses and small space occupied, were more important 
than efficiency, and the space occupied was only 
about one half of that of ordinary boilers with the 
same evaporation. 

Mr. W. M. Selvey did not think it would be 
difficult to control the smoke in modern power 
station developments, but there was no doubt 
that more gas would be discharged into the air at a 
given point. This would probably mean more and 
higher stacks. The carbonisation process described 
by Mr. Sloan was interesting since it did not depend 
for its success on the production of ammonia sul- 
phate, low grade coke or gas. It was using a non- 
coking coal which rendered it of wide application, 
and its by-products were such as would find a ready 
market. 

Mr. George A. Orrok said that in the United States, 
where two-thirds of the power obtained was derived 
from coal, 90,000,000,000 kw.-hours were now being 
produced per annum with an average fuel consump- 
tion of 1-8 lb. per kw.-hour, the coal used being 
of all qualities from 8,000 to 14,000 B.Th.U. How- 
ever they treated the coal they could not extract 
more heat units from it than were originally there, 
and the by-products problem was therefore an 
economic one. The prospects in the United States 
of selling by-products at a reasonable price were 
not bright. The smoke nuisance could be success- 
fully overcome when stokers were used, but with 
pulverised fuel it was another matter, and it did 
not seem that more than 80 per cent. of the waste 
matter could as yet be trapped. As regards the 
properties of steam, they had started work on this 
subject some eight or nine years ago, since they had 
found that the steam tables above 200 Ib. and 
400 deg. F. were mainly extrapolations. A series of 
researches had been planned, including an investi- 
gation of the Joule-Thomson effect, pressure-tem- 
perature-volume data and the specific heat of 
liquid water up to the critical point. They also 
hoped to obtain figures for the total and latent 
heats of saturated steam, and to be able to measure 
the specific heat of superheated steam directly. 
In addition, a total heat entropy chart was to be 
prepared. No final results would be published until 
complete international co-operation was ensured. 

Mr. F. D. Napier, referring to the Dunston plant, 
said the plant had run without a hitch for twelve 
months, and though it seemed complicated, it 
was, Owing to its ingenious control, no more difficult 
to operate than a boiler. It had also been run 





without preliminary screening of the coal, which 


With slight modifications, it would be possible to 
obtain sizeable coke for domestic use from it. The 
amount of clean steam required for its operation 
was very small. 

Mr. A. Spyer pointed out that a standardisation 
of steam pressures and temperatures would mean 
much cheaper plant. Pulverised fuel firing was 
suffering from the exaggerated claims that had 
been made for it. In the Dunston plant, the heating 
tubes had been separated from the main boiler, 
so as to obtain some light on the various radiant 
heat theories. He did not think such developments 
would reduce the total coal consumption, as more 
would be required for conversion into valuable 
by products. 

Mr. H. Van Hettinga Tromp said that the 
medium grade coal found in the Dutch East Indies 
could be successfully burnt on ships by converting 
it into briquettes. The same process might render 
possible the use of much low-grade fuel in this 
country. Only 5 to 6 per cent. of pitch was used 
for briquetting. Professor G. I. Finch thought 
that the solution for the pollution problem was 
electrostatic deposition. That arch-polluter, the 
domestic consumer, could not be dealt with by 
suppressing the open grate. He must be given a 
smokeless semi-coke instead of coal. Ing. Forte 
gave details of the methods adopted to secure fuel 
economy on the Italian State Railways. These 
included a premium system, the use of briquettes 
and, of course, electrification, which would be 
specially valuable where the traffic was dense, 
even if the actual savings decreased as the price 
of coal increased. 

Mr. George Helps recommended the use of gaseous 
fuel under boilers. He was at present experiment- 
ing with gas under a Lancashire boiler, and hoped 
to obtain a higher efficiency and less cost than with 
coal under a water-tube boiler. The Dunston 
scheme was sound, but he would have preferred 
to see the coke recovered utilised for making gas. 
Mr. Mikulski hoped that some international agree- 
ment would be arrived a+ on the methods of stating 
the calorific value of coal and the consumption in 
relation to the ton-kilometre, and not to the 
locomotive-kilometre. 

FUELS AND ELEcTRIcITY FOR FuRNACE WoRK. 

Mr. Roger T. Smith, the reporter of Section K-- 
Utilisation of Fuels, including Electricity, for Indus- 
trial Furnace Work,—which met under the presi- 
dency of Mr. G. A. Orrok, on Friday afternoon, had 
grouped the 17 papers submitted under three main 
headings. The first paper mentioned, a contribution 
from Russia, by Professor G. Grjimailo and M. 
Kirpitcheff, on the Hydraulic Theory of the Move- 
ment of Gases as applied to the Construction of 
Furnaces, considered flame movement as the move- 
ment of a light fluid within a heavy fluid, discussed 
quantitatively the loss of heat in a free stream of 
gases, and described experiments on the flow of 
gases round heated pipes and plates. In drying 
kilns, with natural circulation of hot air, the hot air 
rose from the bottom along the walls and descended 
by its weight after taking up the moisture of 
the goods. Tunnel furnaces of this type for the 
firing of earthenware, provided with a separate 
air discharge at the bottom, had increased the kiln 
output by 30 per cent. whilst reducing the fuel 
consumption by 48 per cent. ; 

The comprehensive report of the Technical 
Committee on Industrial Heating by Solid, Liquid 
and Gaseous Fuels, drawn up by Sir Robert 
Hadfield, Bt., and Mr. R. J. Sarjant, discussed the 
relative values of various fuels, thermal balances, 
flexibility, adaptability, insulators, rate of heating. 
&c. One of the disadvantages of oil fuels was the 
high flame intensity, 1,500 deg. to 2,000 deg. C.. 
against 1,400 deg. to 1,750 deg. C. for town gas. 
About 140 million therms of town gas, of an average 
calorific value of 475 B.Th.U., were annually made in 
Great Britain. Producer gas had suffered an adverse 
trend in recent years, owing to the heavy standby 
charges for lighting-up in separate units and to the 
gasification loss of 15 per cent. to 25 per cent., but 
that gas remained the most satisfactory form of 
heating large furnace batteries in continuous oper: 
tion with adequate recuperative or regenerator) 





practice. The costs of the therm delivered to the 
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furnace ranged from 1 - 3d. to 2d., all charges included. 
For small units the built-in producer was the most 
efficient means of application. The heat-resisting 
steels admitted of operating conveyors and muffle 
furnaces at 1,050 deg. C. Tube recuperators, made 
of these steels, for the preheating of air had stood 
inlet temperatures ranging from 1,000 deg. to 1,200 
deg. C. for 18 months without showing any deter- 
ioration fof the tubes. When the temperature of 
the preheated air was restricted to 200 deg. there 
was no difficulty with clinker. 

The paper by Mr. K. Tsujimoto, on Industrial 
and Domestic Uses of Coal, reviewed the present 
condition of the fuel supply of Japan. Though coal 
and petroleum had been in use there for 1,300 
years, they had only become important in the last 
sixty years. Charcoal had been the common fuel 
for the 2,588 historical years of the Japanese Empire, 
and was still prepared much as 1,500 years ago. 
Of the 30 million tons of coal mined in Japan, 28-5 
million were consumed there, and the imports of 
Chinese coals were now supplemented by the manu- 
facture of so-called ligno-briquettes, cylinders 3 in. 
long, 1 in. or 2 in. in diameter, made from native 
bituminous blended coals, a flux to fix the sulphur, 
and a binder (mostly pitch). Another Japanese 
paper, by Messrs. T. Noda and T. Kuroda, dealt with 
Low-Grade Coal for Blast-Furnace Work. Their 
coal had to be blended with imported coal and to be 
washed in special ways down to 12 per cent. of 
ash; rapid coking gave a fair coke for the blast 
furnace, though it contained 18 per cent. ash. 
The paper by Dr. T. Niemczynowski (Poland), on 
Atmospheric Pressure Burners for Natural Gas, 
described experiment and considerations for the 
determination of the dimensions suitable for the 
parts of burners. 

Dr. H. Bansen reviewed, on behalf of the Verein 
Deutscher Eisenhiittenleute, the manifold problem 
of the Production and Utilisation of Gas in German 
Iron and Steel Works. The paper discussed the 
production, purification, preheating and uses of 
blastfurnace gas for all work required in the plant, 
including the generation of electricity. Dr. Bansen 
would, however, use coal in electricity works and 
rolling mills. Steam turbines were preferable to 
gas engines, especially for driving blowing engines. 
Marine type tubular boilers were recommended. 
Waste-heat boilers were criticised as uneconomical. 
The utilisation of blast-furnace gas presented many 
technical possibilities, but there was only one 
economic solution in each case, and that solution 
was more likely to be found by the economist 
having thorough general knowledge of the technical 
points of the processes, than by the physical 
chemist able to work out a particular problem. 

The Economic Utilisation of Fuels in the Ceramic 
Industry of Czechoslovakia, by Mr. B. Helan, 
was a study of the heat balances, particularly of 
the circular kilns, of the brick and tile industry. 
Though heat losses by radiation and through the 
bottom of the kiln were not determined, the author 
considered that the latter losses were rather high. 
The ceramic industry of Czechoslovakia was using 
9-2 per cent. of the brown coal and 3-4 per cent. of 
the bituminous coal of the country. Dr. O. V. 
Morch submitted a similar paper on the Fuel Ques- 
tion in the Cement Industry of Denmark. The 
coal item represented in Denmark more than half 
the cost of the cement. The world required some 
24 million tons of fuel for the manufacture of 
59 million tons of cement and a fifth of that sum 
might be saved. The old, small rotary kilns intro- 
duced about 1900, for working with powdered coke 
on the dry method, were not economical. The wet 
method had not been successful in small kilns, 
but the modern dry kilns obtaining their steam from 
boilers heated by the waste heat from the kiln, 
realised 67 per cent. efficiency. 

In the second group of papers on the Use of 
Electricity for Industrial Heating, a paper from 
Japan, by Dr. T. Kawasakiyo on the Thermal 
Efficiency of an Industrial Electric Furnace, was 
first considered. The author pointed out that the 
definition of thermal efficiency, as the ratio of heat 
usefully employed to the total heat supplied, was 
ambiguous as to the meanings of useful heat and 
Waste heat, while the definition of M. De Kay 
Thomson and others, of the efficiency of an electric 
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furnace as the ratio of the heat actually used to heat 
the reacting substances to the required temperature, 
plus the heat absorbed by the reaction, to the total 
heat supplied, was not satisfactory either, since the 
efficiency of a furnace used only for holding the 
charge at a temperature above that of the sur- 
roundings would be zero. Dr. Kawasakiyo would 
distinguish between thermodynamic and relative 
contribution efficiency (depending upon the rate of 
heat supply) and define the thermal efficiency as the | 
product of these two factors. With the aid of | 
an energy conversion factor, this definition could be 
extended to fuel-combustion furnaces. The paper 
from Austria, by Dr. A. Velisek, on the Use of Elec- 
tricity for the Production of Heat in Industry, 
recorded the steady growth in Austria of the use of 
hydroelectric energy for water heating, steam raising, 
mould drying, welding, rivet heating, smelting, 
reverberatory furnaces, &c.; steam raising and 
smelting absorbed most of that heat. The former 
was considered economical when the kw.-hour did 
not cost more than one-third of a kilogram of coal. 

The report of the British Electrical Development 
Association on Industrial Electric Heating, by 
Mr. S. E. Monkhouse, was based upon an analysis 
of the statistics on fuel and electricity consumption 
in shipyards, brass foundries, engineering, paint and 
soap works, potteries and bakeries, and examined 
these with respect to the three operating tempera- 
tures, below 500 deg. C., up to 1,000 deg., and above 
1,000 deg. In potteries and soap works electricity 
supplied about 0-45 per cent. of the total heat re- 
quired, in shipyards 2-9 per cent., and in engineering 
works 6-5 per cent. Though more expensive than 
fuel heating, electric heating was extending especi- 
ally for metallurgical heat treatment and tempering. 
The report of the Canadian National Committee 
on the subject, by Mr. A. T. Stuart, took a different 
line. It advocated the utilisation of electrolytic 
hydrogen and oxygen. The oxygen could be used 
also for the enrichment of air, in the combustion of 
hydrocarbon fuels, without heating 80 per cent. 
of useless nitrogen. Water-power companies could 
generate 1,000 cub. ft. of electrolytic gases at a cost 
of 5 cents (24d.). The American report by Mr. 
W. H. Sammis estimated that the 2,000,000 kw. 
of electricity now used for industrial heating repre- 
sented a little more than a tenth of the electric 
motor load, and that electricity dealt with only 
4 per cent. of the actual heat load. Electric heating 
in smelting furnaces admitted of keeping the furnace 
gases oxidising, reducing or neutral at will. A paper 
from Japan, by Mr. Y. Matsunaga, dealt with the 
Electric Firing of Enamels on Porcelain almost 
exclusively. Japan produced in 1926 porcelain to 
the value of more than 6,000,000/., chiefly in Nagoya. 
The cost of the electric kilns was half the cost of the 
fir wood, formerly used. The firing was all done at 
night time in square or round kilns heated by chromel 
resistances mounted on the inside and bottom of the 
kiln. The chromel would stand 900 charges and 
did not show any wear up to 620 charges. Time 
was saved in heating up and in cooling, and the 
cleanliness and absence of moisture were great 
advantages of the electric kilns. 

The remaining few papers, grouped under the 
heading Production and Use of Gas for General 
and Special Applications, comprised a valuable 
survey of Industrial Gas in the United States, 
Growth and Trends, 1919 to 1927, compiled by 
the American Gas Association and the American 
Societies of Mechanical Engineers and of Heating 
and Ventilating Engineers. The use of gas had 
increased by 93 per cent. in those eight years. 
Town gas offered the advantages of other fuels 
without their disadvantages, its use was econo- 
mically and scientifically correct, and would con- 
tinue to increase. The Ashanti Gold Fields 





Corporation described the Use of Producer Gas 
and the new Crossley wood-fuel suction gas plant 
and engine installed on the Gold Coast in 1925, | 
with special regard to the wood-fuel problem. 
Another paper of cognate nature was by Mr. A. van | 
Hoek, on Wood-Producer Gas for Treatment of | 
Silver Ores at Tambang Sawah, Sumatra. The 
silver ore occurred together with manganese dioxide, | 
and had to be heated (and afterwards cooled) in a 
reducing atmosphere in order to render the silver | 
soluble in cyanide. The dried wood was mixed with , 
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10 per cent. of charcoal and gasified in a producer. 
Suction Gas Producers for Motor Vehicles were 
finally described in a French paper by M. J. Auclair. 
Producers not requiring steam injection and air 
preheating, designed for burning charcoal, wood or 
anthracite with downward combustion and fabric 
gas-filtration, reduced the necessary attention to a 
minimum. But the combustion would be difficult 
with fuels of low activity and high ash content, 
and the plant was heavy. This diminished the 
transport capacity of the vehicle, and competition 
with petrol did not appear possible if the fuel price 
exceeded 0-4 of the petrol price. 

Sir Robert Hadfield, Bt... added some recent 
figures on the performances of the heat-resisting 
steels made by his firm. One large industrial 
organisation had found the recuperator steel tubes 
able to work for twelve months at a maximum 
temperature of 1,000 deg. C. The coal burnt had 
been free of sulphur, but those temperatures had 
been exceeded, and Sir Robert had since developed 
a steel fairly resistant to sulphurous gases. These 
steels were used to make the rabbles for sulphide-ore 
roasting furnaces, and for oil-fired furnaces, and had 
done good service. Owing to their great mechanical 
strength, they were very suitable for mechanical 
stokers, but, owing to their high first cost, had not 
found much application in intermittent furnaces. 

Mr. Ryland Davis, of the Metropolitan-Vickers 
Research Department, regretted that in its early day 
the term “high-frequency furnace” should have 
become so closely associated with the coreless 
induction furnace, as if only the ring type would 
work on 50 cycles, while the coreless furnace required 
very much higher frequency. It was well known 
that the frequency employed in coreless induction 
furnaces covered a wide range and bore a definite 
relation to the resistance of the charge and the 
dimensions of the furnace. The larger the furnace, 
or the lower the resistance of the charge, the lower 
was the frequency that might be employed. Thus, 
if 500 cycles were required for a steel furnace, a 
frequency of 50 cycles would be sufficient for a 
charge of brass of 0-1 the resistivity of the steel. 
It had, in fact, been shown that a 600-lb. furnace 
for melting copper would operate on 50 cycles as 
efficiently as on any other frequency. Furnaces for 
non-ferrous metals now operating on 50 cycles were 
identical in principle and appearance with so-called, 
high-frequency furnaces. Their performance was 
exceedingly good and their power consumption low. 

Mr. W. S. Gifford likewise dwelt upon the varied 
advantages of the induction furnace over fuel 
furnaces, such as the quick and cleaner working, 
and the easy temperature and general control. He 
was, however, in favour of fairly high frequency. 
Mr. Settle strongly recommended electric ovens, 
even in large sizes, for bakeries and confectioneries. 
The saving of space was considerable, and also no 
fuel had to be stored. They were economical even 
with current at jd. per unit. But a cost estimate 
based on power only was, of course, misleading. 
Labour was saved, the work was done at night, and 
special terms might be granted. Last year a very 
large bakery had installed three baking ovens for a 
load of 170 kw. 

Mr. G. W. Speirs, following, said that for 
temperatures below 1,000 deg. C., nichrome wires 
proved very satisfactory, but there were few satis- 
factory resistor material for temperatures up to 
1,500 deg. Only 10 per cent. of pottery firing 
was at low temperatures. Even in periodic kilns, 
electric firing was more economical than full firing, 
and a beginning had been made in this country. 
A Swedish pottery firm had produced a new resistor 
for bhiscuit-firing. This was mounted as a _ roof 
of the kiln, and had worked continuously for 
three months at temperatures up to 1,500 deg. C. 
That firm was producing more and better ware 
per ton of coal burnt with these electric kilns 
than they had before. The temperature of the 
resistor was only a few degrees higher than that of 
the ware, whilst in the fire holes of fuel kilns the 
temperature difference might amount to several 
hundred degrees. 

Mr. A. Glynne Lobley pointed out that the 
energy cost was, by itself, no criterion in com- 
parative estimates. The electric furnace could be 
thoroughly heat-insulated, the charge temperature 














was maintained at little current consumption, 
and the furnace efficiency did not diminish in the 
course of time. As regards thermal efficiency, 
it was impossible to give a general efficiency formula 
covering all cases. The more perfect the heat 
exchange, in fact, the lower might be the calculated 
thermal efficiency of an industrial furnace, which was 
really a cost question affected by depreciation and 
other factors. Colonel Vignoles submitted that, 
though it might appear absurd to reconvert electric 
energy, created by fuel heat, back into heat, the 
superior adaptability, easier control, higher speed, 
&c., of electric heaters, made them preferable for 
small works, potteries, special steels, &c. Dr. 
Kawasakiyo remarked that the rates of heat flow 
through walls could not be exactly expressed by 
formule ; they had to rely on experimental 
data, Dr. Tadokoro had found in the Imperial 
Japanese Steel Works that the specific heat of 
fire bricks reached its maximum at 500 deg. C., 
and then changed sign, whilst diatomaceous earth 
changed little in its specific heat at moderate 
temperature. There was always an optimum rate 
of heating by fuel furnaces. With electric heating 
the thermal efficiency generally increased with the 
rate of heating, but the increment diminished as 
the temperature rose. 

Mr. R. J. Sarjand said the answer to the general 
question of gas versus electric heating was at 
present apparently easy in the North of England, 
where producer gas could be obtained at 1-3d. 
or 2d. per therm. Solid coal as fuel was not yet 
dead. Pulverised fuel was not economical for 
small units. They had recently replaced oil-fired 
heating furnaces by electric furnaces. The actual 
cost of the latter was several times higher for 
tempering and hardening. 

Mr. C. H. Sensicle, of Newcastle, speaking on the 
utilisation of electrolytic gas, said that the chemist 
wanted hydrogen for many purposes, but to burn 
the electrolytic hydrogen for heat and power 
generation as suggested by Mr. Stuart seemed 
to be questionable economy. Mr. J. Helps, of 
Nuneaton, almost ridiculed the prejudice against low- 
power gas. He obtained as high temperatures with 
gas of 200 B.Th.U. as with gas of 500; they sold 
their gas at Id. per therm. Sir Albert Kitson 
emphasised one, often overlooked, important point 
in favour of the use of producer gas in the Colonies. 
On the Gold Coast, timber had ruthlessly been cut 
down to obtain logs for the boiler house. Now they 
burnt the bush and utilised all the fuels in producers. 
Mr. Robert Mond, speaking next, said that all 
temperatures could be produced by gases, even 
of low calorific value, provided proper appliances 
for recuperation, etc., were available. He dwelt 
in general on the best ways of utilismg coal, 
pointing to the astonishingly long delay which 
had occurred in the distribution of producer gas ; 
the coke-oven gas industry was still suffering from 
this lack of enterprise. 

Captain J. F. Shaw, R.N., of the Fuel Research 
Board, said they were experimenting with wood 
and some form of coke for suction gas producers 
for vehicles. Charcoal was not suitable for England, 
He supported Sir Robert Hadfield as to the 
use of steel tubes for preheating air. They 
had tubes in use, installed in 1919, and still fit 
to work with gas leaving the retort at 900 to 
1,100 deg. ©. A further recommendation of 
the heat-resisting steel tubes was given by Mr. 
C. T. Hammond, who also agreed with Mr. Helps 
as to the possibility of obtaining very high tem- 
peratures with poor gas. Mr. A. T. Green, of 
Buxton, remarked thet in ceramics the numbers 
of failures (spoiled ware) was more serious than a 
higher fuel bill. The kiln had to be adapted to its 
particular object; temperatures of 500 deg. C. 
might be wanted for too long periods to suit resistor 
heating. Diatomaceous earth was the best insulator 
for temperatures of 1,150 deg., and the essential 
parts of a furnace would not require more than a 
thickness of 2} in. of that earth. Mr. A. Lindsay 
Forster, of Messrs. Chance Brothers, the last speaker, 
said that he had tried electric heating 22 years 
ago, but they had no difficulty in obtaining tem- 
peratures of 1,100 deg. C. with producer gas. 
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morning, October 1, to consider the Utilisation of 
Fuels, including Electricity, for Domestic Purposes. 
The chair was occupied by Dr. C. H. Lander in 
the absence of Sir Richard Threlfall, F.R.S., and 
nine papers were presented. The ground covered 
by these is sufficiently indicated in the General 
Report, prepared by Dr. Margaret Fishenden, 
from which we make the following extracts : 

Dr. Fishenden stated that some 15 per cent. of 
the coal mined in the world, or about 180 million 
tons, was consumed in the raw state for domestic 
purposes. The principal object of the meeting was 
to discuss how far this coal could be efficiently and 
economically replaced by other sources of energy. 
The more important of these sources were coal-gas, 
gas-coke, and electricity. It had been estimated 
that the world consumption in each of these indus- 
tries was about 5 per cent. of the total. Local 
conditions, however, such as the presence of cheap 
wood and water-power, sometimes modified the 
position. In Sweden, the utilisation of the former 
fuel was receiving attention, while in Japan, some 
3,580,000 h.p. of water power, equivalent to 
15,000,000 tons of coal per year, had been developed 
at the end of 1926. Water power was also largely 
employed in the west of the United States, where the 
cost of fuel was high. 

In general, the cost of manufactured gas, on a 
thermal basis, was much higher than that of coal. 
On the other hand, electrical and solid fuel appliances 
gave relatively high and relatively low efficiencies, 
respectively, in use. The success with which pre- 
pared fuels or electricity could compete with raw 
coal, depended as much on the manner of their use 
as upon their inherent characteristics. Thus insula- 
tion of the building fabric reduced the heat require- 
ments of a house by nearly 40 per cent., while the 
admission of additional air to the fire space of a stove 
burning brown coal increased the efficiency from 57 
per cent. to 73 per cent. A battered vessel resulted 
in a reduced efficiency for an electric hot plate 
from 63 per cent. to 5 per cent., while a reduction 
from 75 per cent. to 47 per cent. occurred when the 
distance between the hot plate and the vessel was 
increased from 0 mm. to 0-5 mm. The papers 
were united in indicating the difficulties of generalisa- 
tion in the domestic field, and developments might, 
therefore, be expected to proceed along different 
lines in different countries or different districts. 
For instance, although preferential tariffs for 
storage heating were being offered by many 
electricity undertakings, the circumstances in 
certain districts in the United States, where the 
principal load (irrigation) occurred during the hot 
months, allowed cheap rates even for direct heating. 
Many gas companies were also offering preferential 
rates for house heating, and in the United States, 
central house heating by gas promised to offer the 
largest domestic market, especially in districts where 
very low temperatures did not occur. On the other 
hand, the effect of the general adoption of gas heat- 
ing in a district would be to increase capital costs, 
since the demand on cold days would be greatly 
above the average. For this reason, the Vienna gas 
undertaking avoided pushing the use of gas for 
heating buildings, but encouraged it for cooking 
and hot-water production. 

The following mean estimated working efficiencies 
were given by Dr. Fishenden for the various types 
of heating appliances. Central heating by water or 
steam: Coal and coke, 50 per cent. ; oil, 60 per cent. ; 
gas, 75 per cent. ; electricity, 95 per cent. Stoves 
with flues, radiation and convection: Coal, 50 per 
cent. ; coke, 55 per cent. ; anthracite, 60 per cent. ; 
gas, 75 per cent. Flueless stoves, radiation and 
convection: Oil, gas and electricity, 100 per cent. 
Open fires, radiation: Coal, 20 per cent.; coke, 
25 per cent. ; gas, 45 per cent. ; electricity, 75 per 
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cent. Numerous tests of oil burners showed that 
their efficiencies did not exceed that of coal-fired 
installations, though oil-fired boilers were run at 
about 60 per cent. thermal efficiency, compared 
with 50 per cent. for solid fuel. A series of experi- 
ments carried out in Vienna showed that for room 
heating, 39 kw.-hour per cub. m. was required 
during the heating season with an electric hot-water 
storage system, 30-5 kw.-hour with an electric storage 





heater, and 25 kw.-hour with a direct electric heater, 
in comparison with 8-9 cub. m. of gas. This meant 





that with electricity at 1d. per kilowatt-hour, 
electric heating would cost 2-5, 1-9 or 1-6 times as 
much as 500 B.Th.U. gas at 10d. per therm. Dr, 
Fishenden herself estimated that at these prices 
electric heating would cost from 1-3 to 1-7 times ag 
much as gas fires, and electric stoves 2-8 times as 
much as flueless gas stoves, or 2-2 times as much 
as gas stoves fitted with flues. 

For the continuous warming of rooms, solid fuel 
was usually cheaper than gas whatever system was 
employed, because its initial cost on a thermal 
basis was relatively low ; and gas was cheaper than 
electricity. For intermittent heating the position 
might be reversed and, evenin centralised systems, 
the flexibility and automatic control possible with 
gas and electricity tended to reduce differences in 
the running costs. For cooking purposes gas or 
electricity at normal prices cost little or no more 
than solid fuel. It did not follow that the fuel 
which cost the consumer least would entail a mini- 
mum initial fuel consumption. With the thermal 
efficiency figures given above, provided gas appli- 
ances were not less than twice, and electrical appli- 
ances not less than five, times more efficient than 
their coal-fired counterparts, no waste of a country’s 
coal would be entailed by their adoption. Open 
gas fires complied with this condition, especially for 
intermittent use, and, even with gas stoves and 
centrally heated systems, the lower output, due to 
the greater flexibility, might prevent any increase 
in the coal consumption. 

Where for reasons of economy solid fuel was 
retained, considerable attention was being paid to 
its more complete combustion with reduced smoke 
emission and increased thermal efficiency and to the 
possibility of substituting coke for raw coal. As 
Mr. E. Dvorak showed, the thermal loss in combus- 
tible flue gas from a stove burning brown coal varied 
from 2 per cent. to 41 per cent., while Sinnatt 
had stated that the loss due to incomplete combus- 
tion in an open fire might exceed 20 per cent. The 
greater the efficiency of solid fuel apparatus in 
any given service, the more difficult was the position 
of its competitors, eg., for bulk steam or hot 
water production ; neither gas nor electricity could 
compete with solid fuels from the cost standpoint. 
Coke, however, could give efficiencies comparable 
with those obtained from both coal and anthracite. 

Dr. Fishenden stated that perhaps the most 
outstanding development in the field of domestic 
fuel utilisation was the growing realisation in all 
countries of the necessity of substituting methods, 
based on sound scientific principles, for the present 
wasteful appliances, alike in the interests of fuel 
conservation, economy and smoke prevention. 
The main trend of progress was in the direction of 
subjecting an increasing proportion of raw coal to 
some preliminary process, whereby it was rendered 
smokeless or its by-products extracted. The possi- 
bilities of utilising more water-power were also being 
examined. Methods of charging were engaging 
wide-spread attention in the electrical industry, 
and efforts were being made by the introduction 
of preferential rates to improve the load factor. 

As regards heating, central heating was becoming 
more general, solid fuel being mainly used, though 
gas, oil and even electricity were being increasingly 
adopted. Gas fires, and to a less extent electric 
heaters, were replacing coal fires and stoves for 
intermittent heating and in conjunction with central 
heating. Improved designs of solid fuel appliances 
were being introduced, and coke was being sub- 
stituted for raw coal. Gas, and, to a less extent. 
electricity were being increasingly adopted for 
cooking and promised to supplant the coal range. 
Gas was also being increasingly used for water 
heating, especially where the demand was inter- 
mittent. Independent coke-fired boilers for water- 
supply were being largely used in conjunction 
with gas cooking. Electrical water heating was 
being advocated, the necessary current sometimss 
being supplied at reduced rates during off-peak 
hours. F 

The Chairman, in the course of his opening 
remarks, said that this country was probably 
unique in the amount of coal it consumed in the 
raw state. About 40,000,000 tons per annurn 
were burnt in open household grates, approx! 
mately one-fifth of the total home consumption, 
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and a large proportion of the smoke pollution 
was directly due to this procedure. 

Dr. Margaret Fishenden, who opened the dis- 
cussion, said that the problem could not be dealt 
with by the wholesale abolition of open fires. Though 
they were admittedly dirty and unscientific, they 
were cheap. In any event, their replacement could 
only be gradual, as if they were suddenly replaced 
by gas the existing capacity of the gasworks would 
at once have to be trebled, notwithstanding that this 
commodity was four times as efficient as coal. The 
discovery of ways, whereby progress along these lines 
could be expedited, was mainly the responsibility 
of fuel technologists, though these ways were not 
clearly indicated, owing to the wide choice of 
fuels and methods of using them. The latter 
point must be taken into account when making 
comparisons between different kinds of fuel. The 
day of solid fuel was far from over, since coke 
was a satisfactory substitute for coal for most 
purposes and its production was being improved. 
An extension of carbonisation processes to meet 
domestic requirements was badly needed. 

Mr. T. Carter drew attention to the necessity 
of avoiding shocks from domestic electrical appli- 
ances. In factories this risk was reduced by the 
compulsory earthing of all metal non-current- 
carrying parts. The same rule did not, however, 
apply in the home, though earthing was equally 
necessary in the conditions present. It was 
essential, in fact, to provide continuous earthing. 
This was not easy to secure on the ordinary two-wire 
system, but it would be difficult to change over 
to the special system, in which one conductor was 
permanently earthed on the premises. A change 
was, however, imminent, and this might take the 
form of insulating the framework of the apparatus 
or earthing all the exposed metal. The former 
would mean an upheaval in design and an enormous 
amount of research, while the latter would require 
an intensive education of the workmen into the 
consequences of bad or defective workmanship. 

Mr. E. Verlander said that in Sweden they were 
improving the design of boiling plates by cutting 
away as much of the metal as possible, so as to 
reduce the heating-up period, and making the 
bottom of the vessel and the surface of the plate 
as plane as possible. By doing this they had found 
that the heating-up time of enclosed plates could 
be made less than that of open plates. <A difficulty 
was to obtain a perfectly flat-bottomed vessel, 
but he hoped this would be overcome without 
any increase in cost. Defining efficiency as the 
ratio between the heat absorbed by the vessel’s 
contents to the heat contained in the electricity 
consumed, it was found that while values of 48 per 
cent. were reached with ordinary equipment, these 
rose to 63 per cent. in the “ cut-away ” plate with- 
out the use of a special heating vessel. 

Mr. Stephen Lacey stated that, of the present 
total output of the Gas Light and Coke Company, 
86 per cent. was used for heating, 12 per cent. 
for lighting and 2 per cent. for power. Dr. Fishenden 
had compared the various fuels on the bases of 
cost to the user and coal consumption. But when 
coal was carbonised in gasworks, 25 per cent. of 
the original heat remained in the gas, 50 per cent. 
in the coke, tar, &c., and 25 per cent. was lost. 
When electricity was generated 80 per cent. of 
the original heat was irrevocably lost. This showed 
the handicap with which electricity started in the 
field of heating, and were it not for its efficiency 
of utilisation that field would be very limited. 

Dr. G. Egloff pointed out that in the United States 
the use of oil for house heating was rapidly increasing. 
Some 800,000 of the 20,000,000 dwellings were 
now heated in that way, the consumption being 
45,000,000 barrels, or equivalent to 10,000,000 tons 
of coal. Adding the oil used in shops, offices, &c., 
probably 70,000,000 barrels, equivalent to 15,000,000 
tons of coal, were consumed. 

Mr. J. W. Meares remarked that the advantage 
of gas over electricity was the ease with which it 
could be stored. The use of electrically-heated 
water apparatus was, therefore, essential to level 
up the load curve. This involved some means of 
automatically switching off such equipment at 
times of peak load and the provision of simple 
and cheap time switches for that purpose. 





Mr. J. G. Clark said that in modern flueless gas 
heaters the combustion was almost perfect. Dr. 
Fishenden had quoted figures showing that on a 
thermal basis the electric was twice as efficient as 
the gas oven. The true figures were probably elec- 
tricity 100, gas 60 or 70, and further investigations 
to improve the latter figures were being conducted. 
The carbon-monoxide danger was now non-existent, 
as the result of studies on the relationship of the 
vessel to the flame. Though the electric oven was 
more efficient than the gas oven, on a cooker the 
hot plates were used four times as often as the oven, 
and here gas was much more efficient. 

Mr. O. P. Hood was of opinion that, even in the 
United States, oil was a minor item for house 
heating. The majority of the population still lived 
in wooden houses. There was, therefore, natural 
ventilation, whether the windows were open or not, 
and the air was probably changed at least twice an 
hour. The extremes of temperature were also 
greater than in this country. These conditions all 
reacted on the heating problem and some form of 
central installation was generally used. The method 
of house heating employed was determined by the 
general well being. As the standard of living was 
rising, more luxurious methods were being adopted, 
combined with temperature control within 2 deg. 
In the Southern States, where the cold was not so 
severe, open grates were still largely employed, 
though central heating was becoming more 
general. 

Mr. C. A. Masterman pointed out that the 
efficiencies of flueless gas and electric heaters were 
stated to be the same, though one made use of 
convection and the other of radiation. In any case, 
their efficiencies could not be said to be 100 per cent., 
as there must be some air movement. Probably 
the real figures were from 95 to 85 per cent. In 
connection with water heaters, there was often 
considerable loss owing to lack of thermal insulation. 
The cost of the lagging, though the ideal material 
had yet to be discovered, was never in excess of the 
savings in fuel obtained by its use. 

Mr. Irwin Crookes dealt with the position of 
electricity in the home in the northern part of New 
Zealand, where the climate was sub-tropical. Ina 
district covering 300 square miles with a population 
of 250,000 and comprising a town with a population 
of 200,000, over 6,000 electric water heaters had been 
installed in five years. There were also 6,000 
electric cookers, which were being added to at the 
rate of 60 per week. The water heaters were cut off 
by a time switch between 4 p.m. and 7 p.m. and their 
cost, about ls. 3d. per week, was practically the 
fuel cost at the station. The price of coal in truck 
at the station was 17s. 6d. per ton, household coal 
was 40s. per ton, and gas 5s. per 1,000 cub. ft. 
A simple sliding scale tariff had been adopted and 
this had greatly encouraged the demand. 

Dr. E. W. Smith said that the problem they were 
discussing was mainly economic. He had used 
coke for heating water and gas for cooking and 
assisted heating during the past five years, and 
was satisfied that he had not increased his costs. 
He was proposing to install a gas-fired boiler in 
which water would be heated during the night for 
use in the daytime. This was likely to be cheaper 
than coke. Mr. A. L. Forster said that as a result 
of a questionnaire recently issued to the public, there 
had been a 4 to 1 majority in favour of the use of 
low-temperature fuels. 

Colonel W. A. Vignoles pointed out that, while 
the gas industry wanted every one to use gas, 
inferentially for the benefit of the coal industry, 
much of the coal raised was not suitable for con- 
version into gas, and, in fact, a large amount of 
that burnt in generating electricity was only suitable 
for steam raising. The general public were not so 
interested in efficiency as in getting heat for some 
definite purpose within definite price limits. Progress 
must be made towards labour-saving and comfort, 
cost being a secondary consideration, while ease of 
control and health were also important. It was 
now possible in many towns in this country to 
obtain electricity for cooking at a running charge 
of not more than 3d. per kilowatt-hour, and in many 
more it was less than ld. Engineer-Captain J. F. 
Shaw said that to deal with pollution was going to 
be an expensive matter. The electricity supply 
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industry especially must eliminate the waste pro- 
ducts which now left their stations. 

In proposing a vote of thanks to the Chairman, 
Dr. Robert Mond said that there was no inter- 
national solution of this question. In this country, 
where the atmosphere was damp, plenty of ventila- 
tion was required, and the open fire was necessary 
to provide an induced draught. They were now 
reverting to a system of heating which had been 
discarded 1,500 years ago—panel heating. One of 
the disadvantages of electric heating was its slow- 
ness, but that was gradually being overcome. Refer- 
ring to the pall of smoke which was now usual over 
our large towns, he hoped that the Electricity Com- 
missioners would see that all new power stations 
were erected where they would not be a nuisance. 
Smoke abatement would be assisted by the use of 
semi-coke, but that would cost more, and the 
domestic consumer might object to it for that 
reason. 

(To be continued.) 








Motor VEHICLE REGISTRATION IN BRITISH COLONIES. 
—According to recent statistics received by the Depart- 
ment of Overseas Trade, the number of private cars, 
including hackney carriages, in Nigeria, which were 
re-registered for 1928 during the first quarter of the 
year, was 1,201, while the number of new vehicles 
registered during that period was 298. The correspond- 
ing figures for commercial vehicles were 1,310 and 454, 
respectively. In the Federated Malay States, the num- 
ber of old vehicles re-registered, as on July 1, was 13,854, 
which figure includes 5,832 private cars, while the 
number of new vehicles registered was 1,028, of which 
712 were private cars. 





Tue InstiTuTION oF CrviL ENGINEERS.—The Council 
of the Institution of Civil Engineers have recently made the 
following awards, for the session 1927-28, in respect of 
selected papers published without discussion :—A Telford 
Premium and an Indian Premium to Mr. F. C. Griffin; and 
Telford Premiums to Messrs. R. A. Inglis, A. C. Vivian, 
H. Herrod, G. Parker and A. O. W. D. Pinson. In 
respect of papers read at students’ meetings in London, 
or by students before meetings of local associations 
during the same session, the Council have made awards 
as follows:—The James Forrest Medal and a Miller 
Prize to Mr. G. L. Joulden; Miller Prizes to Messrs. 
A. J. P. Pashlar, W. T. Shaddock, E. C. Cookson, W. H. G. 
Mercer, C. O. L. Gibbons, E. M. Richardson, J. 8S. Robert- 
son and 8. N. Kelly. 





Purtic Lectures, UNIVERSITY oF LONDON.—We are 
informed by the secretary of King’s College, London, 
that the Faculty of Engineering has arranged the following 
courses of public lectures :—(1) In the department of 
mechanical engineering, a course of three lectures on 
October 16, 23 and 30, at 5.30 p.m., on ‘‘ A Hundred Years 
of Naval Engineering,” by Engineer Captain E. C, Smith ; 
and (2), in the department of civil engineering, a course 
of three lectures on November 6 and 20, and December 4, 
at 5.30 p.m., on ‘ Modern Development in Water Supply,” 
by Mr. H. J. F. Gourley, M.Inst.C.E. The courses are 
free to regular students of the College Faculty of Engineer- 
ing, while for others the fee for each course is 10s. 6d. 
Students of other colleges and technical institutions, and 
students or graduates of professional institutions, are 
admitted at one-half the above fee. 





SrtveR Bett ror H.M.S. Netson.—As already stated 
in our columns, a large silver bell was recently presented 
to H.M.S. Nelson by the inhabitants of Tyneside to 
commemorate the building of the vessel at Newcastle. 
The bell was made to the order of Messrs. Reid and Sons, 
silversmiths, Newcastle-on-Tyne, in the foundries of 
Messrs. J. Stone and Company, Limited, engineers, 
Deptford, London, S.E.14. The weight of the finished 
bell was 2,749 oz. troy, equivalent to approximately 
1% cwt. avoirdupois. It is stated to be the largest silver 
bell ever cast and is 19 in. in height and 24 in. in diameter 
at the mouth. The clapper, which is also of silver, is 
3 in. in diameter. Over 7,393 oz. troy of silver were 
melted for casting purposes, and the fact that only 61 oz. 
were lost during the whole process reflects great credit 
on the ability of Messrs. Stone’s employees. 





A 50-1n. Fite.—Sheffield has long been noted for the 
manufacture of files of every description, and the latest 
production, of which we have just received particulars, 
should still further enhance that reputation. Messrs. 
Sheffield Steel Products, Limited, Templeborough 
Works, have successfully manufactured a double-ended 
file having a total length of over 50 in., and a cross- 
section measuring 1 in. by in. For the benefit of those 
not intimate with this type of work, we may be 
permitted to draw attention to the difficulties which 
had to be overcome. Firstly, in the hardening process, 
considerable experience and skill would be required to 
ensure an even temperature over the full length of the 
file immediately before quenching in order to avoid 
any distortion, and we are informed that, in this case, 
subsequent tests proved the alignment to be perfect 
and the degree of hardness to be uniform. Secondly, as 
the grinding machines were unable to accommodate 
this great length, this operation had to be done by hand ; 
and, thirdly, the cutting had to be carried out in two 





operations, as the traverse of the tables of the machines 
was too short to enable it to be done in one. 
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In the course of some comments on the decisions of 
the Trades Union Congress at Swansea, Man and Metal, 
the organ of the Iron and Steel Trades Confederation, 
says that during the past year, in the exercise of its 
powers, the General Council entered into conference 
with representative employers. Its action was hand- 
somely endorsed at the Swansea meeting, notwith- 
standing emphatic protests against such conversations 
made on behalf of people who described themselves as 
** Left wingers,” or members of the Minority Move- 
ment. The criticism of these people, the writer goes 
on to say, “ indicates a strange reversal of the wheels of 
time, because trade unions were brought into existence 
for the specific purpose of talking to the boss. Many 
strikes have taken place because a boss would not 
recognise such unions; but now to meet a group of 
employers, in the hope of formulating a plan of progress 
that would obviate the need for disastrous strikes, 
is condemned as retrograde and contrary to the best 
interests of the working-class movement. We are 
pleased to know that the majority differed from this 
view. The whole history of the movement shows that 
the idea that if a trade union officer speaks to an 
employer of labour he is bound to agree with the 
employer is sheer nonsense.” 


According to the Journal of the National Union of 
General and Municipal Workers, a large iron company 
in the Midlands recently took the unusual course of 
putting up a notice calling the attention of the 
employees to their obligations towards the Union. 
“There are,” the notice stated, ‘‘ necessary expenses 
incurred by the Union in negotiating with employers 
at meetings and in carrying out resolutions made. 
As an instance the Union has lately received 
an account for upwards of 21/. in connection with the 
ascertainment of prices of iron sales at the different 
works in the County by which wages are regulated, 
and it appears . to be manifestly unfair that 
workmen should be willing to take all the benefits 
obtained through the Union and not be willing to pay 
their share of the expenses. In the first instance, it 
was the general desire of the workers to join the 
National Union of General Workers, and as all negotia- 
tions are now carried on between the Union and the 
employers, and not by individual workmen, we would 
like to see all the workmen represented at the meetings. 
That cannot be, of course, unless all are members 
of the Union. It is to be hoped, therefore, that all 
workmen will seriously consider the question. We do 
not wish to force matters in any way, and would rather 
all workmen joined the Union voluntarily.” 


1.F.7.U. News, a publication of the International 
Federation of Trade Unions, has an interesting article 
on the question of holidays for workers. ‘* As the 
working class develops in culture,” the writer says, 
‘* it tends to demand with more eagerness a short period 
once a year for much-needed rest and recreation. 
Germany has already made great strides in this direc- 
tion, for there is no doubt that 90 per cent. of the 
German collective agreements contain a clause provi- 
ding for annual holidays. But in other countries, 
where collective agreements are less widespread, the 
tendency is rather to look to legislation to effect this 
reform. Such legislation (varying, of course, in detail 
from country to country) already exists in certain 
countries, i.e., in Austria, Czechoslovakia, Finland, 
Greece, Latvia, Luxemburg, Poland, Russia, and 
Salvador. Two countries in particular have recently 
been unusually active in their propaganda and agita- 
tion for this reform—namely, Holland and Switzerland. 
In Holland the trade union movement has for some 
time past been negotiating with the political party with 
a view to deciding how best to attain this aim.” 





‘The workers warmly appreciate this reform,” it is 
stated, ‘“‘as is evident from the fact that the Dutch 
plumbers (a section of the Dutch metal-workers’ 
union) have only just concluded a strike begun last 
June, when they demanded an annual paid holiday 
of one week. At first the employers categorically 
refused the demand, but ultimately they gave way to 
the extent of granting four days. In Switzerland, 
the national centre carried, at its recent congress at 
Interlaken, a resolution urging an energetic campaign 
on behalf of legislation establishing annual holidays, 
their argument being that, since half the industrial 
workers already enjoy paid holidays, the Government 
must step in and provide the same benefit for the other 
half. Statistics show that the number of Swiss enter- 
prises which have introduced paid holidays for their 
workers has increased by 33 per cent. since 1910, while 
the number of workers enjoying them has risen by 34 per 
cent. The granting of holidays has gradually become 
so general among employers, and the principle has 
received such widespread recognition, that it is high 
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time that such employers as still oppose it should fall 
into line.” 

According to the official organ of the International 
Labour Office, provisional data published by the 
Central Statistical Department shows that there has 
been a great increase in the frequency of unjustifiable 
absence from work in Soviet Russia. Such absences, 
it is stated, were responsible for a loss of 3-6 per cent. 
of the working time in State industry as a whole, during 
the period, January to March, 1928; the corresponding 
figure for the period April to June, 1928, was 6-8 per 
cent. Such absences have become still more frequent 
during the summer months, which are in any case the 
least favourable for production. In the Donetz Basin, 
for example, there are mines where workers put in an 
appearance only every other day. Between 20 and 
30 per cent. of the absences are unjustified, and of these 
6 per cent. are for periods longer than five days. It is 
estimated that 13 or 14 per cent. of the workers absent 
themselves without any valid reason and contrary to 
the collective agreements in force. In the Putilov 
works at Leningrad, there was an increase from May 
to June of 34 per cent. in the number of unjustified 
absences, and one of 43 per cent. in absences due to 
illness. It has been observed that a large proportion 
of the workers reporting sick were not really ill. During 
the month of June, the Putilov works lost 120,000 hours 
of work from unjustified absences. Of 582 persons 
dismissed from the works during the period April to 
June, 1928, 302, or 58 per cent., were dismissed for 
breach of discipline, which generally consisted in 
unjustified absences exceeding three days per month. 

The managing bodies of the State industry give as 
causes of this relaxation of discipline the increasing 
consumption of alcohol, the difficult position of the 
technical staff resulting from the Chakhty prosecutions, 
which undermined the authority of engineers and 
experts, and the passive attitude of the trade unions. 
The publication of the Labour and Defence Council 
states that the trade unions have not adopted a proper 
attitude towards breaches of labour discipline, and 
alleges that they have failed to observe the provisions 
of collective agreements. Both this publication and 
that of the Supreme Economic Council quote numerous 
instances in which the technical staff is placed in a 
position which precludes the exercise of authority 
and the proper supervision of work. The factory com- 
mittees (trade union cells) do not take strict measures 
against workers guilty of insults or even violence 
towards the technical staff, although the slightest 
misunderstanding imputed to the technical staff, 
which should be settled in a friendly spirit between the 
management and the trade union, gives rise to enquiries 
and punishment. ~ 

The prestige of the technical staff has suffered 
considerably in the eyes of the workers. In some cases 
trade unionists or agents of the Communist Party have 
even told the workers that the engineers and technical 
experts are the enemies of the working class. The 
management of industry is of the opinion that, while 
a certain indifference has sometimes been observed 
in the technical staff, there are numerous cases in which 
their position has been made extremely difficult. This 
is indicated by the excessive turnover of technical 
experts, who do not remain long in one undertaking. 
Part of the technical staff try to leave the undertaking, 
while the remainder being more easy-going, attempt 
to get on good terms with the trade unions, thus con- 
tributing to the demoralisation of the less disciplined 
workers. 

On October 1, 1928, the number of unemployed 
persons on the registers of employment exchanges in 
Great Britain was 1,336,400. Of these, 910,000 were 
wholly unemployed, 347,300 were temporarily stopped, 
and 79,100 were persons nominally in casual employ- 
ment; 1,037,500 were men, 40,100 boys, 223,000 
women and 35,800 girls. The number of unemployed 
persons on September 24, 1928, was 1,295,234. Of 
these, 889,867 were wholly unemployed, 326,281 
were temporarily stopped, and 79,086 were persons 
normally in casual employment; 1,001,677 were 
men, 39,476 boys, 217,644 women, and 36,437 girls. 
On October 3, 1927, the number of unemployed 
persons was 1,075,875, of whom 853,668 were men, 
32,775 boys, 157,006 women, and 32,426 girls. 


Addressing a meeting in Poplar last week-end, Mr. 
Herbert Morrison, the newly-appointed chairman of 
the National Labour Party, said that direct labour 
would be an issue at the coming municipal elections. 
They believed work could be done more reliably by 
direct labour. Hackney was saving 3,000/. a year by 
it in connection with refuse collection, though the 
council workmen were getting 7s. a week more than 
the employees of the contractors had previously been 





paid. 
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It has been decided, it is stated, to continue without 
alteration in 1929 the agreement governing wages and 
conditions in the building trades. The agreemeni 
was entered into in 1926 after negotiations extending 
over two years, following the dispute of 1924. I: 
provides for a sliding scale of wages ; but, according to 
present indications, there will be little or no change in 
the existing rate for the ensuing twelve months. 


The strike of cotton textile workers at New Bedford, 
Massachusetts, which began on April 16, ended on 
Saturday last, when seven of the unions involved 
agreed to a wage reduction of 5 per cent., or half the 
reduction the employers originally endeavoured to 
enforce. The employers, on their part, agreed to give 
30 days’ notice in future of any proposed change in 
wages. The New York correspondent of The Times 
states that the strike involved 27,000 workers employed 
in 28 mills controlled by the New Bedford Cotton Manu- 
facturers’ Association. The loss caused by the stoppage 
is estimated at 1,000,000 dols. (200,0001.) a week, or 
25,000,000 dols. (5,000,000/.) in all. Of the weekly loss, 
600,000 dols. (120,000/.) was in wages. There was a 
large further loss to shopkeepers and others dependent 
upon the trade of the mill workers, who constitute 
nearly one-fourth of the city’s total population. 


In September, the home branch membership of the 
Amalgamated Engineering Union decreased from 
191,583 to 191,556, and the colonial branch member- 
ship from 28,273 to 28,246. The number of members 
in receipt of donation benefit increased from 10,552 to 
11,374, the number in receipt of sick benefit decreased 
from 5,077 to 5,071, and the number in receipt of 
superannuation benefit increased from 10,280 to 10,301. 
The total number of unemployed members increased 
from 14,244 to 15,283. 


At a meeting in London, on Tuesday, of the Executive 
Committee of the Federation of Engineering and Ship- 
building Trades, it was decided to call within a week 
or two a national conference of the executives of 
affiliated unions which have members employed in 
railway workshops to consider the situation arising out 
of the dismissals that are taking place. In the course 
of the discussion, the opinion was strongly expressed 
that the extent to which shopmen were being dismissed 
at some railway centres was unwarranted and un- 
reasonable, having regard to the requirements of the 
industry. 





Yesterday, the Industrial Court heard the applica- 
tion of the railway companies for a reduction of 6s. 
per week in the wages of electrical workers in their 
employment. On behalf of their members employed on 
railway undertakings, the Electrical Trades Union, it 
will be recalled, refused to acquiesce in the 2} per cent. 
general reduction, and the railway companies, resorting 
to the usual machinery for dealing with differences, 
consequently gave notice of a 6s. per week reduction. 





The Japanese Bureau of Social Affairs has decided 
to set up a Bureau of Unemployment Research, to 
study various proposalsfor dealing with unemployment. 
When the recommendations of the Bureau are received, 
a committee headed by the Home Secretary will be 
appointed to draft the necessary measures. The pro- 
posals under consideration call for the following three 
basic policies for dealing with unemployment problems : 
(1) The setting aside by public institutions of a reserve 
fund for unemployment. (2) The establishment by 
private concerns of reserve funds for the payment of 
allowances to discharged workers. (3) The introduc- 
tion by the State of unemployment insurances. 





Acting on a decision of the Reichstag, the German 
Minister of Labour has issued a decree, which came into 
effect on August 20, extending the scope of the emer- 
gency relief provided for in the Unemployment Insur- 
ance Act. The German Unemployment Insurance 
Act, like most similar legislation, recognises (Industrial 
and Labour Information says) two stages of unemploy- 
ment benefit : the first is a period of statutory benefit. 





! which is limited to 26 weeks; in periods of depression 
| this is succeeded by a period of emergency benefit. the 

application and duration of which are determined rod 

the competent authorities according to the state of the 
| market. The new Order authorises the directors of si 
' Central Employment Offices to grant emergency ™ lief 
| to further classes in trades in which the labour market 

is specially unfavourable. The period of emergenc) 
| benefit in the case of salaried employees over 40 years 
| of age is extended to 52 weeks, and the Minister © 
| Labour has been instructed to investigate the poss! wl 
| ties of a similar prolongation in the case of younger 
| workers. 
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THE CANADIAN PACIFIC LINER “DUCHESS OF YORK.” 


CONSTRUCTED BY MESSRS. JOHN BROWN AND COMPANY, LIMITED, SHIPBUILDERS, CLYDEBANK. 





«OMe ere 











' | trial stage. The arrangement, it is worth recalling, is | 
THE CANADIAN PACIFIC LINER on unusual lines in these vessels, and is due to Mr. John THROAT CONDITIONS DURING THE 
‘‘DUCHESS OF YORK.”’’ | Johnson, the owner’s chief superintending engineer. ADIABATIC FLOW OF MERCURY 
Tue fourth vessel of the series of 20,000-ton canin| _1t consists of two sets of turbines with single-reduction | VAPOUR THROUGH NOZZLES. 
liners for the Liverpool-Montreal service of the Cana- | Seat and developing over 20,000 shaft horse-power.| By W. J. Kearton, M.Eng., A.M.I.Mech.E., 
dian Pacific Railway Company was successfully | These are supplied with steam from six oil-fired water- | A.M.Inst.N.A. 
launched by Her Royal Highness the Duchess of York | tube boilers having a working pressure of 370 lb. per! Ty the simple or so-called “ classical”? theory of the 
on Friday, September 28, from the yard of the builders, | S4uate inch. These boilers, with their accompanying | flow of vapour through a nozzle, a theory which assumes 
Messrs. John Brown and Company, Limited, Clyde- | S¥petheaters and air heaters, were designed by Messrs. | that the expansion of the vapour takes place in thermal 
bank. This firm, it will be remembered, has built three | Yarrow and Company, Limited, Scotstoun, and are equilibrium, the relationship between pressure and 
of the vessels, the two previously launched being the being made under licence by Messrs. John Brown and | volume may be expressed by means of the well-known 





Duchess of Bedford and the Duchess of Richmond, and |Company. Their introduction in large passenger equation p-v® = constant. 
the last of the three receiving the name of the Duchess | _ hibeo the — advance in = cep — For steam or any other vapour, the index » depends 
of York from her Royal sponsor. The name Duchess of | t Rn rsa high oe Sauen Ss Kes | on the initial condition of the vapour. If the steam is 
Cornwall, originally allotted to one of the vessels, and | Utilised in the power a eee? sr . at. care i | initially superheated, n is equal to 1-3 and remains at 
mentioned on page 49 ante, is now reserved for a future | tion of all pipes and other exposed surfaces peing | this value so long as the steam is in the superheated 
ship. We described the first vessel, the Duchess of | marked feature in the engine rooms of these vessels. 


: | on ripen rea , . state. If the steam is initially dry and saturated, 
Bedford, somewhat fully in ENGINEERING, vol. exxv, Prien Acipapeonts niggas yr 24 — then it is found that 2 is not strictly constant and is, 
g ss 2 , 


page 675, and as there is a very general similarity | ; moreover, a function of the pressure. An approximate 
. hss le ¢ > ; 7 > y > ili > ’ ig te = 
between the whole four, would refer readers interested | S4uare inch, supply steam to the auxiliary machinery saliiiiae a: welll these aetitionetn bt0n 
|and, when required, also to the intermediate-pressure eal 2 
Similar remarks apply to the expansion of the vapour 
of mercury, with which this paper is mainly con- 





in the details to that article. There is, however, one | i : F : 
important difference: the lines of the Duchess of | turbines. The latter practice naturally — the 
York and the Duchess of Richmond are finer than those | Wantity of condensate from the Pry i: pie cerned. For mercury vapour expanding entirely in 
of the other two ships. the Duchess of Bedford and | #24 is therefore used when the feed for the water-tube I ri : - fi oy ictal 
ships, rE Ss ; lenlieds semnindd: 4 bk d The exhaust from the the superheat region, experiment confirms the kinetic 
Duchess of Atholl, which are both now regularly doing | 00VCrs Feduires bo De mace. se Yet theory of gases in proving that the value of is equal 
18 knots on the North Atlantic on what is really a | #UXiliaries is returned to the cylindrical boilers by an t cee ad ae ‘ific heate lis 5/3. 1 
2 - : spiliee ‘i li denondant: aunt the result of the whole arrange- | ©° 7° the ratio of the specific heats, and is 5/3. Ina 
record in economy of fuel for oil-burning passenger | ™@ependent system, the res Be-| bi 7 bi he author showe 
A SF 8 bei Sad alias : s aiie.? > a°| paperf on binary-vapour turbines, the author showed 
steamers. This improvement in the lines is expected | ment being that raw or contaminated water is never | (0) ? ’ athe the initiall 
s ; Ba ge ae h in section with | t24t, for mercury vapour expanding from the initially 
to result in an increase of speed of from half a knot to | ittroduced into the main boilers. In connecti i i d ‘ a : 
f as spe >| this] st tn wastrel ante thee Shan hi ith | Aty, and saturated state, the value of n was somewhat 
one knot, which increase, if regularly attained in| this launch it is worthy of note a steamships, Wl veniehis. bel Seal £ the initial aacel 
ol : ase, h |. ; aan of about 140006. have heen lameied iable, being a function of the initial pressure or 
service, will place the ship in the same category as the | @ total tonnage of abou ees t srat In fact. the relationship betw 
= e ship it s tegor} ’ | for the Canadian Pacific Company in a period of one | °™perature. In fact, the relationship be ween 
‘-knot steamers of the Canadian Pacific Company | vear and a dav. and that in addition to the 25,000-ton | Pressure and volume during expansion could be 
which run between Southampton and Quebec. The | Yea? and a day, a gris expressed by means of the equation 


accompanying figure of the Duchess of York on the | Ship, the Empress of Japan, now building for the Japan ae 

stocks, about monn prior to launching, shows the | and China route, there is a great likelihood of another p-v¥ + — constant, 

treatment of the bows 7 | Empress class vessel being ordered for the Atlantic | in which ¢ is the initial temperature and a and b are 
lhe dimensions have not been altered, the length | S€TV!ce- constants. 








| For the purposes of such calculations as may. require 
to be made, however, an approximate mean value of 
m may be obtained, and, for the purpose of making 
calculations or deductions regarding nozzle flow, this 


as 600 ft., the breadth 75 ft., the depth from keel to | 
ridge deck, 6! rhe is 27 " ; 
ite me k, 63 ft. T he load draught is 27 it. The full | INpusTRIAL PropucTION.—Since the President of the 
. - nger complement is 1,561, made up of 573 cabin- | Board of Trade first attempted to measure recent trade 
C'ass passengers, 480 tourist class, and 508 third class. | activities, in his speech in the House of Commons on 1 5 : 0 
The crew and staff number 409. The accommodation, June 12, by means of index numbers of production, further value of n may be assumed to remain constant. On 
particularly as regards the public rooms, will, generally | details have been obtained, and a revised table of figures | the assumption of this simple relationship between 
speaking, differ only from the sister ships in its colour | has been published in the issue of July 26 of the Board of | pressure and volume, and, of course, assuming friction- 
schemes, but we ‘understand some minor improve- | Trade Journal. The industries have been divided into | less flow, the following results may be obtained :— 
ments resulti 5 lle % é | various groups, and the figures have been arrived at by (1) The pressure, P;, in the nozzle at which the mass 
‘ resulting from experience with them will be |ecomparing the best available figures measuring the ee ae : . 
embodied. The ship will. theref . leti Pp g scape * : op 3 ’| flow per unit area is a maximum is related to the 
robably e ship will, therefore, on completion | volume of production in each industry in 1927, and in the | . itial > low ies gunned 
Probably be the most outstanding example of her class | first quarter of 1928, with the corresponding figures for Initial pressure +, Dy the express 


afloat, and will well merit the attention of those business | 1924, which were given the value of 100 in each case. Pt 2 \x Se 
men who propose to follow H.R.H. the Prince of Wales’s | ‘The figures for those groups, which are of particular rai ( :)* —1 
interest to engineers in general, may be quoted as P, n+ 1 





recommendation to visit C i ir s ime 1 : 

reference to =| ey pend gig 4 ge | follows :—Mines and quarries, 94-7 and 96-2; iron and Pi is the pressure at the throat, or section of least area. 

Duke of York at th ha Y i pki: ee “Th steel and manufactures thereof, 109-8 and 105-6; — - 

machinery also has ne Pes eo diff : 4 non-ferrous metals, 104-3 and 115-5; engineering and| * Paper read before Section G of the British Associa- 

tion, but, am d * not undergone any major moaifica- | shipbuilding, 117-4 and 111-4; textiles, 103-6 and tion, at Glasgow, on September 7, 1928, : 

: ut. no dou t, minor improvements will be found | 109-7; while the total figures of all the groups are given| f Proc. Inst. of Mechanical Engineers, 1923. See 
’ Mave been made in it when the vessel reaches the | as 108-1 and 108-2. | also ENGINEERING, vol. cxvi, pages 663 and 695. 
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(2) The mass rate of flow per unit area at the throat | 
of the nozzle is given by the expression 
© ws Py 
a / va 
in which Cg is a constant, depending on the value 


assigned to n. 
(3), The velocity at the throat is equal to 


V= J/g on, Pt %, 


which is the velocity of sound in vapour at the pressure | 
P; and having a specific volume v2. 

The use of the first two expressions in cases where | 
the vapour is initially superheated is, obviously, | 
restricted to superheats sufficiently high to ensure that 
the vapour is still in the superheated state at the 
nozzle throat. | 

There are many instances in practice where the | 
vapour commences its expansion in the superheated | 
state and arrives at the saturated state (still assuming | 
stable expansion) before the nozzle throat is reached. | 
The author has investigated this problem with special | 
reference to the flow of mercury vapour through | 
nozzles, and believes that the results obtained will be 
of interest to those engineers concerned with vapour | 
flow through nozzles. 
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For any given initial condition, P,, v, and W, are 
constant, and therefore A, and B, are independent of 
the pressure ratio 7. 
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or when 
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and the pressure P, becomes the throat pressure P;. | 

It may be noted, in passing, that if the vapour | 
expands entirely in either the superheated or the wet | 
state, then A, =O, P,, becomes equal to P,, and the 
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Critical Pressure-Ratio of a Vapour 
which is Initially Superheated and 
becomes Wet before the Nozzle Throat 
is Reached.—The pressure-volume dia- 
gram for the complete process is 
shown in Fig. 1. The vapour is 
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assumed to become dry and saturated a 144 
at B and afterwards to become wet. @66) 

The indices m and n are taken to 

refer to the superheated and wet states, respectively. | 
Then the work done in expanding from P, to any 
pressure P, is 


P. 
OR we (P} v; — 
P, m— 1 


Assuming frictionless expansion, the final jet velocity 
at P,; will be 


Re uae Sy * wp, wee n See ee 
V3 N/ 24{ ye, Pete) + (Pars P3 v3) 


Writing 


| uncertainty 


Py v5) 4 SP 9 en) 
9 V2) 4 pi j (Pave 3 Us) 


° 
ee ee x 
W, for “=| (Pit — Pees) 


we have 
Vv. = \/ ~, | 


The weight of fluid discharged per second per square | 
foot of nozzle area is given by the equation of con- 
tinuity 
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in which A represents the cross-sectional area of the 
nozzle at the section where the pressure is P,. 
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| 6-5 lb. per square inch absolute. 


| pressure at C, it is wet. 
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which is the value of the critical pressure ratio obtained | 
by the usual methods. Considerable difficulty was 
experienced in utilising equation (1) owing to the | 
regarding the precise value of the 
index, especially with moderately high superheats | 
when the condition of the vapour in the throat | 
approached dryness, and this was so even when great | 
care was exercised. 
An alternative method based on the assumption of 
equality of the jet velocity and the acoustic velocity at | 
the throat presented a similar lack of precision due to 
the same cause, for the acoustic velocity is equal to 
Va= vn. g- Ps. v3: 

and an error of 1 per cent. in the estimation of the 
acoustic velocity was found to involve an error of 
64 per cent. in the. value of r. The calculations | 
indicated that r was practically constant over the whole | 
range of throat conditions in the wet region, and was | 
0-57 for mercury vapour having an initial pressure of | 


A typical example of the kind of expansion that is 
dealt with by the methods given above is shown by 
the adiabatic ABC in Fig. 2. The vapour is initially 
superheated and expands in that state from A to B. | 
At B it is just dry and saturated, and for the rest 
of the expansion, down to and beyond the throat 
As the two extreme limits 
of this type of expansion we may consider first the 


| adiabatic DE in which the initial superheat is infinitely | 


small, and, secondly, the adiabatic FG, in which the 


| initial superheat is so great that the pressures P, and 
| P, of Fig. 1 are identical and the vapour is just dry 


and saturated at the nozzle throat. For the pressures 
selected in this illustrative example, the initial super- 
heat for the second limit is 214 deg. F. 

Consider now an expansion with an initial super- 
heat so high that the vapour does not become wet until 
the throat of the nozzle is passed. Such an example 
is illustrated by the adiabatic HJK. The ratio of 
the throat pressure P; to the initial pressure P, is 


(fy) 
P; y¥+1 








‘60 “38 


| portion of the = 


and, since y = 1-666, $! = 0-488. 
1 
Thus the throat pressure P;is 3-172 lb. per square inch 


| abs. when the initial pressure is 6-5 lb. per square inch 


abs., and the throat condition is defined by the inter. 
section at J of the adiabatic HJK and the 3-172 Ib. 
per square inch line. The extreme limit of this type 
of expansion is reached when the initial superheat is 
such that the adiabatic expansion line LM just inter- 
sects the constant-pressure line for a pressure of 3-172 
lb. per square inch abs. at M, the point of intersection 
of that line and the saturation curve. In order that 
this condition may be fulfilled with the assumed 
pressure data, the initial superheat must be 273-5 
deg. F. The question which naturally arises is; 
What are the throat conditions for the unique range 
of initial superheats, which, for the selected illustrative 
example, lies between 214 deg. F. and 273-5 deg. F ? 

In order to answer this question a very large Mollier 


chart was constructed and values of ri calculated 


from the equation of continuity 
oo 
A 1440" 


in which w = mass flow per second, 


VAPOUR IN 


OF 
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Ratio r= /p, 
A nozzle area in square inches, 


V = velocity of vapour in ft./sec., 
v = actual volume in cub. ft. per |b. 
The curves of < in the neighbourhood of the maxima 
are shown in Fig. 3. 
For the initial superheats of 50 deg. F., 100 deg. F., 


and 150 deg. F., the maximum value of ‘ corresponds 


| tc a value of r equal to 0-568, ora pressure of 3-7 Ib. 
| per square inch absolute. When the initial superheat 
'is 200 deg. F., the vapour becomes dry and saturated 
| at about 3-8 lb. per square inch absolute, the superheat 


q curve being AB. Theoretically, on 


| the assumption. of thermal equilibrium, the vapour 


becomes wet at B, the index n changes suddenly, and 
consequently there is a point of discontinuity at B. 
The maximum mass discharge occurs at D, where r is 


|again 0-568. If the mercury vapour remained dry, 


and consequently supersaturated, the curve would 


| follow the course ABC, arriving at a maximum at 
'C where the pressure is 3-17 Ib. per square inch 


absolute. 
If the vapour is initially so highly superheated that 


| it does not become wet until after the critical pressure 


is passed, then the point of discontinuity will occur at 
some pressure ratio lower than 0-488, as for inst ce 
at E on the curve for 300 deg. F. 


ate 
The curves, Fig. 3, giving the relation between 4 


and r, show a marked discontinuity at the points of 
maximum rate of discharge, for initial superheats 
lying between 214 deg. F. and 273-5 deg. F. Moreover, 
the discontinuity occurs at the point where the adiaba- 
tic intersects the saturation curve. The critical pressure- 
ratio thus changes very rapidly over this comparatively 
short range of superheat, as shown in Fig. 4. : 
The mass rate of flow per second per square inch 
of nozzle-throat area may be calculated, with reference 


| to the initial conditions, by means of the expression 
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in which w = mass discharged per second, 
A = throat area of nozzle in square inches, 
f= —_— pressure in lb. per square inch 
abs., 
¢, = initial specific volume in cub. ft. per lb. 
In the paper already referred to, the author gave a 
diagram showing values of Cg for initially dry and 
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saturated mercury vapour expanding in thermal equili- 
brium, as a function of the initial vapour temperature. 
There is a linear relation between Cy and t, viz. :— 


Ca = 0-2963 + 0-0000138 ¢, 


in which ¢ is the initial saturation temperature in 
degrees Fahrenheit. The variation in Cg, however, is 
not really large, since Cg only varies from 0-301 at 
400 deg. F. (vapour pressure 0-3984 Ib. per square inch 
absolute) to 0-3092 at 1,000 deg. F. (vapour pressure 
180-5 lb. per square inch absolute), or a variation of 
2-7 per cent. 
square inch absolute selected for these calculations, 
the variation in Cg for varying superheats is shown in 


For the initial pressure of 6-5 lb. per 


which accompany the propagation of sound waves 
through the slightly wet vapour are the same as those 
which occur in the adiabatic expansion and compres- 
sion of the vapour, then there will be a sudden change 
in the acoustic velocity where the expansion line 
crosses the saturation curve. 

A single example is illustrated in Fig. 6, which shows 


Fig.6. 


ouv | 


A 














neh 


v 


Z. 





S 
S} 


\ 


/ EXPANSION OF MERCURY VAPOUR 
/ IN THERMAL EQUILIBRIUM. 


INITIAL PRESSURE =6-5L8.PER SQ.IN. 





B 




















Velocity, Ft. per Sec. 
& 
3 
































200 
V INITIAL SUPERHEAT= 250°F. 
100 
| 
4 | 
10 09 08 07 06 0-5 0-4 
(816.F ) Ratio 5 er 


| the jet-velocity and acoustic-velocity curves when the 

| initial superheat is 250 deg. F. For state points in the 

superheat region, the acoustic velocity is given by the 

| curve AB, and for state points in the wet region, by the 

| curve CD. The intersection of the curves at the point 
E again demonstrates that, for this particular super- 
heat, the throat condition is determined by the inter- 
section of the adiabatic and saturation lines. 

| The phenomenon to which this paper draws attention 

| will also occur in the stable expansion of all vapours, 

| except those for which 

| ag 

dt 

| is positive, @ being the entropy of the dry and saturated 

| vapour. There are a few such vapours for which this 

| rather unusual property holds almost up to the critical 

| state. In these, of course, expansion brings increased 

| superheat. In the case of steam, the range of initial 

| superheat which produces the dry and saturated state 

| at the throat is only very small, being from 68 deg. F. 
to 72 deg. F. when the initial pressure is 100 lb. per 

| square inch absolute. 

| 








| A CYANIDE FLUX FOR CASE- 
| HARDENING. 


| THe carburisation of iron and steel by means of 
| fused alkaline cyanides has been practised for a 
;number of years, and experience has shown that, 
| for general purposes, sodium cyanide gives satisfactory 
|results when used as the base of a salt-bath melt. 
| A hardening medium, consisting of sodium cyanide 
| together with various ingredients which act as 
| accelerators, has recently been placed on the market 
' under the name of Durferrit cyanide hardening flux. 
It is claimed that carburisation to a depth of 


Fig. 4. This curve could probably be applied for other /9°4 mm. can be secured by ‘immersing mild steel 


pressures without any appreciable degree of error. 


Attention is directed to the curve in Fig. 5,. showing 


|in a bath of the molten flux, at a temperature of 
| 950 deg. C., for half an hour, and, furthermore, that 
|cases 0-6 mm. and 1-0 mm. deep can be obtained 


the variation of = with initial superheat and dryness | by one-hour and two-hour treatments, respectively. 


fraction. 


reaches a sharply-defined maximum at 214 deg. F. 


There are three points of discontinuity, namely, at A, 
Band C, corresponding to the changes in the conditions 
of flow respecting either the initial state as at A, or the | 
state at the throat as at B and C. The curve CE, a 


continuation of DC, shows the mass flow for super- 
saturated expansion. 


There remains another method of examining the | 
Problem, based on the fact (first demonstrated by the | 
late Professor Osborne Reynolds) that the velocity of 
the vapour and the acoustic velocity are equal at that 


section of the nozzle at which the discharge per unit | 


area of cross-section is a maximum. As has already 
n stated, the acoustic velocity is 


Va = /n.g.P.» 


_ if the author is correct in assuming that the 
changes in specific volume due to pressure changes 


\ It is interesting to note that the discharge per | 
unit area is not a continuous function of superheat, but 


|The flux, which is supplied in the shape of balls 
}each weighing a few ounces, fuses at a temperature 
|of about 500 deg. C., and forms a thin clean melt. 
| A gas or oil-fired hooded furnace should be employed, 
| the bath or crucible of which consists of a cast-steel 
or wrought-iron pot. The surface of the melt is 
|covered with a protective layer of graphite. As 
| stated above, the makers of the flux recommend 
|950 deg. C.. as being a suitable temperature for 
|carburising ordinary mild steel. The work is im- 
mersed in the molten salt at this temperature for 
| the requisite period, and is taken out and quenched. 
It is then annealed at a temperature of 760 deg. C. 
for a few minutes, and is again quenched. The tem- 
| peratures employed can, of course, be varied to 
| suit particular classes of steel. The flux is manufac- 
|tured by the Deutsche Gold-und Silber-Scheideanstalt, 
| Frankfurt a.M., the English concessionnaires of whom 
are Messrs. Bush, Beach and Gent, Limited, 24, 
| Monument-street, London, E.C.3. 

Recently we were given an opportunity of witnessing 





the process in operation at the works of Messrs. 
D. Gestetner, Limited, duplicator manufacturers, 
Tottenham Hale, London, N.17. The plant used was 
supplied by the makers of the flux, the hardening 
furnace being gas-fired and of the hooded type. The 
waste gases from the burner were led into a pre-heating 
chamber standing alongside the carburising furnace. 
The objects treated were small mild-steel component 
parts of duplicators, the majority of which received 
a surface hardening only. A number of the articles 
were tied together by means of wire, and after a 
preliminary heating in the pre-heating chamber, 
were suspended in the cyanide case-hardening bath 
for a pre-determined period. They were then removed 
and quenched once in a tank of running water, and 
were given a final washing in hot water. For very 
small objects wire baskets were employed. The 
articles after quenching were seen to possess a clean 
surface of a silver-grey colour, and we were informed 
that no further cleaning was needed prior to nickel- 
plating. Small mild-steel test bars were broken after 
immersion in the cyanide bath and subsequent 
quenching, and the depth of penetration of the 
carburising medium could be clearly seen with the 
naked eye; the case appeared to be very uniform. 
In those instances in which a local case-hardening 
only is desired, that portion of the object which is 
to remain soft is given a preliminary coating of copper. 

In spite of the somewhat drastic quenching to 
which the articles were subjected, it was stated that 
very few cases of distortion had occurred since the 
installation of the new plant. It is satisfactory’ to 
note that little or no noxious fumes were given off 
by the molten flux, although the upper portion of 
the chimney of the furnace had not yet been taken 
through the roof of the hardening shop into the outer 
atmosphere. Perhaps the greatest advantage of the 
process is the rapidity with which large numbers of 
objects may be case-hardened. We were informed 
that, prior to the introduction of the present method 
of carburisation, pack-hardening constituted a full- 
time occupation. The new process had increased the 
rate of production to such an extent that it was only 
necessary for the salt bath to be in operation for 
one day each week. The saving in fuel, labour and 
materials had, in consequence, been very considerable. 








POWER AND FUEL PROBLEMS IN 
IOWA. 


Some interesting information regarding the power 
resources of Iowa and the uses that are being made of 
them, is given in No. 170 of the University of Jowa 
Extension Bulletin. This issue contains an account 
of the proceedings of a Power Conference, which 
was held under the auspices of the College of 
Engineering of the University last year, with the 
object of securing ‘‘ the economic betterment of the 
State.” The present position, was dealt with in 
two papers presented by Mr. J. Carmichael and 
Professor F. A. Nagler, respectively, in which it was 
stated that of the 922 towns in the State, 882, 
comprising 99-7 per cent. of the urban population, 
had a public electricity supply. On January 1, 1927, 
72-3 per cent. of the industry was electrified, as against 
66 per cent. for the whole of the United States. Of the 
energy used, 58-7 per cent. was furnished by central 
stations and 80 per cent. of the prime movers were 
contained in those stations. The capacity of the 
generators installed, on the same date, was 430,461 kw., 
an increase of 346 per cent. since 1912, and of 23 per 
cent since 1923. The output from this plant was 
1,343,696,000 kw.-hours, an increase of 791 per cent. 
since 1912 and of 29 per cent. since 1923. A con- 
siderable portion of this energy was generated by 
water power and was exported to other states. On the 
other hand, certain outlying portions of Iowa ob- 
tained electricity from Wisconsin and Minnesota. 
Considerable concentration in generating plant had 
taken place during the last six years, though exact 
figures were not given. The percentage of energy 
generated by water-power fell from 65-2 per cent. in 
1920 to 57-1 per cent. in 1926. A great deal of this 
energy was generated at Keokuk, most of which was 
exported. 

With regard to water power, Professor Nagler stated 
that the potential resources of the State amounted to 
at least 400,000 h.p., of which 186,591 h.p., or 47 per 
cent., had already been developed. Full development 
would mean a saving of more than 2,000,000 tons of 
coal perannum. It was significant of the trend of events 
that during the past 20 years the number of water 
power plants in the State had decreased from more 
than 200 to about 60, though there had been an increase 
in the installed water wheel capacity of 150 per cent. 
This change had been stimulated by the greater use 
of electricity, for while in 1910 less than half the water 
power was used for that purpose, the proportion in 1927 
had risen to 95 percent. This development was limited 
by natural conditions to low-head plant, only 20 percent. 
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of the stations having a head of more than 15 ft., while 
50 per cent. operated on heads of less than 10 ft. 

Dealing with recent developments in transmission, 
Mr. H. R. Summerhayes said that for electrical 
power transmission the three-phase alternating current 
system was the only one that need be considered and 
this would probably remain true for many years. 
Many reasons, chiefly economic, fixed the maximum 
transmission pressure at 220 kv., though charging 
current and lightning protection were also factors 
that had to be considered. The protection of high- 
voltage systems by overhead earth wires was a subject 
on which opinions had fluctuated, though theoretical 
laboratory and practical experience had recently indi- 
cated their value, at least for lines on steel towers or 
wooden poles with earthed insulator supports, working 
at 66 kv. and above, and generally also for 33 kv. 
lines under the same conditions. 

On wooden pole lines with unearthed insulator 
supports, the advantages of using earth wires were 
probably sufficient to justify the expense at pressures 
of 88 kv. and upwards. Below this pressure the 
matter was controversial, though experience might 
indicate the value of using such protection at pressures 
as low as 33 kv. 

It had been found, as the result of laboratory tests, 
that overhead earth wires reduced the voltage induced 
in transmission lines by lightning to a marked extent, 
this reduction being of the order of 40 per cent. for one 
earth wire, 55 per cent. for two and 65 per cent. for 
three. High-tension lines using suspension insulators 
required a lightning discharge of more than 600 kv. 
to cause them to flash over. Many induced lightning 
voltages on transmission lines were not more than 
1,000 kv., and if this could be cut down to 500 kv., or 
below the flash-over points of the insulators, flash- 
overs would be largely prevented. Earth wires also 
protected the station apparatus, both by reducing the 
induced voltage and damping out the induced voltage 
wave which travelled along the line. Moreover, they im- 
proved the action of the relaysand decreased interference 
with communication circuits. To obtain the full benefit 
from them, they should be of rust-proof material of the 
same sag and strength as the conductors. They should 
be flexibly supported to avoid crystallisation and 
should be thoroughly earthed. 

During the last two or three years, experiments 
with surge-voltage recorders had shown that few light- 
ning voltages exceeding 1,800 kv. occurred, and had 
also confirmed that voltages higher than the impulse 
flash-over of the insulators could not travel along the 
line, but must be very local. The possible induced 
lightning voltage varied directly with the height of the 
line, so that, especially with pressures of more than 
110 kv., the height of the conductors should be reduced. 
They should also all be at the same height and protected 
by earth wires. The best lightning arresters available, 
that is those which had the lowest impedance, should be 
installed in the sub-stations. They would then transmit 
the greatest part of the transient induced voltage from the 
line to earth, as well as, at the same time, being capable 
of interrupting the dynamic current which tended to 
follow. The Du Four cathode-ray oscillograph was 
useful for investigating the nature of lightning and the 
action of lightning arresters, and for measuring the dura- 
tion, voltage and shape of the impulses in millionths of 
a second. 

The improvements in cemented and other types of 
insulators had largely eliminated puncture as a cause 
of line troubles. Most of the troubles were now due to 
flash-overs, and though these could be reduced by the 
use of earth wires, they could not be entirely eliminated, 
especially when the conductors were a considerable 
height from the ground. The installation of an arcing 
ring at the bottom of a string of insulators, and of 
arcing horns at the other end, was therefore advisable, 
while the relays should be set so that the faulty line 
could be cut out as quickly as possible. 

In the United States, contrary to the practice in 
Germany and Japan, the tendency for the past 10 
years had been to earth the neutral, with the result 
that switching did not produce voltages more than two 
or three times the normal. A compromise between the 
two systems might be the insertion of more or less 
resistance in the neutral, thus reducing the damage 
done by the fault current. 

Interconnection increased the mileage of line subject 
to lightning and other troubles, and tended to cause 
more interruptions in the service unless the relaying 
was very carefully carried out. The problem was to 
reduce the number of brief interruptions of supply and 
the number of brief reductions of voltage by the use of 
interconnection. Pending the development of more 
perfect relays, this was generally effected by what was 
called loose-linking, in which two or more systems 
remained interconnected so long as the trouble was 
local, of limited magnitude, and of very brief duration. 
If those conditions were not fulfilled, the systems were 
disconnected. A perfect pilot-wire relay system would 
seem to be ideal for relay practice in interconnection. 





Such systems had been used extensively in England, but 
had not met with much favour in the United States. 
A logical system, under present conditions, would be to 
employ the conductors themselves as pilot wires, and 
to use carrier currents for operating the relays. The 
same system could be employed for control purposes. 

In a paper on “ Power Interconnection in Iowa,” 
by Professor A. H. Ford, a scheme was worked out for 
supplying the basic load of the State from 14 stations, 
with a total present capacity of 430,000 kv.-a., and 
connecting them by 66 kv. lines. Practically all the 
increased power requirements in the next 15 or 20 years 
could be met by increasing the capacity of these stations. 
In addition, 28 stations, with a plant capacity of 31,420 
kv.-a., would be used as peak-load stations. (It may be 
mentioned that the area of Iowa is 56,147 square miles, 
and of England, Scotland and Wales 88,745 square 
miles.) 

The utilisation of Iowa coal was dealt with in three 
papers by Mr. J. H. Lees, Mr. T. A. March, and Professor 
B. P. Fleming, respectively. Considering the problem 
mainly from the geological aspect, the first of these 
authors stated that the known productive coal areas of 
the State amounted to about 12,750 square miles, of 
which 11,250 square miles were in the Des Moines series, 
and 1,500 square miles in the Missouri series. The 
possible available tonnage was 29,950,000,000 tons. 
Only a little more than 1 per cent. of the possible 
supply had been used so far. Iowa coals were dirtier 
and made more smoke than most other coal used in the 
State, but with careful use, they yielded good results. 

Mr. T. A. Marsh classified Iowa coals as free- burning 
bituminous coals of high ash content, the ash fusing 
at a temperature below 2,200 deg. F. This high ash 
content made the coal difficult to ignite and rather 
slow to burn. The low fusion temperature of the ash 
rendered the coal susceptible to clinker formation at 
ordinary furnace temperatures, thus retarding combus- 
tion. The chain-grate stoker had been found to be 
the most suitable for dealing with Iowa coal. Even so, 
its performance was limited, difficulty at first being 
experienced in igniting the fuel at the proper rate, 
owing to lack of knowledge of furnace design and arch 
length and location. The rating was limited by im- 
proper furnace design and insufficient grate area. About 
seven years ago, the forced-draught chain-grate was 
successfully applied to bituminous fuels, thus greatly 
increasing the performance obtainable with Iowa coal. 
One of the most recent installations, that at the Des 
Moines station, was giving excellent results. The 
multiple retort Underfeed stoker was in use at the River- 
side station of the United Light and Power Company, 
Davenport. Jowa coal burnt best when reduced to 
a size which would pass through a 1-in. round-hole 
screen, while the addition of 3 per cent. to 5 per cent. 
of moisture, at least two hours before burning, im- 
proved the results in regard to combustion rates, COg 
content, and carbon in the ash. 

During the past six years, pulverised fuel had been 
widely employed, water screens being used to reduce 
the temperature of the furnaces, walls and hearths 
below that of the melting point of the ash. It was 
evident that the ideal method of burning Iowa coal was 
in the pulverised form, but whether this system was 
employed or not in a particular case was a matter of 
first cost. Air pre-heaters were also very desirable 
with Iowa coal, and the employment of radiant water 
or steam walls in the boilers was necessary to reduce 
furnace maintenance. All these improvements had 
rendered the burning of Iowa coal easier than that of 
many other supposedly superior fuels. 

In his paper, Professor B. P. Fleming pointed out 
that Iowa coal, with its high moisture, high ash of 
low fusion point, high iron and sulphur contents, high 
volatile content, and low thermal value, had every 


quality it should not have and little to recommend it. | 


Matters might be improved by purification, and 
possible researches might be directed to investigations 
of methods of washing and dry cleaning, of modifica- 
tions in the appliances used, of ways of using the fuel 
in pulverised form, of low and high-temperature 
carbonisation processes, and into the possibility of 
producing liquid fuel from Iowa coal. Of the 20,000 
tons of coal used annually in the University, only 25 
per cent. was from Iowa, partly because other coal 
could be obtained more cheaply, and partly because the 
plant installed was not adequate for burning it. Another 
difficulty was that it was practically impossible to store 
any large quantity without the risk of spontaneous 
combustion. 








Evectricity Suppty in Catcutta.—According to a 
statement which we have received from Mr. I. C. Thomas, 
3 and 4, Clement’s Inn, Strand, W.C.2, the Calcutta 
Electric Supply Corporation, Limited, sold 69,499,876 
units during the first six months of this year, this being 
an increase of 7,738,536 units over the same period of 
1927. During 1927, the number of houses connected 
was 24,985, and the gross revenue was 930,2911., the 
number of units sold being 129,090,227, all of which 
figures show a continued steady rise over previous years. 


EFFECTS OBSERVED IN QUENCHED 
LIQUID-STEEL PELLETS AND THEIR 
BEARING ON BATH CONDITIONS.* 

By J. H. Wuiretey, F.I.C. 


In judging the condition of a bath of steel and the 
degree to which the refining process has been carried, 
the smelter is guided by a variety of observations. 
The vigour of the boil, the condition of the slag, the 
appearance of a spoon sample and its fracture when 
broken, all yield evidence to the practised eye. While 
the information thus derived is of great value, it is 
by no means complete, and the development of further 
tests would therefore be of advantage. It was with 
this object in view that the present investigation was 
undertaken. An attempt has been made to extend 
the use of the microscope in the study of steel, so as 
to include its manufacture in the furnace. Since little, 
if any, investigation in this direction appears hitherto 
to have been carried out, the effort must be regarded 
as explorative in character. Although much further 
work is needed, the results so far obtained indicate 
that the examination of quenched pellets can yield 
additional information on bath conditions. . 

The method employed in sampling the molten steel 
is extremely simple. It aims at suppressing, as far 
| as possible, effects which may occur as the metal freezes. 
| A spoonful with a covering of slag is withdrawn from 
| the furnace and poured from a height of about 2 ft. 
| into cold water, 1 ft. or so in depth, contained in a 

small iron tank. As it impinges on the surface of the 
water the stream of liquid steel is broken up into a 
large number of globules, which, of course, solidify 
‘almost instantaneously. Two or three, measuring 
| about } in. in diameter, are selected and mounted for 
| examination in a holder of Wood’s fusible alloy. This 
| may be done rapidly by filling a nickel crucible % in. 
|in diameter with the melted alloy and then immersing 
|the specimens. While the metal is solidifying they 
can easily be arranged in any desired position. 

When the alloy has become rigid, it is removed from 
| the crucible and a surface prepared in the usual way 
| by grinding and polishing. The pellet sections may 
| now be etched in situ; for this purpose the following 
| two reagents are required : (1) a 5 per cent. solution of 
| Picric acid in aleohol; (2) Dufay’s reagent, consisting 
| of 100 c.c. of alcohol (95 per cent.), 10 c.c. of water, 
1 grm. of copper chloride, 0-5 grm. of picric acid, and 
| 1 to 3 c.c. of hydrochloric acid. The examination of a 
, large number of these quenched pellets has shown that 
| several kinds of inclusions may be present, namely, 
| sulphide, oxide, slag, and gas. Further, a structural 
| heterogeneity, often very pronounced, is revealed by 

Dufay’s and other cupric reagents. This usually takes 
| the form of a network, a good example of which is 
| seen in Fig. 27, on the opposite page. To identify the 

different inclusions, a high magnification is required, 
owing to their extremely small size. 
| Sulphide Inclusions.—The sulphide is the lightest 
| inclusion to be seen, its colour closely resembling that 
| of iron sulphide in normally cooled samples containing 
| little or no manganese. A noteworthy feature is that 
| the tint in the quenched pellets is not appreciably 
| different, even when 0°5 per cent. or more of manganese 
| is present in the steel. 
| Sulphide inclusions occur almost entirely in the 
|network disclosed by Dufay’s reagent, but their 
| distribution is by no means uniform, especially in 
mild-steelsamples. They frequently appear in clusters, 
often widely separated. The inference to be drawn 
| from this fact is that the whole of the sulphide is not 
| in solution in the liquid metal, but exists as a separate 
| phase in the form of minute droplets. That a substance 
| precipitated from solution during freezing may be 
| ejected to the boundaries by the growing crystallites 


| and there coalesce to some extent in a small fraction of a 








|second, as the present case requires, is, perhaps, 
| possible, but not that it may further aggregate in 
patches often many grains apart. On these grounds 
it is reasonable to infer that the solubility of sulphide 
in liquid steel is extremely low, since particles can be 
seen in pellets containing less than 0-03 per cent. of 
sulphur. The likelihood of the existence of sulphide 
in the liquid steel “in the form of minute globules of 
an immiscible complex sulphide” was considered in 
Section IV of the First Report on the Heterogeneity 
of Steel Ingots.”’+ As will be explained in the next 
section, the occurrence of these sulphide inclusions in 
any quantity indicates that the steel is not over- 
oxidised, for with an increasing oxide content they 
gradually disappear. 

It may here be remarked that Giolittit has advanced 
the hypothesis that manganese, when added to a bath 
of steel, acts as a flocculating agent, and so, by increasing 
the size of the inclusions, facilitates their removal. 





* Presented at the Iron and Steel Institute Meeting, 
Bilbao, Spain, September 25 to 27, 1928. Abridged. __ 

+ Journal of the Iron and Steel Institute, vol. exill, 
page 104 (1926). 

t Ibid, vol. eviii, page 35 (1923). 
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Confirmatory evidence of this effect has not been 
obtained in the investigation here recorded; no 
difference in the size and distribution of the sulphide 
particles in quenched pellets of both open-hearth and 
electric steels, taken before and after the addition of 
ferro-manganese, could be detected in several samples 
examined. 

Slag and Oxide Inclusions.—In examining acid steel 
pellets there is no difficulty in distinguishing between 
slag and oxide inclusions; the oxide is somewhat 
lighter in colour, its tint being intermediate between 
that of sulphide and slag. Further, oxide particles 
are very minute and seldom exceed — 


diameter, while slag globules are usually much larger. 
A useful method of identifying slag in acid steels is to 
immerse the polished specimen in a 2 per cent. solution 
of hydrochloric acid. This reagent quickly dissolves 
oxide, which is chiefly in the ferrous state, and a cavity 
remains. Slag inclusions become darker, but are not 
removed. Unfortunately, the test fails with basic 
steels, owing to the solubility of the slag, and no other 
reagent suitable for the purpose has yet been found. 
Globular slag inclusions of the size common to acid steels 
are, however, very rarely seen. When present, they 
are of the same colour as oxide, and sometimes contain 
a lighter constituent which resembles sulphide. In 
acid steels the slag is probably derived from the hearth, 
the surface of which must be in a partially fused condi- 
tion, especially in the later stages of the process. 

A further aid to the identification of oxide in both 
acid and basic steels results from its association with 
the lighter-coloured sulphide. This is due to the fact 
that at the temperature of liquid steel they are mutually 
soluble, but as the temperature falls separation of one 
of the constituents rapidly occurs, with the formation 
of a eutectic at about 950 deg. C. 

Although it does not seem possible to obtain direct 
proof that these slag and oxide inclusions are present 
in the molten metal, and are not taken up in sampling, 
the validity of the assumption appears justified from 
several considerations. It may be mentioned, in the 
first place, that a certain amount of slag is of necessity 
withdrawn with the metal, and frequently quite large 
masses are found entangled in the pellets. Yet, in the 
steel itself, very few minute inclusions may be seen. 
On the other hand, examples apparently free from 
entangled slag have repeatedly been observed in which 
minute slag particles were excessive. Furthermore, 
as regards acid. steel at any rate, all the evidence so 
far obtained shows a correspondence between the 
quantities of slag and oxide in the pellets, at tapping, 
and the silicates in the finished steel. 

There is, of course, the possibility that contamina- 
tion with oxide may occur by a reaction of the steel 
with the air or water during its passage through them. 
In either case it is to be expected that the amount 
taken up will depend upon the length of time during 
which the molten metal is in contact with the medium. 
The experiment was therefore tried of pouring two 
spoonfuls of the same metal into water from a height 
of 6 ft. and 1 ft., respectively. Several such tests were 
made, and in each instance no difference between the 
oxide contents of the two samples could be detected. 
A similar result was obtained on comparing samples 
taken with and without a covering of slag. In the 
latter, the short exposure of the metal to the air 
before pouring did not appreciably increase its oxide 
content. 

It may thus be inferred that the slag and oxide to 
be observed in the pellets were actually present in the 
steel in the furnace. This conclusion is quite in 
accord with the fact that well-refined steels contain 
no visible oxide particles. Many samples of both 
electric and open-hearth steels have been examined, 
and in all cases where the metal has been thoroughly 
deoxidised by the attainment of correct slag conditions 
oxide particles were absent. Further, it has been 
repeatedly noticed, especially in making non-piping 
steels, that the amount of oxide in the pellets increased 
considerably as the carbon dropped below about 
9-2 per cent. Scarcely any visible particles could be 
detected in samples taken during the boil in the acid 
process, but as the carbon approached 0-10 per cent. 
the quantities of slag and oxide inclusions sometimes 
became considerable. A still greater increase was 
frequently noticed in the basic process, although here 
alittle more oxide was usually present with the sulphide 
in the higher carbon samples. When the carbon is 
nearly all removed, as in the manufacture of ingot 
‘ron and similar material, excessive quantities of oxide 
are usually to be seen. Clearly this increase in the 
number of inclusions as the carbon content of the bath 
's reduced is, of itself, a strong argument that the 
method of sampling is reliable. 

_ In the previous section evidence was given which 
indicated that the sulphide existed as separate particles 
inthe molten steel. Since oxide is invaria bly associated 
With sulphide in the pellets, it seems reasonable to 
infer that the visible inclusions were also undis- 
As a tentative explanation of 
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slag the metal becomes slightly supersaturated with 
oxygen, and on passing downwards to a somewhat 
cooler region the excess is thrown out of solution. 
Tf sufficient carbon or other metalloid is present, the 
precipitated oxide is quickly removed, but otherwise 
it begins to accumulate. The above observations 
lead directly to the conclusion that the frequent basic 
practice of eliminating most of the carbon and then 
recarburising in the ladle to the extent required does 
not ensure the cleanest steel. The more difficult 
method of ‘* catching the carbon as it falls” is to be 
preferred. 

Gas Inclusions.—Minute spherical cavities form 
one of the most striking features in samples taken from 
a bath that is either killed or in very good condition. 
In general, it may be said that their number increases 
with the refinement of the steel. Under a low power, 





REGULAR CELLULAR STRUCTURE. 
x 75. 


Vie. 27. 





IRREGULAR CELLULAR STRUCTURE. 
x 76. 


Fie. 28. 


these cavities may easily be mistaken for non-metallic 
inclusions. In size they seldom exceed ,;55 in. in 
diameter, and their distribution appears to be quite 
haphazard. Their retention does not depend upon the 
rapidity of cooling, for many are to be found in ordinary 
spoon samples from a dead melt. That they are not 
due to the dislodgment of spherical particles of slag 
during polishing is evident from the fact that they are 
not to be found in over-oxidised steels, even if many slag 
inclusions are present. Moreover, samples of well- 
refined steel showing large numbers of the cavities 
have been obtained in which very few slag particles 
were to be seen. These cavities must, therefore, be 
gas bubbles, and the further inference to be drawn 
is that they were present in the molten metal ; other- 
wise, there appears no reason why they should be 
absent from more oxidised steels. The fact that such 
samples are free from them may be due to the liberation 
of carbon monoxide from the body of the metal in the 
bath. It is to be expected that large gas bubbles 
will sweep much smaller ones away with them as they 
rise to the surface. The presence of the minute 
cavities would thus seem to indicate that oxidation of 
the carbon at the time of sampling has been practically 


their presence, it is suggested that just beneath the 
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Pellets taken from a bath having an open boil usually 
consist of hollow shells, unless they are of very small 
size. This formation of blown pellets is due to the 
reaction between the carbon and the oxide in the 
metal at the moment of freezing, for pellets given by 
carbonless iron, when melted in an oxidising atmo- 
sphere, are always solid, except for a small contraction 
cavity at the centre. They can be obtained hollow by 
the addition of some carbon to the melt. Consequently 
this effect is, of itself, a sure indication of the oxidised 
condition of the metal. Samples of killed steel are 
also solid, yet, even in these, a separation of the crystals 
may sometimes be observed. As a rule these internal 
cracks are much more numerous in hollow samples. 
They are usually to be found in the network revealed 
by Dufay’s reagent, and appear to be the result of the 
liberation during freezing of part of the occluded gases. 
That they are not due to the action of steam or to 
strain in quenching was proved by their presence in 
pellets obtained by pouring a few drops of liquid steel 
on to a cold plate. The extent to which these cracks 
occur may have an important bearing on the hetero- 
geneity of the ingot, forthe result of an expulsion of 
minute amounts of gas from the growing crystals 
would be a slight displacement of the mother liquor 
from its natural positions. Such an effect would tend 
to be cumulative. 

The Cellular Structure —As previously indicated, 
Dufay’s reagent is very suitable for the development of 
this structure. In etching, two or three drops are 
placed on the surface and allowed to remain there 
until a visible coating of copper has been deposited ; 
the specimen is then washed and dried. The structure 
is not confined to mild steels; it may be seen well 
developed in samples containing over 1 per cent. of 
carbon. Its definiteness varies considerably in different 
cases. Very pronounced effects are given by pellets 
from baths that have been brought'to a ‘* dead melt ”’ 
condition. 

Fig. 27 is a micrograph showing the structure ob- 
served in pellets taken from an electric furnace after 
the addition of manganese and silicon. The steel had 
the following composition : Carbon 0-34, silicon 0-30, 
phosphorus 0-04, sulphur 0-03, and manganese 0-59 per 
cent. The clear outline and fairly uniform size of the 
cells is very marked. If the bath is not in good condi- 
tion, the structure is often indistinct, and in places may 
be entirely missing, especially in the larger pellets. 
Moreover, the cells may vary greatly in size. An 
example is given in Fig. 28. Sometimes a broken effect 
is obtained ; in such cases repeated cloth-polishing and 
etching will usually bring out more of the network. 
Early observations seemed to indicate that the condition 
of the bath could be judged by the appearance and 
definiteness of the structure alone, but subsequent 
work has not altogether confirmed this conclusion. 
Occasionally, a moderately good network is found in 
samples known to be over-oxidised. This much at 
least may be said, however, that an ill-defined structure 
has not yet been given by a thoroughly deoxidised 
steel. 

That the cellular structure denotes heterogeneity is 
certain. It has been observed, repeatedly, that ferrite 
first appears in the cell walls in cases where the rate of 
cooling in the water has been retarded sufficiently to 
allow a separation to begin. This fact indicates that 
the network is formed of rejected mother liquor, for 
the same effect can be shown to occur in the segregated 
areas of ordinary cast steel. The presence of the 
sulphide in the cell walls also points to the same 
conclusion. From this it follows that the network 
defines the boundaries of the primary crystallites. 

The particular elements which give rise to the struc- 
ture have not yet been ascertained. Oxygen does not 
appear to be essential, for, as previously stated, the 
best effects are to be seen in the most deoxidised steels. 
Moreover, samples of electrolytic iron containing 0 -004 
per cent. of phosphorus, when melted in an oxidising 
atmosphere, did not show the structure in the quenched 
pellets. This conclusion is in complete agreement 
with the recent work of Sauveur* and also of Tritton 
and Hanson,+ who found that cupric reagents failed 
to reveal any heterogeneity due to oxygen. Consider- 
able attention has also been given to phosphorus, since 
this is known to be a segregating element, but the 
definiteness of the structure has not been found to 
depend upon its content in the steel. The rapid rate 
at which diffusion occurs, even at 950 deg. C., would, 
of itself, indicate that no important concentration of 
phosphorus occurs in the cell walls. 

In the First Report of the Committee on the Hetero- 
geneity of Steel Ingots,} it was shown that just beneath 
the skin of an ingot there exists a layer of small crystals 
“almost without visible structure.” The foregoing 
observations provide an explanation of this effect. It 
is clear, in the first place, that the chilling action of the 








* Journal of the Iron and Steel Institute, vol. cxii, 
page 313 (1925). 
+ Ibid., vol. ex, page 120 (1924). 








confined to the interface between slag and metal. 





{ Ibid., vol. exiii, page 108 (1926). 
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mould will be less severe than that of cold water, and | pairs of blades, so as to leave only four in operation. | ‘. Building Supplies—We have received from Messrs. 
. 


since quenched pellets show heterogeneity, it should be | 
produced also during the solidification of the steel | 
forming the skin of an ingot. That it is not subse- 
quently found is no doubt due to the small size of the | 
crystallites, and to the speed at which the segregate is | 
dispersed by diffusion at high temperatures. The | 
persistance of segregate will depend upon these two | 
factors. Judging from experimental results, there 
should be ample time for the segregate enclosing the 
small crystallites in the outer zone of a plain carbon steel 
ingot weighing several tons to become uniformly dis- 
tributed as it cools to about 900 deg. C. Further in, 
where the larger columnar crystals begin to appear, | 
the distance through which diffusion must proceed in | 
order to produce homogeneity rapidly increases, and, | 
as a consequence, evidence of heterogeneity can be | 
found. This was clearly seen in a section taken from | 
the lower part of an eight-ton ingot of killed steel. 





— ————— | 
} 

THE POLYP GRAB. 
We illustrate on this page a useful form of grab | 
which can be employed for handling a wide range of | 
materials, such as scrap iron, coarse and fine ore, blasted | 
rock, &c., for which the ordinary types of grab bucket 
are not well suited, as well as for excavating and 
dredging operations. It consists, as shown in Fig. 1, of 
eight spade-shaped blades mounted on arms pivoted 
at their inner ends to a central moving head, the arms 
being connected to the stationary head by pin-jointed 
links. The relative movement between the moving | 
and stationary heads is obtained by wire ropes passing 
round sheaves in the usual way, the special feature of 
the design being that the arms, blades and links are 
constructed of spring steel and are made sufficiently | 
flexible to permit the blades to close on to and grip an 
irregularly-shaped object, such as the boulder shown in | 
Fig. 2. 
The pointed blades obviously give a good penetrating 
power when handling loose material, such as that shown | 
in Fig. 1, so that a full load is obtained at each lift, and | 
it is claimed that the blades do not damage a ship’s 
bottom or the bottom of a railway wagon from which | 
material is being lifted. The central-opening feature 
is advantageous when the contents of the grab are 
being discharged into a railway truck or through a} 
comparatively small opening, since less time is occupied | 
in waiting for the grab to swing into the correct position. 
It is also claimed that less damage is done to the bottom 
of a truck when handling large material by the Polyp 
grab, owing to the fact that the shape of the blades | 
tends to break the fall. 
The grab can be rendered suitable for handling pit | 
props or pulp wood by simply removing two opposite | 


Two types are made, one having plain open jaws 
suitable for handling bulky material, such as scrap, 


| and the other with blades which close tightly together, 


this type being suitable for handling coarse material 
mixed with fines. Two sets of blades can, however, 
be supplied to enable one type to be changed into the 
other as required. 

Both types are made in a range of sizes, the open type 
having capacities from 25 to 43 cub. ft., and the closed 
type from 53 to 160 cub. ft. The grabs are operated 
by lifting and discharging ropes in the usual way, but 


| electrical opening and closing gear can be supplied if 


required. As an example of its capacity, it may be 
mentioned that a closed-type grab, having a capacity 
of about 2} cub. yards with a deadweight of 44 tons, is 
capable of handling an average of 75 tons of dolomite 
limestone per hour. The grabs are made by Messrs. 
Reichmann-Becker-Polyp, G.m.b.H., of Duisburga, Rh., 
Germany, and the agents in this country are Messrs. 
Holinter, Limited, 339-40, Dashwood House, Old 
Broad-street, E.C.2. 


CATALOGUES. 


Structural Engineering.—The Siemens-Bauunion firm, 


| of Berlin, have sent us a copy of the June issue of their 


periodical describing structural work in course of erection. 
Fire Extinguishers.—The Fire Foe Company, 81, 


| King-street, Bury, have issued a circular explaining their 


fire-extinguishing powder, which is supplied in metal 
tubes ready for application to any outbreak. 
Switches.—Messrs. J. H. Tucker and Company, Limited, 
Kings-road, Tyseley, Birmingham, have sent us a 
priced list of their tumbler switches, which are made 
in two types and in a large variety of patterns. 
Electric Motors.—A priced list of two-phase and three- 


| phase induction motors, with capacities ranging from 


80 h.p. to 330 h.p. and also a “service”? pamphlet, 
are to hand from Messrs. Brook Motors, Limited, 
Huddersfield. 


Rotoscope.—Messrs. A. J. Ashdown, Limited, 119, 
Victoria-street, London, S.W.1, have issued a concise 
pamphlet describing the construction of their rotoscope 
for observing moving machinery and its application to 


| many industrial uses. 


Instruments.—The Cambridge Instrument Company, 
Limited, 45, Grosvenor-place, London, S8.W.1, have 
issued a folded card illustrating some of the more 
important heating and ventilating plants for which 
they have supplied sets of instruments. 


Aluminium.—Several pocket catalogues are to hand 
from the British Aluminium Company, Limited, Adelaide 
House, King William-street, London, E.C.4, dealing 
with the application of aluminium in the construction 
of motor vehicles and giving general data on the pro- 
perties of the metal. 


| Railway. 





A. Harvey and Company (London), Limited, 
Woolwich-road, London, §.E.7, catalogues covering a 
wide range of building and furnishing materials and 
supplies, including sheet metal work, castings, tanks, 
perforated metal, woven wire, &c., and giving illustrations 
and prices. 

Hydro-Electric Power Plant.—The English Electric 
Company, Limited, Queens House, Kingsway, London, 
W.C.2, have issued a new catalogue dealing with alterna- 
tors for coupling to water turbines, which is actually a 
short treatise on the subject rather than a catalogue. 
Horizontal and vertical shaft alternators are dealt with 
separately, the details of each being fully described. 
Numerous illustrations of complete machines and parts 
are included. 


Electric Motor Controls.—Messrs. Brookhirst Switchgear, 
Limited, Chester, have issued a pamphlet explaining 
their electric controls for textile machinery and showing 
applications to finishing scutchers, carding machines, 
drawing, stubbing and roving frames, wash mills, mangles, 
dyeing machines, and calico printing, calendering and 
stentering machines. A leaf catalogue describing direct- 
current automatic control gear for printing presses 1s 
also to hand. 


Printing-Machine Drives.—A practical discussion of 
the types of motor and control gear most suitable for 
the different types of printing machines is given in a 
catalogue issued by the British Thomson-Houston 
Company, Limited, Rugby. Increasing importance 1s 
attached to the selection of control gear if the most 
economical results are to be obtained, and_ several 
controls are fully described with reference to their 
application to Wharfdale, rotary, off-set and other 
presses, and to Linotype and Monotype composing 
machines. 








Tue Late Mr. G. H. DeNNIson.—The death of Mr. 
Gavin Hadden Dennison at Heathfield, Sussex, on 
September 10 last, removes from our midst a civil 
engineer, who spent much of his active life in India. 
where he was engaged in connection with the construction 
of various railways. Born on October 12, 1838, he served 
an apprenticeship of seven years with the late Mr. 4. 
Laughlin, civil engineer, Glasgow, and afterwards acted 
as his chief assistant. Mr. Dennison’s long association 
with Indian railway work commenced in 1862 when he 
took up an appointment on the staff of Mr. H. P. Le 
Mesurier, M.Inst.C.E., who was then in charge of the 
construction of the Jubbulpur branch of the East Indian 
Mr. Dennison later became assistant engineer 
on the construction of the Chord line, East Indian Rail- 
way, and was subsequently resident engineer of the 
Oudh and Rohilkund Railway for many years. While in 
India Mr. Dennison was personally responsible for the 
construction of several important girder bridges, including 
that at Adjai on the Chord Line and that at Soomtee. 
Jaunpur. He afterwards lived for a time in Liverpool 
and then proceeded to Oamaru, New Zealand where he 
remained for a number of years; he finally settled in 
Sussex. He was elected to full membership of the 
Institution of Civil Engineers on March 5, 1889. 
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DIE-CASTING ALLOYS OF LOW 
MELTING POINT.* 


By T. F. Russett, Assoc.Met.; W. E. Goopricu, 
M.Met.; W. Cross, B.Se.; and N. P. ALLEN, M.Met. 
Tuts research was intended to include the alloys of low 

melting point, and it was decided, in the first instance, 

to confine the investigations to alloys having zinc as 
their principal constituent, on account of the extensive 
and increasing use of such die-castings in industry. 

The object of the investigation was to determine the 

conditions affecting the mechanical strength of die- 

castings of these alloys, and also their behaviour when 
exposed to moist or heated air or steam. A series of 
flat test-pieces of the various alloys was at first pre- 
pared in one of the die-casting works, but it was found 
essential to control all the factors affecting the casting, 
and, therefore, a die-casting machine of the plunger 
type was set up in the Metallurgical Department of 

Sheffield University. All the castings described in the 

present paper were made in this machine. The com- 

position of the zinc-base alloys used in the research is 
given in Table I. The alloys fall into two groups, 


feeler-gauge strip, were used throughout. The only 
effect of increasing the vents was to increase the thick- 
ness of the test-piece, and also the amount of fash. 
It was not practicable to make any experiments with 
different sizes of gate, as any alteration necessitated 
the cutting away of the mould. A few tests in this 
direction were made by using the original die, which was 
to be discarded. : Within ordinary limits, the size of the 
gate did not seem to be very important in its effect on 
the tensile strength, but in the course of later experi- 
ments on the effect of altering the pull on the lever, it 
was found that, with a standard gate, the porosity of 
the castings was considerably reduced by slow pulling, 
but the difference due to the pull was less when a larger 
gate was used. 

The tensile strength was found to be comparatively 
little affected by alterations in the temperature of the 
metal bath. Within a range of 70 deg. or 80 deg. above 
the temperature at which the alloy is “ mushy,” com- 
paratively little variation in the appearance or the 
strength of the castings occurs. At higher tempera- 
tures, the surface often shows pinholes, and when cast- 
| ing is carried out with the alloy in a “ mushy ” condi- 
| tion, irregularities of chemical composition are found. 








Nos. | to 13 containing tin and copper as the hardening 
TABLE I. 
Thermal Data. 
ne Cu Sn Al Ni Cd Pb Me. | Density. [Top Point| 
Mark r . aii ae ‘ : — ree abe Reac Eutec- 
| | (Esti- | “tio ti 
| mated). | sy “pe 
Deg. C. | Deg. C Deg. C. 
6RM 3-17 5-67 | 0-41 vs ; 7-148 440 | 407 | 199 
7RM 3-16 7-40 | 0-36 —~ — 7-143 420 | 407 | 199 
8RM 3°72 9-73 0-98 — — - 7-085 439 | 402 | 199 
9RM 3-07 13-83 ; 0°44 -- —- = 7:070 450 | 396 | 199 
10RM 3-11 22-31 | 0-29 - oo -— —- 7°202 467 | 384 | 199 
it. 1-2 9-7 | 0-98 = fo oe = = —— flee |p weiss 
12, 1-06 8-35 | 0°37 1-09 — a= — 7-131 414 | 412 | 199 
18; 3-66 9-65 | 0-86 -- 0:97 -~ — 7-128 | 453 | 401 H 190 
14... 2-72 — | 3-95 ~ ~ _ _ 6-77 —- | — | = 
14B 3:07 0-28 | 4°64 - “= — -- 6°73 — = — 
15. 5-14 — | 4-16 - _ = _ 6-85 = ee gees =: 
16. 7-02 = | 402 : x = ae 6-905 | — on 
17. 3-03 | 3-87 a 0-80 # 6-78 ee 
17AC 3-04 | 3-44 st 0-75 = — — | — | = 
ZAE 3-02 - | 4-07 ~ — — 0-095 —- Remainder zine 
ZAH 2-94 - | 4:02 — -- 0-107 — Remainder “* horsehead ” 


zine 





constituents, with only so much aluminium as is found 
necessary in practice to give a successful die-casting, 
and Nos. 14 to ZAH, in which the hardening constituents 
are aluminium and copper. 

A flat test-piece was selected as the most suitable 
for the purpose. In its original form it was } in. 
thick, the two heads being 1 in. wide, with a central 
portion 0-5 in. wide and 2-5 in. long, joining the 
heads through curves of 0-25 in. radius. Every 
test-piece of this shape broke at the shoulder in the 








TABLE II. 
Quick Pull. Slow Pull. | 
: Pe | ssa] Pe] ese ae 
= Be | OB 2 : = 52 a 
fe i"se| aah | “se 
} | 
6RM | - a 3-69 9-81 | 
7RM | 6-04 | 9-75 | 3-40 | 10-84 | 
8RM | 7:3 | 9-57 | 3-09 | 10-66 | 
ORM 7:40 | 8-84 | 2-37 | 10-12 | 
10RM; — — | 4:09 9-00 | 
1) als ee 9-11 
12 = — | 3-16] 7-62 
14 6-90 | 18-00 | 3-63 | 17-61 Standard gate. Average 
| of 20 tests. 
5:40 | 18°84 | 3-70 | 18-14 | Enlarged gate. Average 
i | | of 20 tests. 
15 .. 7:37 | 19-16 | 2-33 | 20-73 | Standard gate. 
*87 | 21-22 | 4-2: 20-96 | Enlarged gate. 
16 .. 6-70 | 21-11 | 4-17 | 22-10 | Standard gate. 
ty 4-80 | 22-13 | 3-27 | 23-24 | Enlarged gate. 
17 4-25 | 17-51 | 4-10 | 17-24 | Enlarged gate. Average 
im ' of 20 tests. 
ZAE.. 22-02 | -— — Enlarged gate. Average 
E | of 11 tests. 
ZAH - 21-27} — | — | Enlarged gate. Average 
ie | | ot 5 tests. 





tensile testing machine. The die was then altered to | 
make the radius 1 in. and then again to 2 in., with | 
improvement in the results. Finally, a new die was | 
cut, having a parallel portion 2 in. long, passing into | 
the heads by curves of 1-5 in. radius, and this was | 
adopted as the standard form. The following results | 
show the effect of test-piece form, using alloy No. 7 :— 


In one deliberate attempt, a casting containing only 
1 per cent. copper was obtained from a bath containing 
3 per cent. Neither was any great difference found to 
be caused by variations in the temperature of the mould. 
In a series of experiments with temperatures ranging 
from ice cooling of the mould up to the limit reached 
when the machine had been in use for some time, the 
variations in strength were found to be small. On the 
other hand, large differences could be brought about 
by varying the pull on the lever of the machine. The 
pull used in practical die-casting is quick, and it was 
found that by applying the pull slowly, but quickening 
towards the end of the stroke, the porosity of the 
| castings was very considerably reduced, although some- 
| times at the cost of a slightly impaired surface appear- 
}ance. For comparative results it was found necessary 
to use a slower pull than usual in order that the porosity 
|should be kept low and constant. The porosity was 





| determined by weighing the test-pieces and comparing 


| the density calculated from the weight, with the density 
| of the same alloy when gravity cast. Confirmatory 
| measurements were made on drillings. A summary of 
the tensile strengths obtained is given in Table II, 
each figure being an average of a number of tests. 

Tensile and Hardness Testing.—The tensile tests 
were made on a Denison 10,000-lb. machine. Uniform 
axial loading was obtained by the use of wedges in the 
grips at the sides of the test-piece. Other methods of 
holding the test-piece were tried, but were found to be 
| less satisfactory. The importance of axial loading when 
flat test-pieces of this kind are used must be emphasised. 
Eighteen test-pieces, cast under conditions which were 
kept as uniform as possible, were sent to external test- 
ing laboratories for examination. The results obtained 
were as shown in Table III. 





TaB_e ITI. 


Tensile Strength. Tons/in.* 


Minimum. | Maximum.| Average. 


s Laboratory A a 6-06 9-68 8-2 
Average Tensile | Laboratory B Se ne 7:3 8-8 8-3 
Strength. Sheffield University, axial 
Shoulders, 0-25 in. radius 7-61 loading .. as 10-26 11-45 10-95 
” 1 in. radius 8-85 : Pe 
” 2 in. radius r 11-35 P aad . 

Standard mould, 1-5 in. radius 9-38 Under the most satisfactory conditions of casting and 
For the purpose a _ano.:,, | testing, the variations in the tensile strength may 
= P rp of vente, four washers of 0-002-in. amount to + 5 per cent., and if several varying factors 








. Paper read before the Institute of Metals, Liverpool, 
on September 6, 1928. Abridged. 


are to be studied it is necessary to take the average of 
number of tests for each experiment. Usually, 





10 identical specimens have been used to obtain the 
figures given in the table. The flat test-pieces may 
break anywhere within the 2-in. parallel length, but 
most of them broke not very far from the shoulder. 
For the purpose of hardness measurements, the Wool- 
wich pattern of direct-loading Brinell machine was 
used with a 1-mm. ball, and tests were also made with 
the Rockwell machine and with the Vickers diamond- 
pyramid machine. Only the last of these was found 
to give uniform results, and it was adopted as the 
standard. The results of several hundreds of tests 
show that the tensile strength of the casting cannot 
be estimated from the hardness number, and that. for 
alloys of the composition examined, the latter figure is 
not related in any definite manner to the tensile strength. 
This may be illustrated by the figures shown in Table IV. 

TaBLeE IV. 








| Average | Average Average 
Alloy. | Rockwell | Vickers Tensile 
| No. No. | Strength. 
| | 
| 

6RM 81 | 88-5 9-81 
7RM 30 87-5 10-34 
8RM 78 88-5 10-66 
9RM 48 61-0 10-12 
10RM 40 53°5 9-00 


The irregularity is no doubt due to the fact that the 
external surface of the casting is in a chilled condition. 
Planing off thin layers from the outside was found to 
reduce the strength out of all proportion to the reduc- 
tion in cross-section, and the thickness of this skin 
must have a great influence on the hardness. 

Transverse tests are less satisfactory than tensile 
tests, being apparently more dependent on the porosity. 
The alloys are also very susceptible to creep, so that 
the deflection increases with the time of loading. No 
appreciable ductility is found in the course of a tensile 
test, but bending and twisting tests form a useful 
means of making a qualitative comparison between 
different alloys. Judged by this standard, the alloy 
ZAH gives the best results on twisting, being followed 
by ZAE ; after this, in order of merit, come the copper- 
aluminium-zinc alloys, the copper-tin-zine alloys coming 
last. 

The average tensile strength of the aluminium-copper- 
zine alloys is decidedly higher (18 to 24 tons per square 
inch) than that of the tin-copper-zine alloys (8 to 11 tons 
persquareinch). In the type of die-casting machine used 
in these experiments, it has been found more difficult 
to make the alloys containing high proportions of alu- 
minium, on account of the difficulty of “cutting out” the 
casting. In commercial practice, machines of a different 
type are used for these alloys. For similar reasons, it was 
not found practicable to make a casting of commercial 
form of the alloys containing high percentages of 
aluminium. Experiments in which a comparison is 
made between the behaviour of flat test-pieces and 
castings of commercial form when exposed to hot air 
or to steam, are therefore confined to the copper-tin- 
zinc alloys, and it must not be assumed that the same 
considerations would apply to the aluminium series. 

The Permanence of Zinc-Base Die-Castings,—The 
prejudice which formerly existed in this country against 
the use of aluminium-copper-zinc alloys was largely 
due to published results, which tended to show that 
these alloys are particularly liable to undergo changes 
of dimensions even at atmospheric temperatures. 
The present results, however, show that there is little 
difference between their behaviour and that of the tin- 
copper-zine alloys. The results which follow show that 
the action of oxygen is very small when compared with 
that of water vapour and with internal changes which 
proceed in the alloys. The action of water vapour 
increases rapidly with increasing temperature, so that 
in steam tests the chemical effect of the water vapour 
is much greater than that of other factors. The results 
also show that castings of the same form vary among 
themselves in their rate of growth, and the results 
obtained with one shape of casting do not indicate 
the behaviour of castings of another form. This is 
no doubt due to difference in the internal structure 
and porosity of the castings, but it is not proposed at 
the present stage to offer an explanation of the 
mechanism of internal growth. Tensile tests and 
measurements of the alteration in length have been 
made on aluminium-copper-zine and _ tin-copper-zinc 
alloys after keeping for various periods, at atmospheric 
temperature, in steam, and later on in hot air. 

Atmospheric Permanence—Tensile Tests.—Sixty test- 
pieces were cast, at constant temperature, of each alloy 
14, 15, and 16 with small gate, and 60 pieces of 14, 15, 16 
and 17 with enlarged gate. These were pulled, in series 
of 6, after 1 day, 2 weeks, 1 month, 2 months, 3 months 
and 6 months after casting. It is unnecessary to give 
a table of figures for these 252 tests as, after 6 months, 
the variation in tensile strength was no more than could 
be readily accounted for by irregularity in the pieces 
and experimental error. 








Atmospheric Permanence of Dimensions.—In these 
tests, thin crossed marks, approximately 6 in. apart, 
were made on six samples of each alloy. The distance 
between these marks was measured, to 0-0001 in., on a 


Herbert travelling microscope machine. The first 
lengths were taken 24 hours after casting, but the 
aluminium alloys all showed some shrinkage when 
measured after a few hours. Subsequent readings 
were taken on convenient days. This change of 
dimensions at atmospheric temperature is, of course, 
a very slow process. For all practical purposes, the 
tin-copper-aluminium alloys 7RM and 9RM, after the 
first few days, remained constant up to 6 months. The 
aluminium alloys reach their maximum contraction 
after standing for about four months, but approxi- 
mately 80 per cent. of this contraction takes place 
within the first month. It is known that both series 
of alloys now slowly increase in size. 

Steam Tests—Standard tensile test-pieces were 
subjected to the action of steam, by suspending in a 
felt-covered, galvanised-iron tank, 4 ft. oat, ort. 
This contained about 8 in. of water, which was elec- 
trically heated by well-insulated coils. For this series 
of experiments, the temperature remained constant 


at 70 deg. C. + 1 deg., and approximately 300 pieces | 


of alloys 7RM, 9RM, 14, 15, 16, and 17 were used. 
Six of each were measured for permanence, and tensile 
tests were made on series of six pieces after various 
intervals of time. The intervals of time were not 
exactly the same in each case, owing to the inconvenience 
of removing the specimens at fixed times. All the 
specimens had an incrustation of hydrated oxide, which 
increased with time, and on fracturing after 200 hours, 
showed a distinct black border of oxidised material. 

Permanence of Dimensions.—To measure the length, 
thin marks 6 in. apart were made as in the atmospheric 
tests, but, after steaming, the marks were useless for 
accurate work. These marks were then covered with 
three protective substances, but without success. A 
small hole drilled at each end of the test-piece did not 
give perfectly satisfactory results. Finally, the test- 
pieces were squared at the ends and the overall length 
measured on a Newall Engineering Company’s micro- 
meter machine. This machine gives readings to 0-00001 
in., and duplicate readings agree to within 0-00002 in. 
after 50 hours, and about 0-00020 in. after 200 hours 
for pieces 7 in. long. The results are progressively 
slightly low after 50 hours, due to corrosion. The 
average results are plotted in Fig. 3. Alloy 9 would 
probably have shown a slight contraction if measured 
after a shorter interval than 10 hours. 

It will be seen from Fig. 3 that the growth curve for 
alloy 16 crosses those for 14 and 15, and in order to 
check this result, a second batch of six pieces of alloy 16, 
cast as far as possible under conditions identical 
with those for the first series, was carried through and 
gave a most interesting and instructive set of figures. 
The two series gave widely different results after 
200 hours, and it is at once seen from Fig. 3. that the 
difference in the amount of expansion is due entirely 
to the difference in the amount of initial contraction, 
and after the samples have fully contracted the average 
rates of growth are almost identical. The theory of 
the changes is discussed later, but it would appear that 
the only satisfactory method of comparing the effects 
of differences in composition is to find the rate of 
growth after all the preliminary changes are well com- 
pleted. Castings of two commercial forms were made 
of the alloy 10RM, and these were exposed at atmos- 
pheric temperature and to the action of air at 100 deg. C, 
and of steam at 93 deg. C. The flat castings were 
measured across one diagonal, and the wheels across 
one diameter after they had been trued up in a lathe. 
All castings were made of the same alloy and cast at 
the same temperature. For most series, the castings 
were consecutive, so that any variation in mould 
temperature may be neglected. The results for steam 
are shown in Fig. 2. Corrosion in steam at 93 deg. C. 
was rapid, the flat and wheel castings again showing 
very much more change than the tensile test-pieces. 
In steam at 93 deg. C., there is as much growth in 
3 hours as in 300 hours in air at 100 deg. C. 

When acasting which Las been exposed to steam for 
any length of time is fractured, a thin, black oxidised 
border is seen fairly sharply marked off from the 
interior. This border increases in thickness and 
becomes less sharply defined with increasing time. 
The central portion has lost its metallic lustre owing to 
the penetration of oxide. In order to determine the 
effect of porosity on the rate of growth, a series of six 
flat square castings was made, having porosities varying 
from 6-6 per cent. to 12-1 per cent., the difference 
being obtained by varying the rate of pull on the 
machine. On the whole, the most porous castings 
show the greatest increase of dimensions in steam, but 
there are some irregularities. Altogether, over 2,000 
measurements have been made of tensile test-pieces 
and commercial castings of the two series after various 
periods in air at atmospheric temperature and at 
100 deg. C., after subjecting to the action of steam, and 








ENGINEERING. 


_ (Oct. 12, 1928. 








after exposure to saturated air at various temperatures. 
As a general conclusion, it may be stated that, in the first 
| place, the initial contractions of different castings of the 
|same form and of the same alloy, the only variable 
being the pull on the plunger, vary amongst themselves 
| by as much as 50 per cent. Secondly, in general, the 
| alloys of copper-aluminium-zine series contract more 
| than those of the copper-tin-zinc. Thirdly, for tensile 
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test-pieces of the same form having similar porosities, 
the rates of growth are of the same order for both series 
of alloys if these rates be determined from the time 
when the contraction has reached its maximum. 
Fourthly, hot air merely acts somewhat more rapidly 








than air at lower temperatures. In the fifth place, in 
saturated hot air or steam, growth due to chemical 
action is much greater than that due to heating alone. 


more work has been done on the resistance of cast- 
iron, but the results are difficult to interpret, it being 
found that a moderate increase of temperature wil] 
completely alter the order of resistance of a given series 
of cast irons to the attack by molten zinc, The phos- 
phorus content plays an important part in determininy 
| resistance, but without further experimental work it 
| would be premature to draw any conclusions. 
| The method used was similar to that devised at the 
| Woolwich Arsenal Research Department when investi- 
gating the effect of molten aluminium-bronze and of 
|molten brass on ferrous materials. Bars 0-5 in. in 
| diameter and 3 in. long were luted into holes, equi- 
| distant from the centre, in a carborundum circular block. 
| This had another hole at the centre, through which a 
| thermocouple was passed. The whole was floated on 
|a bath of pure zinc, the temperature of which was 
| steady at 511 deg. to 513 deg. C. The introduction of 
| the ferrous samples cooled the zinc, and it took 45 
| minutes for the bath to rise again ‘to the temperature, 
which was then maintained for three hours. The tests 
were carried out in series of 6-8, and realising that the 
effect of the temperature of the bath may be an 
|important factor, every care was taken to see that 
;each test was carried out under identical conditions, 
a fresh lot of zine being used for each test. 
| On removal from the bath, some of the samples 
| drained well, but others—which were subsequently 


. | found to be most attacked—had a layer of alloy, about 


| the consistency of clay, adherent to them. When cold, 
| 0-5in. lengths were parted in the lathe, ground level on 
| a surface grinder, polished and etched. Two diameters 
| at right angles to one another were measured to 0-000] 
|in. on a Herbert travelling microscope machine, and all 
the eight readings were averaged. Table V gives the 
description of the test-bars, the principal analyses, the 
| original diameter, and the decrease in diameter after 
immersion in zinc. It was not always practicable to 
| use pieces exactly 0-5 in. in diameter, but with such 
|small differences, it can safely be assumed that the 
| quantity dissolved in a given time, or the rate of 
solution, is proportional to the area in contact, from 
which it is deduced that the amount of decrease in 
diameter is independent of the original diameter. It 
is considered that the figures in the last column are 
strictly comparable. 

Dealing first with the protective coatings on mild 
steel, it will be noticed that neither nickel-plating nor 
chromium-plating has any protective action. The 





TABLE V. 















Analysis. Reduction 
~ = er ener a __.____| Original | in Dia- 
Material. Diameter. | meter after 
C. Si. Mn. s. P. Ni. Cr. In. qg| Action. 
| In 
| 
Plain carbon steel- 
No. § os ar a6 0-30 0-22 0-58 0-020 0-025 - ~ 0-5023 0-0061 
AT. 5 as y- 0-44 0-19 0-42 0-012 0-016 - - 0-0073 
IIT. ye as Ab 0-63 0-30 0-44 0-015 0-012 - - 0 -0069 
nS ae a sm 1-17 0-12 O-44 0-006 0-045 ~ - = 0-0320 
Nickel-chrome steel 
No. bo ae - 0-15 | — -— -- — 4$°5 0-25 0-0034 
Il. be “ is 0°35 | _— ~- — 3°25 0-60 0-0095 
“ones te ‘is a 0-33 0-21 0-67 0-031 0-031 3-5 1-01 0-0038 
Vibrac steel* ., ae cadat == — -— - Mo 0-53 2-4 0-60 5 0-0033 
“Staybrite ’ steel* .. oa —_ _ - - - 8-0 18-0 0-5043 0 -0034 
Stainless steel*. . Sik ou 0°35 — — — — 14-0 0-5020 0 -0046 
Stainless iron* .. oe a 0-10 0-5 0-2 - ~- Trace 13-0 0-5028 0-0195 
K.E. steel* 0-49 2-0 0-6 0-02 0-025 12-6 Cr 12-6 0-4590 0-0099 
W 2-4 
Mild steel me *e on a 0-01 0-29 0-051 0-050 —- | — 0-5038 0 -0060 
Same mild steel Chromium-plated by firm A, unpolished 0-5036 0-0089 
” ” ” A, polished 0-5050 0-0104 
os e 98 B, polished 0-5039 00096 
Nickel-plated, unpolished 0-5000 0.0069 
polished 0-4996 0 -0074 


Calorised 


Previously immersed in concentrated nitric acid 


0 +5083 No action 
whatever 


0 +5043 0-0076 





* Approximate analyses. 


Finally, the rate of growth depends primarily on the | 
condition of the casting—namely, its size and shape, | 
its mass per unit area of surface, its porosity, crystalline 
size, &c., whilst the effect of composition alone is, | 
within fairly wide limits, comparatively small. 
The Action of Molten Zinc on Steel_—The trouble | 
caused by the attack of zinc-base alloys on the cast- | 
iron pan and plunger is an important economic factor | 
in the production of die-castings. Not only is the pan 
| 

| 

| 

| 


dissolved away and may ultimately be eaten through, 
but the dissolved iron has an injurious effect on the cast- 
ings. It is also probable that a large proportion of the 
‘sticking plunger ’’ trouble is caused by the solvent 
action of the metal, and the hard iron-zinc compound | 
wedging between the cylinderand plunger. The results | 
given below relate only to the action of molten zinc, and 
are not necessarily applicable to alloys. It is known that 
the addition of aluminium to zine reduces its solvent | 
action on grey cast-iron. The experiments in this 
direction are not yet complete. Further, the results 
of experiments with steel alone are reported. Much | 


clusions as to the effect of the different elements. | ') 
| any case, their slight superiority, combined with their 
| high initial cost, hardly warrants their use as melti 


'or Staybrite, particularly the first two, may Wil’ 


calorised mild steel, however, was unique, inasmuch as 
it was the only sample of the 35 trials on which the zinc 
had no action. The zinc did not even ‘“ wet” the 
sample, as on removing it from the bath of zine, the 
parts drained perfectly clean, and where a thin film of 
zine did adhere, it was easily removed when cold. Tn 
general, steels behave better than cast irons. The 
series of plain carbon steels show that an increase in 
carbon content probably has little effect until the 
eutectoid composition is reached. The 1-17 carbon 
steel is decidedly worse than the lower carbon steels, 
and these low-carbon steels are only slightly better 
than the best cast-iron. The alloy steels, taken col- 
lectively, behave better than the plain carbon steels, 


but insufficient samples have been tried to draw : 
n 


pans, but steels of the types NiCrI, NiCrIII, Vibrac, 


th 


advantage be tried for the plunger. 
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THE TRENTON CHANNEL STATION 
OF THE DETROIT EDISON COMPANY. 


By RawrH Briscoe. 


In the last volume of ENGINEERING there appeared 
a series of articles describing the design, equipment, 
and operation of the Trenton Channel power plant 





of The Detroit Edison Company, Detroit, Michigan, 


Fig.1 


From Warren 





th th bt 


series referred to, frequent back reference will 
necessarily be made. 

In the original description given in the issue of 
March 23, 1928, page 342, it is stated that ‘‘ there is 
an entire absence in the station of anything in the 
way of the collection of plant of miscellaneous size 
and design.’ Thus, all of the main turbo-generators 
are of the same size, with all parts, including the 


— REFERENCE— 
1-45-Calculated Breaker Duty. 
1.50-Nomaun ug. 
1B -Bus Disconnect -Position 7. 


1 =Breaker -Position 1. 
1L = LineDisconnect-Posttion 1. 
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U.S.A. As the series is now concluded, the present 
article has been written as a subsidiary or supple- 
mentary article for the purpose of describing certain 
changes which have recently been made, or are 
scheduled to be made, to accomplish what was a 
fundamental principle in the design of this plant, 
1.¢., that there should be consistency of size, arrange- 
ment, and type of equipment throughout. A further 
purpose is to describe several proposed changes 
which are expected to result in simplified operation. 
Inasmuch as this article is supplementary to the 
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turbine rotors, interchangeable, and all other 
equipment, such as boilers, mills and house turbo- 
generators, are of the same size and design. “ It is 
true that experience with the sections of the station 
placed first in service has suggested improvements 
here and there, and that these have been adopted, 
but it has been held a maxim that these should 
only be introduced if they made operation easier, 
and if, having proved satisfactory, they could be 
applied to the pre-existing plant.” The primary 
cause, then, for many of these changes is the impor- 


tance laid upon standardisation as a factor in 
simplifying plant operation. The programme for 
some of these changes calls for an extension over a 
three-year period, and when describing the changes 
mention will be made of the time allotted for them. 

Anew pair of transmission lines will feed into a sub- 
station in the south-west area of Detroit. The work 
undertaken in making this installation has furnished 
an occasion for separating the present lines so as 
not to cross the station ’bus with feeders, and also 
to obtain better clearance between lines. These 
changes can best be understood by referring to 
Fig. 1, and comparing it with the original arrange- 
ment shown in Fig. 173, page 796 of the issue of 
June 29, last. The tower lines are now to be approxi- 
mately 110 ft. apart, or as far apart as possible 
with the space available. Leaving the plant, the 
four rows of towers, each carrying a pair of lines, 
will run parallel out into the country for some 
distance over a private right of way before diverging. 

An additional piece of equipment to be installed is 
a regulating transformer between ’buses. As pointed 
out in ENGINEERING (March 23, 1928, page 344), the 
entire output of Trenton Channel is delivered to the 
120,000-volt system mainly through two sub-stations, 
with the output voltage so regulated as to provide 
the required voltage at these sub-stations. The pur- 
pose of the regulating transformer between ’buses will 
now be apparent, if we imagine three main turbo- 
generators running on each of the two station *buses, 
with the ’buses connected only through the regulating 
transformer. It will then be possible, even with un- 
equal voltages on the two ’buses, to transfer power 
from one ’bus to the other, the amount so transferred 
being limited, of course, by the capacity of the 
transformer (see Fig. 1). 

Improvements have been made in line-isolating 
switches, to facilitate their opening when they 
become stuck or frozen together by the freez- 
ing of melting snow, sleet storms and the like. 
Thus far, however, no switch has been built 
which is satisfactory in all respects, so further 
development is being continued, and a new type 
will be installed in two or three positions for trial 
during the coming winter. If this proves to be 
satisfactory, all line-isolating switches will be 
changed or modified to conform to the new design. 
It should be remembered that the range of atmo- 
spheric temperature is from 120 deg. F. (or more) 
in the summer sun to 15 deg. F. below zero in 
the winter shade. 

In extending the concrete mat to accommodate 
the changes in transmission equipment, the new 
sections were split longitudinally so that trenches 
could be provided on each side of the oil switches, 
as shown in Figs. 2 to 5. These trenches are fitted 
with a tile drain at the bottom, leading to the 
canals, and are filled nearly to the top with coarse 
stone. Should an oil spill occur, the oil will flow to 
the trench and thence to the overflow canal. Should 
the oil become ignited, it will be extinguished by 
chilling while flowing over the coarse stone. It is 
now proposed to make the first section of the mat 
similar to the new sections. This part of the 
programme, however, will be deferred until the 
summer of 1929, or until after the line-changing 
programme has been completed. 

When the original description of the yard, track- 
age and coal storage was written, space was available 
for approximately 900 ft. of additional track, and this 
will be added when additional storage facilities are 
required. 180,000 tons of coal (2,000 lb.) have been 
stored at one time, and with the additional trackage 
contemplated there will be storage space for approxi- 
mately 250,000 tons. 

In the process of coal preparation and trans- 
portation, the only revision which has not been 
covered in the former articles is the method 
of recovering dust from the pulverising mill circuit 
vents and the Bradford breaker cyclone separators. 
A satisfactory solution of the problem of dust 
recovery must provide for the complete removal of 
the coal dust from the air which is discharged, 
through divers vents, to the atmosphere. This 
criterion of successful operation could not be 
attained either with the air washer employed in 
the first section of the plant or with the tandem 
cyclone separators employed in the second section. 





During the last few weeks a bag filter has 
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been installed on one of the pulverising mill 
circuit vents and has been subjected to rather 
extensive tests. The filter is highly efficient from 
the standpoint of dust removal, and its operation 
is entirely satisfactory. Sets of these filters are 
now being installed on each mill circuit vent and 
on the Bradford breaker cyclone separators. 
Further, it has been demonstrated at the Lakeside | 
plant of the Milwaukee Electric Railway and Light 
Company, and further verified during the recent 
tests at Trenton Channel, that a minimum of 
coal dust is given off with the vented air when | 
the point of take-off is at the vortex of the separator. | 





Figs. 6 to 8 show the arrangement as now being | 


installed on all mill units. The installation of the 
filters is being pressed forward in order to eliminate 
completely all coal-dust discharge, which although 
unsightly, has never been an occasion for complaints. 
The scheduled time for completion is the Autumn 
of this year. This problem of dust discharge from 
the preparation house is quite apart from that 
of eliminating the grit carried by the flue gases, 
which is very well controlled by the Cottrell 
precipitators described in the original series of 
articles. 

With reference to the pulverising plant, mention 
was made of the installation of a single trial ball 
mill. As then stated, the operation of this mill 
had not demonstrated any advantages over the 
roller mills installed in the same house, and 
it is therefore scheduled for replacement by a 
roller mill, so that all mills will be exact duplicates. 
Space is available for six additional mills, which 
will be installed as dictated by load requirements, 
bringing the total then up to 28 mills, all of them 
so-called six-ton mills. 

When the last three boilers were installed in 1926, 
certain changes were made to overcome difficulties 
experienced with the first eight original boilers. 
These boilers have now been in service long enough 
to assure the permanence of the improvement 
realised, consequently these changes are now being 
applied to the first eight boilers. These changes 
include, (1) alterations to the superheaters, making 
them 3-pass instead of single pass; (2) the appli- 
cation of the forced-draught type of burner; (3) 
adoption of one standard design of furnace arch ; 
(4) relocation of control point for dampers con- 
trolling combustion air induced into the furnace. 

With the original superheaters, the steam made 
one pass from the inlet header through tubes in 
parallel to the outlet header. Equalised distribution 
was expected to result from the use of restricting 
ferrules inserted into the inlet ends of the tubes. 
The ferrule openings, however, occasionally became 
clogged with scale, with the resulting loss of that 
particular tube, due to burning when the steam 
flow was restricted. By the removal of the ferrules 
and the insertion of diaphragms and baffles in the 
headers, the old single-pass superheaters are easily 
converted to the three-pass type. Superheaters so 
converted show, however, an increased pressure loss 
due to friction, or 20 lbs. per square inch as against 
16 lb. per square inch in the single-pass type. With 
the conversion of the superheaters of four boilers 
this year and four next year, all superheaters will be 
of the three-pass type. At the time of making this 
change, baffles, as shown in Figs. 9 and 10, will 
be installed in the two outside top drums of the 
boilers immediately under the 10-in. steam | 
off, to minimise the amount of moisture carried 
over to the superheaters by the saturated steam. 

The pulverised fuel burners have been altered, 
the one shown in Figs. 11 to 14 being the latest de- 
velopment and now accepted as standard for the | 
plant. It is of the forced-draught type (described 
on page 501 of ENGINEERING for April 27, 1928), with 
air under pressure supplied to the burner casing by 
a separate fan known as a forced-draught fan. The 
purpose in supplying air under pressure was to 
prevent “ coking” between the body and casing of 
the burner. This coking resulted in the warping 





of the deflectors, or wings. The changes made 
will be evident when Figs. 11 to 14 are compared 
with Figs. 51 to 54 of the original series. In 
order to obtain greater turbulence, Venturi throats 
have been substituted for the corrugated or fluted 
deflectors shown at each side of the fishtail at the 
Further, the length of the 





bottom of the burner. 


fish-tail has been reduced 7 in. With these altera- 
tions to the burners, improved combustion, reduction 
of carbon in the ash, and increased capacity of the 
boiler has resulted. These changes have been already 
incorporated in the forced-draught burners on two 
boilers. A four-year programme calls for the 
changing of all burners to the new design. 

The fans installed with the original forced-draught 
burners were temporarily located on _ galleries 
immediately below the boiler operating floor. 
These will be moved to a permanent location on the 
economiser floor at the time the burners are being 





























designs of arches were used in order to determine 


which would meet the requirements most satisfac. 
torily. 


forced-draught fans, will be in need of extensive 
repairs. One type of arch having now been chosen 
as standard for the plant, all other arches will be 
rebuilt at that time to conform to this standard. 
The dampers controlling the air induced into the 
furnace through ports in the inner refractory lining 
are now operated from each end of the boiler, on 
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changed. Advantage is being taken of this change 
in location to instal a small air preheater on one 
boiler. This is being done for the purpose of im- 
proving combustion by increasing the temperature 
of the air supplied initially to the burners. Although 
such an arrangement may result in a slightly de- 
creased exit temperature of the gas, this economy 
had no bearing on the decision to try an air heater. 
Better operation of the burners is the objective. 
If the results of the trial installation prove satis- 
factory, preheaters may be installed on all boilers at 
the same time that burners and forced-draught fans 
are being changed. Incidentally, if this is done, 
the location of the forced-draught fans on the econo- 
miser floor will make it convenient to connect these 
fans to the air pre-heaters. 

On the first eight boilers installed, four different 











the operating floor. It is realised that the firemen 
would have better control of combustion if these 
dampers were operated from one location near the 
boiler-gauge board. Accordingly, these controls 
will be so re-located. At the same time, the 
dampers themselves on the last three boilers in- 
stalled will be changed, making them of streamline 
form, and so reducing the pressure drop of air going 
to the furnace. These changes are now in progress. 
and will be completed early in 1929. 

One additional boiler is now being installed, and 
should be in operation early this autumn, bringing 
the total complement of the station to 12, with 
space for 15 in the completed building, and founda- 
tions built for three more. 


In the turbine room, a fifth direct-current, geared . 


house-service unit is scheduled for delivery in the 


These arches, which will have been in service 
for periods of from four years to six years at the 
time scheduled for changing burner and installing 
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latter part of 1929, and for erection in the spring of 
1930. It will be a duplicate of the four units now 
installed. This addition, like the twelfth boiler, 
is in anticipation of increased demand for power 
output. 

Air filters have been installed on the suction of 
fans supplying cooling air to the direct-current house- 
service generators. One of these is shown in Fig. 15, 
on page 480. The air is drawn from the ventilating 
fan bay and delivered to the generators and thence 
to the turbine room, as shown in Fig. 166 of the 
original article (page 795 of the issue of June 29, 
1928). It results in the discharge into the turbine 
room of approximately 13,000 cub. ft. of clean air 
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bination. In this arrangement, there is a boiler 
feed pump and a 220-volt, 60-cycle alternating 
current generator on the same shaft, driven as 
before by a direct current motor or steam turbine. 
The alternating current generator is electrically 
connected to an induction motor which is, in 
turn, direct connected to the hot-well pump. This 
induction motor is designed to operate at a speed 
considerably less than the boiler feed pump. When 
the boiler feed pump is slowed down, the frequency 
of the alternating current generator falls, and 
there is a corresponding decrease in the speed of 
the hot-well pump motor. The arrangement is, in 





effect, an electrical reduction gear, allowing the 
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Per minute. As the alternating-current house- 
service generators were equipped with air filters at 
the time they were installed, this completes the 
installation of air filters on all house service units. 
a the description formerly given of the method 
: handling condensate it was pointed out that 
«re were two distinct arrangements of hot-well 
~ boiler feed pumps. On the first three units, 
e hot-well pump and boiler feed pump, are direct 
connected on the same shaft, either to a direct- 
a motor or steam turbine, there being dupli- 
. sets of pumps. This mechanical combination 
on 1s open to the objection, as was pointed 
Pail at the minimum possible speed for design of 
ot-well pump is limited to that of the boiler 


eed pump. 

In order to overcome this handicap of high hot- 
pump speed, the installation adopted for Nos. 
units was, as described, an electrical com- 
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hot well pump to run at a lower speed than the 
boiler feed pump, but bearing practically a constant 
ratio to it. 

Although this arrangement has some advantages 
over the mechanical combination, operation has not 
been as satisfactory as was anticipated, and a 
further refinement is now to be adopted. On the 
first three units, having the pumps mechanically 
connected, an additional hot-well lift pump will be 
installed, (Fig. 16, page 480.) This pump will be a 
vertical pump located between the condenser and 
the present hot-well pump. Its function will be 
to take the water from the condenser hot-well 
and deliver it to the hot-well pump suction of the 
motor-driven combination at slightly above atmos- 
pheric pressure, thus overcoming the handicap 
of the high-speed of the hot-well pump and inciden- 
tally improving the efficiency of the set. 


ment for all motor-driven combination pumps, and 
Nos. 4 and 5 units will be re-arranged to conform. 
The original design of No. 6 unit, now being installed, 
specifies this arrangement so that when the changes 
have been completed the installation of boiler feed, 
hot well and lift pumps will be uniform for the six 
units. No lift pumps will be installed on the steam 
turbine driven combination sets, as they are for 
emergency purposes only and ordinarily are operated 
for but a short period once a week to insure their 
readiness in case of an emergency. 

The hot well tanks installed on Nos. 4 and 5 units 
are separate from the condenser. It has been 





decided that these should be removed at the time 
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of changing the pump sets and be replaced 
by hot wells built under the condensers. These 
hot wells will conform in all essential details, as well 
as appearance, to the original installation on the 
first three units. The changes to pumps and hot 
wells will necessitate some minor changes to piping, 
principally suction piping to the lift pump, and dis- 
charge piping from the lift pump to the hot-well 
pump. These changes are now being carried out. At 
least two of the lift pumps will be installed this year, 
and the programme continued during 1929 until 
completion. 

While changes in the condensate handling equip- 
ment are being made on No. 4 unit, the piping on 
the 14th stage heater of that unit will be made to 
conform to that on all other units. At the present 
time, extraction from the 14th stage of this unit is 
through an 8-inch pipe line. Changing this 
to a 14-in. line to make it uniform with the other 
units will result in a lower pressure drop between 
the outlet nozzle at the turbine casing and the inlet 
nozzle of the heater with an attendant rise of feed 
water temperature. 

This covers, in a general way, the changes to 








This has now been adopted as the standard arrange- 


equipment recently made and those proposed for 
the near future. Improvements in station economy 
are apparent as a result of the changes already made, 
and still further improvements are to be expected 
when current and proposed changes are completed. 
It should be borne in mind, however, that in all 
cases standardisation is held to be of prime impor- 
tance in determining the desirability of any proposed 
change. 








THE Port or Hutt ANNvAL.—A copy of the 1928 
issue of The Port of Hull Annual has been sent to us by 
the editor and publisher, Mr. H. E. C. Newnham, 13, 
Bishop-lane, Hull. As has been the case with previous 
editions, the book contains data regarding the trade of 
the Pee during 1927. Statistics referring to the coal, 
wool, grain, vegetable-oil, timber, fish, fruit, and other 
trades are included, and many interesting details are 
given in a series of illustrated articles dealing with the 
various activities of the port. Space is also devoted to 
classified lists of imports and exports of Grimsby and 
Goole. The book, which is of large size and contains 
70 pages, is issued from the offices of the Port of Hull 
Monthly Journal, Bishop-lane, Hull, at the price of 
38. 6d. net. 





AIRCRAFT APPRENTICES.—The Air Ministry announces 
that 600 aircraft apprentices, between the ages of 15 and 
17, are required by the Royal Air Force for entry into 
the Schools of Technical Training at Halton, Bucks, and 
at Flowerdown, near Winchester. They will be enlisted 
as the result of an open competition and of a limited 
competition held by the Civil Service Commissioners and 
the Air Ministry respectively. Successful candidates will 
be required to complete a period of twelve years’ regular 
Air Force service from the age of 18, in addition to the 
training period. Full information regarding the aircraft 
apprentice scheme, which offers a good opportunity to 
well-educated boys of obtaining a three years’ apprentice 
course of a high standard, and of following an interesting 
technical career, can be obtained on application to the 
Royal Air Force, Gwydyr House, Whitehall, London, 
8.W.1. 
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EXPERIMENTAL LOCOMOTIVES ON 
THE GERMAN RAILWAYS. 


In a recent issue* we dealt at some length with 
the progress that is being made by the German State 
Railways Administration towards standardising a 
number of different types of locomotives. It is 
intended that these locomotives shall meet all the 
traffic requirements of the system, while at the 
same time it is hoped that their use will lead to 
lower first costs and easier and more economical 
maintenance. During the lengthy investigations, 
which such a policy obviously necessitated, the 
locomotive was regarded mainly as a mechanical 
product, but as we pointed out at the time, its 
thermal aspect is also of considerable importance. 
The problem of improving its efficiency from 
the thermodynamic point of view has, therefore, 
been examined with some interesting results. 
Thus, experiments have been, and are being, made 








with the use of higher steam pressures, both in 
reciprocating engines and in turbine locomotives, 
as well as with pulverised fuel and rolling stock | 
operated by electricity and internal combustion | 
engines. Though it cannot be said that any of this 
work has reached finality, it will be interesting at | 
this stage to give some account of the various equip- | 
ment, upon which the tests are being conducted. 

The general and valuable object of these investi- 
gations is fuel economy, and to achieve that end 
an attempt has been made to break away from the | 
conservative type of even the most recent locomo- 
tives which, as elsewhere, still work on an atmo- 
spheric exhaust and at steam pressures, which, 
compared with other branches of land practice, are, | 
of course, moderate. Such departures, if successful, | 
would lead to the even more important result that a | 
greater tractive effort could be obtained for an equal | 
weight. The obvious, and perhaps the simplest, | 
method, of taking advantage of the lower end of the 
thermodynamic scale, is to add a condenser to the 
existing locomotive equipment. This solution has 
been considered in Germany, as elsewhere, but its 
adoption involves a considerable increase in dimen- 
sions and consequently of weight, combined with 
the disadvantages that the efficiency under the 
widely varying load conditions would suffer, and 
that, when running light, the low-pressure cylinders 
would develop hardly any power. In the view of 
German railway engineers these considerations are 
sufficient to exclude this simple solution from the 
field of practice. 

The position as regards the turbine is, of course, 
different. To begin with, the fact that it can be 
satisfactorily utilised on the lower portion of the 
pressure range suggested that it might be employed 
in conjunction with a reciprocating engine, so as to 
employ the energy ordinarily left in the steam when 
it is exhausted to the atmosphere. Though the idea 
js not novel, the shortage and high price of fuel | 
and the urgent need for economy, which have been | 
evident in Germany since the war, rendered its | 
adoption attractive. The construction of a loco- | 
motive on these lines was therefore undertaken by | 
Messrs. Henschel und Sohn of Cassel. Considering | 
the more recent alvances that have been made, this 
machine is now mainly interesting as a piece 
of pioneer work, though the experience gained 
from its operation has been usefully employed in | 
the design of later locomotives, in which higher 
steam pressures are used. For instance, the feed 
water system was sealed. As the adhesive weight 
would have been increased to a very small extent | 
by coupling the turbines to the same wheels as 
those driven by the reciprocating engine and the 
speed range within which the former could be utilised 
was strictly limited, it was decided to mount the 
turbines onthe tender. This had the further advan- 
tage that the disposal of the extra weight was 
facilitated, and that no vacuum connections were 
necessary between the engine and the tender. 

A 2-4-4 wheel arrangement was adopted for | 
the tender, or trailing vehicle, the two rear axles | 
being carried on a bogie. The engine proper was 
of the 2-6-0 passenger type. This pattern is largely 
used in Germany, so that the results obtained with 
it were specially valuable. As the blast was | 
eliminated, induced draught was generated by a/| 











* See page 332 ante. 
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Fie. 16. ComBINED BomEeR FEED AND CoNDENSATE Pump Unit. 


turbine-driven fan fitted in the smoke chamber 
door. The exhaust steam from this auxiliary tur- 
bine was used for heating the feed water. The 
exhaust steam from the main reciprocating engine 
was supplied to the turbine through special regula- 
ting gear, which allowed steam to be utilised when 
the engine was running both forward and in reverse, 
or to be cut off altogether on light loads. The cylin- 
ders themselves were not altered, though the original 
clearance of 12 per cent. had a not inconsiderable 
effect on the thermal efficiency of the high-pressure 





portion. The regulation of the turbine was to some 
extent automatic, steam being admitted to it by 
a servo-motor, when the exhaust from the recipro- 
cating engine reached a pressure of 1-2 atm. (15 1). 
per square inch), while additional nozzles were 
opened as the pressure increased. Both the forward 
and reverse turbines were of the Zoelly three-stage 
type. They’ were mounted on a common shalt, 
the drive to the wheels being effected through cear- 
ing with a ratio of 1:24-4. The condenser was 


of the evaporative surface type, and was also used 
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for treating the cooling water, by exposure to a 
stream of air. The dimensions of its cooling 
surface and the quantities of air and water circu- 
lating were so arranged that the temperature of 
the last inside the condenser was kept down by 
the evaporation of the unpurified water. Both the 
turbines and condenser were carried on three-point 
suspensions. ‘ 

This design enabled the thermal range previously 
utilised on the locomotive to be increased by some 
50 per cent., on the assumption that the turbine 
exhausted at a pressure of 0-2 atm. abs. (— 0°3 Ib. 
per square inch). The turbine output was about 
600 h.p. at 8,000 r.p.m., but against this must be 
placed the fact that about 65 h.p. was absorbed in 
the auxiliaries. The results obtained were, in fact, 
hardly satisfactory enough to warrant the further 
use of this arrangement, and attention was next 
turned to the employment of a turbine as the main 
prime mover. 


The advantages and disadvantages of turbo- 


operated locomotives have often been exhaustively | 


discussed and need therefore not be recapitulated. 
One result of the discussion has been, however, that a 
number of different proposals have been put forward 
forexamination, one of the first to be considered being 


the locomotive due to Dr. R. Ljungstrém, the details | 
of which are familiar to readers of ENGINEERING.* | is to be maintained at a high figure and water losses 


| 


according to Mr. R. P. Wagner, one of the chief | 


It is interesting to note that this engine received 
somewhat short shrift in Germany, the reasons, 


mechanical engineers of the State Railways, being 
that its arrangement was such as to preclude the 
negotiation of sharp curves and points with safety 
and that these disadvantages were not sufficiently 
set off by the advantages of the condenser. To 
test it exhaustively did not, it is stated, therefore 
appear to be worth while, and it does not, in fact, 
seem to have even been brought to trial on the 
German railway system. 

On the other hand, a high opinion is held of the 
design of Dr. Zoelly, of Zurich. This more nearly 
approximates to that usual on a steam locomotive 
and could therefore be easily tested by a simple 
conversion of the latter. On the first test-locomotive, 
for example, the cylinders were merely replaced by 
a turbine and gearing. The water-cooled surface 
condenser employed was mounted on the locomotive 
itself, while the cooling equipment was carried on 
the tender. This was found to be the most con- 
venient arrangement, since both the size and weight 
of the condenser were small, and it. overcame the 
objection of having pipes under a vacuum running 
between the two units. Owing to the restricted 
space and water supply a small evaporative re-cooler 
was used, 

A 2,000-h.p. locomotive embodying these ideas 
was built by Messrs. Fried. Krupp A.G., of Essen, 
as long ago as 1924, but, as a result of tests at the 
works, the design was altered before any runs on 
the road were made. The engine was originally 
provided with a flue-gas feed-heater, which, to insure 
better heat distribution, was placed in front of the 
fire-box. The length of the pipes alongside of 
the boiler, connecting the smoke box and this 
feed-heater, however, gave rise to considerable heat 
losses and imposed a heavy load on the fan. The 
atrangement was therefore improved by placing the 
pre-heater in the smoke-box, the additional weight 
at the front of the locomotive being compensated 
by reducing the length of the boiler by 0-2 m. 
(8 in.). The original balanced draught was re- 
Placed by induced draught, the fan for generat- 
ing which was placed in the smoke-box door. A 
marked increase in the feed-heat resulted,while the 
energy consumed by the fan was reduced. 

The main turbine was of the usual Zoelly type, 
a three-stage reverse turbine being carried on the 
Same shaft. Although the latter ran in vacuo 
under normal conditions, it was found that its 
pumping action reduced both the efficiency of the 
turbine, and the condenser, since it supplied the 
latter with a small amount of highly superheated 
exhaust steam. Probably the best way to alter this 
Would have been to reduce the number of stages, 
though the pumping action alone can be prevented 





* See ENGINEERING, vol. cxiv, page 64, et seq. (1922), 


by closing the exhaust opening of the reverse turbine, 
except when the latter is actually running. 

A large evaporative surface condenser of similar 
design to the coolers used on turbo-alternators was 
employed. Close attention was paid to the sub- 
division of the water, and this, combined with the 
fact that the water circulated downwards and the 
air upwards, gave satisfactory cooling effects. It 
was, however, difficult to prevent the water being 
entrained when the amount passing was large, and 
at places where there was a tendency for the air 
flow to be checked. 

The guaranteed overall efficiencies of 20 per cent. 
on the level, and 18 per cent. on gradients not 
exceeding 1 per cent. were, however, obtained. 
Nevertheless, it proved advisable to extend the 
main turbine and to alter the amount of steam 
supplied to each nozzle, as the quantity which had 
originally to be used at starting, at the rate of 
12,600 kg. (27,720 lb.) per hour, could not be passed 
without slipping occurring. The amount was, there- 
fore, reduced to a rate of 9,000 kg. (19,800 Ib.) and 
as a result the efficiency was somewhat improved. 
Tests so far undertaken show that the economies 
realised depend very largely on the skill of the 
personnel, especially from the points of view of 





nozzle control and firing, while if the boiler efficiency 


are to be avoided, the steam generation must be 
regulated independently of the load. 

The German Railway Administration have not, 
however, confined their investigations to one 
particular method of using the Zoelly turbine, for 


tests on the possibility of utilising the higher steam 
ranges were undertaken on the locomotives that 
have just been described. The advantages of prac- 
tice on these lines have not, however, been altogether 
disregarded, especially in connection with turbines 
with a closed-circuit condenser which offered the 
prospect of a very favourable combination for em- 
ployment with a high-pressure boiler. From this 
point of view, a turbo-locomotive designed by 
Messrs. Fried. Krupp A.-G., of Essen, is of interest. 
In this, a marine boiler of the Thornycroft-Schulz 
type was substituted for one of the ordinary loco- 
motive pattern. The tube system in this boiler 
was heated directly, and four drums were provided, 
all exposed to the flue gases. The pressure chosen, 
60 atm. (900 lb. per square inch), gave sufficient 
storage capacity in the boiler itself, without unduly 
increasing the size. Two of the drums, which are 
situated at the bottom of the boiler over the wheels, 
are water drums, while the two upper are only 
partly filled with water. A fifth, and smaller drum, 
is used for steam drying. The tube system is 
divided into direct-heated ascending tubes and into 
descending tubes, which were kept as cool as possible. 
The path followed by the gases is somewhat intri- 
cate, especially as it includes both the superheater 
and feed-heater tubes. The drums were solid drawn 
by Krupp’s process, and were flanged on to the front 
end plate. Except that the drums are protected 
from direct radiation, no other special precautions 
were taken, owing to the feed-water circuit being 
closed. 

It was very difficult to obtain the horizontal 





they have also tested an alternative design submitted 
by the Lokomotivfabrik Maffei of Munich. In this | 
case, the turbine is mounted on a 4-6-2 express loco- | 
motive and the test results show that its performance | 
compares favourably with that of ordinary State | 
Railway locomotives of this type. This is the more 
satisfactory, as the latter is one of the most econo- 
mical designs on the system. The original design 
of boiler was retained unaltered, and it was hoped 
that it would thus be possible to discover how far 
the pressure range utilised could be economically 
increased upwards as well as downwards. With 
equal adhesive weight, the total weight of the loco- 
motive was less than that of the standard 4-6-2 
locomotive, and it is believed that an overall thermal 
efficiency of 15 per cent. using steam at a pressure of 
22 atm. (330 Ib. per square inch) can be obtained. 

The turbine used on this locomotive was designed 
by Messrs. Melms and Pfenniger, a subsidiary firm 
of Messrs. Maffei’s. It consists of two Curtis wheels 
and a low-pressure stage, made up of one impulse 
wheel and five reaction wheels. The high tem- 
perature at which the steam is admitted, and the 
fact that a speed of 8,800 r.p.m. is reached when the 
road speed is 120 km. (75 miles) per hour compen- 
sates for the low efficiency of the earlier stages. 
The turbine itself is placed entirely inside the 
frames, the gearing being symmetrically arranged 
externally, so that the stresses on the turbine shaft 
ate less severe than when the drive is from one end 
only. A reverse turbine of the same type as that 
employed on the Krupp locomotive is used; but it 
is intended to replace this, either by a turbine that 
can be de-clutched altogether, when not in use, or 
by one with fewer stages. To obtain high efficiencies 
at low loads four groups of nozzles, which are con- 
trolled by cam-operated valves, are provided. 

The high-speed auxiliaries are all turbine-driven, 
and a principal feature of their design was low 
power consumption. The re-cooling arrangements 
used are based on the fact that if the cooling air is to 
remove the heat from the water without the inter- 
vention of metal partitions, the water film must be 
as thin as possible, and the formation of drops must 
be prevented, so that intimate contact is ensured. 
The prevention of eddies is also desirable. The 
cooler used consists of a series of parallel compart- 
ments in which perforated copper sheets are placed 
as close as possible together. The water impinging 
on these plates is ejected on the other side in a 
finely divided state, and in this condition comes into 
intimate contact with an upward moving stream of 
air. The conditions are such that there is no fear 
of water being entrained. 

For reasons, partly of economy and partly in 
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order to avoid accidents, only a limited number of 





stiffness, inherent in the ordinary cylindrical boiler, 
in the design just described. Such stiffness is, 
however, essential if maintenance is to be light, 
and it was impossible to avoid the use of a support- 
ing frame of sections or cast-steel joists. This frame, 
as well as the superheater and air and feed-heaters, 
are surrounded by an ordinary cylindrical casing. 
In order to obtain the specified maximum output of 
2,500 i.h.p. with this engine, the use of either a 4-8-2 
or 4-6-4 axle arrangement was necessary, the former 
being eventually selected, since experience with the 
earlier locomotives had shown that with this arrange- 
ment it was possible to obtain a locomotive with 
excellent starting qualities. The condenser was 
placed across the frames. This, though not a good 
arrangement from the operating point of view, had 
to be adopted to suit other features of design, and 
ensured good accessibility for all the tubes. 
Attempts were also made in this design to smooth 
out the sudden changes in the load curve, which are 
inherent in turbo-locomotive operation, and also to 
improve the conditions when running reversed. <A 
high and low-pressure turbine driving through 
common gearing were therefore used, at speeds ex- 
ceeding some 45 km. to 50 km. (28 to 31 miles) per 
hour. Below these speeds, a second low-pressure 
turbine, of the same type as the first, was supplied 
from the high-pressure turbine through an interme- 
diate superheater, so that an output of 2,500 h.p. 
could be obtained even when the engine was running 
relatively slowly. This design has the further advan- 
tage that, if the gearing is suitably arranged, the 
second low-pressure turbine can be used for reverse 
running. The equipment therefore consists of three 
large turbines and two couplings and, though its 
efficiency is high, experience may also prove that 
operating cost also runs out very high. It is 
stated, however, that the change-over from one 


system of driving to another can be effected quite 


smoothly. The same condenser was used for both 


sets of turbines, and as probably one of these will, 
during the greater part of the time, be lightly loaded, 
the admission of air is prevented by running it 
continually at 3,000 r.p.m. and supplying its stuffing 
boxes with packing steam. 


After examining the relative advantages of the 


Brunn and Escher-Wyss designs of high pressure 
turbine, the latter was chosen, since at the specified 
pressure and output the former was too bulky 
and heavy. A machine of the Zoelly disc type with 
seven pressure stages, but without velocity stages, 
was selected, though its design possessed some 
unusual features. The guide blades and admission 
nozzle boxes were arranged on a divided ring. The 
housing, which carried this ring, tapered towards 
the exhaust end and passed through the exhaust 
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flange, which acted as a cover. The nozzle-box, 
through which the steam was admitted, was cast in 
one piece with the housing. Subsequent experience 
led to the adoption of a somewhat larger number 
of stages on the low pressure turbine. The condenser 
and tender employed were similar to those fitted to 
the earlier Krupp engine already described above. 


(To be continued.) 
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BEFORE continuing our description of the exhibits, 
a reference may be made to the position with regard 


Fia. 46. PLan oF CuHassIs. 








to supercharging, which was not mentioned in our 
introductory remarks. As we have commented on | 
this development when dealing with previous exhibi- | 
tions, it is unnecessary to again discuss the advan- 
tages and disadvantages of fitting a supercharger, | 
and we need only refer to the position at the present | 
time. There are several new supercharged models 
at the exhibition, in addition to those which have 
been shown in previous years, and it is therefore 
evident that there is a sufficient demand for this 
type of vehicle to justify their being made a standard 
production to a limited extent. The supercharger 
gives a greatly increased acceleration and a high 
maximum speed, and is therefore particularly 
suitable for racing cars or sports models, and it is 
mainly on the latter class of car that it can be seen 
at the show. 

The firm who have done more than any other to 
make the supercharger a practical proposition is 
the Mercédés Company, their 4-litre supercharged 
six-cylinder car having been very successful both 
on the track and onthe road. This year, in addition 
to this car, Messrs. British Mercédés Benz, Limited, 
37, Davies-street, W.1, are showing a new eight- | 
cylinder model of 4}-litre capacity without super- | 
charger, illustrated in Figs. 46 to 49, above and on 
page 483. The car has a wheelbase of 12 ft. 3 in. | 
and a track of 4 ft. 9 in.; and the chassis without | 
the body, but with all fittings, weighs 19 owt. | 
Compared with the older 4-litre supercharged 
model, the new eight-cylinder car is much lighter, 
though the wheelbase is 3 in. longer, the older 
model weighing 29 cwt. The respective cylinder 
capacity is 4,592 c.c. for the eight-cylinder, and 
3,920 c.c. for the six-cylinder model. The eight- 
cylinder car has a lower frame, the height being 
22} in., as compared with 264 in. for the six- 
cylinder model. The bore and stroke of the new 
engine are 80 mm. and 115 mm., respectively, 























Fig. 47. Nzrar-SIpE oF ENGINE. 


compared with 80 mm. and 130 mm. for the older 
car. A speed of 75 m.p.h. is obtained with a 
standard body, the engine then running at 3,000 
r.p.m. 

Turning now to the engine details, the cylinders 
and upper half of crank-case are of cast-iron, and 
are in one piece, while the sump, clutch housing, 
and gear-box are of aluminium. The gear-box and 
clutch form one unit with the engine, bolted to 
the frame by two radial lugs at the front end, and 
carried at the rear end on two bearers bolted to the 
side frames, with rubber insulating pads inserted 
between the bearer and frame. The cylinder head 
is removable, and the valves are on the near side. 
Access for adjustment of the tappets is obtained 
through a shallow opening in the lower wall of the 
casing. The pistons are of aluminium alloy, and 
the connecting rods of duralumin. Both the crank- 


is inserted in the oil circuit. The filtering element is 
composed of metal separators, which can be removed 
periodically for cleansing. The carburetter is of 
the three-jet Zenith type, with Autovac feed from a 
23-gallon tank at the rear.. A removable glass 
filter and water trap is inserted between the Autovac 
unit and the carburetter. The latter has a special 
mixture control lever to facilitate starting, located 
on the instrument panel. There is a small-bore 
fuel pipe from the Autovac, feeding into the induc- 
tion pipe at several points along its length, with the 
object of facilitating starting without overloading 
the battery. An air-filter is fitted to the intake of 
the carburetter, which is Jocated on the off side, 
as shown in Fig. 48, the mixture being drawn 
through a passage in the cylinder block to the 
induction manifold. The latter, together with the 
exhaust manifold, is located on the near side, as 


shaft and camshaft have nine bearings, and the| shown in Fig. 47. A hot spot is provided in the 


crankshaft bearings, in common with the con- 
necting-rod big-end bearings, have bronze shells 
lined with white metal. Coil ignition is fitted, the 
distributor being at the rear end of, and above, the 
cylinders, as shown in Figs. 46 and 47. Lubrication is 
by gear pump, and the water circulation is assisted 





usual position, and the exhaust pipe is led forward 
and then below the chassis so that fumes and heat 
do not penetrate the body. 

The exhaust pipe is unusually large, with a corre- 
spondingly long silencer, and the pipe is extended 
to the full length of the chassis, as shown in Fig. 46. 


by an impeller combined with the fan. The latter! A Bosch dynamo is fitted on the near side of the 


is driven by a belt from the crank shaft. 


The oil | engine, and a Bosch starter, with Bendix drive, 1S 


pressure is about 25 Ib. per square inch, and the oil | bolted to the back of the clutch housing on the 


is carried to each bearing by a separate duct. | off side. 


A Bosch combined controller for the 


Besides the usual internal filter, an external filter| head, side and tail lights, with lock and starter 
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success of the Morris—Cowley car, 
manufactured by Messrs. Morris 
Motors (1926), Limited, Cowley, 
Oxford, is primarily due to sound 
design, as no sales organisation, 
however perfect, can overcome de- 


switch, is fitted on the instrument-board. The Bosch 
system of head-lamp dimmer control is also fitted. 
Transmission is by a dry-plate clutch to a four-speed 
and reverse gear-box, from which the drive is taken 
to an enclosed propeller-shaft. The final trans- 
mission is by spiral-bevel gears. The whole of the 























transmission is encased, and pivots on the ball-socket | fects in this direction for any length 
embracing the front universal joint. A large nut | of time. It is reasonable to sup- Fic 
behind the gear-box, and a sliding split muff; pose that the new Morris Minor 
coupling at the head of the torque tube, provide the | will at least equal the older models, 
necessary access to the universal joint. The torque | made by the same firm, in quality, and for this 
tube is tapered, and has a flange connection at the | reason the design is of particular interest to engi- 
rear end with the face of the axle casing. The neers. It is listed at 125/., with a fully equipped 
latter, clearly visible in Fig. 46, is a steel pressing | four-seater body and hood, the equipment including 





of banjo shape, and has a cover plate at the rear | fenders. The springs are set for a maximum load 


combined with an oil spout. The gear control is 
by a central ball-socket lever, as shown in Fig. 49, 
and the brake lever is on the left side of the gear-box. | 
The hand brake controls the rear wheel brakes, | 
and the pedal, which is linked to a Bosch- 








of 44 cwt., and are fitted with shock dampers of the 
friction-disc type. 

The car, with the engine and gear box, are illus- 
trated in Figs. 50 to 53, on page 484. The bore and 
stroke of the engine are 57 mm. and 83 mm., 





Dewandre vacuum-servo cylinder, controls both | respectively, and the tax is 87. The four cylinders, 
the front and rear brakes. There are two tension | with a barrel type of crank-case, are of iron cast in 
rods to the respective rear brake members, linked | block. As shown in Figs. 52 and 53, the cylinder 
by a cross bar to both the foot and hand levers, and | head carries the overhead camshaft and valve gear, 
having a self-locking adjustment by means of|is detachable, and is covered by an oil-tight light 
hand nuts. |metal cover. The camshaft is driven by a 2 to 1 

Central oiling of the chassis is effected by a|spiral-bevel reduction gear, at the top of a short 
distributor bolted to the near side of the chassis. | vertical spindle at the front of the engine. The 
The distributor is driven from the gear-box, through | valves are operated by taper fingers mounted on 
an enclosed flexible shaft. The oil is distributed | eccentric bushes, which provide a means for 
in varying quantities through some 14 ducts to all | adjusting the tappet clearances. The crankshaft 
the pivot points and to the spring-shackle bearings. | has two bearings, the front one being of the 
The rear suspension is underslung on long flat|roller type and the rear one plain. The con- 
springs, 55 in. between centres, the length of the| necting rods are steel stampings of the usual 
springs being about one-third the length of the |I section, and the pistons are of aluminium. A 
frame. They are shackled at both ends, the drive | submerged pump circulates the lubricating oil at 
and torque being taken through the torque tube. | 100-lb. pressure to all the bearings through two 
A special form of shackle is used combining a|external pipes, which can be seen in Fig. 51. 
housing and oil reservoir. The steering gear is of the |Thermo-syphon cooling is employed, assisted by a 
worm and nut type, the steering box being formed | belt-driven fan. The carburettor is the makers’ 
in the large hollow engine bearer on the near | modification of the S.U., with a hot spot and piston- 
side. The crank arm for the stub axle is mounted | type air valve, and is fed from a 5}-gallon tank 
above the axle, and the pivots for this, and for the | mounted on the back of the dash. The tank is 
cross-bar, have spring-cushioned buffers and are | divided, and has a two-way tap for a reserve supply. 
totally-enclosed. The front axleisastamping ofthe| From Fig. 52 it will be seen that the lighting 
usual section, but has the ends oval and bifurcated | dynamo is mounted vertically at the front of the 
to form upper and lower bearings for the king-pins| engine. Alongside of it, inclined diagonally out- 
of the swivel axles. The front wheels are out-| wards, is a 6-volt coil-ignition set with variable 











splayed, and are of the Rudge-Whitworth hub- | 
demountable type. The frame members are 6 in. 
deep by 2} in. across the flange. The mid-frame 
cross-member is a stout pressing of box section, 
as shown in Fig. 46, the others being of the usual 
channel section. 

There can be little doubt that the remarkable | 


timing control. The vertical spindle driving the 
camshaft is driven at its lower end by a flexible 
steel disc attached to the extended end of the arma- 
ture spindle of the dynamo. The latter runs at engine 
speed. The output of the engine is 18-75 brake horse- 
power at 3,000 r.p.m. and 20-5 brake horse-power at 
4,000 r.p.m. The compression ratio is 4-65 to 1. 








. 49. Gear Box anp Foot ContRoLs. 


The engine with the clutch, and a three-speed and 
reverse gear-box, constitute one unit, of which the 
clutch and gear-box casings are of aluminium. The 
rear of the unit is fixed to the car frame by arms 
athwart the flywheel pit, and at the front by a trun- 
nion bracket attached to the cross-member. Rubber 
is used to insulate the engine from the chassis. The 
drive .to the rear axle is by a hollow propeller- 
shaft, with self-centring ends carried by fabric-disc 
and spider couplings. -The axle gear is of the spiral- 
bevel type, enclosed in a pressed and welded casing. 
The suspension both front and rear is of the semi- 
elliptic type, the rear pair of springs being under- 
slung. Hotchkiss drive is used, and combines the 
function of torque tube and axle-stay. Besides a 
set of cable-worked four-wheel internal shoe-brakes 
controlled by the pedal, there is a band brake, 
operated by the hand lever, on a drum behind the 
gear-box. The layout of the chassis is simple and 
effective, and follows mainly the standard Morris- 
Cowley design, the most noteworthy difference being 
the absence of a torque tube in favour of the 
Hotchkiss drive. 

The wheel-base and track are 6} ft. and 3} ft. 
respectively. There are some interesting examples 
of neat press work and box-section stiffening 
brackets about the chassis, which combines strength 
and lightness. One pair of box-section brackets 
serve jointly to stiffen the cross-member across the 
front end bracket of the back springs, and provide 
an underframe anchorage for the extended ends of 
the cross-member, so that it serves also as a 
support for the running-boards. 

It is now many years since the suggestion was 
first put forward that decided advantages would 
result from the transfer of the drive from the rear 
to the front wheels of a car, but it is only com- 
paratively recently that extensive experimental 
work has been carried out on cars fitted with front- 
wheel drive only. Messrs. The Alvis Car and 
Engineering Company, Limited, Holyhead-road, 
Coventry, have built a number of experimental 
cars with this form of drive, and as a result of the 
experience gained with these cars, are showing a 
model at Olympia which will be available for the 
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public. It is fairly evident that driving on to the 
front wheels, instead of the back, will result in 
increased stability, and as, apart from the question 


of skidding, this factor is chiefly of importance | 


at high speeds, the makers have practically confined 
their experimental work to racing cars. The 


commercial model shown at Olympia is capable of | 


very high speeds, particularly when fitted with a 
supercharger. 


to 90 m.p.h. 
weighs some 20 cwt., rather half this weight being 
accounted for by the power unit. 


Figs, 54 to 58, on this page and on page 486, show | 
the leading features of the Alvis front-drive layout as | 


fitted to the car, which has a four-cylinder engine 
— at 12-75 b.h.p. Virtually, the power unit may 
regarded as a normal rear-drive unit of engine, 


| of course, special modifications and features peculiar 


The makers, in fact, guarantee that | 
a speed of 80 m.p.h. can be attained without a | 
supercharger, the latter increasing the speed up| 
With a standard body, the car | 


Fie. 55. Pian View oF CuHassis. 


gear-box and back axle turned back to front, with, | with a rotary gear pump providing forced feed to 
the main and big-end bearings, and to the cam- 
to the Alvis design. The four-cylinder engine is|shaft. The latter is hollow, and has direct pressure 
of the monobloc type, with a bore and stroke of | feed to each bearing and cam. A centrifugal pump 
68 and 102 mm., respectively. It has an overhead lis fitted for circulating the cooling water. <A 
camshaft with direct-operated valves; that is, the |Solex carburettor is fitted, and ignition is by a 
usual rocker arms are omitted. The head is} Polar inductor magneto. 

detachable, and is cast with large water spaces| The drive is transmitted by a single-plate clutch 
proportioned to avoid distortion. There are separ-|to a four-speed gear-box, the gear ratios being : 
ate water inlets and outlets for both cylinder and | 10-4: 1 (first); 7°48: 1 (second); 5°84: 1 (third) and 
head, so that the gasket has not to do duty as a|4-5:1 (fourth, direct). The axle is fitted with 
water joint. The crankshaft is of heat-treated | straight-tooth bevel gears of nickel-chrome case- 
steel, and is machined all over. It is carried in| hardening steel, the makers considering this type 
three bearings, and is fitted with counter-balance | of gear to be most efficient for high-speed work. 
weights. The connecting-rods are of Duralumin, | Internal expanding brakes are fitted on all four 
with special white-metal linings pressure cast in| wheels, the front pair being mounted in ribbed 
position. A light hollow valve tappet, which en-|drums which house the cardan sockets of the 
closes the springs, is employed. The pistons are | front driving axle-shafts, as shown in Figs. 56 to 
of aluminium alloy. A semi-dry oil sump is used, | 58. This pair of brakes carry 70 per cent. of the 
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Fig. 57. 


load and the back pair 30 per cent. The front 
suspension is carried out independently for each 
wheel, and a four-part unit, consisting of two 
pairs of upper and lower transverse leaf springs, 
combine the functions of suspension and axle. 
The arrangement can be seen in plan in Fig. 55. 
The steering is also independent for each front 
wheel. This is effected by a modified Ackerman 
layout, on which the cross-bar is placed under 
the floor board, and is connected to two track- 
rods leading to the respective front-wheel steering 
arms. In other respects the details are normal. 
The front suspension has a neat form of adjustable 


NEAR-SIDE O1 





' ENGINE. 


damper. It consists of a series of adjustable coil- 
springs attached to the cross springs, and provides 


an easy and directly accessible means of controlling | 


rebound. 
The engine accessories are mounted in accessible 
positions, as will be seen from Figs. 56 to 58. From 


these figures it will be seen that the magneto and | 


dynamo are carried high up in front of the cylinder 
block. The supercharger, which is of the Roots 
type, can be clearly seen in Fig. 57. The car is 
made in two lengths, the short chassis having a 
wheel base of 8 ft. 6 in. and the long chassis 10 ft., 
the track being 4 ft. 6 in. in both cases. The rear 





Fig. 58. GrAR-Box anp BRAKE Drums. 


/suspension is independent for each wheel, short 


cantilever springs being employed, attached by 
brackets to the radial arms shown in Fig. 55, with 
the free ends, to which the axle is attached forward, 
and not, as is usual, behind the chassis. A special 
form of mounting is used, as shown in Fig. 55. with 
| short-shafts, within a tubular casing, supported on 
| ball bearings at both ends. This layout provides a 
| free pivotal movement of the springs, and prevents 
| bending or cross-stresses when turning corners. 

The new 20-80 h.p. “straight eight ” manufac- 
‘tured by Messrs. Beverley Works, Limited, Willow 
Avenue Barnes, shown in Figs. 59 to 61, pages 487 
and 488, is interesting as an example of a powerful, 
roomy, and low-hung chassis at a relatively low price. 
Though having a wheel-base of 11 ft. 2 in., and a 
track of 4 ft. 8 in., the chassis weighs only about 
24 cwt., and, with a fabric saloon body, about 32 cwt. 
On the level, with a full equipment of passengers, 
a speed of over 70 m.p.h. can be obtained. The 
frame is dropped from the front and upswept over 
the back-axle, as shown in Fig. 61. The mid- 
frame height from the ground, with normal load, 
is 18 in.; the minimum ground clearance is 9 in. 
|at the front, and about 18 in. under the lowest 
| point on the back axle. The frame is inswept 
at the front, enabling the car to be turned round 
lin a 39-ft. circle. One of the special features of 
‘the chassis is the provision of a direct drive on the 
‘third and fourth gears. 

Turning now to the engine, the bore « 
cylinders is 63-5 mm., and the piston stroke 1s 
108 mm., giving a Treasury rating of 20-h.p. The 
/engine, however, actually develops 79 brake horse- 
power at 3,600 r.p.m. The engine and gear box 
are of unit construction, thus following what is now 
almost universal practice. The cylinders are cast 
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in one piece, with removable head. The inlet and by separate overhead camshafts, as shown in 
®xhaust valves are of chrome-nickel steel, and are| Fig. 60. The drive from the crankshaft is by 
mounted in the head in an inclined position on| inverted-tooth chain to a layshaft, and from the 
Opposite sides of the cylinder. They are operated! latter to the two camshafts by a gear tram. The 
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arrangement can be clearly seen in Fig. 59, from 
which it will be observed that the chain and gears 
are at the front end of the engine. The crankshaft, 
and both camshafts, have each five bearings, the 
front crankshaft bearing being divided with the 
chain wheel between the two parts. All the bear- 
ings are lubricated at a normal pressure of 40 Ib. 
per square inch. The connecting rods are of Duralu- 
min, with direct-cast white-metal bearings, and 
the pistons are of aluminium alloy, with four 
rings, including a scraper ring. Ignition is by a 
Marelli coil unit, the timing being arranged for 
both automatic and hand control, the one supple- 
menting the range of the other. A Stromberg 
carburettor is fitted. The fuel feed is by an Autovac 
from a 16-gallon tank at the back. The carburettor 
is mounted on the off-side, and is connected with 
the induction manifold by a vertical pipe, as shown 
in Fig. 60. A branch on the exhaust manifold is 
connected to a passage through the cylinder block, 
and the latter, in turn, is connected to a pipe passing 
round the induction manifold, after leaving which 
the exhaust gas again crosses the cylinder block and 
enters the exhaust pipe. A dynamo, with a flexible 
drive coupling, is the only component on the off-side 
of the engine other than the carburettor, while, on 
the near side, are the water pump and starter, the 
latter being bolted to the back of the timing case. 
A three-bladed fan is mounted in the usual position, 
and is driven through a slipping clutch from one 
of the gear wheels in the camshaft-driving train. 
The pressure-oil feed is by a duplex pump, one 
member of which distributes the oil at high pressure 
to each bearing of the crankshaft and to the big- 
end bearings of the connecting-rods. The other 
circulates the oil, at low pressure, to the camshaft 
bearings and overhead gear. An accessible oil- 
filler, with a level indicator and a large-size filter, is 
fitted. The power unit is mounted on three-point 
suspension, with rubber cushioning. The clutch 
is of the single dry-plate type, and is furnished with 
a stop. The gears have ratios of 17-8: 1 (first) ; 
19-9 : 1 (second); 6-3: 1 (direct, third); and 
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Fig. 61. Orr-StpE VIEW oF CHASSIS. 


THE RIVER TYNE BRIDGE, 
NEWCASTLE. 

THE crossing of the River Tyne at Newcastle has 
for long presented difficulties; indeed, there is 
evidence that the descent and ascent of the gorge 
in which the river flows between that city and 
Gateshead were, at one time, even dreaded. Thus, 
it is related of the Duke of Cumberland, when on 
his way to Scotland in connection with the rising of 
1745, that, on reaching the top of the bank on a 
winter’s evening, he forcibly remonstrated with his 
staff for proposing to take him “‘ down there at this 
time of night.” The crossing was robbed of its 
discomfort a little over a hundred years later, when 
the Robert Stephenson high-level bridge was opened 
in 1849 by Queen Victoria. This, though a railway 
bridge, has a roadway underneath it which can be 
used by vehicles on payment of atoll. Itis, however, 
too narrow for present-day traffic. The low-level 
swing bridge, lower down the river, and erected thus 
in 1876, so as not to interfere with its navigability, 
is free, but traffic is naturally liable to interruptions 
from passing shipping, and the bridge has a steep 


4-4 :31 (direct, fourth). The control lever is over the | 
gear box and is ball-socketted. A safety reverse | 
stop is fitted to the change lever. At the right of | 
the gear box, but in front of it, is the hand-brake 
lever, and alongside this is a Dewandre vacuum- 
servo cylinder which is connected to the pedal brake 
and operates on all four brakes. The hand 
brake operates only on the back wheels. Large- 
diameter rods, in accessible positions and with 
machined yokes, are a feature of this layout. The 
details are clearly shown in Fig. 61, which gives 
an off-side view of the chassis. The brakes are 
14-in. in diameter, and are mounted in ribbed-steel 
drums. 

A spiral gear for the speedometer drive is in- 
corporated in the gear box. The rear drive is by an 
open propeller shaft, with Spicer all-metal couplings 
at both ends. The back-axle gear is of the spiral- 
bevel type, with straight-bevel differential wheels. 
The axle-shafts are semi-floating, and are carried 
in large adjustable roller bearings at the inner ends, 
and on large ball and roller bearings at the outer 
ends. Rudge-Whitworth wire wheels are fitted. 
The axle casing is of pressed-steel, with the usual 








| The bracing is of the single-intersection, or Warren 
type. The trusses are connected transversely by 
K-form lateral bracing at the levels of both top 
and bottom booms. This part of the structure, as 
well as the sway bracing, is well shown in Figs. 4 
and 8. 

The main portion of the deck, which carries the 
roadway, is suspended from the arch trusses by 
hangers composed of two channel-steel members. 
These hangers and the deck girders are seen in 
Fig. 9. This construction is reversed in the short 
portions of the deck at each end of the arch, struts 
from the top boom of the trusses to the deck taking 
the place of the hangers, as shown in Fig. 2. The 
roadway is 93 ft. above H.W.O.S.T., and there is a 
clear height for shipping of 84 ft. 6 in. at this water 
level. Apart from the standard Ministry of Trans- 
port loading, which takes into account the double 
line of tramways, the bridge is safe for loads of 
100 tons on four wheels. The total width of the 
deck is 56 ft., this figure being made up of a 
38-ft. carriageway and two sidewalks, each 9 ft. 
wide. The latter are carried on cantilever brackets, 
as will be seen from Fig. 9, while their full width 





incline at each end. Increasing traffic, both local 
and from the Great North Road, made imperative 
a further means of crossing than those afforded by | 
these two bridges, the suspension bridge farther up | 
. . . . | 
The suspension is of the semi-elliptical type at both apc er at Redheugh involving too big a detour. | 
ends, the rear springs being mounted below the axle| _ This demand has been met by the magnificent | 
and serving for the Hotchkiss drive. The front axle single-span high-level road bridge, east of the swing 
is a straight beam of the usual I section, but the | bridge, which was opened by His Majesty the King 
on October 10, and which we illustrate by Figs. 1 
to 9, Plates LX to LXIII. The passage of the river 
| is now rendered easy, for the new bridge is in line 
| with High-street in Gateshead, and Pilgrim-street in | 
New Bripce Over Murray River.—Considerable Newcastle, and is sufficiently wide to accommodate | 
satisfaction was aroused in the Commonwealth by the | two tramway lines, four lines of vehicular traffic, | 
placing of the contract for the new bridge over the | and two footways, while the approach gradients are | 
Murray River, near Bethanga, by the Public Works only 1 in 66:4 on the Newcastle side, and 1 in 91-5 | 
Department of the New South Wales Government, with yey aul ald It i f ‘ : 
the Australian firm, Messrs. Charles Ruwolt Proprietary, on the xates head side. t 18, Of course, toll free, | 
Limited. ‘Tenders were received from both Australian | being a municipal undertaking. A good general | 
firms = a 9 _ Rsv ens 4 = — the | idea of the situation of the bridge and its approaches | 
price submiuttec IV nis ichmon rm was per - ys 
cent. above the offers of any of the latter, the may be gathered from Fig. 1, the photograph for 
governments of New South Wales and Victoria, to-| Which was taken on the occasion of the opening 
gether with the Public Works Department of New| ceremony, while the contour of the complete arch, 
South Wales and the State Rivers and Water Supply apart from the abutment towers, is best seen in 
Commission of Victoria, ultimately decided to keep | Hs S Whee eae 
the work, as much as possible, in Australia. Approxi- | “18: =: The span of the arch 18 531 ft. between the 
mately 1,200 tons of material were ordered from the | centres of the abutment pins, which are placed near 
Broken Hill Proprietary, Limited, while the remainder, | the quay level. This span constitutes the largest 
which cannot be manufactured in Australia, is being | sh in the c try. The rise is 170 ft. f h 
supplied by Messrs. Dorman, Long and Company, | “y ee re sillincecage sini $ t. from the 
Limited, of Middlesbrough. The bridge, the estimated | PIN centres. The main trusses, of which there are 
cost = —_ is prow ~~ 4 ~ third a2 — two, are spaced at 45-ft. centres, and are 20 ft. 3 in. | 
recently by Messrs. Charles Ruwolt Proprietary, Limited, F id- , ic in @ | 
and consists of nine steel truss spans, 265 ft. in length, deep at_ mid = They ag parabolic = ee | 
but, as the top and bottom booms are of different | 


carried on concrete piers. The trusses of each span will ipa 
be 23 ft. 6 in. apart, from centre to centre. | degrees of curvature, the general outline is crescentic. | 


banjo form of box centre and parallel tube sleeves, 
with reinforced flanged ends, which are bolted 
to the back plates of the brake drums. Marles 
steering gear, of the cam and roller type, is fitted. 





ends are oval and up-swept. 


(70 be continued.) 














is maintained round the point of intersection of the 
arch and the deck by the balconied portion visible 
in Fig.7. The carriageway surface consists of wood- 
block paving on concrete, which, in turn, rests on 
buckled steel plates supported by cross joists and 
longitudinal stringers. The whole rests upon the 
cross girders of the deck. The footways are finished 
with tar macadam, and are flanked by balustrades 
of closely-pitched vertical bars arranged in groups 
of three panels. Enclosed ducts under the footways 
carry two water mains and two gas mains, all 2 ft. 
in diameter, as well as electric cables. The external 
treatment of these ducts is well shown in the top 
right-hand corner of Fig. 7. 
A striking feature in the design of the bridge lies 
in the handsome abutment towers which mark the 
ends of the bridge, as distinct from the approaches. 
These towers, of which the Gateshead one is shown 
in course of construction in Fig. 7, are steel-framed 
structures faced with Cornish granite, the general 
effect being that of heavy masonry masses rebutting 
the thrust of the arch. Actually, of course, this 
thrust is taken on abutment pins, which are 12 in. in 
diameter. These are carried in heavy bearing cast- 
ings recessed in the foot of the towers and bedded 
on granite slabs attached to concrete blocks con- 
tinuous with caissons measuring 84 ft. by 28 ft. 
There are two caissons to each abutment. They were 
sunk down to the solid rock, to a depth varying 
from 60 ft. to 80 ft. below ground level, under the 
weight of a mass of concrete built upon them above 
the working chamber. The excavation was carried 
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out under compressed air, and the cutting edges 
were sunk several feet into the rock. The working 
chambers, air locks, etc., were then filled with con- 
crete, the result being solid monoliths from the rock 
upwards. 

As the towers are each about 100 ft. long by 
60 ft. wide, and something like 90 ft. to the bridge 
deck, the internal capacity is considerable. They 
are divided into floors and will be utilised as ware- 
houses, whilst staircases and lifts are also incor- 
porated to convey passengers from the quays to 
the roadway above. The upper part of the struc- 
ture projects about 40 ft. above the roadway, in the 
form of two flanking towers at each end of the 
arch. It will be noticed in Fig. 1, that these 
towers at the Gateshead end were unfinished at 
the date of the opening ceremony. 

The approach spans are of interest second only 
to that of the arch itself. The steelwork approaches 
are of a total length of 723 ft. In addition, there is 
a total length of approach of 581 ft. which is formed 
of earth retained by concrete, in part masonry faced. 
The steelwork consists of continuous plate girders 
ll ft. Gin. deep. These girders are double-webbed, 
with cross-connecting plates, and are of irregular 
spans, from 100 ft. to 154 ft., to suit pre-existing 
streets which run below them. They rest on octa- 
gonal steel columns, having a maximum height of 
70 ft., which are themselves carried on cast-iron 
cylinders 21 ft.in diameter, filled with concrete and 
sunk to solid ground. The road foundation and 
surface is similar to that employed on the deck 
between the abutment towers. 

As may be imagined, the erection of this important 
structure presented many special problems and the 
contractors for the bridge, Messrs. Dorman, Long and 
Company, Limited, Middlesbrough, and their con- 
sulting engineer, Mr. Ralph Freeman, of Messrs. Sir 
Douglas Fox and Partners, are to be complimented 
both on the ingenuity of the methods employed and 
on the success attained by their employment An 
outline of these methods, as regards the erection of 
the arch, was given in ENGINEERING, vol. cxxv., 
page 266. The illustration there referred to, a por- 
tion of which is reproduced in Fig. 3, may be sup- 
plemented by Fig. 6, which shows the condition of 
the arch just before the temporary pins in the top 
booms were coupled up. It may also be pointed 
out that, owing to restrictions connected with the 
navigation of the river, no staging could be used ; 
neither could any material be lifted from floating 
barges. The erection had, therefore, to be carried 
out from the river banks, a method which is probably 
unique in this country. 

The approach spans were erected as follows: The 
columns, above mentioned, were built up to roadway 
level and steel rollers were fitted to their tops. 
The spans were erected on the bank at each side 
in lengths of 40 ft., and were hauled out by hand 
winches towards the site of the abutment towers, 
material being added to the inshore ends as the 
traverse proceeded. A light nosepiece, 20 ft. long, 
was placed in front of the spans to guide their 
ends over the rollers. Man haulage was adopted, 
in preference to hydraulic or other form of power, as 
control of the moving masses was thus obtained in a 
more sensitive form. Whilst these guides were 
being put into place, the sinking of the caissons for 
the abutments was proceeding. When the time 
arrived for commencing the erection of the arch 
itself, there was, therefore, sufficient of a platform 
to carry a light railway, along which the arch 
material could be transported. This state of 
affairs is shown in Fig. 5, where a temporary staging 
Supports the end of the approach in lieu of the 
abutment tower which later occupied its site. 

A few figures may be appended to indicate the 
magnitude of the work. The total weight of steel 
in the arch is 4,000 tons, of which 2,400 tons is in 
the trusses, ete., and 1,600 tons in the deck. Another 
4,000 tons was used in the abutment towers and 
approach work. 

The contract for the work was placed with Messrs. 
Dorman, Long and Company, Limited, in December, 
1924, at a price of 571,225l. The total cost of the 
undertaking is, however, about 1,200,000/., the 
difference being accounted for by the purchase of 
land, property, and wayleaves. and the cost of street 
improvements. Of this total, the Ministry of Trans- 








port is contributing 60 per cent. The consulting 
engineers for the bridge were Messrs. Mott, Hay, and 
Anderson, Westminster, S.W.1, with whom were 
associated Messrs. Coode, Fitzmaurice, Wilson, and 
Mitchell, Victoria-street, S.W.1. The architectural 
features embodied in the abutment towers, etc., 
were carried out by Mr. R. Burns Dick, Newcastle- 
on-Tyne. 








LABOUR NOTES. 


In the October issue of the Amalgamated Engi- 
neering Union’s Monthly Journal, Mr. Brownlie, the 
president of the organisation, gives a long account of 
the discussion at the Swansea Trades Union Congress 
on the Turner-Melchett conferences. The delegates of 
the A.E.U. voted with the minority, but their opposi- 
tion was due less to a belief that peace in industry was 
undesirable than to the opinion that the General Council 
had no mandate from Congress to meet Lord Melchett 
and the employers associated with him. The constitu- 
tional issue thus raised disappeared, of course, when 
the Congress adopted the General Council’s report and 
approved its action in the matter; but, judging from 
the tone of Mr. Brownlie’s account of the proceedings, 
his Executive Council are still convinced that the 
central bodies of the affiliated unions—most of which 
have agreements with employers—ought to have been 
consulted before the conferences were agreed to. 
Nothing is said about the action that may be taken 
when the conferences reach agreed conclusions, but it 
is tolerably clear that the A.E.U., at any rate, will 
examine them critically in the light of its agreements 
with the Engineering and Allied Employers’ National 
Federation. eee 

Discussing the question of rationalisation of industry, 
the contributor of an editorial note, in the same issue of 
the Journal, expresses the opinion that the question is 
one which should receive the serious consideration and 
attention of all trade union leaders, who should co- 
operate in bringing influence to bear upon the Govern- 
ment and employers alike to make provision for the 
displaced workers, pending a revival in trade or their 
being placed in other occupations. ‘We would 
remind those who view with apprehension the intro- 
duction of this so-called new system in industry,” the 
writer goes on to say, “that in a minor degree it has 
been going on for a considerable time. The various 
amalgamations- and trusts that have been formed 
are the first step towards rationalisation, and the Trade 
Union Movement has also taken steps in this direction 
—as witness our own amalgamation of 10 unions in 
1920, and other amalgamations of unions that have 
since been brought about.” 





On April 19 next, the first statutory condition for 
benefit under the Unemployment Insurance Act, 1927, 
will come into full effect. It stipulates that not less 
than 30 contributions must have been paid in respect 
of the assured contributor, in the two years immediately 
preceding the date on which application for benefit is 
made. Pending the application of this statutory 
condition, a transition provision has been in operation. 
This is that until April 19, 1929, in the case of persons 
18 years of age and over, it will be sufficient to comply 
with the first statutory condition, if the claimant can 
show that not less than eight contributions during the 
two years immediately preceding the date of applica- 
tion for benefit, or not less than 30 contributions at 
any time, have been paid in respect of him as an 
insured contributor; that he is normally engaged in 
insurable employment; and that he has, during the 
two years immediately preceding the application for 
benefit, been so engaged to such an extent as was 
reasonable, having regard to all the circumstances, 
and particularly to the opportunities for obtaining 
insurable employment during that period. 





According to Industrial News, an official trade union 
publication, the Standing Advisory Committee on 
Social Insurance, which is composed of representatives 
of the T.U.C. General Council, the National Association 
of Trade Union Approved Societies, and the National 
Joint Standing Advisory Committee on Unemployment 
Insurance, are desirous of obtaining information as to 
the working of the Act with regard to the transi- 
tional provision, and also the probable effect of the 
first statutory condition, when that comes into full 
operation in April. During the passage of the Bill 
through Parliament, it was pointed out from the Labour 
benches, Jndustrial News says, that the condition 
referred to could not be complied with in many cases 
and the result would be serious hardship. The Govern- 
ment did not agree that such would be the case, but 
said that if experience showed it to be so, provision 
would be made to meet the hardship. The number of 
unemployed has, unfortunately, not decreased, and 








an effort is consequently to be made to induce the 
Government to redeem its promise by prolonging the 
transitional period. 

Affiliated trade unions have, therefore, been asked 
in a circular issued by the T.U.C., with a question- 
naire attached, to supply the necessary information. 
The unions are requested to state how many of their 
members are unemployed ; how many of those unem- 
ployed are not entitled to State Unemployment benefit ; 
what will be the probable effect on the members if the 
30 stamps qualification comes into operation on 
April 19 ; and what experience the unions have had of 
the application by Insurame Officers and Courts of 
Referees of the transitional provision regarding eight 
contributions in the preceding two years or 30 contri- 
butions at any time. 


On October 8, 1928, the number of unemployed 
persons on the registers of Employment Exchanges in 
Great Britain was 1,319,700. Of these, 917,600 were 
wholly unemployed, 324,200 were temporarily stopped, 
and 77,900 were persons normally in casual employ- 
ment; 1,028,500 were men, 39,300 boys, 217,100 
women, and 34,800 girls. Of 1,336,379 persons on the 
registers on October 1, 1928, 909,995 were wholly 
unemployed, 347,312 were temporarily stopped, and 
79,072 were persons normally in casual employment ; 
1,037,468 were men, 40,099 boys, 223,030 women, and 
35,782 girls. The number of unemployed persons on 
October 10, 1927, was 1,073,000, of whom 857,203 were 
men, 31,750 boys, 152,227 women, and 31,820 girls. 





According to the latest official report of the United 
Pattern Makers’ Association, the number of unem- 
ployed members increased during September from 712 
to 720. “These figures are not so good,” Mr. Findlay, 
the General Secretary says, ‘‘ as we looked forward to 
when we were considering the prospects at the beginning 
of the year, but we sincerely hope the later months will 
show up better.” The total membership of the Associa- 
tion is returned as 11,026. 





In accordance with the ballot on the subject, the 
delegates of the Pattern Makers’ Association voted for 
the adoption of the General Council’s report on the 
Turner-Melchett conferences at the Swansea Trades 
Union Congress. Mr. Wardale, the President, remarks 
in the Monthly Trade Report, that, although that was 
done, he feels free to confess that, after hearing all the 
statements from the Mond supporters, he is unable to 
see anything to improve the position of members coming 
from the meetings that have taken, or are to take 
place. ‘‘ Quite a mouthful,” he says, ‘‘ is made of trade 
union, recognition by’ these Mond conferences; but 
how do these lords implement their trade union recog- 
nition ? Do they go to Baldwin’s Government and say : 
‘We believe in trade union recognition, but your Trade 
Disputes Bill—the Blackleg’s Charter—is an injury to 
the Trade Union Movement. We, therefore, demand 
that you, Mr. Baldwin, shall remove it from the 
Statute Book, so that we can demonstrate to Trade 
Unionists that we do really believe in T.U. recogni- 
tion?’” Mr. Wardale answers his own question by 
emphatically stating that they do not. ‘“‘ But,” he 
proceeds, “‘ they can go to Baldwin with an agreed 
statement on the ‘ gold reserve.’ Think these things 
well over, my brothers, when reading how these 
discussions will give you ‘ peace in industry.’ ” 





The following statement has been issued by Mr. A. J. 
Cook from the offices, in London, of the Miners’ 
Federation of Great Britain :—‘‘In view of certain 
misunderstandings regarding the Scottish position, 
and the activities of the Communist Party and Minority 
Movement, we desire to make it clear that the Miners’ 
Federation enrols into membership all workers in and 
about the mines, irrespective of their political or 
religious convictions. Every financial member is 
eligible for any position in the union, or to attend all 
conferences on trade union matters. The resolution 
accepted at the annual conference does not change, in 
any way, the position of the membership in these 
respects, but the Federation will not tolerate any out- 
side interference from any quarter, in the affairs of the 
organisation, which must be conducted and controlled 
by the membership, according to the rules.” 





The executive committee of the Transport and 
General Workers’ Union and the Workers’ Union have 
now completed the scheme of amalgamation which 
has been the subject of negotiations between them for 
some time past. Certain amendments and alterations 
are to be embodied in it, and in its final form it will be 
submitted to members within the next few weeks. 
According to law, members will vote by ballot, and 
steps are being taken to give every member the oppor- 
tunity to vote, no limitation being placed on the 
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methods of the ballot. Full information will be given 
on the ballot paper. The amalgamated organisation 
will have a total membership of about 450,000. 


A ballot is to be taken of the members of the Amalga- 
mated Society of Woodworkers for or against strike 
action to enforce the claim of shipyard joiners to the 
38. per week advance recently conceded to plain time 
workers. The question put is as follows :—‘‘ Are you 
in favour of demanding for our shipping members the 
38. weekly advance conceded to other shipyard workers, 
and that the executive council shall decide on what date 
withdrawal of labour shall take place if the demand is 
refused ? 


The Executive state for the information of members, 
that on February 16, an application for an advance of 
10s. per week for all workers employed in the shipyards 
was made at a conference with the employers. It was 
was met by an offer of 3s. to all sections except the 
joiners, certain conditions being attached to the offer. 
The offer was considered by the Shipbuilding Trades 
Committee on March 16, and was deemed so unsatis- 
factory as to warrant a further attempt to improve it, 
and the employers were met again at the end of March. 
They refused to alter their original offer or to extend 
the concession to the joiners. Since then the other 
five craft unions, comprising the Shipbuilding Trades 
Committee, have accepted the offer. The joiners con- 
tended that they ought to receive the 3s. weekly advance 
conceded to other shipyard workers, and claimed that 
the 3s. retained by the joiners in 1921 out of the 12s. 
reduction was a special concession to their members on 
account of tool expenses. 


The employers argued, the statement proceeds, that 
they were, by the offer of 3s., bringing the other trades 
up to the level of the joirers. It being evident that 
nothing further could be done to alter the employers’ 
decision, the executive called a conference of representa- 
tives of their shipping members on August 16 to discuss 
the situation. This conference recommended that they 
should take a vote of the society on the question of 
demanding the 3s. advance conceded to other time 
workers in the shipping industry, and failing satis- 
faction, the executive should decide the date on which 
labour should be withdrawn to enforce the demand. 


At a meeting in London, on Tuesday, of the National 
Wages Board for the Railways, the National Union of 
Railwaymen claimed that men called upon to drive 
electric and petrol auto-trucks at various goods depots 
should be given higher rates of pay, and that the rates 
applicable to electric motor drivers should operate— 
namely, 56s. a week in London and 53s. in industrial 
centres. Mr. Cramp, for the union, argued that some 
technical knowledge was necessary in the use of these 
trucks, which had grown considerably in the last few 
years. For the companies, Mr. Lazenby contended 
that the use of auto-trucks saved a considerable 
amount of physical labour, which would otherwise have 
to be performed by goods porters. The work could 
not be compared in any way with that of the drivers of 
electric motor-vehicles. The Wages Board reserved its 
decision. 

According to Cologne correspondents, serious labour 
trouble is developing in the Rhineland-Westphalian 
metal industry, where the workers are demanding an 
increase of wages, which the employers say they cannot 
consider. Lock-out notices, which expire on November 
1, have been issued. The employers refuse to enter 
into any negotiations on the subject, and declare that 
the only way in which the notices can be withdrawn is 
by the workers completely withdrawing their demand. 


Some time ago, it will be recalled, the executive 
councils of the engineering trade unions set up a 
committee “to make investigations in regard to the 
various sections of the engineering industry, their 
organisation, and other matters relating thereto,” the 
idea being to obtain data on which to base sectional 
demands for increased wages. In the October issue 
of the Monthly Journal of the Boiler Makers and Iron 
and Steel Shipbuilders’ Society, Mr. Hill, the General 
Secretary, referring to the work of the Committee, 
says :—‘* We find that it involves considerable research. 
The number of engineering firms in Great Britain runs 
into thousands, and the largest percentage of these are 
private companies in respect of which it is impossible 
to collect reliable figures on their trade and profits. 
But we are hopeful that, with such figures as are 
available, we shall submit a case for most of our sections 
which will warrant an advance of wages on the un- 
reasonably low standards now current. When we come 
to present our claim, we shall depend not only on 
figures of trade and profit, but also on the strength of 


An Act, which came into force in Poland on July 29, 
requires factories employing more than 100 women 
to instal special nurseries for the infants of the women 
employed. The Ministry of Labour, it is stated, 
considers the provision inadequate, and is drafting a 
Bill requiring workshops employing less than 100 
women to pay special allowances for the maintenance 
of collective nurseries. The funds thus raised are to 
be paid over to sickness funds or other institutions of 
public utility, which will be instructed to establish 
nurseries for infants in all places where numbers of 
women are employed. 
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ContTracts.—The Post Office has placed an order for 
82 miles of 160/40 Ib. star quad telephone cable with 
Messrs. British Insulated Cables, Limited, Prescot, 
Lancs.—Messrs. Worthington-Simpson, Limited, Queen’s 
House, Kingsway, W.C.2, have received an order from 
Messrs. Beyer, Peacock and Company, Limited, for the 
supply of three locomotive feed-water heaters, to be 
fitted to Garratt-type locomotives for the Guayaquil 
and Quito Railway.—Messrs. Sir W. G. Armstrong, 
Whitworth and Company, Limited, have placed an order 
for a two-cycle Polar Diesel engine of 4,500 h.p. with 





organisation in each of the unions concerned.” 


the Atlas Diesel Company, Limited, of Stockholm. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Tron and Steel.—While one or two sections of the loca 
iron, steel, and engineering trades are making progress, 
| the general position remains much the same. Orders 
jare not being booked in anything like the quantity 
desired. In the bulk steel a better tone exists. The 
demand for basic steel is better than for some time past, 
and producers are receiving a good share of the foreign 
work in circulation. In acid varieties the request is 
nothing like so substantial. The shortage of railway 
work has had an adverse effect, and makers, in an effort 
to stimulate a stronger call, have succeeded in reducing 
prices by 10s. to 15s. perton. There is a better market for 
pig iron, and there is a healthier call for alloying materials. 
Latest quotations are as follow: Derbyshire foundry 
pig, 60s.; Derbyshire forge, 58s. 6d.; Lincolnshire 
foundry, 60s.; Lincolnshire basic, 59s.; Crown iron 
bars, 10/. 10s.; iron hoops, 12/. 10s. ; steel hoops, 91. ; 
Siemens acid billets, 91. 5s. to 91. 10s. ; hard basic billets, 
7l. 2s. 6d. and 71. 12s. 6s. ; soft basic billets, 61. 7s. 6d. to 
61. 10s. ; soft wire rods, 7/1. 10s. ; and basic-steel scrap, 
56s. 6d. Railway rolling-stock departments are still 
complaining of the shortage of work. The home railways 
are only taking small supplies, but the overseas market 
gives promise of developing. Inquiries are in circulation 
from India, South Africa, South America, and Finland. 
If suitable quotations can be arranged these countries 
should provide some valuable contracts. Shipbuilding 
requirements tend to expand, but armour-making plant is 
working intermittently. Electrical plant continues an 
active line. Automobile steel and fittings are in strong 
request from the Midlands, while a big tonnage is being 
shipped to France and other overseas markets. Tool 
steel has weakened largely owing to makers experiencing 
keen competition from Sweden, the Saar, and Czecho- 
slovakia. The tool trades are doing better; Russia has 
placed substantial orders for saws and edge tools. The 
file trade is quiet, but agricultural, farm, and building 
trade tools are active lines. 

South Yorkshire Coal Trade.—In most branches of the 
coal trade the position is somewhat uncertain. Export 
business tends to expand, and hopes are entertained of an 
improvement in trade with Scandinavian and Baltic 
ports. The demand for industrial fuel has improved, and 
prices are firm. Considering the time of the year, 
housecoal is in poor request, especially in better qualities. 
Inferior sorts are fairly strong. Foundry and furnace 
coke are steady, on export account, at 19s. to 19s. 6d. ; 
gas cokes are firm at 2ls. to 22s. 6d., all f.o.b. at the 
Humber. There is a good demandjfor coke nuts, used in 
connection with central heating, from theatres, hotels, 
and other public buildings. Latest quotations are as 
follow: Best ,hand-picked branch, 26s. to 27s. 6d. ; 
Derbyshire best brights, 23s. to 24s. 6d.; best house, 
20s. 6d. to 21s. 6d. ; screened house coal, 17s. to 18s. ; 
screened house nuts, 16s. to 18s.; Yorkshire hards, 
14s. 6d. to 16s.; Derbyshire hards, 14s. to 16s. ; rough 
slacks, 8s. 6d. to 9s. 6d.; nutty slacks, 4s. 6d. to 6s. ; 
smalls, 3s. to 4s. 


NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—An encouraging feature of the 
Welsh coal trade is the fact that several inquiries for 
substantial quantities, for delivery during next year, are 
in circulation. The Egyptian State Railways want 
prices by January 17 for 380,000 metric tons of large 
coal for delivery at Alexandria, between February and 
August, while the Brazilian Central Railways also want 
prices for 200,000 tons of large to be shipped to Rio de 
Janeiro during the four months commencing December. 
The Algerian State Railways also invite tenders for 
210,000 tons of patent fuel and 30,000 tons of coal, 
delivery to commence in November and extend until 
December of next year. The Paris—Orleans Railway 
has placed contracts for 70,000 tons of Welsh large 
coal and 40,000 tons of small, at prices below the mini- 
mum schedule, the orders having been taken by colliery 
companies outside the minimum scheme. Though these 
orders are encouraging, they do not help any colliery 
owners to solve the present difficulties arising from a 
shortage of shipping and lack of demand. Supplies of 
all classes of large and small coal are excessive to require- 
ments. Some companies are, however, comfortably 
placed, both in respect to orders and tonnage, and some 
of the collieries producing second-class Admiralty large 
coal have raised their minimum prices by 3d. per ton, but 
other secondary descriptions remain unchanged. The 
minimum pithead price of lower-grade house coals has 
also been raised by ls. per ton. These changes have, it 
is understood, been made to bring the particular coals 
into line with other descriptions. Buyers, however, 
experience no difficulty in obtaining their requirements 
on the basis of the minima schedule, and the volume 
of shipments is insufficient to keep collieries working 
regularly or the docks loading to capacity. Exports in 
the past week totalled 432,620 tons, that is 32,000 
tons more than in the preceding week, but quate: 
100,000 tons per week is required to keep the pits an 











docks busy. Shipments in September totalled 1,507,829 
tons, which was the smallest quantity despatched from 
South Wales in any month of the year. Clearances at 
Cardiff totalled 966,892 tons; Newport, 260, 715 tons ; 
Port Talbot, 97,355 tons ; and Swansea, 182,867 tons. 

Iron and Steel.—Shipments of iron and steel goods _ 
the past week amounted to 19,719 tons, against pol 
tons in the previous week. Exports of tin-plates anc 
terneplates were raised from 8,208 tons to 8,746 ype 
galvanised sheets from 4,624 tons to 5,798 tons, an 
other iron and steel goods from 3,986 tons to 4,302 — 
but those of black plates and black sheets were reduce’ 
from 1,790 tons to 873 tons. 











OcT. 19, 1928.] 


NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Scottish Steel Trade.-Conditions in the steel trade of 
Scotland have varied little over the week, and makers are 
not any better provided with orders. The current 
demand falls far short of possible output, and despite the 
firming of Continental prices the increase in fresh business 
is negligible. Inquiries are fair but not of an out- 
standing nature. The position of black-sheet makers 
continues good, and a steady trade is passing for light and 
galvanised sorts. The export side is very satisfactory. 
Heavy sheets are still moving slowly. Prices generally 
show practically no change, and are as follow :—Boiler 
plates, 10/7. 10s. per ton ; ship plates, 8/. 7s. 6d. per ton ; 
sections, 71. 12s. 6d. per ton ; sheets, }in., 87. 15s. per ton ; 
sheets, galvanised corrugated, No. 24 gauge, 131. 7s. 6d. to 
13/. 12s. 6d. per ton, all delivered Glasgow stations. 

Malleable-Iron Trade.—The malleable-iron makers in 
the West of Scotland are still finding it difficult to obtain 
a fair week’s output owing to the poor demand coming 
from their clients. The present unsatisfactory state has 
lasted much longer than was anticipated, and even yet 
there is little sign of any impending improvement. 
In the steel re-rolling branches the conditions at the 
moment are fairly good, and many orders are on hand. 
Prices are as follow :—‘‘ Crown ”’ bars, 101. 5s. per ton 
for home delivery and 9/. 15s. per ton for export; and 
re-rolled steel bars, 7/. 7s. 6d. per ton for home delivery, 
and from 7/, 7s. 6d. to 71. 10s. per ton for export. 

Scottish Pig-Iron Trade.—There has been no change in 
the state of the Scottish pig-iron trade during the past 
week, and producers are all much in need of fresh orders. 
The only feature of note is that two of the blast-furnaces 
at Shotts Iron Company, which ceased operations early in 
September, are, this week, being prepared for re-lighting. 
The overseas demand continues small. Prices show no 
change, and the following are the current market quota- 
tions :—Hematite, 74s. per ton, delivered at the steel 
works; foundry iron, No. 1, 75s. to 76s. per ton; and 
No. 3, 70s. to 71s. per ton; both on trucks at makers’ 
yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
Saturday last, October 13, amounted to 581 tons. Of that 
total 515 tons went overseas and 66 tons coastwise. 
For the corresponding week of last year the total loadings 
were 317 tons. 

Shipbuilding.—Messrs. Alfred Holt and Company, 
Liverpool, have placed an order with Messrs. Scott’s 
Shipbuilding and Engineering Company, Limited, 
Greenock, for a twin-screw passenger and cargo motor- 
ship. The builders will supply the machinery. They 
have also placed an order for a similar vessel with the 
Caledon Shipbuilding and Engineering Company, Limited, 
Dundee.—Another important contract has just been 
secured by Messrs. Lithgows, Limited, Port Glasgow, from 
Mr. B. Pardoe-Thomas, Newport (Mon.). It is for five 
cargo steamers—three of 6,400 tons each, and two of 
7,200 tons each. These vessels have to be delivered 
within two years, or earlier if possible. 








LectuRES oN INDUSTRY AND PuRE ScreNcE.—A 
course of public lectures bearing the general title, ‘‘ The 
Indebtedness of Industry to Pure Science,” has been 
arranged by the authorities of the Faculty of Science of 
University of London, King’s College, Strand, London, 
W .C.2. These lectures, to which admission is free, are 
being delivered at 5.30 p.m., on Wednesdays during the 
Michaelmas term. The programme, which covers a wide 
field, includes a number of lectures which will, no doubt, 
be of interest to our readers, and particulars regarding 
these are given below: October 24, “The Réle of 
Chemistry in the Life of the Nation,” by Dr. A. J. 
Allmand ; October 31, ‘‘ Electrical Science and Industry,” 
by Professor Ernest Wilson ; November 7, ‘‘ The Human 
Factor,” by Dr. F. A. P. Aveling; November 14, 
“ Physiology and National Efficiency,” by Dr. R. J. 8. 
McDowall ; November 21, “ Electrical Communication 
and its Indebtedness to Physics,” by Dr. E. V. Appleton ; 
and December 12, “‘ The Influence of Geology on Modern 
Life,” by Dr. W. T. Gordon. 


PERSONAL,—The address of Messrs. Venesta, Limited, 
Which has hitherto been 1, Great Tower-street, London, 
4.C.3, is now Vintry House, Queen-street Place, London, 
E.C.4.—Owing to business expansion, Messrs. Haslam 
and Stretton, Limited, 11, Windsor-place, Cardiff, have 
Moved into new premises at 53, 54 and 55, Tredegar- 
street, Cardiff—The address of Messrs. A. N. Holden 
= Company, Limited (Incorporating Beesley and 
Middleton), is now St. Stel Chambers, 246a, Corporation- 
street, Birmingham.—The Metropolitan Fuel Company, 
Limited, have moved into larger premises at 43, Johnson- 
street, Westminster, S.W.1, to which all communications 
should now be sent.—An arrangement has been entered 
7 between Messrs. Alfred Herbert, Limited, and Messrs. 
Wut: Barfield Electric Furnaces, Limited, Elecfurn 

orks, North Road, Holloway, London, N.7, whereby 
the former, in addition to representing the latter in 
Scotland, India, Uruguay, Paraguay and the Argentine, 
be in future introduce and sell these furnaces from all 
ag British branches.—Mr. J. H. Sandiford has joined 
= switchgear sales department of Messrs. The English 
a Company, Limited.—The address of the London 
—- ce of Messrs. The Birmingham Railway Carriage and 
—— Company, Limited, Smethwick, is now 10,Mayfair- 
P ace, W -1.—After 32 years’ service, Mr. W. T. Dunn has 
signed his position as secretary to the Institution of Gas 
ag _Mr. Dunn was one of the earliest members 
oe Junior Institution of Engineers, and for many 
years acted as Secretary and Treasurer. 








ENGINEERING. 


NOTES FROM CLEVELAND AND THE 


NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Transactions in Cleveland 
pig are not numerous or heavy, but makers have little 
to offer for sale, their own foundries and steelworks 
absorbing the bulk of the output, and merchants have 
command of only very moderate quantities. Stocks 
are far from heavy, and the strong statistical position 
enables ironmasters to hold to their fixed prices notwith- 
standing that Midland iron is still underselling the pro- 
ducts of this district. There is still hope of business 
with Scotland, and home consumption of Cleveland pig 
promises to increase a little, while some expansion of 
export trade seems not unlikely. Quotations stand : 
No. 1 Cleveland, 68s. 6d.; No. 3 g.m.b., 66s.; No. 4 
foundry, 65s. ; and No. 4 forge, 64s. 6d. 


Hematite.—Values of East Coast hematite are moving 
slowly in the right direction, but substantial rise is 
needed to place them on a remunerative level. Demand 
is slightly in excess of the limited production, and stocks 
are very low. The minimum quotation for ordinary 
qualities is 70s., and some producers are disinclined to 
accept that figure. 


Foreign Ore.—New business in foreign ore is very 
light, but imports against old contracts are fairly heavy, 
and arrears of delivery are gradually being overtaken. 
Prices are upheld and best rubio is 22s. 6d. ¢.i.f. Tees. 


Ironstone Miners’ Wages.—At a conference of Cleve- 
land Ironstone Mine Owners and Miners’ representatives 
this week, it was explained that under sliding scale 
arrangements there was a trifling advance due to the 
miners of 0-20 per cent. In the April settlement, the 
owners forewent a small reduction of 1-90 per cent. and 
in July last a reduction of 0-05 per cent. Having regard 
to all the circumstances the meeting agreed to leave wages 
unaltered. Thus, the district percentage remains at 
55-50, which is considerably in excess of what should 
actually be paid if the strict formule were adhered to. 


Blast-Furnace Coke.—Durham blast-furnace coke is 
still slow of sale for local use. Good average qualities 
are round about 17s. 9d. delivered here. 


Manufactured Iron and Steel.—Demand for one or two 
descriptions of manufactured iron and steel is slightly 
better; and semi-finished steel is selling fairly readily. 
Consumers hitherto using foreign products now purchase 
from manufacturers here at about figures named for 
Continental material. Quotations are steady. Common 
iron bars are 101. 5s.; best bars, 107. 15s. ; double best 
bars, 11/1. 5s.; treble best bars, 111. 15s.; iron rivets, 
1ll. 5s.; packing (parallel), 77. 10s. ; packing (tapered), 
101. ; steel billets (soft), 67. 10s. ; steel billets (medium) ; 
7l. 2s. 6d. ; steel billets (hard), 71. 12s. 6d. ; steel rivets, 
111. ; steel ship plates, 81. 7s.6d. ; steel angles, 71. 17s. 6d. ; 
steel joists, 7/. 17s. 6d.; heavy sections of steel rails, 
8l. 10s.; black sheets (No. 24 gauge), 10/.; and gal- 
vanised corrugated sheets (No. 24 gauge), 137. 12s. 6d. 








TENDERS.—We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
details and information relating to these may be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case :—Two separate tenders are being invited by the 
Town Council of Johannesburg, one for the supply of 
black water piping, the closing date for which is 
November 1 (Ref. No. A.X. 6986); and the other for 
the supply of tramcar axles and gear wheels, closing 
date November 22 (Ref. No. A.X. 6985).—The Secretary 
of the Union Tender Board, Pretoria, is calling for 
tenders, to be presented by November 12, for the supply 
of bicycles to the South African Police (Ref. No. A.X. 
6988).—It is reported from Pernambuco that a mining 
company in Cearé is calling for catalogues and price 
lists of graphite washing machinery capable of washing 
100 tons per day. (Ref. No. A.X. 6982.)}—Tenders, to be 
presented by November 5, are being invited by the City 
of Winnipeg Hydro System for the manufacture, delivery, 
and erection, at Slave Falls, Manitoba, of sluice gates, 
spillway gates, and stop logs complete. (Ref. No. A.X. 
6984.)—The office of the Government Buyer, Pretoria, is 
calling for tenders for the supply of various dairying re- 
quirements. Closing date, November 22. (Ref. No. B.X. 
4797.)—The Mechanical Department, Ministry of Public 
Works, Egypt, is calling for tenders for the supply of a 
marine engine for a motor launch. Closing date in Cairo, 
November 1. (Ref. No. A.X. 6958.)}—Tenders are being 
invited by the Siamese State Railways, to be presented 
in Bangkok by January 15, 1929, for the supply of 300 
low-sided steel wagons. (Ref. No. A.X. 6957.)—Tenders 
are being called for by the Egyptian Ministry of the 
Interior for the supply of two internal-combustion 
engines of 35 h.p. Closing date, November 5. (Ref. 
No. A.X. 6966.)—The Egyptian Ministry of Public 
Works is inviting tenders for a semi-Diesel engine for 
a stone-crushing plant. Tenders to be presented in Cairo 
by November 10. (Ref. No. A.X. 6967.)—It is reported 
from Vancouver that a local firm is in the market for anum- 
ber of combined barometer, thermometer, and humidity 
gauges. (Ref. No. B.X. 4798).—The following tenders, 
to be presented in Johannesburg, are being invited by 
the South African Railways and Harbours :—(1) For 
the supply of a seven-ton electric travelling overhead 
crane. Closing date, December 13. (Ref. No. A.X, 6989.) 
(2) For the supply of suction gas plant, centrifugal 

ump and suction pipe. Closing date, November 29. 
(Ref. No. A.X. 6993.) (3) For the supply of 150 fruit 
wagons. Closing date, December 6. (Ref. No. A.X. 6987.) 
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NOTICES OF MEETINGS. 


INsTITUTION OF MECHANICAL ENGINEERS.—To-night, 
6 p.m. Storey’s-gate, S.W.1. Presidential Address. 
by Mr. R. W. Allen. Graduate’s Section: Monday, 
October 22, 6.30 p.m. ‘‘ Compressed Air for Mining and 
Industrial Purposes,’ by Mr. H. R. Steward. Friday, 
October 26, 7 p.m. Informal meeting. ‘ Mechanical 
Plant in Gas Works.” Introduced by Mr. R. C. Mac- 
donald. 

JuNIon INstrTUTION OF ENGINEERS.—To-night, 7.30 
p-m., 39, Victoria-street, S.W.1. ‘‘ Technical Advertis- 
ing,” by Mr. R. H. Sharp. Friday, October 26, 7.30 p.m., 
“Legal Protection for Originality and Inventions,” 
by Mr. G. W. Tookey. 

NortH or EnGLaNp Institute oF MINING AND 
MEcHANICAL ENGINEERS.—Saturday, October 20, 2.307 
p.m., Newcastle-on-Tyne. ‘‘ The Sinking of Londonderry 
Colliery, Seaham Harbour, Co. Durham, by the Freezing 
Process,” by Mr. J. L. Henrard and Mr. J. T. Whetton. 
“Extracts and Recommendations from the Report of 
the Water Dangers Committee,” by Mr. T. G. Davies. 
‘The Physical Constitution of Coal and Coal Seams,” by 
Dr. J. G. Kellett. ‘‘ The Distribution of Ash in Bitu- 
minous Coal Seams,” by Dr. J. G. Kellett. ‘* Notes on the 
Conversion of Main Pumping from Steam to Electricity,” 
with Special Reference to the Plant installed at Messrs. 
The Stella Coal Company’s Clara Vale Pit,” by Mr. L. H. 
Forster. ‘Tru-Lay Wire Ropes and Tru-Loce Fittings,”’ 
by Mr. A. T. Adam. 

INsTITUTION oF ELEctTricaL ENGINEERS.—WNorth 
Eastern Centre : Monday, October 22, 7 p.m., Armstrong 
College, Newcastle-on-Tyne. Address by the Chairman, 
Mr. C. W. Salt. London: Thursday, October 25, 6 p.m., 
Victoria-embankment, W.C.2. Presidential Address, 
by Lt. Col. K. Edgeumbe. London Students’ Section : 
Friday, October 26, 6.15 p.m., “Ignition Systems in 
Automobiles.”’ by Professor S. Parker Smith. 

ILLUMINATING ENGINEERING Socrety.—Birmingham 
Centre: Monday, October 22, 7 p.m. Chamber of Com- 
merce, New-street, Birmingham. “An Investigation 
of Electric Lighting in the Engineering Industry,” by 
Mr. J. L. H. Cooper. 

INSTITUTION OF AUTOMOBILE ENGINEERS.—Glasgow 
Centre : Monday, October 22, 7.30 p.m., Royal Technical 
College, Glasgow. Presidential Address. ‘‘ The Integrity 
of the Technical Man,” by Mr. L. H. Hounsfield. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLanp.—Tuesday, October 23, 7.30 p.m., 39 Elm- 
bank-crescent, Glasgow. ‘The Natural Period of 
Vibration of Ships,” by Mr. A. P. Cole. 

INSTITUTION OF MINING ENGINEERS.—Annual general 
Meeting, Wednesday, October 24, to Friday, October 26. 
Geological Society, Burlington House, Piccadilly, W.1. 
Wednesday, October 24, 11 a.m. ‘‘ Atmospheric Con- 
ditions in Indian Coal Mines,” by Dr. D. Penman. “ The 
Light given by Various Types of Miners’ Lamps,” by 
Mr. C. C. Reid and Mr. A. V. Reis. ‘ The Sizing of Coal 
for Briquetting,” by Mr. J. R. Holmer. “ Extracts 
and Recommendations from the Report of the Water 
Dangers Committee,’ by Mr. T. G. Davies. ‘“* Mine- 
Rescue Work in the United States,’’ by Mr. G. S. Rice. 
Thursday, October 25, 10 a.m. Annual General Meeting 
Continued. Friday, October 26, 10.5 a.m. Visit to Works 
of Messrs. Allen West and Company, Limited, Brighton. 

NORTHAMPTON ENGINEERING COLLEGE ENGINEERING 
Socrety.—Wednesday, October 24, 5.30 p.m., St. John- 
street, E.C.1. ‘‘ Modern High-Tension Switchgear,” 
by Mr. C. S. Mills. 

Iron AND STEEL INstTITUTE.—Thursday, October 25, 
4 p.m., Engineers’ Club, Waterloo-street, Birmingham. 
ye eee Autumn Meeting. ‘“‘ The Use and Inter- 
pretation of the Transverse Test for Cast Iron,” by 
Mr. J. G. Pearce. ‘‘ The Change in Tensile Strength due 
to Ageing of Cold-drawn Iron and Steel,” by Dr. L. B. 
Pfeil. ‘Some Properties of Cold-drawn and of Heat- 
treated Steel Wire,’’ by Mr. S. H. Rees. 

InstTiItTuTION oF Crivit ENGINEERS.—Birmingham and 
District Association: Thursday, October 25, 6 p.m., 
Chamber of Commerce, New-street, Birmingham, “‘ Rein- 
forced Concrete from an Economic and Commercial 
Point of View,” by Mr. A. E. Douglass. 








INSTITUTION OF Locomotive ENGINEERS.—North- 
Eastern Centre: Friday, October 26, 7 p.m., Hotel 
Metropole, Leeds. ‘‘ Glimpses of Colonial Railway 


Conditions,” by Mr. E. de H. Rowntree. 

MANCHESTER ASSOCIATION OF ENGINEERS.—Friday, 
October 26, 7.15 p.m., Engineers’ Club, Albert Square, 
Manchester. Discussion, ‘‘ The Microscope as Applied 
to Engineering,’’ by Mr. J. 8. G. Primrose. 

INSTITUTION OF MUNICIPAL AND CounTY ENGINEERS. 
— Yorkshire District : Saturday, October 27, 1.45 p.m. 
Town Hall, Pontefract. ‘‘ Notes on the Ancient Borough 
of Pontefract, and Some of Its Recent Municipal Works,” 
by Mr. W. H. Newton. 

Institute oF British FoUNDRYMEN.—Lancashire 
Branch. Junior Section; Saturday, October 27, 7 p.m., 
College of Technology, Sackville-street, Manchester. 
Presidential Address. ‘‘ The Prospects and Opportunities 
of Young Foundrymen,” by Mr. T. Makemson. 








Tue Farapay Socrety.—The 25th anniversary of 
the foundation of the Faraday Society will be cele- 
brated on November 9, on which date the first Spiers 
Memorial Lecture will be given, at 3.30 p.m., in the 
Lecture Theatre of the Royal Institution, Albemarle- 
street, W.1, when Sir Oliver Lodge will speak on “‘ Some 
Debatable Problems in Physics.’ Applications for 
tickets should be made at once to the secretary, Mr. 
G. S. W. Marlow. 
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THE MAENTWROG DAM; NORTH WALES POWER COMPANY. 


MESSRS. SIR DOUGLAS FOX AND PARTNERS, CONSULTING ENGINEERS, WESTMINSTER. 
(For Description, see Page 496.) 

















Dam IN CouRSE OF CoNSTRUCTION; VIEW FROM WeEsT BANK. 








Nia. 2. Dam CompLetTeD; DownsTREAM Face. 
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THE RIVER TYNE BRIDGE; NEWCASTLE-ON-TYNE. 
CONSTRUCTED BY MESSRS. DORMAN, LONG AND COMPANY, LIMITED, ENGINEERS, MIDDLESBROUGH. 
(For Description, see Page 488.) 
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RIVER TYNE BRIDGE; NEWCASTLE-ON-TYNE. 


CONSTRUCTED BY MESSRS. DORMAN, LONG AND COMPANY, LIMITED, ENGINEERS, MIDDLESBROUGH. 


(For Description, see Page 488.) 













































































Fie. 3. CLosinc OF THE ARCH BY TEMPORARY Prins IN ToP Boom. FEs. 27, 1928. 
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THE RIVER TYNE BRIDGE; NEWCASTLE-ON-TYNE. 


CONSTRUCTED BY MESSRS, DORMAN, LONG AND COMPANY, LIMITED, ENGINEERS, MIDDLESBROUGH. 





(For Description, see Page 488.) 
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ENGINEERING FEATURES OF THE 
“ GRID.” 


THE future engineering historian may easily 
find himself on the horns of a dilemma. In some 
of the more fruitful fields, judged by the effect of 
the results obtained on progress, he will discover 
hiatuses, which may be impossible to bridge except 
by conjecture, while in others he will be confronted 
with a mass of intermingled fact and opinion from 
which he will have great difficulty in extracting the 
truth. It is the latter state of affairs that will 
hamper his treatment when he comes to deal with 
the history of electricity supply. For though about 
its genesis and development there is matter and to 
spare, he may well be puzzled to determine whether 
legislation hampered the industry or whether the 
behaviour of the industry induced legislation; and 
in attempting to weigh justly the rival claims of 
those who believed in nationalism and those who 
clung to the parish pump, he will find that he has 
a well-nigh impossible task. In despair he may 
decide to be content with describing what was done 
and to leave the determination of why it was done 
to the philosophers. If he does adopt this some- 
what pusillanimous course he will find the Presi- 
dential Address delivered by Mr. S. B. Donkin to 
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| pressure of 132 kv. between the phases. The total 


_are to be used, consisting of seven 0-11-in. stranded 
The International | steel cores surrounded by thirty 0-11-in. aluminium 
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the Association of Supervising Electrical Engineers 
on October 2 useful. For after briefly describing 
the factors which led up to the establishment, first 
of the Electricity Commissioners and then of 
the Central Electricity Board, and indicating the 
relationship of these two bodies in the work of 
reorganising electricity supply on national lines, 
Mr. Donkin went on to deal with the engineering 
features of the Central Scotland scheme which, as is 
well known, covers an area of 4,890 square miles 
which has a population of 3,760,000. 

In this area, the transmission system is to consist 
of three-phase overhead transmission lines with a 


length of line will be approximately 253 miles, of 


which 220 miles will be single circuit, and 33 miles 
double circuit. Steel-cored aluminium conductors 


the thermostatic system. 
formers will be naturally cooled. The substations, it 
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normal span will be 900 ft., and the sag 23 ft. 
With a 22-ft. distance between the ground and the 
overhead line at the lowest point, the normal height 
of the galvanised steel transmission towers will be 
60 ft. to 70 ft. The conductors will be supported 
on insulator strings, consisting of 9 insulators in 
series for suspension, and 10 insulators for tension. 
Each string will be fitted with an arcing horn and 
earthing ring. The spacing of the conductors will 
be equivalent to about 15-5 ft. symmetrical spacing 
for double-circuit lines, and to 18-5 ft. for single- 
circuit lines. It is not expected that local corona 
will occur under normal conditions until approxi- 
mately 167,000 volts is reached, while decided 
corona will not appear below 190,000 volts. Special 
towers have been designed for the crossings of the 
rivers Cart, Clyde and Forth. The height of the 
towers in the last case will be 338 ft. and the span 
3,050 ft. For this crossing, special conductors, 
having nineteen 0-125 in. steel and eighteen 0-125 
aluminium wires, will be used. The whole system 
will, therefore, form a considerable advance in 
British engineering practice, though as an exami- 
nation of which has been done in North Wales.and 
elsewhere will show it is an advance in degree rather 
than in kind. 

It is furthermore satisfactory to learn that 
the Central Electricity Board have obtained per- 
mission for their 132-kv. lines to cross roads and 
railways without any fundamental change in the 
standard construction, the basic design being such as 
to minimise the risk of failure. To increase reliability 
each substation will have two sources of supply, 
as well as stand-by transformer equipment. As 
regards layout the transmission system will consist 
of two rings of overhead lines, joined together at 
Dalmarnock, together with a branch to Dundee. 
At Dalmarnock, the sub-station will be of the 
double bus-bar type. At Bonnybridge, where the 
branch to Dundee will diverge, a single bus-bar 
station with five switches will be provided. The 
normal substation will, however, be of the three- 
switch type, with a section switch in the line, from 
each side of which connection will be made through a 
transformer switch to a transformer. Each main 
oil switch will have an isolator on each side of 
it, and there will also be an isolator on each incoming 
line, and on each transformer. The supply will be 
maintained, even if the section switch should open, 
as it is intended that the two transformers at each 
substation should always be in service. The 
reliability of the three-switch substation will also 
be safeguarded by a bye-pass. This will be fitted 
with two isolating links connecting the high-tension 
side of the transformers. This by-pass will enable 
one transformer to be supplied from either side of 
the station, should the other transformer, with or 
without its switch, be out of action. All the switches 
are being designed for a breaking capacity of 
1,500,000 kv.-a., which will be sufficient for all 
calculated fault conditions. The three-switch sub- 
station will be of the ground-floor type, no overhead 
steel work being employed. All the switches will be 
at ground level, and the isolators will be erected on 
reinforced concrete platforms, so that the lowest part 
of any insulator will be at least 9 ft. above the 
ground. Here again it is possible to say that past 
experience has been drawn upon in a way which 
should result in a satisfactory engineering job, both 
from the constructional and operating points of 
view. 

The transformer equipment at each sub-station 
will be arranged, so that one of the two transformers 
will be able to deal with the maximum normal load 
transfer likely to occur at the sub-station, up to the 
year 1935. The sizes of transformer will range from 
60,000-kv.-a. to 10,000-kv.-a. The 60,000-kv.-a. and 
45,000 kv.-a. banks will consist of three single phase 
units, and will be naturally cooled up to 50 per cent. 
of their rating, forced oil circulation with forced air 
blast being used above that loading. The 30,000- 
kv.-a., 20,000-kv.-a., and 15,000-kv.-a. transformers 
will be of the three-phase type, and will be cooled 
in the same way as the larger sizes, except that 
separate coolers will not be used, and that the air 
blast will play on the radiators, the control being on 
The 10,000-kv.-a. trans- 








res, the total diameter being 0-77 in. The 





may be added, will be of outdoor type, a form which 
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for economic reasons is likely to find increasing 
favour. 

All the high-tension windings will be star- 
connected with the neutral point earthed direct at 
each transforming station. The low-tension windings 
will be delta-connected and will be earthed through 
resistances by special earthing transformers, where 
no existing earth connection is available. These 
earthing transformers will be provided with auxiliary 
windings so that 400 volt three-phase alternating 
current can be supplied for lighting, switch operation, 
&e. The transformers will be provided with “ on- 
load” tapping changing equipment for varying the 
voltage ratio through a total range of 20 per cent. 
in 14 steps. All the control switches on the low 
tension or secondary side of the transformers will be 
on the undertaking’s generating station switchboard, 
as will also be the complete metering equipment. 
Both the transformer windings will be provided 
with separate leakage protection and overload 
relays. The protection of the low-tension windings 
will include the protection of the low-tension con- 
nections to the switchgear. The shorter lengths 
of transmission line will be protected by a modified 
opposed voltage twin-core pilot system, relays of the 
induction type being used. Lengths of lines 
exceeding about 12 miles will be protected without 
pilots by definite impedance relays and impedance 
time relays, thus giving discrimination with very 
short clearance times. 

The area will be controlled from a central office in 
which there will be a series of panels for indicating 
the output of each selected station to the grid and 
from the grid to any other station and showing the 
primary grid voltage and wattless current. <A 
diagram will also enable the control engineer to 
ascertain the position of the main oil-switches and 
of transformer tap-changing devices at the various 
sub-stations. 

The information given by Mr. Donkin, from which 
we have freely quoted above, is based on specifica- 
tion rather that on practice, but there is no reason 
to suppose that in employment the equipment will 
not turn out satisfactorily, or that, the ‘“ grid” will 
not worthily uphold the traditions which British 
engineering has acquired for soundness in construc- 
tion and efficiency in operation. 


THE UNION OF SOUTH AFRICA. 


Tue Department of Overseas Trade has not 
issued a report on the economic conditions in the 
Union of South Africa annually, and the report by 
Mr. N. Elmslie which has just been issued (H.M. 
Stationery Office, 2s. net) covers the period from 
July, 1924, to June of the present year. While 
annual reports for the intervening periods might 
have conveyed opportune information, the appear- 
ance of the present study of a longer period has 
the advantage of reducing the effect of an individual 
year on the general significance of the figures, 
though as a fact in the four years under notice no 
strikingly exceptional year has occurred. The 
net outcome of the report is to exhibit the economic 
and commercial situation of South Africa as not 
only sound but steadily improving, and a similarly 
satisfactory impression is left by the note which 
Mr. F. Fisher, the Imperial Trades Correspondent 
at Bulawayo, contributes in regard to the trade and 
conditions in Southern Rhodesia during the year 
1927. The convenience of both documents would 
perhaps have been increased with no great addition 
to their volume if the fizures to which the writers 
refer had been presented somewhat more amply in 
tabular form. It is, for irstance, a little tantalising 
to read (page 15) of a rise in percentage from 12 per 
cent. to 15 per cent. when no statement is to be 
found of the actual amounts compared, and a 
trifling blemish of another kind is seen (page 59) 
in the description of a figure which has trebled 
itself as having increased by. approximately 300 per 
cent. While the high standard of these reports 
serves to prevent these observations from being 
hypercritical, it must be recognised that, even as 
they stand, they are valuable documents. Thecareful 
and acute analysis both of the figures and of the 
circumstances in which they were obtained leaves 
a clear impression of what the recorded facts mean, 
and readers who are interested in Dominion markets 
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will do well to study them. In substance they 
disclose large import and export markets, each of 
which has increased steadily during the period 
under review, and show signs that these increases 
are likely to be maintained for some time to come. 
Side by side, however, with this satisfactory con- 
clusion is the fact that the percentage of imports 
from the United Kingdom has in almost all lines 
been decreasing with no less steadiness, though 
mostly it still remains at a high figure, and some 
indication is given of the causes which have led to 
this state of affairs and the directions in which 
remedies should be sought. 

The order of magnitude of the quantities in 
question may be illustrated conveniently by 
a rough comparison with those for Australia, 
which have been reported annually. In round 
figures the area of the Union of South Africa is 
about one-sixth that of Australia, while each 
Dominion has about the same population, but 
whereas in Australia with trifling exceptions all 
the inhabitants are of European descent, three- 
fourths of those of South Africa are coloured. The 
imports into the Union are not far short of half 
those into Australia, while the exports are two- 
thirds of the Australian. Counting, moreover, the 
balance of invisible imports and exports, such as 
payments for shipping, banking, insurance, tourist 
and other services, the net imports are estimated 
to be at least a fourth larger than the physical im- 
ports. Reckoned, therefore, on white population 
to which practically all the stimulus to trade must 
be ascribed, the commerce of the Union appears 
to be highly developed, and in particular the import 
of machinery in 1927 was some 80 per cent. greater 
than in 1923, and that of vehicles had more than 
doubled. The regular maintenance or increase of 
imports depends, of course, on the extent to which 
exports are maintained or increased. With regard 
to these, South Africa is of course in an exceptional 
position. About half her exports consist of gold, 
and two thirds of them are minerals of all kinds, 
while of these minerals, over 95 per cent. are gold 
or diamonds. The gold industry depends on the 
intensive and economical working of low-grade ores, 
and it is thought possible that by now it may 
have reached its highest level, and in future years 
may either remain stationary or slowly decrease. 
On the other hand, the extent to which other 
minerals have been worked up to now, is out of all 
proportion small in relation to the deposits known 
to exist; and of the non-mineral exports some, 
such as wool, sugar, fresh and dried fruit, and 
wines, are thought to have a good prospect of 
considerable increase. Taking, therefore, the 
Union markets for imports as conditioned by the 
extent of its exports, there seems reason to believe 
that it has an excellent prospect for some time to 
come not only of maintaining its present position 
but of improving it. 

The chief uncertainty seems to lie in the extent 
to which the import market may be reduced by 
home production. In recent years most Dominions 
have shown anxiety to foster local manufactures, 
and both the mines and the Government of South 
Africa exhibit this tendency. The available figures 
are not sufficient to show exactly how far this has 
already affected the imports, in particular in the 
engineering industries, and to a considerable extent 
the effect of local production may be rather to 
change the nature of the imports than to cause a 
marked decrease in their amount. It is recorded, 
however, that some large developments have taken 
place recently in local manufacture. A large bolt 
and nut factory has been established, the production 
of wire has begun, a plant for making tubes is being 
completed, and a blast furnace with a capacity of 
1,000 tons of pig per week was blown in two years 
ago. Proposals, moreover, have been discussed 
for making locomotives, railway carriages and 
wagons, heavy rails, steel sheets and plates, and 
other engineering products. To some extent the 
desire to increase the volume of manufactures 
within the Union is not due to a more or less senti- 
mental desire to make the country self-supporting, 
but is based on a condition not present, for instance, 
in Australia. The mining and agricultural industries, 
though under European management, are worked 
very largely by native labour, and do not offer 











enough suitable employment to provide for the 
increase in European population. The necessary 
outlet might conceivably be found in agricultural 
production on intensive lines by small farmers 
employing the minimum of native labour, or, 
alternatively, in developing secondary and manu- 
facturing industries. Unfortunately, as the report 
points out, the two courses cannot be followed 
together. It has been held, probably with justice, 
that industries cannot be developed successfully 
in the Union without protection, involving among 
other consequences the abatement or abandonment 
of the preference to Imperial imports, and the 
effect of protection must at best be to prevent a 
reduction in the cost of living, or more probably to 
raise it. The success, on the other hand, of an 
expanded agricultural production, which has to be 
exported in competition with other countries, de- 
pends essentially on cheap costs and, therefore, 
low cost of living. It appears that the develop- 
ment of intensive agriculture has been tried some- 
what experimentally and without much success, 
while, at least for the time being, the promotion of 
local manufactures has been adopted as the Govern- 
ment policy. 

The report abstains expressly from discussing 
either the wisdom or the ultimate consequence of 
this decision, but it gives abundant material for its 
conclusions that the import market will remain 
substantial in any event, and that in most lines of it 
at the present time the United Kingdom is getting 
a much smaller proportion of it than formerly. As 
in so many other reports from overseas, this de- 
plorable circumstance is attributed mainly to price, 
and in some important measure also to the absence 
of an adequate local service and sufficient propa- 
ganda in favour of British goods. There are, 
indeed, many British firms to which this criticism 
does not apply, but there are said to be very many 
more who are losing orders which might be obtained 
if it were attended to. To study the tastes, habits 
and needs of the market, to give better salesman- 
ship, service and advertising, and to justify in 
particular higher prices by aglequate insistence on 
the advantages of higher quality, are measures 
that seem to be practised more generally by com- 
petitors than by British manufacturers. In the 
opinion expressed by this report, much trade is still 
being lost which could be retained if due attention 
were given to these matters. 








NOTES. 


THE Wor.Lp’s SHIPBUILDING AND MARINE 
ENGINEERING. 


THE statistical shipbuilding returns of Lloyd's 
Register for the quarter ending September 30, 1928, 
which have just been published, show that the 
tonnage of the merchant shipping at present under 
construction in Great Britain and Ireland is 
1,089,760. Compared with the figures for the three 
months ending June 30 last, there is a reduction of 
112,850 tons in the work in hand. Furthermore 
the present total is 446,656 tons lower than that 
of the shipping under construction at the end of 
September, 1927. During the quarter under review. 
244,591 tons of shipping were commenced in this 
country, and 387,572 tons were launched. ‘The 
vessels under construction in the shipyards of Great 
Britain and Ireland on September 30 last numbered 
234 ; of these, 160 were steamships, 60 were motor- 
ships, and 14 were sailing ships and barges. It may 
be of interest to note in passing that about 151,000 
tons of the shipping now building in this country 
are intended for owners residing within the British 
Dominions, and that about 149,000 tons are for sale 
or are for foreign shipowners. The total merchant 
tonnage under construction in other countries, 
namely, 1,431,582 is about 26,300 tons less than 
that in hand at the end of the previous quarter. 
Germany retains the leading position with 423,375 
tons, Holland is second with 191,290, France 1s 
now third with 138,362 tons and Italy occupies 
the fourth place with 132,739 tons. During the 
quarter under review, 252,989 tons of shipping 
were commenced abroad and 443,927 tons were 
launched. The total horse-power of the marine 
engines building or being installed on board vessels 
on September 30 last, amounted to 2,040,679. This 
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total, it should be pointed out, however, is not quite 


complete as the figures for steam-turbine engines 
building in Germany are not available. The steam 
reciprocating engines under construction have a 
total indicated horsepower of 414,000, while the 
aggregate indicated horsepower of oil engines in 
hand is 1,281,178. The striking progress of the 
internal-combustion engine is also indicated by the 
fact that while 63 motorships, each of 8,000 tons 
and upwards, are now under construction in the 
shipyards of the world, only 21 steamships of 
similar tonnage are being built. It should be 
pointed out, however, that in this country steamers 
still preponderate. The tonnage of these vessels 
now under construction is 588,675, while that of the 
motorships building is 497,598. Out of the total 


of 2,040,679 h.p. mentioned above, Great Britain and | 


Ireland are responsible for 846,146 h.p., Germany, 
excluding turbine engines, for 273,610 h.p., Den- 
mark, for 174,490 h.p., Italy for 132,400 h.p., and 
Holland for 124,060 h.p. In conclusion, it should be 
pointed out that the tonnage figures quoted are 
gross tons, and that no account has been taken of 
vessels of less than 100 tons gross. 


Tue MINERAL RESOURCES OF WESTERN AUSTRALIA. 

For many years the mineral exports of Western 
Australia constituted upwards of 50 per cent. of 
the total exports of the province. Since 1918, 
however, this figure has gradually dwindled down 
until it stood, in 1926, the last year for which com- 
plete records are available, at 10-89 per cent. only. 
This decline is brought about, not so much by 
increases in exports of wool, timber, and other 
products, although these have indeed a general 
upward tendency, as by the continued falling off 
in mineral outputs. This truth may best be illus- 
trated by a few figures drawn at random from 
official statistics. In 1901, the total exports were 
valued at 8,515,6237. and the mineral exports, 
exclusive of coal, at 6,920,118/.; the percentage 
of the value of the mineral exports in relation to 
the value of the total exports was 81-27. The 
corresponding figures for 1903 were 10,324,7321., 
8,727,0601., and 84-53 per cent., for 1913, 
9,128,6071., 4,608,188/., and 50-48 per cent., for 
1919, 14,279,240/., 6,236,585/., and 43-67 per cent., 
for 1922, 11,848,020/., 2,875,402/., and 24-27 per 
cent., and for 1926, 14,668,184/., 1,597,698/., and 
10:89 per cent. Thus, while the total exports 
for 1926 show an increase of some 4,000,000 pounds 
sterling over the figure for 1903, the mineral exports 
in respect of the same two years show the large 
decline of over 7,000,000 pounds. According to the 
Report of the Department of Mines of Western 
Australia, for the year 1926, this continued falling 
off in the mineral output is causing the Government 
the gravest concern. It is stated that the most 
sympathetic consideration and generous financial 
assistance is being extended, wherever possible, with 
a view to stemming the drift, stimulating production 
from existing mines, and, if possible, adding to their 
number. The chief mineral, as regards value, is 
gold, and the output for 1926 amounted to 437,343 
fine ounces as compared with 441,252 during 1925. 
The next most important mineral, from the point 
of view of quantity, as well as of value, is coal, 
and in this instance, an increase, as compared with 
the total for the previous year, has been realised. 
During 1926 some 474,800 tons have been raised, 
the value being 394,400/. ; the figures for the previous 
twelve months were, respectively, 437,460 tons 
and 363,200/. Lead and silver-lead exports have 
declined from 4,664 tons in 1925 to 4,162 tons in 
1926, and silver, from 81,226 fine ounces in 1925 
to 68,413 ounces in 1926. Exports of gypsum and 
of asbestos show slight increases, while those of tin 
have declined considerably. During 1925 copper 
ore valued at 18,2001. was exported, but, it is stated, 
that, as a result of the low price ruling for this 
metal, there was an entire absence of production 


during 1926. The Government of the State of | 
Western Australia, and also that of the Common- | 


Wealth, evidently are anxious to grant concessions 

and to give every assistance in their power to the 

mining industry. It is to be hoped, therefore, that 

all those interested in the welfare of the mines wi 

do their utmost to help the authorities by indicating 

ee in which this assistance could best be 
ndered. 


will | 


THE BRITISH ASSOCIATION AT 
GLASGOW. 


SECTION A.—MATHEMATICAL AND 
PHYSICAL SCIENCES. 


(Continued from page 450.) 
SEISMOLOGICAL INVESTIGATIONS. 


THE 32nd report of the Committee on Seismo- 
logical Investigations, presented by Professor H. H. 
Turner, of Oxford, recorded the deaths of Mr. 
| W. E. Plummer, director of the Bidstone Observatory, 
and of Dr. Emil Wiechert, director of the Geographi- 
cal Institute at Géttingen, who first investigated 
the earth as a shell of rock with a metallic core 
and invented the heavy-pendulum type of seismo- 
graph. The seismograph basement at Oxford, 
| presented by Dr. Crombie, Dr. Turner stated, had 
been completed, and the two Milne-Shaw seismo- 
graphs were being transferred to it. The Milne- 
Shaw pendulum recently set up at Entebbe, Uganda, 
| was thrown out of action by the earthquake of 
| January 6, 1928, the epicentre of which was 4-6 deg. 
|from Entebbe, but good readings of the P wave 
|were available. Denmark now had stations at 
Copenhagen, with Wiechert, Galitzin, Milne-Shaw 
and American torsion seismometers, and at Ivigtut 
and Scoresby Sound, in Greenland. The elasticity 
|of the suspension spring for vertical-component 
instruments was so much affected by temperature 
that a change of 1 deg. C. might put a Galitzin 
pendulum out of order. Experiments had, therefore, 
been made at the National Physical Laboratory 
with a spring made of Elinvar, as supplied by the 
Aciéries d’Imphy for the Strasbourg Observatory. 
This spring had yielded continually under the load, 
but the influence of the daily temperature fluctua- 
tions was almost eliminated. 

The International Summary had now printed 
earthquake records for the period 1918 to 1924. 
These records showed that on every day of those 
seven years an earthquake had occurred some- 
where on the earth, though a few shocks were 
only recorded at one station, and that in Septem- 
ber there was a sudden rise from about twenty or 
thirty monthly counts of epicentres to sixty-three, 
the maximum being reached about September 9. 
The deep-focus earthquakes did not appear to be 
concerned in this September maximum, but to have 
their own maximum in March. The hypothesis 
that the focus might lie 0-05 and even 0-1 of the 
earth’s radius below the surface was also supported 
by the recent researches of Wadati in Tokio. When 
an earthquake originated deep down, the wave, 
travelling straight through the core of the earth 
to the antipodes, would take less time than the 
wave travelling along the surface. This considera- 
tion gave for the Japanese earthquake of July 26, 
1926, a depth of 343 km., which agreed with the 
conclusions arrived at in Oxford from observations 
made at distant stations. 





THE MECHANISM OF THUNDERSTORMS. 

Dr. G. C. Simpson, F.R.S., Director of the 
Meteorological Office, opening the discussion on the 
above subject, drew attention to the different con- 
ditions of atmospheric electricity during different 
states of the weather. During fine weather, the 
potential gradient near the ground was always 
positive, of the order of 100 volts per metre, which 
signified a negative charge on the ground, and a 
positive charge in the atmosphere. During steady 
rain, the potential gradient was reversed ; the atmos- 
phere carried a low negative charge, which might, 
however, vary greatly, even in sign, to + 1,000 volts. 
During showers, and especially during thunder- 
storms, the potentials underwent rapid changes 
from positive to negative, and reached values of 
+ 100,000 volts; the negative potential predomi- 
nated. To explain this, Dr. Simpson, in 1909, 
had been able to show that when a drop of water 
was broken up in the air, a separation of electricity 
took place*. The broken-up drops of water received 
a positive charge, and the air a negative charge 
|in the form of ions, or of small water particles. 
The effect was not small, being of the order of 








| _* These experiments were made in the laboratory at 

Simla, India, by allowing drops of water to fall on to fine 
| air jets, streaming upwards, and by introducing jets of 
' water into vertical upward air currents. 





0-01 electrostatic unit for a single drop. | On these 
observations he had built up his breaking-drop 
theory of thunderstorms, by the aid of which he 
accounted for the three conditions outlined above. 

The rain drops, large and small, falling during 
a steady rain, collided with one another, generating 
more electricity, and brought a positive charge to 
the ground, leaving the cloud with a general 
negative charge, from which the drops occasionally 
collected a negative charge. Steady rains never 
produced high charges or lightning, because one 
factor, the vertical component of the air currents, 
was missing. Such currents existed in thunder- 
storms. Only large drops could fall with a velocity 
of 8 m. per second, when the air was still, and these 
drops were unstable and broke up rapidly. Thus 
water would accumulate in a cloud over an ascending 
current of 8 m., or more, per second, and could fall 
only over the edge of the current when transferred 
to it. The accumulation of the charged water 
took place in the relatively small regions of separa- 
tion, while the negative charge was distributed widely 
through the cloud, but the regions of separation 
were unstable, so that positive and negative charges 
became mixed. In the cloud, the currents were 
vertical, but near the ground they were flowing less 
steeply towards the approaching cloud. Dr. Simp- 
son’s diagrams explained these relations, which the 
study of lightning discharges and potentials sup- 
ported. Lightning always started in a positively 
charged part of the cloud as a strong line branching 
and ending in the negatively charged part or in the 
ground. Discharges starting from the ground and 
branching upward were rare and violent. C. T. R. 
Wilson, and others, considered the cloud to be 
positive in its upper part and negative in its lower 
part, contrary to Dr. Simpson’s views; but they 
relied on measurements of the field changes caused 
by lightning which gave no information about the 
polarity of the cloud. The breaking-up theory 
was capable of explaining the phenomenon qualita- 
tively and quantitatively. No other method that 
could be tried in the laboratory had been suggested. 

Mr. C. T. R. Wilson, to whose studies of thunder- 
clouds near Cambridge and on the Karroo in South 
Africa we referred on page 491 of our issue of April 22, 
1927, considered that atmospheric potential gra- 
dients associated with thunderclouds were most 
naturally interpreted on the view that the rain 
drops carried negative charges and the smaller par- 
ticles positive charges, the cloud being thus of posi- 
tive polarity. The fall of the negative drops (relative 
to the small particles) caused the accumulation of a 
positive charge above and a negative charge below. 
The fact that the upper atmosphere was highly 
ionised, and that point discharges from the ground 
occurred (to which Dr. Simpson attributed no im- 
portance) accounted for the unequal dissipation of 
the originally equal charges. Mr. Wilson considered 
a thundercloud of the simplest type, in which the 
discharge was internal, and deduced the order of 
magnitude of moment, quantity of discharge, field 
magnitude, rate of separation, vertical current, &c. 
from the changes in potential gradient due to the 
discharge in a distant cloud of this type. To 
explain the origin of a negative charge on rain 
drops, he suggested a process which, like that of 
Elster and Geitel, required the pre-existence of an 
electric field. A drop suspended in a field of a 
positive gradient would acquire a negative charge, 
if the upward velocity of the air stream relative to 
the drops exceeded the downward velocity of the 
positive ions relative to the air. 

A summary of Professor E. V. Appleton’s contri- 
bution was given, in his absence, by Mr. Watson 
Watt. The evidence collected near Cambridge, 
Aldershot, Khartoum and Helouan, indicated that 
thunderclouds were most frequently bipolar, with 
the positive charge uppermost. The resultant 
moment was positive, so that the thundercloud 
acted like a battery, sending positive electricity 
to the upper conducting layer and negative to the 
ground ; this would agree with Wilson’s theory of 
the maintenance of the earth’s charge. At King’s 
College, London, Professor Appleton was now 
making a special study of multiple discharges and of 
the ratio of negative to positive field changes, which 
suggested a difference between English and tropical 
storms, probably because discharges to the ground 
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were much more frequent in England than in the 
tropics where mutual discharges within the cloud 
predominated. 

Dr. B. F. J. Schonland, of Capetown University, 
said that his observations of electric fields in South 
Africa did not lend support to Simpson’s type of 
cloud. The most common sudden changes, viz., 
flashes within the cloud, started from considerable 
heights, of about 7 km. above ground, and caused a 
downward movement of positive electricity, while 
the downward flow of negative charges between the 
cloud-base and the ground was rare. In Simpson’s 
view, every drop in a cloud should break up once a 
second. Wilson’s separation of large and small drops 
under the force of gravity was more probable, and 
would give a cloud of positive polarity of the right 
order. 

Speaking on his own behalf, Mr. R. A. Watson 
Watt, of the Radio Research Station, Ditton Park, 
remarked that the principal difficulty was the total 
inadequacy of experimental data. Estimates of 
moments destroyed in lightning discharges, based 
upon Wilson’s measurements at 35 km. from the 
discharge channel, and upon the electric and the 
radiation field changes at distances ranging from 
100 to 600 km. from the channel in British storms, 
and at 100 km. in the Sudan, all gave moments of 
the order of 10!” electrostatic units. The maxi- 
mum discharge of current observed in the Sudan 
was 50,000 amperes. The direction of the current 
immediately before this charge was down to earth. 
When, in tropical storms, positive electricity 
moved downwards from the upper air, the flashes 
were brief, and not brilliant; their direction was 
determined by their azimuth displacement in the 
earth’s magnetic field. Negative downward flashes 
were brilliant, and lasted several seconds. Recent 
photographs, taken by Parkinson in Peru, also fitted 
in with Simpson’s views. Aurally, a brief click 
simultaneous with the flash and a long series of 
sounds could be distinguished. Mr. Watson Watt 
also referred to Wigand’s balloon observations of 
the high electric fields found before a storm definitely 
developed. The highest potential surges seemed to 
be produced by negative discharges from the cloud 
to the earth. 

Professor J. J. Nolan, of Dublin, said that the 
operation of the Lenard effect, in the manner 
proposed by Dr. Simpson, appeared to supply the 
only mechanism competent to account for the 
separation of the electricities. Other agencies might 
play a subordinate part. A rain drop might, in an 
intense electric field, begin to discharge from its 
negative end; the negative ions would be carried 
upwards by the air and increase the negative charge 
above and decrease the positive charge, thus 
strengthening the Simpson effect. 


ATMOSPHERICS. 


Reviewing the present state of our knowledge 
on atmospherics, Mr. R. A. Watson Watt defined 
an electric discharge as consisting essentially in 
the destruction of electric moment, measured by 
the product of the quantity of electricity and the 
height through which it moved. The net change 
of field produced by this destruction had been 
studied with the aid of the cathode-ray oscillograph. 
He also discussed the shapes and magnitudes of 
8,000 atmospherics, delineated by an eye and hand 
method in south-eastern England, and of other 
groups from Khartoum and Western Australia. 
In most of these, the form was aperiodic, and no 
reversal of voltage reaching 4 millivolts per metre 
could be measured. The mechanism by which these 
aperiodic forms were produced, whether by wide 
separation in time of the periods of acceleration 
and deceleration in the original discharge or by 
selective dissipation, was not yet understood. Inci- 
dents in the propagation, rather than peculiarities 
at the source, might be responsible. The perio- 
dicities of atmospherics were not of the same 
order as those used in wireless signalling. The fine 
structures superposed on some wave forms had a 
wave-length of 4,000 m. and a peak field strength 
of 10 millivolts per metre, about 4,000 times as 
strong as that required for signalling by waves of 
the same frequency. 

Small negative peaks were much more numerous 
than positive in morning and evening hours, but 


owing to stronger peaks (above 30 millivolts) the 
positive predominated. The direct counting of 
these peaks became impossible below 5 millivolts, 
when the changes were too rapid, but estimates 
were possible, and those, made first on a cruise in 
tropical seas, gave alarmingly high figures. As 
many as 250 minor peaks per second had been 
observed at Helouan, at 18 hours G.C.T. (the num- 
bers varied with the time of the day), and up to 
1,500 peaks were frequent during the dark hours at 
Khartoum. Observations of even 3,600 peaks per 
second had been confirmed by listening in the tele- 
phone. Occasions of absence of atmospherics of con- 
siderable voltage were rare, and this would account 
for the acute disturbance of wireless signalling in 
the tropics, and the inadequacy of anti-atmospheric 
devices. Directional observations had been con- 
ducted at Aboukir for three years by aural 
methods and automatic recorders. Throughout 
the year, a predominant stream of atmospherics 
arrived there about noon G.C.T. from nearly 
due south; the stream would swing round 
through the west in the afternoon, and by 5 p.m. 
would begin to come from north-east. Mr. Watt 
exhibited a wire model and a large world map to 
illustrate the sources of atmospherics, in addition 
to his numerous curves and tables. The source 
travelled with the sun, and was mainly from moun- 
tain areas; no atmospherics were produced over the 
Pacific. The older methods of individual source 
determination had often been misleading. Last 
summer, visual direction finders had been put up 
at the Radio Research Station and at the Post Office 
wireless station at Cupar, and the two stations, 
500 km. apart, had been put in direct telephonic com- 
munication. Excellent results had been obtained by 
the Meteorological Institute of the Soviet Union. In 
July, 1927, for example, a source had been connected 
with a thunderstorm at Tiflis, and the 10 kilocycle 
intensity component of atmospherics, radiated 
from thunderstorms 3,000 to 5,000 km. distant, 
was found to vary according to the inverse-square 
law. Throughout the year, the principal maximum 
of atmospherics fell near noon, and the mini- 
mum between 10 and 12 hours, local time. The 
falling off of disturbances after midnight might 
be connected with the non-production of atmo- 
spherics over the Pacific. When the rate of change 
in the vertical component of the earth’s magnetic 
field was high, the atmospherics increased to four 
times their normal value. 


MAGNETIC STORMS. 


Mr. A. H. R. Goldie dealt, in a paper on the 
above subject, with conclusions drawn from the 
magnetic records of the Meteorological Office Obser- 
vatories at Lerwick in the Shetlands, at Eskdale- 
muir in Dumfriesshire, and at Abinger in Surrey. 
In certain parts of a magnetic storm, he said, 
the displacement of the vertical component at 
Lerwick was opposite to the displacement farther 
south, and this might be due to an electric current 
system high up in the atmosphere at altitudes 
ranging, in different cases, from 100 to 800 km. 
Tn 1926, this system was probably located between 
Scotland and Iceland, and the current strength in 
it rose to 500,000 amperes, and in one case even to 
3,000,000 amperes. During all the magnetic storms, 
the resultant of the electric system was diverted 
roughly from W.S.W. to E.N.E. during the after- 
noon and evening. After midnight, the current 
direction was reversed, but the strength and alti- 
tude were of the same order. The position of the 
systems seemed to be connected with the auroral 
area and the track of the great cyclone of the 
northern hemisphere. The system was _ possibly 
induced by the horizontal drift of a conducting 
atmosphere across the earth’s magnetic field, or by 
a temporary increase in the conductivity of the 
upper atmosphere, which was subject to diurnal 
variations. 


(To be continued.) 





AMERICAN AUTOMOBILE INDUSTRY.—<A confidential 
report on the production, &c., in the more important 
units of the American automobile industry has been 
prepared by the Department of Overseas Trade, 35, Olc 
Queen-street, London, S.W.1. United Kingdom firms, 


desirous of receiving a copy, should communicate with 
the Department at the above address, quoting reference 





number A.X.6945. 





THE MAENTWROG HYDRO-ELECTRIC 
DEVELOPMENT OF THE NORTH 
WALES POWER COMPANY. 


THE water-power available in this country is 
generally distrituted in such small units, and is also 
located in districts so remote from the established 
industrial areas, that, except in a few cases, it has 
remained largely undeveloped for the public supply 
of electricity. The passing of recent legislation, 
by envisaging the interlinking of appropriate water 
powers with the national transmission system, is, 
however, already bringing about a change in these 
conditions. It is, therefore, pertinent that attention 
should be drawn to an important exception to the 
rule we have just mentioned, where water-power 
has been used on a comparatively large scale for 
generating a public supply of electricity for nearly 
a quarter of a century. The undertaking referred 
to is that of the North Wales Power Company, 
Limited, a concern which, as long ago as 1904, 
was authorised to supply electricity in bulk and 
for power purposes in the counties of Caernarvon, 
Merioneth, Anglesey and part of Denbigh. For this 
purpose, a station was built at Cwm Dyli, Bedd- 
gelert, with an initial output of 4,000 kw., the operat- 
ing head being 1,130 ft. The capacity of this 
station is now 5,500 kw., which represents the total 
amount of power which can be drawn from the 
catchment area, and some 8,000,000 kw.-hours to 
10,000,000 kw.-hours per annum is supplied from it. 

At first, the power company’s consumers were 
mainly quarries in the neighbourhood, but, after the 
passing of the Electricity (Supply) Act of 1919, a 
scheme was appreved for extending the area of 
supply to a total 4,080 square miles, covering 
not only the coast towns of North Wales, such 
as Llandudno and Colwyn Bay, but important 
industrial centres such as Crewe, Mold, Nantwich, 
Oswestry, Ruabon, Sandbach and Wrexham. To 
meet the increased demand thus arising, it was 
decided to erect a hydro-electric station at Maent- 
wrog, near Portmadov, as well as the necessary 
main transmission lines for the supply of the area, 
and in the meantime to take a supply in bulk from 
the hydro-electric station of the Aluminium Cor- 
poration at Dolgarrog and from the steam station 
of the Mersey Power Company, Limited, at Runcorn. 
Though this co-operative arrangement will continue 
in force, the completion of the Maentwrog station, 
which was formally opened by Mrs. Wilfrid Ashley, 
wife of the Minister of Transport, on Monday, 
October 15, will naturally modify the quantities of 
electricity drawn from the various sources, and will 
place the North Wales Power Company in a favour- 
able position to perform the additional duties 
imposed upon it by the North West England and 
North Wales Electricity Scheme.* 

The Maentwrog development, for which Messrs. 
Sir Douglas Fox and Partners acted as consulting 
engineers, is, as shown on the map, Fig. 4, on the 
opposite page, situated in the valley of the Afon Pry- 
sor, which joins the Afon Dwyryd, near the village of 
Maentwrog, Merioneth. No lake was available for 
the formation of a reservoir, so that the necessary 
storage capacity has been obtained near the village 
of Trawsfynydd by constructing four dams across 
the outlets to the valley in the positions shown in 
Fig. 4. The reservoir thus formed will impound 
the water from a catchment area of 23 square miles, 
with altitudes varying from 650 O.D. to 2,800 0.D. 
In future, it is possible that additional leets may 
be constructed, and thus enable the drainage from 
other catchment areas to be diverted into the 





reservoir. Fortunately, the catchment area now 
| being developed is, for the most part, on steep and 
| rocky slopes, which, in conjunction with an annual 
| rainfall of 70 in. to 110 in. continuously distributed 
| throughout the year, will give a high percentage 
‘run-off. The present capacity of the reservoir 1s 
1,200 million cub. ft., the length being 3 miles, 
‘with a maximum width at one or two points of 
| 1} miles. The impounding of the water in this way 
| has necessitated the purchase of certain lands and 
| buildings, as well as the diversion of the Dolgelly- 
| Festiniog main road and numerous foot paths. 
As will be seen from Fig. 4, it has been necessary 
| to construct four dams in all. Three of these. 


* See ENGINEERING, vol. cxxv, page 811 (1928). 
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THE MAENTWROG DAM; NORTH WALES POWER 


MESSRS. SIR DOUGLAS FOX PARTNERS, CONSULTING ENGINEERS, WESTMINSTER. 
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those known as the Trawsfynydd, Hendre’r-mur 
and Gyfynys dams, are simple cut-off dams, being 
constructed, on solid rock foundations, of 6 to 1 
concrete with an 18-in. face of 4 to 1 concrete on 
the upstream side. The outer faces of these dams 
have a slope of 7 to 10, and are stepped so as to 
facilitate the raising of the crest, should it be 
hecessary at a later date to increase the amount of 
water impounded. The top of the wave wall in 
all three cases is at a level of 658 O.D., the water 
level being 652-25 0.D. A view of the Maentwrog 
dam under construction is given in Fig. 1, page 492, 
while its present appearance, from the down and up- 
stream sides, respectively, is shown in Figs. 2 and 3. 
(To be continued.) 








THE DEGREASING OF METALS. 

WE gave, on page 611 of our issue of May 20, 1927, 
‘n account of the degreasing of parts of machinery by 
meas of trichlorethylene, as practised in the railway 
Tepair shops at Grunewald, near Berlin. This cleaning 
substance, it will be remembered, is a liquid having a 
na gravity of 1-47 and a boiling point of 87 deg. C. 
formula (C,HCl,) and its smell resemble those of 
loroform ; it is an excellent solvent for greases, oils, 
ats, resins, and other organic substances, and its chief 
merit is that it is non-inflammable and non-explosive. 
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The firm of Dr. Alexander Wacker, G.m.b.H., of 
Munich, have recently placed on the market a closed 
rocking metal-cleaning apparatus, and an open-dipping 
equipment, for use in connection with trichlorethylene. 
The English concessionaires are Messrs. F. S. Bayley, 
Clanahan and Company, 1, Dickenson-street, Manches- 
ter, and Messrs. Petri Brothers, Limited, 24, Minories, 
London, E.1. Recently, we had an opportunity of 
witnessing the open-dipping apparatus in operation at 
the offices of Messrs. Petri Brothers. The apparatus 
seen by us was for demonstration purposes, and was of 
relatively small size. It, nevertheless, embodied all the 
features of the larger cleaners intended for commercial 
use, the capacity of which ranges from 4 gallons to 
35 gallons. The open-dipping apparatus consisted 
essentially of a rectangular sheet-iron tank, the lower 
half of which was divided into two equal compart- 
| ments, each filled with trichlorethylene. The commer- 
i cial cleaners contain three compartments. Arranged 
around the four walls of the upper portion of the tank 
was a cooling-coil system, through which passed a 
constant stream of tap water. A methylated spirit 
burner, placed underneath the tank, was used for 
warming the solvent, but, of course, gas, electricity or 
steam may be employed as the source of heat. The 
vapours rising from the heated solvent are condensed 
in the region of the cooling coils, and drip back into the 
| tank by way of an inclined channel placed under the 
lowest pipe of the coil. 

| The cleaning procedure is conducted in the following 
‘manner: The objects to be degreased are placed in a 











perforated tray fitted with a special holder; the tray 
is dipped for a few moments in the left-hand bath of 
the solvent and then again in the right-hand bath. In 
this manner, the right-hand bath is maintained relatively 
clean and acts as a rinser for the articles. After 
removal, the tray is supported for a short time in the 
upper portion of the tank, in the vicinity of the cooling 
coil. Upon being lifted out of the apparatus, the parts 
are seen to be quite dry and perfectly clean. When the 
solvent becomes too dirty for further use, it is drawn off 
by means of a tap, and is recovered by distillation. 
The closed machine, to which reference has been made 
above, embodies, we understand, a rocking sieve basket 
and a sniall recovery plant for trichlorethylene. Three 
capacities are available, namely, 10, 23, and 36 gallons. 
|The open apparatus, however, is easy to operate and, 
|it is pointed out, may be worked by a boy or other 
unskilled labour. 








DIESEL-ELECTRIC RAIL CAR FOR 
THE PAMPLONA - SAN SEBASTIAN 
RAILWAY. 


Tue fact that a Spanish railway is adopting a form 
of traction which is of comparatively recent origin, 
and which is claimed to be the most economical power 
unit extant on railways, would seem to indicate not only 
that Spain is no longer content to be stigmatised as 
backward as regards her transport system, but that 
the depression under which the railway industry now 
labours is not confined to Great Britain. As one of the 
first steps in the new policy, in which the Spanish 
Government participate by affording financial assist- 
ance as well as expert advice, the secondary railways of 
that country are to be placed on a sounder commercial 
footing. A beginning has been made by the ordering 
of a number of Diesel-electric locomotive cars from 
Messrs. William Beardmore and Company, Limited, 
London and Glasgow, for the Pamplona-San Sebastian 
Railway. We were able to inspect the first of these 
cars recently, and now give some account of it, with the 
aid of Figs. 1 to 6, pages 498 and 499. 

The car is 49 ft. 34 in. over the buffers, and has two 
four-wheel bogies. The engine is capable of developing 
200 b.h.p., which is transmitted electrically to a geared 
driving motor on each axle. Accommodation is pro- 
vided in the car for 32 passengers, but it will normally 
run with two trailer cars of the railway company’s ordi- 
nary stock. The train thus made up is operated in a 
similar way to an electric train, that is to say, the 
locomotive car can be run with either end foremost, 
and is driven through a controller of the normal tram- 
way type. Terminal working is thus simplified, and 
the unit itself can be used for suburban traffic, apart 
from its general employment as a tractor on the local 
lines. Further, two of the cars can be coupled together 
when required, and can be worked by one man only. 
The power unit, consisting of a Beardmore quick- 
running oil engine driving a direct-current generator, 
is fully automatic and iselectrically controlled. When 
the car is stopped in a station, the engine runs at an 
idling speed of about 600 r.p.m., but when the train 
is started this can be increased, up to about 1,200 
r.p.m., according to the power demands, the change 
being made from the master controller. 

Before considering the car in more detail, some notes 
on the line itself may be useful. Pamplona is situated 
in the interior of one of the most northerly of the 





Spanish provinces, viz., Navarra, while San Sebastian, 
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as is well known, is on the coast. Between the two 
towns is a portion of the Pyrenees, which mountains 
have to be crossed at an altitude of over 2,000 ft. 
above sea level, and which impose a somewhat tortuous 
route on the track, the total length of this being 
91-5 km. (56°82 miles). The gauge is 1 m. (3 ft. 33 in.) 
single track, and curves as sharp as 25-5 m. (83°6 ft.) 
radius are met with, some of them being situated in 
tunnels cut through the solid rock. These curves, 
together with the necessarily stiff gradients and atmo- 
spheric conditions due to altitude and climate, impose 


severe restrictions on the running of the train. In| 
descending, continuous braking has to be resorted to. | 


Tractive difficulties, such as those due to the presence 
of ice in winter, are met by fitting a motor to each 
axle. The maximum speed on the level is 50 km. 
(31-07 miles) per hour, with a load of about 65 tons, 
of which 36 tons is accounted for by the two trailers. 
The maximum speed at the end of a descent from 
the high levels is 40 km. (24°85 miles) per hour. 
The line, up till the present, has been worked by seven 
steam locomotives, these engines being also used for 
goods trains. Itis expected, from the results of experi- 
ence with the Beardmore Diesel-electric drive in 
Canada, that fuel costs will be reduced, and that the 
charges involved in labour, in water, and in shed service 
will also be lowered. A greater degree of regularity 
and punctuality ‘n the service is also anticipated. 
There are some 14 intermediate stations between the 
two termini, and it is only at these that the line is 
double tracked. The service is consequently arranged 
so that the trains pass at stations. From Pamplona to 
San Sebastian, the total time for the whole journey is 
a little under 3 hours. In the reverse direction it is 
3} hours. 

The general appearance of the car is shown in 
Fig. 3, and the lay-out in Figs. 1 and 2, from which 
the leading dimension: may also be gathered. The 
body and underframe have been constructed by 
Messrs. Clayton Wagons, Limited, Lincoln, as sub- 
contractors to Messrs. Beardmore. At each end is 
a driving compartment containing the master con- 
troller, brake gear and instruments. The look-out 
window is provided with an _ electrically-operated 
wiper. The engine compartment contains the power 
unit and the switchgear. Next to this is a luggage 
compartment, with double doors in the sides opening 


outwards, and then comes the third-class compart- | 


ment seating 20 passengers. This has a door on 


each side and is finished in pitch pine with benches | 


of the garden-seat type. A lavatory for both 


classes of passengers adjoins this compartment. The | 
first-class passenger compartment will seat twelve | cycle, simple fluid-pressure injection type. 
passengers. It also has two side doors. It is finished | appearance and relatiun to its auxiliaries in the engine 


PMs — a — > e — — - - — — - - - -- - 







Luggage 
Compartment 





ENGINEERING. 





[OcT. 19, 1928. 





BEARDMORE AND COMPANY, LIMITED, 










RAILWAY. 


---10-8 ——-—-—-—-—-——~- 








een Hae 29'0% Bogie Centres 
46-6°% Length over Headstocks 





\ 


To Seat 18:20 


O 
\ BE 


















To Seat 12 #*Class 









9° 


“ENGINEERING 





| 
| 








in polished mahogany with sprung and padded seats 
upholstered in repp. Racks are fitted in both compart- 
ments for light luggage, and ample electric lighting 
is provided throughout. Metal-framed windows of 
polished plate glass, with lowering gear, are fitted at 
each window opening in the car. Torpedo ventilators 
are provided in the roof. Heating is by electric radiators. 

The body and underframe are constructed as a 
combined unit,composed of mild-steel sections of British 
standard profile, while the sides and roof are of mild steel 
panel plates of charcoal finish, hydraulically stretched 
and flattened. The bogies are of the swing bolster 
type, with wheels having rolled-steel disc centres. The 
axle-boxes are of cast steel, with bronze bearings lined 
with white metal, and are arranged for oil lubrication. 
Helical springs are fitted in the bolster and a laminated 
spring, with an auxiliary indiarubber spring at each 
end, over each axle-box. The buffing and drawgear 
conform to the railway company’s standards. The car 
is provided with vacuum brakes, with an auxiliary screw 
hand brake. The brake pressure is 90 per cent. of the 
tare weight of the car. The sanding gear is vacuum- 
operated. A rotary type exhauster for the vacuum 
|system is driven from the main engine. The total 
| designed weight of the car, when fully loaded, is 
29 tons, giving an axle load of 8-3 tons at the engine 


4 





|end and of 6-2 tons at the other end. It will cover 
|115 miles without renewal of fuel or lubricating oil 
| supplies. 

The engine is Messrs. Beardmore’s six-cylinder, four- 
Its general 











Fia. 3. 


compartment is shown in Figs. 4, 5 and 6, on the opposite 
page. The cylinders are 6} in. in diameter by 9 in. stroke, 
and the engine develops 200 brake horse-power when 
running at 1,200r.p.m. The extensive use of steel in con- 
struction results in a reliable engine with the low weight 
of only 21 Ib. per horse-power. The steel crankcase 
casting is bored out to receive the cylinder liners, also 
of steel, which have a common water jacket round 
them. It carries the crankshaft bearings and is bolted 
to an alloy-steel casting which forms the oil sump, and is 
coupled at one end to the electric generator, and on the 
underside to the car sills. The crankshaft terminates 
in a coupling which carries the flywheel and is attached 
directly to the generator armature. The main bearings 
are white-metal lined and are lubricated by a continuous 
pressure oil system, as also are both ends of the 
connecting rods, which are steel forgings oanekay 
balanced. The pistons are forged from a_ specia 
aluminium alloy and are machined all over. Each 
carries four cast-iron packing rings and a scraper ring. 
The cylinder heads are of cast iron and are water- 
cooled. Each head carries a central automatic spray 
atomiser, with two exhaust and two inlet valves 
symmetrically disposed about it. Compression release 
is obtained by lifting the inlet valves. The valves are 
actuated by rocker levers from two camshafts, by means 
of pull rods and valve levers mounted on the oylem 
heads. The valve gear is entirely enclosed by a lig : 
aluminium cover. The camshaft gear drive is containe 
in a detachable end casing on the crankcase. This 
casing also houses the gear-wheel spindles for driving 
the cooling-water and oil-circulating pumps, the rotary 
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exhauster, &c. The fuel pump has three plungers, one 


| 
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The engine is started by the temporary conversion of 


for each two cylinders, with a primary pump to maintain | the generator into a motor, current being supplied from 
a low pressure on the suction side of the fuel pump. | a storage battery situated below the underframe and 
A switch valve, interposed between the delivery side of | serving also the purposes of train lighting and supplying 
the fuel pump and the atomiser, is used to time the | current for the control apparatus. As has already 
injection and control the engine output by varying the | been stated, the generator, supplied by Messrs. The 
eflective pump delivery stroke, any excess oil being | English Electric Company, Limited, Kingsway, W.C.2, 
delivered back to the fuel tank through a by-pass | has its armature coupled direct to the crankshaft of the 


device. The governor is of the totally-enclosed type, 
and an automatic overspeed cut-out gear is also fitted. 

The water-circulation system is closed. After 
passing through the cylinder jackets and heads, the 
water passes through a tubular radiator at the side of 
the engine compartment. This is cooled by two belt- 
driven ventilating fans. The air supply is regulated, 
according to the temperature of the atmosphere, by 
adjustable louvres in the body panelling of the car. 
A similar, but smaller, radiator is used to cool the 
lubricating oil. The oil is drawn from the storage tank 
by the pump at the gear-case end, passed through filters 
and thence through the crankshaft to the journals and 





crank-pins and to the top end bearings, as well as to the | 
| overloading or stalling of the engine impossible. 


camshaft bearings. All the oil on its return to the crank 


well is extracted by a second pump, and forced through | 


further filters and the cooling radiator, just mentioned, 
to the storage tank at the side of the car. 
valves are arranged on the water and lubricating-oil 


engine. There is therefore only one bearing on the 
generator, which bearing is situated at the end remote 
from the engine. The armature shaft extends beyond 
this, the overhung part so formed carrying the exciter. 
The generator has a shunt field, which is excited from 
the battery or the exciter, according to the speed of 
the engine, and a de-compounding series winding 
carrying the main current and opposing the action 
of the shunt field. Using this device, the voltage 
varies in such a way that, as the current demand on 
the generator decreases, the voltage increases, while 
the power output is maintained substantially con- 
stant over a wide range of operating conditions. The 
variation of voltage is entirely automatic and renders 


The generator is designed to give a maximum output 


| of 135 kw. at an engine speed of 1,250 r.p.m. Ventilation 


Monitor | 
| This draws air in at the commutator end and expels 


circulating systems. These valves are fitted with elec- | 
trical contacts, which light up warning lamps in the | 


driving cabs in the event of a failure of either of the 
Systems. The exhaust is discharged through straight 
vertical pipes fitted with a silencing device and 
passing through the roof of the car. 


| for charging the battery, energising the main generator 





is effected by a fan bolted on to the engine flywheel. 


it at the engine end. 

The smaller separately excited generator, termed the 
exciter, has a level compounding winding, designed to 
maintain the voltage substantially constant at all 
loads with a given engine speed. It supplies current 
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shunt field, and for operating the control-gear. It also 
supplies current for lighting, the heating current 
being taken from the main generator. The exciter 
is designed for an output of 4-5 kw. at 75 volts, with 
an engine speed of 1,250 r.p.m. When the engine is 
running at its idling speed, the auxiliary loads are 
supplied from the battery, which consists.of 30 cells 
with a capacity of 140 ampere hours on a 5-hour 
rate of discharge. It is connected to the exciter for 
charging purposes through an automatic relay and 
contactor, when the exciter voltage is suitable. The 
battery was supplied by Messrs. D. P. Battery Com- 
pany, Limited, Bakewell. The four traction motors made 
by Messrs. The English Electric Company, Limited, are 
of the self-ventilated type. with an output of 50 h.p. 
each on a 1-hour rating at 500 volts. They are spring 
suspended and are geared to the axles with a ratio 
of 70 to 14. The motors are connected permanently in 
parallel, through four motor cut-out switches and 
the circuit breaker, so that the full voltage is applied 
across each motor. 

As will have been already gathered, the speed 
of the train is controlled by varying the speed of the 
sngine and by shunt field control of the main generator. 

he main control gear is mounted on a framework 
situated above the generator which, after disconnecting 
the leads, can be removed bodily by taking out a few 
bolts. This control gear is operated from the master 
controllers in the cabs. Three running notches are 
provided, of which the first two vary the engine speed 
and the third increases the shunt field current of 
the generator. A standard solenoid-operated reverser 
determines the direction of the train. Smooth starting 
of the train is obtained by means of a contactor in 
the main generator field circuit, which is energised only 
after the main circuit is closed. Owin g to the short 
length of track available for testing purposes, we 
were not able to see the power unit working con- 
tinuously at full speed. It ran, however, very 
satisfactorily at lower speeds, and, during the s hort 
periods when full speed was reached, the absence 
of troublesome vibration was noticeable. The accele- 
ration rate is $ mile per hour per second, up to a 
speed of 25 miles per hour. 


CANADA’S SECOND STEEL AND 
POWER SHOW. 


THE Second Steel and Power Show was held at 
the University of Toronto Arena from September 4-7, 
and was very similar in character to the first show 
described in our issue of September 23, 1927, with the 
exception that the exhibits were larger and more 
numerous. The 75 exhibitors may be classified roughly 


under the following headings :—Steel and metals, 12 ; 





boiler, heating and power equipment, 29; electric 5; 
tools and general mechanical engineering 11; miscel- 
laneous 18. 
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Among the English firms in the first class were Messrs. 
Thomas Firth, Limited, Edgar Allen & Company, 
Limited, Wm. Jessop and Company, Limited, and 
Sanderson Brothers and Newbould, Limited, all of 
whom displayed samples of their steels and various 
tools, forgings, &c., made from them. In the second 
class, Messrs. Laurie and Lamb, Montreal, showed photo- 
graphs of engines, compressors and turbines made 
by Messrs. Belliss and Morcom, Limited, and Messrs. 
Ruston and Hornsby, Limited, respectively. It is 
interesting to note that the latter firm has succeeded 
in obtaining an order for two engines for the Robert 
Simpson Company. These will be the first Diesel 
engines to be installed in Toronto. The same exhibitor 
also showed the Arca regulator in both the diaphragm 
and cylinder-operated form. 

Electrical firms were represented by the Lancashire 

Dynamo and MotorCompany. Holman Bros., Limited, 
showed a petrol-driven portable air compressor, which 
was remarkably free from vibration, and the Hans 
Renold Company had an interesting chain drive display 
with a speed reduction of 3,400 to 1. 
“Among Canadian and American firms the exhibits 
of the Algoma Steel Corporation, Limited, of Sault 
Ste. Marie, Ontario, and the International Nickel 
Company, of New York, were outstanding. The 
former, originally a rail mill only, now manufactures 
steel for all the S8.A.E. specifications, and is claimed 
to be the only concern in Canada producing alloy 
steels. The new coke ovens produce 19,000 tons of 
coke per 24 hours, and the furnace output is 1,600 tons 
of iron per day. The International Nickel Company 
showed specimens of nickel steel forgings, and con- 
siderable prominence was given to examples of nickel 
cast-iron. The advantages of the latter material are 
being pressed very strongly in Canada at the present 
time. 

Underfeed stokers were shown by the Detroit Stoker 
Company and the Riley Engineering and Supply 
Company, Limited, Toronto. The latter company 
exhibited the “Gloworm”’ stoker, which is a very 
small worm-fed unit with integral motor drive. The 
arrangement is neat and compact. Heating and 
ventilation are naturally important subjects in Canada, 
and this branch of engineering was well represented at 
the Show. Messrs. C. A. Dunham and Company, 
Limited, of Toronto, Messrs. Crane Company of 
Canada, Montreal, and Messrs. Arthur S. Leitch 
Company, Limited, Montreal, showed steam traps and 
other heating accessories. Messrs. Leitch’s exhibit 
also contained vacuum pumps and working models 
of heating systems showing the principles upon which 
their specialities operate. The Crane Company 
exhibited a 6-inch steam valve with cast-steel body 
and stainless steel fittings suitable for pressures up to 
900 Ib. per square inch, and temperatures up to 750 deg. 
F. They also showed a gate valve with special U 
tube bye-pass specially designed to avoid temperature 
stresses. 

Pyrometers and meters were shown by the Bristol 

Company, of Waterbury, Conn., the Bailey Meter 
Company, of Cleveland, the National Meter Company 
of Canada, Limited, and others. Special mention must 
be made of the small recording ammeters and volt- 
meters shown by the Bristol Company. These are 
specially designed for automatic substation working, 
and have a weekly chart indicating the duration and 
intensities of peak loads in each block of buildings 
served. There are three ammeters and one voltmeter 
for each feeder, and the small size (8 in. by 10} in.) 
make these instruments specially suitable for small 
panels. Necessary adjustments can be made on the 
job. 
: Refractory materials and furnaces were exhibited 
by a number of firms, and such details as pipe joints, 
welding apparatus aad small tools were well repre- 
sented. No large machine tools were shown. An 
interesting exhibit was that of the Electro Chemical 
Pattern and Manufacturing Company, of Detroit, 
Mich., comprising copper patterns, core boxes, cope 
and drag plates made by electro deposition. These 
are claimed to be more accurate and less costly than 
ordinary metal patterns. 

There were several chemical exhibits, chiefly in 
connection with feed -vater treatment, and the 





Industrial Accident Prevention Association had a dis- 
play consisting of a model hospital and emergency | 
dressing station, designed in accordance with the | 
regulations of the Workman’s Compensation Board of | 
Ontario. The Safety Supply Company claims to be 
able to supply all appliances necessary for safety of 
operation in any industrial plant and exhibited several | 
ingenious appliances to support this claim. The 
Bakelite Corporation of Canada, Limited, Toronto, 
exhibited numerous forms of moulded bakelite, includ- 
ing a half skull specially made for a workman who met 
with a serious accident in Ontario some months ago, 
and whose skull had to be partly cut away. It was 
replaced by a bakelite substitute. 

There were technical sessions every afternoon and 
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evening, the following being some of the subjects 
discussed :—Silicon Structural Steel, by Mr. H. T. 
Morris, of the Bethlehem Steel Company; Metallurgy 
of Aircraft Manufacture, by Mr. H. C. Knerr, of 
Philadelphia ; Standardisation, by Mr. B. S. McKenzie, 
of Ottawa; Principles Involved in Boiler Tests, by 
Professor McKergow, of McGill University; Diesel 
Engines, by Professor Allcut, of Toronto University ; 
Alloy Steels, by Mr. C. McKnight, of the International 
Nickel Company. 

At a special meeting of exhibitors it was decided 
to hold a Third Show in 1929, but the question of 
date was left in the hands of a special committee. It 
is probable that next year’s show will be held in the 
spring instead of in the fall, as in the last two years. 

Considerable credit is due to Mr. Campbell Bradshaw 
and his associates, who were responsible for the suc- 
cessful organisation of this interesting and varied 
display of engineering products. As in 1927 admittance 
was restricted to persons directly interested in engineer- 
ing matters, so that business was much to the fore, 
while the concurrent meetings again brought together 
considerable numbers of technical men, so that the 
lines of policy on which this exhibition is conducted 
appear to be fully justified. We may remark that any 
surplus from the exhibition, after defrayment of 
expenses, is devoted to benevolent purposes in con- 
nection with Canadian institutions concerned with the 
engineering profession and industry. 





GRAVESEND ELECTRICITY WORKS 
EXTENSIONS. 


THE opportunity was taken on Thursday, October 11, 
to commemorate the twenty-five years’ successful 
operation of the Gravesend Electricity Works, and 
at the same time formally to inaugurate the most 
recent extensions to the plant. The station is one 
of those ‘selected’ for development under the 
national re-organisation scheme. 

The Town Council of the Borough did not decide 
to carry out the Provisional Order, which had been 
obtained at an earlier date, until 1900. A supply 
was commenced nearly three years later. The gene- 
rating plant then consisted of three 200-kw. sets, and 
has from time to time been increased, until the present 
capacity of 13,400 kw. was reached. The most recent 
additions are a 5,000-kw. turbo-alternator, together 
with two 40,000 Ib. boilers and auxiliary equipment. 
To begin with, a certain amount of steam utilised was 
raised from refuse destruction, but that arrangement 
has now been abandoned. 

The new set was manufactured by the British 
Thomson-Houston Company, Limited, of Rugby, and 
is supplied with steam at a pressure of 200 lb. per 
square inch, and a final temperature of 362 deg. F. 
It exhausts into a condenser at a vacuum of 284 in. 
The speed is 3,000 r.p.m., and the overload capacity 
25 per cent. The latest steam-raising plant consists 
of two Babcock and Wilcox water-tube boilers, each, 
as stated above, evaporating 40,000 lb. per hour, 
which are equipped with mechanical stokers, econo- 
misers, superheaters and air heaters. The total heat- 
ing surface of each unit is 17,273 sq. ft., and the overall 
efficiency is 87 per cent. at and from 212 deg. F., at 
full load. The condensers are of the Worthington- 
Simpson type, with a surface of 5,000 sq. ft., and are 
equipped with jet air extractors, condensate pumps 
and circulating pumps in duplicate. All the pumps 
are electrically driven. Electrically driven boiler-feed 
pumps of the Sirius type are also used. 

Although Gravesend is a Thames-side town, it is 
interesting to find that both the cooling and make-up 
water are obtained from a natural basin over which 
the station is erected. The 5,000-kw. set is supplied 
with cooling water from a well with a yield of 5,000 gall. 
per minute at a temperature of 53 deg. F., through a 
boring 300 ft. deep. As much as 7,000,000 galls. per 
day have been obtained in this way, while the water 
has the further advantages of being pure and varying 
very little in temperature. The make-up water is 
obtained from a 900-ft. bore into the green sand, a 
supply of soft water under a pressure of some 20 ft. to 
30-ft. head being thus made available. No water 
treatment plant is necessary. Coal is obtained by way 
of the canal basin adjoining the station, and is handled 
by carting and by a Bennis U-link conveyor. | 

Electricity is generated on the three-phase system at 
a pressure of 6,600 volts and a frequency of 50, out- 





|lying consumers being supplied at 230 volts A.C. 


through kiosk sub-stations. The centre of the area is 
still operated on the three-wire direct-current system 
at 460 volts across the outers, conversion taking place 
in three sub-stations, two of which are completely 
equipped with mercury vapour rectifiers, while the 
third also contains a remote controlled motor-converter. 

As indicating the progress that has been made in the 
last 20 years, it may be stated that while in 1908 
942,203 kw.-hr. were sold to 407 consumers, the corres- 





ponding figures in 1928 were 13,878,005 kw.-hr. and 
4,100 consumers, the average cost falling from ] -25. 
to 0-55d. The borough electrical engineer, who also 
acts as consulting engineer, is Mr. C. F. McInnes. 








THE LATE MR. WILLIAM FOX. 


Tue news of the death of Mr. William Fox at St. 
Annes-on-Sea, Lancashire, on October 10, last, will be 
received with regret by many engineers, and especially 
by those residing in the Manchester and South Lanca- 
shire districts. Mr. Fox, who, until quite recently, 
was mechanical engineer to the Manchester Ship Canal 
Company, was born at Hathersage, Derbyshire, on 
December 12, 1856. He received his early education at 
the Parish Church Schools, Hathersage, and Meadow 
Lane, Leeds. In 1870, at the age of fourteen, he 
entered upon a seven years’ apprenticeship, serving 
first with Messrs. Fox Brothers, Leeds, then with Messrs. 
Dearden, Newsum and Dyson, Leeds, and, finally, 
with Messrs. Galloways, Limited, Manchester. A 
hardworking lad, he secured a thorough groundwork 
in the various branches of his profession, receiving also 
technical training in such subjects as machine drawing, 
applied mechanics and mathematics at the Manchester 
Mechanics Institution. Shortly after completing his 
apprenticeship he spent some nine months in Paris as 
second in charge of the motive power department of 
the Royal Commission, at the Exposition Universelle of 
1878. In 1879 he was appointed foreman of the erecting 
department of Messrs. Galloways, Limited, and spent 
the succeeding four years in superintending the 
erection of large pumping and blowing engines, rolling 
mills, and electric-lighting plants, in various parts of 
Great Britain and of the Continent. In December, 
1883, he was promoted to the rank of assistant works 
manager, of the engineering department of Messrs. 
Galloways, Limited, Knot Mill, Ironworks, Manchester, 
and continued to occupy this post for some seven years. 

Mr. Fox was appointed machinery inspector of all 
the plant used in the construction of the Manchester 
Ship Canal, in May, 1890, and, in November of the 
following year, he became mechanical engineer to the 
Ship Canal Company. He continued to fill this position, 
until his retirement on September 30, 1926, when he 
left Manchester and went to live at St. Annes. Much 
of his time was devoted to the building and reconstruc- 
tion of dredgers, tugs, steam hoppers, and dumb lighters. 
He also gained an extensive experience in regard to 
the surveying of damaged vessels. He was for some 
years consulting engineer to the Dublin and Man- 
chester Steamship Company, during which time he 
carried out extensive repair work including the reboiler- 
ing of several vessels. Mr. Fox joined the Manchester 
Association of engineers many years ago and was for 
long a member of the Council of that body; he was 
president in 1910-11, and was a trustee of the Associa- 
tion at the time of his death. He was elected an 
associate member of the North East Coast Institution 
of Engineers and Shipbuilders in April, 1895, and a full 
member in February, 1919. He became a member 
of the Institution of Mechanical Engineers in 1901, 
and of the Institution of Naval Architects in 1911. 
The position of mechanical engineer to the Manchester 
Ship Canal Company is now held by Mr. William 
Grosvenor Smith, M.I.Mech.E., A.M.I.E.E., who, 
prior to the retirement of Mr. Fox, was chief assistant 
mechanical and electrical engineer to the company. 








NatTuRAL GAs IN THE UNITED STaTEs.—According to 
figures published recently by the Department of Com- 
merce at Washington, the total amount of natural gas 
produced and delivered to consumers in the United 
States, during 1927, was 1,445,428 million cubic feet, an 
increase of 10 per cent. over the previous year's total. 
Upwards of 79 per cent. of the output was consumed by 
various industries, while some 20 per cent. was delivered 
to domestic users. A small proportion, namely, 184 
million cubic feet, was exported to Canada and to Mexico 
by means of pipe lines. The principal producing States 
were Oklahoma, Texas, Louisiana, and West Virginia. 

Surprine CasvaLties.—According to Lloyd’s Register 
Quarterly Wreck Returns, which were recently published, 
the gross reduction in the mercantile marine of the 
world, from all causes, reported during the quarter ended 
March 31, 1928, was 200 steamers and motorships, having 
a gross tonnage of 371,252, and 27 sailing ships, with a 
gross tonnage of 28,033. The losses suffered in con- 
sequence of casualty or stress of weather consisted of 
98 steamers and motorships, having a gross tonnage of 
119,218, and 19 sailing ships, with a gross tonnage of 13,862. 
Out of these totals, 24 steamers and motorships, with 
a gross tonnage of 15,620, and 2 sailing ships, with a 
gross tonnage of 245, belonged to owners in Great 
Britain and Ireland. As regards those vessels which 
were broken up or condemned, for reasons other 
than those of the consequence of casualty or stress of 
weather, the world total is given as 110 ships, with 4 
gross tonnage of 266,205, the figures concerning age 
in Great Britain and Ireland being 16 steamers a0 
motorships, with a gross tonnage of 29,804, and —_ 
ing ship, with a gross tonnage of 162. Only vessels 
of 100 tons gross and above are recorded in these figures. 
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THE WORLD POWER CONFERENCE. 
(Continued from page 467). 

FOLLOWING on our report of last week of the 
meetings of the Sectional Conference on Fuel of the 
World Power Conference, held at the Imperial 
Institute, from September 24 to October 6, we 
now deal with the meeting on the afternoon of 
Monday, October 1. This was a meeting of Section M, 
the subject under discussion being pulverised fuel. 
Mr. Archibald Page occupied the chair, and nine 
papers were presented, which were adequately 
summarised in the General Report prepared by 
Mr. Arthur Grounds. 


PULVERISED FUEL. 


Mr. Grounds began by grouping the papers under 
five headings :—Research on the preparation and 
utilisation of powdered fuels; powdered fuel for 
power station and metallurgical work, respectively ; 
the combustion of “unusual” fuels in powdered 
form, and the utilisation of powdered fuel in 
marine practice. Regarding the first, he said that 
there still remained for solution a number of 
problems concerning the design of combustion 
chambers, fineness of grinding, fusion point of coal 
ash, the grinding process, transport of fine coal, 
and the disposal of flue dust. Dr. Férderreuther, 
in his paper, had discussed his research on the 
fineness of pulverised fuel, and drew attention to 
the need for the standardisation of sieves, both as 
regards size of aperture and form. 

The same author, and Dr. W. Lulofs, gave special 
consideration to the design of the combustion 
chamber. Dr. Lulofs started from fundamental 
principles, and dealt with heat transmission through 
brick walls, curves being given which showed the 
limiting size of a boiler, according to the percentage 
of carbon dioxide in the flue gases, at a temperature 
of 1,200 deg. C. in the combustion chamber. The 
effect of air-cooled and water-cooled walls was con- 
sidered, while the development of the water-cooled 
wall and water grate were discussed both by Mr. 
F. H. Rosencrants and by Messrs. H. Kreisinger 
and M. Frisch, Jun. The former author also called 
attention to the development of the turbulent- 
combustion furnace, and outlined the main con- 
siderations governing the process of combustion. 
Fundamentally, the application of steam and water 
cooling had become so well established that, except 
for very limited sections of wall, refractory con- 
struction for pulverised-fuel furnaces might be 
considered obsolete. An exception should be made 
for cases where fuels having a very low volatile 
content had to be burnt. Both Mr. Rosencrants and 
Prof. L. K. Ramzin drew attention to the gradual 
tendency to eliminate the drier, and to substitute an 
air-swept mill for it, the air supply being heated and 
preferably tapped off the combustion-air supply. 

Mr. Rosencrants was in favour of the bin-and- 
feeder, as opposed to the direct-fired, system of 
firing, and in this he was supported by Messrs. 
Kreisinger and Frisch. The direct-fired system, in 
Mr. Grounds’ own view, was, however, particularly 
suitable for relatively small undertakings, the 
bin-and-feeder system being more economical for 
large installations. With the increasing tendency 
to arrange for grinding mills to be placed in close 
association with the boilers, it seemed probable that 
the use of the pump conveying system would give 
way to screw conveyors. As rightly stated by 
Mr. Rosencrants, our conceptions of pulverised fuel 
were in a state of flux. The modern plant was, 
however, one which operated, as far as possible, on 
the unit system. The suspended arch had been 
eliminated, and drying was carried out in the 
pulveriser itself with hot air from the pre-heater. 
The whole of the pulverising system was at a pressure 
below that of the atmosphere, all the air withdrawn 
from the pulverising system being utilised as 
Primary air, thus eliminating the dust nuisance. 
Over-capacity in a pulveriser was allowed for by 
passing the surplus dust to a neighbouring bin, thus 
Providing a reserve in case of pulveriser breakdown. 
a effect of ash in eroding furnaces had been largely 
7 wai by the use of the fin-tube wall, but there 
: remained the difficulty of erosion of fans, air 
eaters, economisers, ducts, and soon. The logical 
step seemed to be the elimination of the ash in the 


and it would be interesting to enquire into the 
possibilities of establishing coal washeries at power 
stations, if clean coal could not be secured direct. 
The elimination of the dust nuisance had been the 
subject of special inquiry in America, where electrical 
precipitators had been installed with excellent 
results. This particular form of nuisance was 
likely to be more prevalent in this country, where 
dirtier coals were commonly used, and where, owing 
to the greater atmospheric humidity, the dust fell to 
the ground within a comparatively short distance of 
the station. 
A description of the experimental work on the 
firing of boilers with powdered anthracite, which was 
being carried out in Japan, was given by Dr. S. 
Yamaguchi in his paper. He also gave particulars 
of the Hirotani pulveriser, which had been developed 
in that country. Complete thermal analyses were 
given by Professor Ramzin in his paper of the results 
obtained by using a wide range of fuels, from lignites 
to anthracites. He stated that, by the end of 1931, 
the capacity of the pulverised-fuel stations in Russia 
would be 394,000 kw., the largest station being that at 
Shterov with a plant capacity of 180,000 kw. This 
would use pulverised coal. In Czecho-Slovakia, the 
adoption of pulverised fuel presented great possibili- 
ties. Mydlovary lignite was the most inferior coal 
in that country and it was impossible to obtain high 
steaming rates on grates with it, particularly at 
times of peak load. In Mr. F. Wiesner’s paper, a 
description was given of a power station where 
this coal was used in pulverised form. It was 
situated at the Mydlovary mine, where the coal 
was first subjected to a wet cleaning treatment, 
then dried in steam-tube driers and cooled before 
grinding. The chimney draught and secondary air 
were electrically-controlled and the overall thermal 
efficiency was 84 per cent. 
The developments which had occurred in the 
application of pulverised fuel to furnace heating 
problems in the United States, were outlined in 
Mr. W. O. Renkin’s paper. He drew attention to 
the fact that unless the coal was thoroughly dried it 
was useless to grind it very finely as the particles 
agglomerated on injection into the furnace or in the 
feeding mechanisms and, hence, were burnt as coarse 
particles of coal. This was particularly important 
in metallurgical work, especially in the melting of 
low-carbon steel. It seemed probable that oil-fired 
open-hearth steel plants would change over to 
pulverised-fuel firing, fuel consumptions of 400 Ib. 
of coal per ton of steel having been attained. The 
application of pulverised-fuel furnaces to puddling 
and bushelling was also likely to increase. This 
method of coal utilisation had been extended to a 
large number of operations in the metallurgical 
industries. 
In Professor Ramzin’s paper, attention was 
drawn to the possibilities of using lower grade anthra- 
cite coals and lignites in powdered form. For 
example: Russian anthracite contained 18 per cent. 
of ash, yet it could be burnt satisfactorily in 
powdered form if ground to a fineness of 10 to 
12 per cent. on a sieve of 70 meshes per linear cm. 
The residue on a sieve of 30 meshes should not 
exceed 0-5 per cent. The rate of heat liberation 
should not exceed 110,000, to 130,000 calories per 
cubic metre per hour, in order to avoid an in- 
crease in the losses due to incompleteness of com- 
bustion and a rapid slagging of the tubes. The 
air supply should be at a temperature not lower 
than 200 to 250 deg. C., and a water screen was 
advisable at the bottom of the furnace. The brown 
coals and shales studied by Professor Ramzin were 
also characterised by high moisture and ash contents, 
and difficulty had been experienced in grinding them 
owing to the presence of nodules of hard pyrites. 
The paper by Lieut. Commander Brooks was the 
only one dealing with the use of pulverised fuel in 
marine practice. He described the results obtained 
during the recent runs of the S.S. Mercer, and drew 
attention to the fact that, for marine work, the plant 
must be more robust than for use on land. In spite 
of difficulties, the results were satisfactory, and 
the author’s opinion was that the application of 
pulverised fuel for this purpose would increase 
rapidly. For marine service, the ball mill was the 
most satisfactory grinding unit, as it was not affected 


Finally, the report drew attention to the extent 
to which tanks were being used on the Continent 
for the transport of pulverised fuel. In Germany, 
over 250 of these were now in use, and the possibility 
of their adoption in this country should be carefully 
considered. 

Mr. H. A. Humphrey, who was the first speaker in 
the discussion, said that he had been responsible 
for pulverised-fuel installations consuming 1,000,000 
tons per annum. He could understand a discussion 
on the methods of drying where moist lignites or 
brown coals were concerned, but for ordinary coal 
the only rational way of drying the coal quickly and 
cheaply was in the mill itself under constant agita- 
tion. _Pulverised fuel would focus attention on the 
use of dry coal, and colliery owners would be obliged 
to dispatch coal with a moisture content which could 
be dealt with in the mill itself. Standardisation of 
sieves on an international basis was badly required. 
The size, moisture content and composition of the 
coal were factors in its method of treatment. 
Scientific combustion required reservoirs of air and 
finely powdered fuel, from which a fuel-air mixture 
could be drawn in the correct proportions. The 
bin-and-feeder system had these properties, and its 
use could not therefore be abandoned without very 
great compensating advantages. There was little 
difference in the first and operating costs of the 
direct-fired and bin-and-feeder systems, but the 
latter gave security against breakdown and uni- 
formity of fineness. It was therefore likely to be 
used in large installations, though it was admitted 
that many of the difficulties of the direct-fired 
system were being overcome. The experiments that 
had been undertaken with pulverised fuel on board 
ship, had been made with existing types and dis- 
positions of marine boilers. Larger units and a 
different arrangement might, however, be envisaged, 
which would give additional advantages. At 
present, the mill was the most unsatisfactory part of 
the equipment, but study would evolve a machine 
the grinding surfaces of which would only wear out 
after areasonable output and without previous break- 
down. As regards dust elimination, the only way, 
except washing, was the electrostatic method, which 
was cumbersome and expensive. The use of water 
led to corrosion and slurry troubles. After many ex- 
periments, he had come back, in his latest installa- 


tion, to the creeper conveyor, the length of which 


was short, owing to there being only one pulveriser 
per boiler. The plant was arranged so that any bin 


could feed any boiler. In the combustion chamber, 
the amount of refractory material was becoming less 
and less, while the metal heat-absorbing surface was 
increasing. This was not really expensive, on the 
basis of the heat transfer per unit surface, owing to 
its effectiveness. 


Mr. J. Burns said that Mr. Rosencrants recom- 


mended stokers for small plants and pulverised fuel 
for large plants, but pulverised fuel had often been 
used in small boilers with excellent results, and had 
given higher efficiencies than with any other form 
of firing. With the heavy crusher type of mill, a 
drier was necessary for dealing with moist coal. It 
was at one time thought that the coal must be dried 
to 1 per cent. of moisture, but the bin-and-feeder sys- 
tem could deal with coal with a moisture content of 
8 per cent. without a drier. In the unit system, the 
air-swept mill much facilitated the drying. 


Mr. H. C. Jenkins mentioned a case where pulver- 


ised fuel had been replaced by stokers, solely owing 
to the extra few minutes given by the latter 
under sudden demands. 
in comparing the costs of maintenance of the two 
systems. The space occupied by the large boilers 
and auxiliary equipment in pulverised-fuel plants 
was large and increasing, and meant expense. 
hoped there was some way out of the combustion- 
chamber difficulties, other than the water wall, for 
though that was effective it was not an ideal 
boundary for the flame space. The solid surfaces of 
coal and ash might be made use of, as had been done 
on a system in India, where the furnace was small 
and the combustion chamber circular or elliptical. 
The fuel-air mixture was thrown in tangentially, and 
combustion was complete. The efficiency obtained 
was 87 per cent. 


There was great difficulty 


He 


M. Mokrshansky gave some details of experiments 








Place from the fuel as supplied by the colliery, 


by tramp iron. 


he had made in the use of peat for pulverised-fuel 
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firing. This peat had an average moisture content 
of 35 per cent., and could not be burnt efficiently 
on stokers. This moisture content was reduced to 
15 per cent. in drum or tubular driers, and the dust 
extracted. Electrostatic separators had not been 
successful for this purpose. The difficulties in 
burning peat were mainly due to its chemical 
composition and to its catching fire in the separators. 
Peat could only be pulverised in an inert atmosphere, 
but it could be conveyed successfully if the pulveri- 
sation were not too fine. 

Mr. H. J. Mackay said that Mr. Rosencrants’s 
paper was really an apology for the failure of the 
attempts to apply American methods to British 
conditions. Our own engineers’ views ,on the 
subject of pulverised fuel had been influenced by 
our knowledge of the difference between the coals 
of the two countries. The central system was based 
on wrong premises. A compromise had become 
necessary with direct-firing, and it was called 
the bin-and-feeder system. Another system, which 
was the result of unsatisfactory experiences with 
the central system, had been devised by Messrs. 
Babcock and Wilcox, and was clean-cut from the 
beginning. It comprised direct-firing, short disper- 
sive burners, Bailey walls for the combustion 
chamber, ball-mill pulverisers and was operating 
successfully on really modern lines. The use of pul- 
verised fuel was not yet assisting coal conservation 
in this country. About 58,000,000 tons of coal per 
annum were being consumed in industry and in the 
generation of electricity, of which less than 1 per 
cent. was pulverised fuel. Figures from Birmingham 
and Derby, where it was used, showed an increase 
in the fuel costs per unit generated of 0-11d. from 
1926 to 1928 in the former case, and of 0-+22d. 
from 1925 to 1928 in the latter case. He did not 
know whether this was due to the type of plant or 
to an increase in the cost of coal or labour. 

Mr. J. O. Twinberrow, referring to that part of 
Dr. Lulofs’ paper which dealt with furnace walls, 
said that where bricks were used between the tubes, 
as suggested, the refractories could not conduct the 
heat away quickly enough. Designers were now being 
called upon to build boilers with higher rates of 
heat release, and in this connection he referred to 
the article on the 300,000-Ib. boiler at the Calumet 
station, which was published on page 389 of ENat- 
NEERING for September 28, from which he read a 
long extract. As would be seen from this article, 
he said, the operating conditions were very severe, 
yet the maintenance cost of the Bailey water-cooled 
walls had been negligible. The same experience had 
been obtained in other stations in America, which 
amply showed what this design was capable of 
performing. 

Mr. E. Kilburn Scott said that the difficulty in 
marine-boiler practice was that of dividing up 
the supply of fuel and air between the different 
channels. This might be overcome by using an 
auxiliary blower as an injector, in combination with 
an adjusting valve. There were eight pipes on the 
top of the Wood boiler at Trafford Park, each of 
which was connected to a separator, equalisation of 
flow being obtained by a distributor. The mixture 
difficulty might also be overcome by introducing 
air rich in oxygen, or creating turbulence by supply- 
ing the air intermittently. 

Professor G. I. Finch said that until an efficient 
method of dealing with ash removal was devised, 
the use of pulverised fuel near large towns would 
be impossible. At present, anything from 5 to 20 per 
cent. of the original ash remained untrapped. He 
favoured the use of the electrostatic method for this 
purpose, though it was expensive. 

Professor L. K. Ramzin gave some results of the 
seven months operation of the Shterov station 
described in his paper. The boiler efficiency was 
from 76:5 to 79 per cent., the low figures being 
due to the coarseness of pulverisation. Pulverisation 
absorbed about 7 kw.-h. per ton, and some 8 per 
cent. of the fuel was lost in drying. They used 
no water screens in the furnace and obtained a CO, 
content of 14 per cent. The difficulties of pul- 
verising anthracite had now been overcome. The 
fundamental problem was the selection of the right 
system. The central system was more convenient, 
but its cost was 50 per cent. higher, and it did not 
improve the efficiency by more than 1 per cent. 








Mr. F. D. Napier said that, when Scotch boilers 
were used, pulverised fuel was the only alternative 
to hand firing on board ship. Where water-tube 
boilers were employed, however, stokers were an 
alternative. On the C.P.R. liners, mechanical 
stokers were giving excellent results. It still re- 
mained to be proved whether the capital cost of 
pulverised-fuel equipment was worth the small 
improvements it gave. The best way of dealing with 
the slag and of conveying the coal from the bunkers 
to the boilers had yet to be determined. 

Mr. David Wilson insisted that, in connection with 
pulverised fuel, the economic aspect was all impor- 
tant. Pulverised-fuel plant was more economical 
and, while it had had the disadvantages of high 
capital cost, a large combustion chamber and the 
dust problem, the first had been reduced, the second 
was no larger than with other methods, and the dust 
problem had been solved. Some 1,000,000 sq. ft. 
of heating surface was being fired by pulverised 
fuel in Great Britain and the corresponding figure 
in the United States was 10,000,000 sq. ft. Pul- 
verised fuel was of particular importance in this 
country in connection with the design of the new 
capital stations, for which the most economical 
method must be adopted. 

Mr. C. H. Sparks pointed out that Mr. Rosen- 
crants had said that a reaction was taking place 
in favour of the direct-fired system. The speaker 
thought that this was due to improvements in 
mill design. In the direct-fired system, the mill 
must be reliable, grind to an economic fineness, 
work in conjunction with hot air for drying, and be 
capable of delivering varying quantities of fuel by 
means of speed reduction. Several mills were now 
available in which this was possible. 

Mr. E. Rosin said that a high combustion-chamber 
loading meant a small combustion space and low 
capital cost, and enabled pulverised fuel to be 
applied to locomotives and ships. The equations 
of the required conditions for complete combustion 
could be worked out on an aerodynamical basis, 
and showed that the loading was inversely propor- 
tional to the combustion time. The latter depended 
on the fineness of pulverisation, the temperature 
and the aerodynamical processes. The principal 
way in which the loading could be increased was by 
turbulence, and the correct application of aerody- 
namical principles to pulverised-fuel firing would 
therefore be of the greatest advantage. When 
the loading was between 100,000 and 200,000 
calories per cubic metre per hour the combustion 
time was 1-5 sec. 

Mr. H. 8S. Horsman said that, in the combustion 
chamber described by Dr. Lulofs, a weak feature 
was that the fourth wall was of refractory material. 
This might be necessary for agitation and to reduce 
the smoke, but it would give trouble. The cooling 
arrangements should be distributed over all four 
walls and he, therefore, believed in the Bailey system, 
where this could be done without undue cooling. 
It could also be operated on low-load without smoke, 
and on high loads without blow-pipe action. When 
used with proper burners, all the furnace walls 
could be cooled evenly, and, by a proper proportion- 
ing of refractories and water walls, the ash could 
be deposited in liquid form and its disposal facili- 
tated. In the Calumet boilers, the fuel was injected 
in a thin vertical sheet, which was buffeted by the 
secondary air, causing maximum turbulence. 

Mr. W. F. Carr-Hill said that, during the last 
30 years, some 360,000,000 tons of coal had been 
used in the cement industry, about three-quarters of 
which had been puiverised in either centrifugal- 
roller or ball-and-tube mills. The pneumatic mill 
was preferred in the United States, because the coal 
was softer, but in this country the screen mill would 
be more useful. It was practically impossible to 
obtain uniformity of pulverisation unless the moisture 
content was reduced to 2 per cent. before milling. 

Mr. E. N. Taylor said that the presence of moisture 
meant trouble in the mills, bins and transport lines. 
In the storage system, moisture in the coal meant 
arching in the bins, and the only solution was to 
use direct-firing. Mr. Curt von Greuber remarked 
that there was no question, if the mills were properly 
installed, that they could be used on the direct sys- 
tem, so that the pulverised fuel was introduced in 
such a way that it gave satisfactory combustion. 








Mr. C. F. Hammond pointed out that it was 
possible, by using gas firing, to obtain 10,000,000 or 
20,000,000 B.Th.U. per cub. ft. of combustion 
chamber. This was much higher than Mr. Rosin’s 
figure of 50,000. This was effected without any 
deterioration * of the combustion chamber, by 
arranging for perfect diffusion without stratification, 
If attempts were made to obtain turbulence by 
whirling the mixture, there was immediately strati- 


fication, which it was almost impossible to break’ 
down, a core of rich mixture surrounded by air ° 


being formed, which went right to the top of the 
chimney. 

Mr. E. F. Mactaggart said that there were 100,000 
Lancashire boilers in the country to which little 
attention seemed to have been paid. They must be 
taken into account in considering fuel economies. 
Successful attempts had been made to fire them with 
pulverised fuel, without the use of Dutch ovens or a 
large amount of refractories, and efficiencies of 
72 per cent. had been obtained. Combustion was in 
two stages and slag troubles had been avoided. 

The authors present were then called upon by 
the Chairman to reply to the discussion. Dr. 
Lulofs said he thought water-cooled walls were 
essential in most cases, though there was confusion 
of opinion on this subject, and some considered air- 
cooling sufficient. It was difficult for the user to 
discover the permissible limits above which water- 
cooled walls must be employed. Combustion could 
be improved by the use of pre-heated air, turbulence, 
and alterations in the combustion chamber con- 
struction, so that the temperature of the gases 
leaving the chamber was a maximum. 

Mr. Rosencrants was disappointed that plant 
users had not taken more part in the discussion. 
As regards systems, direct-firing had received much 
support, but the arguments advanced would be 
vitiated if suitable mills could be devised. The dust 
problem must, of course, be solved, and much pro- 
gress was being made with centrifugal devices and, 
to a less degree, with wet washing. 

Mr. Frisch said that the advocates of the different 
systems must compromise, and the decision reached 
must depend on the circumstances of each particular 
case. Load factor had a good deal to do with the 
question, and where the load fluctuated, as in railway 
power stations and paper mills, the unit system was 
not suitable. In the United States, both systems 
were largely in use, but whereas the bin-and-feeder 
system was largely employed in power stations and 
plenty of operating results were available, little was 
known about the direct. system, which was general 
in industry. As regards capital cost in the boiler- 
house, the most expensive system was the chain- 
grate stoker, the underfeed stoker and pulverised 
fuel being about the same. As regards running cost 
pulverised fuel was the cheapest, followed by the 
chain-grate and underfeed stokers. The type of 
coal used had more to do with incomplete combustion 
than the furnace design. 

Commander Brooks thought that lines of demarca- 
tion between systems were a mistake. As regards 
water walls, the prices per square foot of wall in a 
recent contract had varied from 35 dols. to 12 dols. 
This made it difficult to decide in advance which was 
going to be used. There seemed, at the moment, more 
chance of solving the locomotive problem than the 
Scotch boiler problem. The conical heater mill ad- 
vocated by Mr. Scott had been revived in some recent 
German patents, while he had also seen patents cover- 
ing his idea of the injector blower. In the course of 
an investigation with the Orsat apparatus he had 
obtained 1,100,000 B.Th.U. per cubic foot of com- 
bustion chamber, but this was not a practical figure. 
The trouble was not to generate this amount of heat. 
but “ how to keep it there.”” He thought there were 
great possibilities for liquid-ash disposal. 

During the course of the meeting, a resolution 
for submission to the Executive Council was pro- 
posed by Commander Brooks. He pointed out 
that considerable difficulties had arisen owing t0 
discrepancies in the terminology of pulverised-fuel 
practice, and it was therefore suggested that there 
should be standardisation in this respect on such 
matters as sampling, determination of fineness, 
sieves and methods of testing pulverisers. The 
Executive Council were asked to consider ways 
and means of doing this, and to submit a report to 
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the Second Plenary Conference in Berlin in 1930. 
The resolution was carried unanimously. 


Low-TEMPERATURE CARBONISATION. 


On Tuesday morning, October 2, a meeting of 
Section Q dealing with low-temperature car- 
bonisation was held, under the Chairmanship of 
M. Guillaume. Three papers were presented and 
the General Report was drawn up by Mr. F. 8. 
Townend. Dr. R. Heinze, in the first paper on The 
Present Position of Low-Temperature Carbonisation 
in Germany, pointed out that it was concerned 
predominantly with lignite, which, among other 
differences from coal, had the advantage of being 
cheap and easily worked and the disadvantage of 
containing very high percentages of moisture. The 
Rolle retort, dating from seventy or eighty years 
ago, in spite of modern advances, had not been 
superseded in principle, and still dominated the 
low-temperature carbonisation industry of Central 
Germany. Originally designed for the purpose of 
obtaining tar, subsequent developments had been 
directed chiefly to improving the thermal efficiency, 
the output, and the yield of other products. By 
the side of the retort processes, the throughput of 
which had grown enormously larger than in earlier 
years and was still increasing, the internally-heated 
processes had been overcoming their own peculiar 
difficulties. Their origin was attributed to designs 
of gas producers fitted with chambers and arrange- 
ments for conducting low-temperature carbonisation 
at the same time, the producer gas being used for 
communicating the necessary heat to the charge 
and removing the products. This method also 
was attributed originally to proposals of Rolle’s in 
1866. These processes were all intended for use 
with unprepared lignite. In Germany, low-tempera- 
ture carbonisation of coal, as distinguished from 
lignite, was not investigated in the laboratory until 
1906, and no great progress had been made until the 
period of inflation immediately after the war, when 
the confusion into which market prices of various 
products were thrown led to the fallacy that exten- 
sive low-carbonisation installations could be made to 
pay out of the sale of their tar and light oils, apart 
from markets for the coke formed in the processes. 
Most of the designs evolved during this period 
appeared to have dropped out of practice. 

In addition to one design of rotary retort, which 
still seemed to be used, revolving ovens had been 
designed in which the coal was carbonised under 
pressure, and were said to produce large-size coke 
of dense and uniform structure. Another process 
took the temperature only up to 250 deg. C., and in 
the Delkeskamp construction for wood, peat, and 
lignite the material was treated step-wise, first 
by drying it carefully at a temperature not exceeding 
105 deg. C. and subjecting it later to temperatures 
between 270 deg. and 300 deg. C., which, by active 
exothermic reactions, rose spontaneously to 330 deg. 
to 350deg.C. In this way, the products were freed 
from inert substances such as water and carbon 
dioxide, and with material formed of small grains 
a superficial viscous deposit was formed, allowing 
briquettes to be made under pressure without the 
use of other binding material. Lignite was being 
relieved of the inconveniences, and even dangers, 
associated with its tendency to spontaneous com- 
bustion in storage, and it was not believed that any 
process of hydrogenation or synthetic production 
of oil could hinder the development of the much 
cheaper processes of low-temperature carbonisation 
as applied to lignite. 

Dr. P. Rosin, in his paper on the Possibilities of 
Co-Ordination between Coal-Treatment Processes 
and the Production of Electricity, said that in the 
co-ordinated working of combined installations of 
the type here in question, the production of current 
must be invariably the first consideration, certainly 
when the current was part of a main supply. The 
co-ordination, moreover, was not desirable economi- 
cally unless it led to an overall decrease in the cost 
of production, and to this end the various principal 
and intermediate products, as well as the waste 
materials, must be turned to the best possible 
account. In particular, each weak point in any co- 
ordinated process, such, for instance, as a bad load 
factor in the electric supply, must, as far as possible, 


assumption that the low-temperature coke could 
command a better price if sold for suitable domestic 
purposes than a power station could pay, Dr. Rosin 
considered that the only materials of which the low- 
temperature carbonisation could be co-ordinated 
economically with the production of electricity 
were lignite and non-caking coal. Such co-ordina- 
tion was, in fact, practised in several German 
power-stations. The coke made in the process was 
used as fuel for the boilers of the power stations, 
deficient loads and peak-loads being provided for by 
storage bunkers. The gas was only used for heating 
the carbonisation ovens if it could not be applied to 
the town-gas service or other industries. 

The paper on Low-temperature Carbonisation, by 
Dr. C. H. Lander and Dr. F. S. Sinnatt, summed 
up the present position and prospects of the process. 
In this country, low-temperature carbonisation 
plants could be applied to bituminous coal in four 
ways. It might be used as an auxiliary to high- 
temperature apparatus at gas works. The rich gas 
from externally-heated retorts could be readily 
absorbed, and, indeed, if ever low-temperature coke 
produced from such retorts were substituted for a 
large part of the solid fuel used domestically, the 
gas industry would be the only possible market for 
the quantities of rich gas produced. In most gas 
undertakings, the gas from internally-heated low- 
temperature carbonisation retorts could only be 
used to replace the producer gas by which other gas 
works plant was at present heated. The erection 
of a Maclaurin plant, however, at the Nuneaton 
Gas Works, from which Maclaurin gas with a calorific 
value of about 240 B.Th.U. was to be supplied for 
domestic purposes, would put into effect suggestions 
that had been made for distributing gas of low 
calorific value for industrial and general purposes. 
The coke made by low-temperature carbonisation 
would have the advantage of being free burning, 
but recent work had shown that, by blending or 
otherwise, such coke could be produced both in high- 
temperature gas works and in coke ovens. Another 
evident application was at collieries, where at pre- 
sent several types of plant were under erection. 
Independent plants were also possible, and, as con- 
trasted with those at collieries, would not be tied 
down necessarily to particular supplies of fuel. 
Low-temperature plants could also be run with 
boiler plants in electric stations or large indus- 
trial works utilising low-grade slacks. Such a plant 
had been operated for some years at the Dunston- 
upon-Tyne Power Station, and another at Milwaukee, 
though the latter was understood not to have over- 
come all its technical difficulties. At the present 
time, the authors knew some 16 plants erected, or in 
course of erection, with units capable of dealing 
with about 10 tons a day, some producing lump 
coke and some mainly smalls. The largest plant in 
the country was that of Low-Temperature Carbon- 
isation, Limited, which dealt with upwards of 200 
tons of coal per day, and was, therefore, of full com- 
mercial size. The Maclaurin plant at Glasgow, on 
which the Fuel Research Board had recently com- 
pleted a test, was designed for a throughput of about 
100 tons, and, since the coal strike, had been carbon- 
ising 60 to 70 tons of coala day. On the economic 
side it had to be remembered that many low- 
temperature processes worked on small coal, which 
hitherto had been cheap. Small coal, however, was 
now being used regularly for many purposes, notably 
by the gas and coke-oven industries. If, in addition 
to this demand, fuel made from small coal, whether 
gas or any kind of coke, replaced the large coal for 
which the collieries could obtain a higher price, the 
cost of small coal must rise, except to such extent 
as the colliery might save through being able to 
dispense with special care in avoiding the breakage 
of coal. 

In the discussion on these papers, Dr. F. S. 
Sinnatt remarked that co-ordination might ulti- 
mately develop between carbonisation at low tem- 
peratures and hydrogenation at high temperatures. 
It was notable that the demand for low-temperature 
fuel from lignite was falling off in Germany. With 
reference to the paper by Dr. Lander and himself, it 
might be added that, since it was written, the number 
of processes actually operating in Great Britain on 
the scale of a full-size technical unit, or larger, had 





made good by the other processes. On the 


Research Board had tested had, without exception, 
borne out the technical claims of the owners. As 
a matter of fact, and not a mere figure of speech, 
the United Kingdom was ahead of other countries in 
low-temperature carbonisation. It must, however, 
be remembered that developments were also pos- 
sible in high-temperature processes; already, for 
instance, the appropriate use of steam in vertical 
retorts had been shown to enable almost as much 
oil to be produced at high temperatures as at low. 

Mr. H. Neilsen gave some information regarding 
the process with which he was associated, remarking 
that it produced a highly reactive coke from non- 
caking coal. His own experience had not confirmed 
the statement of Dr. Lander and Dr. Sinnatt that 
low-temperature tar had not been found superior 
to high temperature. The situation of the British 
coal industry appeared to him closely analogous to 
a situation which Denmark had to face some 40 years 
ago. At that time, the basic industry of that 
country was the export of corn, which suddenly 
collapsed through the competition of the United 
States, Russia, and other countries. It being thus 
impossible to export raw corn, they turned their 
attention to corn manufacture, including cattle and 
other corn products, and to-day agriculture, includ- 
ing cattle and their products, constituted Denmark’s 
basic industry. The best prospects for British 
collieries was the export of powdered fuel and of oil 
for ships, locomotives and other services, and the 
best means to that end could be found in low- 
temperature carbonisation. 

Mr. G. Helps, of Nuneaton, urged that the pro- 
duction of gas of low calorific value with some oil 
was more satisfactory than products of ordinary 
low-temperature carbonisation processes; the coal 
from which the oil was produced would go to 
increase the output of the mines. The only reason- 
able process of low-temperature carbonisation was 
internal heating. That at Nuneaton the Maclaurin 
internal-heating low-temperature process should 
have been introduced was merely an incident. The 
essential point was the use of low-grade gas. 

Mr. P. C. Pope pointed out that, in most economic 
discussions of low-temperature processes, insufficient 
allowance was made for depreciation and obsoles- 
cence of plant. At the present rate of invention 
and improvement, any plant to-day was likely to be 
obsolete in 7 or 8 years, and if the necessary 15 per 
cent. per annum was written off capital, with a 
further 5 per cent. to reserve and 10 per cent. divi- 
dend (no extravagant allowance for a speculative 
investment), a successful company must earn at 
least 30 per cent. per annum, which might mean an 
element of cost amounting to anything from 2s. 9d. 
to 7s. 3d. per ton. Usually, too, estimates were 
based on present prices without any allowance for 
the probable rise in the price of small coal which 
would follow on the establishment of a successful 
low-temperature carbonisation industry. 

Mr. R. Maclaurin took exception to Mr. Pope’s 
suggestion that all existing low-temperature plant 
would depreciate and become obsolete rapidly. 
The speaker’s own plant, which had been working for 
years without any alteration except in accessories, 
was an example of a simple type on which no such 
depreciation allowance as Mr. Pope suggested would 
be required. How effective such plants could be was 
shown in the little Nuneaton plant, where, with a 
throughput of only 15 tons a day, gas was produced 
at 14d. per 1,000 cub. ft. from coal with a caking 
index aslow as4. Mr. W. A. Bristow said that the 
present Parker installation consisted of 160 retorts, 
carbonising 1,750 tons per week, which had all been 
working for a year without a single interruption. 

Dr. S. R. Illingworth pointed out that, while the 
same principle might be applied to a considerable 
variety of coals, the details of design would have to 
be varied to suit the seven or eight typical kinds 
that were available. Plant of his own had been 
operating for five years and the latest design for 
24 years. While a confirmed believer in the success 
of low-temperature carbonisation, he was convinced 
that the industry would have to face paying not less 
than 14s. per ton for coal at the pit’s mouth, and 
receiving, on the average, 24d. a gallon for tar and 
11. a ton for coke at works. Professor C. Padovani 
was satisfied that, at least for countries like Italy, 
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of fuel required its indirect use, such as was prac- 
ticable on low-temperature methods. 

As an example of circumstances in which the 
need for a simple process was particularly felt, 
Mr. E. Stansfield referred to the situation of Alberta 
in Western Canada, which had a wide range of 
coals, including smokeless domestic coal, and, in 
addition, such quantities of natural gas that much of 
it was blown to waste, large deposits of natural oil, | 
and a higher railway freight for loose coke than for | 
coal. He questioned the possibility of carbonising | 
a good coal by any process so as to compete with | 
these advantages, but saw an opening for some 
simple process by which the products of the large | 
open-cast workings in the Province giving a non- 
caking coal with a low heat value, bad quality in 
storage, and workable for only part of the year, 
could be upgraded and compacted into weather- 
proof briquettes, to avoid the extra freight on loose 
coke. 

Dr. Thole believed that low-temperature pitch | 
was inferior to high temperature, that, generally, | 
the liquid portion of the products from low-tempera- | 
ture carbonisation were less valuable than was 
usually believed, and that, as yet, the best means | 
of working them up, had not been discovered. 
As a petroleum technologist, Dr. Dunstan observed 
that low-temperature tar required a technique of its | 
own, and could not be dealt with by the methods | 
suitable to high-temperature tar. After the experi- | 
ence of the war, petroleum chemists welcomed oil | 
from any source, but he believed that low-tempera- | 
ture processes would be taking the best course if | 


they concentrated on producing only motor spirit | 


and coke as their end products. 


TRANSMISSION OF POWER. 


Three papers on the transmission of power were | 


presented to the meeting of Section O on Wednesday 
morning, October 3. These were: Problems of 


Long Distance Transmission, by Dipl.-Ing. Traen- | 


ckner; The Transmission Over Various Distances 


of Energy in the Form of Coal, Oil, Gas and Elec- | 


tricity, by Dr. E. W. Smith ; and Legal Aspects of 
Gas Transmission, by Mr. H. V. Lloyd-Jones. ‘The 
chair was occupied by Professor Dr. Conrad Mat- 


~ 


schoss, and the General Report was read by Mr. F.S. 


Townend. 
In the course of this report it was stated that Dr. 


E. W. Smith had presented data on the cost per | 
therm of potential heat of transmitting coal, coke, | 


oil, gas and electricity over distances from 5 to 100 | 


miles. For a distance of 50 miles, the figures for 


coal were 0-21d., and for oil 0-35d. per therm. The | 


cost of transmitting gas for the same distance varied | 


from 0-64d. to 0-33d. per therm, as the quantity 
increased from 5,000,000 to 50,000,000 cub. ft. a 
day. The cost of transmitting electricity depended 
very largely on the load factor and the system of 
distribution. For a distance of 50 miles, it varied 


from 0-756d. to 2-35d. per therm, as the load factor | 


decreased from 100 to 25 per cent. It was calcula- 
ted that, in Great Britain, in 1925, about 17,000,0001. 
was spent in transporting domestic coal and coal 
used in electricity and gas works. If the energy 
demands supplied by this raw coal had been satisfied 
by gas and coke in the usual gas works proportion, 


a saving of the order of 5,000,000/. to 7,000,000. | 


would have been possible. The corresponding saving 
would have been much less had electricity been the 
universal form of energy. 

In the transmission of gas, three aspects were 
involved, the technical, economic and, at any rate, in 
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Fig. 2. APPARATUS FOR PHOTOGRAPHY OF GAS EXPLOSIONS. 


Several years’ working in Germany had shown that 
trouble with condensation or naphthalene deposits 
need not, in general, be anticipated. Various 
attempts had, however, been made to free the gas 
from naphthalene, particularly by freezing. Such 


Great Britain, the legal. In his paper, Dipl.-Ing. processes were generally expensive, both in first cost 


Traenckner stated that the problems of the construc- 
tion of mains and of the behaviour of the gas in 
those mains had generally been solved. Steel 
mains with welded joints had proved satisfactory 
as regards mechanical strength, provided that 
expansion joints were used at suitable points. 
Protection against stray electric currents still 
remained more or less unsolved. Attention was 
called to the precautions necessary to ensure the 
safety of the supply. A system of automatic super- 
vision was required, so that any serious leakage 
was immediately detected. The safety factor 
was still further increased by interconnecting the 
trunk service mains, and also by connecting several 
producing stations to each network of mains. 








| 
| 








and in operating cost. 

For any given length of main, quantity of gas 
delivered, and pressure required, there was a certain 
inlet pressure and diameter of main which gave the 
lowest transmission cost. The two items which most 
affected this cost were power for compression and 
main laying. Dr. E. W. Smith suggested that there 
was a limiting distance beyond which it was cheaper 
to transport coal by rail for gas making than to 
convey gas and the coke, which was absorbed in 
the same area as the gas. In most areas, for every 
15,000 cub. ft. of gas sold, about 10 cwt. of coke was 
absorbed. If a long-distance gas supply were 
substituted for local gas production and the market 
for coke were retained, then the community must 





meet the transmission costs of gas and coke. It 
appeared that there was a limiting distance, varying 
from 5 to over 100 miles, depending on the quantity 
of gas required, beyond which it was cheaper to send 
coal by rail than the equivalent gas and coke. Thus, 
unless gas were produced more cheaply outside the 
area than within it, the economic distribution of 
gas was limited to distances of the order given 1" 
the paper, if no extra cost was to be borne by the 
community. Such a condition did not apply to 
coke-oven gas, when it was available at a cheap 
rate. ; 
The paper by Mr. H. V. Lloyd-Jones clearly 
indicated that, before bulk transmission of gas on a 
national scale could be made practicable, nothing 
short of a complete re-shaping of the law relating 
to gas supply must be undertaken. All the large 
centres were supplied by statutory companies OF 
local authorities which, in exchange for certain 
obligations, enjoyed a number of privileges, amongst 
which was a monopoly of the gas supply within 
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their area. It was unlikely that Parliament would 
give power to an outside undertaking to supply gas 
within these statutory areas. Whilst there were 
no similar obstacles to a private company supplying 
long-distance gas to non-statutory areas, there were 
indirect legal obstacles, which, in practice, would be 
imsurmountable. Mr. Lloyd-Jones therefore sug- 
gested an amending statute, similar to the Electricity 
(Supply) Act of 1926, by means of which it would be 
Possible to provide for the utilisation of surplus 
coke-oven gas and its transmission over long dis- 
tances. This would entail the repeal of most of the 
existing laws on gas. 

Commenting on this suggestion, the General 
Report er said that, while such a change of legislation 
might be justifiable if the vital interests of the 
hation warranted it, there was an important differ- 
ence between the supply of electricity and gas. 
Small gas undertakings could often operate at the 
Same efiiciency as large undertakings, since the load- 
factor had not the same influence as in the case 





of electricity. Further, most gas undertakings were 
producing gas for lighting, heating and cooking at 
attractive prices, and it was probable that the 
legislative changes in price-regulation methods, 
now being sought, would still further help in this 
direction. 

Opening the meeting, Professor Matschoss, 
speaking in German, said that so long as power was 
generated the problem of its transmission would 
continue to be of importance. The papers that had 
been presented dealt with this problem mainly from 
the economic standpoint, and we already knew a 
great deal about the transmission of energy by 
railways and pipes, as well as by electricity. It 
seemed that there was no limit to the distance which 
could be covered in the last way. Lines stretched 
continuously from the North Sea to the Alps, and 
there was already talk of a general European net- 
work. It was very difficult to lay down general 
principles regarding the economic and legal problems 
they mainly had to consider, and each country 





would have to discover a solution for itself. He 
added that, at the present time, Germany was 
much interested in the long-distance transmission 
of gas. 

The first speaker in the discussion was Mr. E. C. 
Evans, who said that, in this country, we had five 
main coke-producing areas: South Wales, the 
North-East Coast, the Midlands, the North-West 
and Scotland. These were also the natural 
coke-consuming areas, with the addition of the 
iron works in Northamptonshire and Lincolnshire. 
Moreover, it seemed as if all the coke-oven gas 
generated could be consumed in these highly- 
industrialised areas. In Germany, the conditions 
were different. The natural outlets for the coke 
from the Ruhr area were Luxembourg and Lorraine, 
while the gas was consumed farther to the east. 
The problem was not one either of technique or cost, 
as gas could be transmitted up to 50 miles at a 
cost from 0-3d. to 0-65d. per therm, amounts which 
were small proportions of the total. One of the 
reasons for the lack of development in long-distance 
gas transmission in this country was probably the 
extensive development of the coal-gas industry, 
which generated 300,000,000,000 cub. ft. of gas per 
annum, compared with the 20,000,000,000 cub. ft. 
available from the coke ovens. Another difficulty 
was that of maintaining continuity of supply, owing 
to the smallness of the coking plant and labour 
disturbances. This, however, could probably be 
overcome by erecting ovens with a capacity of 
100,000 tons per annum, where coal could be easily 
obtained. The greatest obstacle, however, was the 
legal one. Railways charged 8s. 6d. for carrying 
a ton of coal a 100 miles, and a great deal of this 
was due to the wayleave and other restrictions, 
which had originally been imposed upon them. 
Electricity supply was experiencing the same 
difficulty, and the result could only be increased 
cost. This was a matter which the Coal and Power 
Committee should consider. The sooner legis- 
lation, similar to the Electricity (Supply) Act of 
1926, was passed for the gas industry, the sooner 
would its prosperity return. 

Mr. George Helps said that he agreed with Dr. 
Smith’s figures to the extent that the cost of gas 
distribution should be negligible. He gave figures 
to show that it might be as low as 0-06d. per therm. 
It was probably more economical to erect several 
gas works in industrial centres and distribute from 
them, rather than to adopt long-distance trans- 
mission. 

Dr. E. W. Smith pointed out that his paper was 
on the subject of long-distance transmission and not 
on local distribution. The cost of transmitting 
200 B.Th.U. gas was double that for 500 B.Th.U. 
gas over 100 miles, while that cost fell as the distance 
transmitted decreased. The Gas Light and Coke 
Company had had to abandon their works in central 
areas, Owing to the nuisance caused. 

Mr. Lloyd-Jones said that there were two points 
in his paper which might be open to miscon- 
struction. There would be no difficulty in providing 
gas of the quality required in a long-distance 
scheme from a coke-oven plant and gas undertaking 
working in combination. The Electricity (Supply) 
Act of 1926 was not the only model that might be 
adopted by the gas industry, but it was the most 
obvious and convenient. 

Mr. Robert Maclaurin said that Dr. Smith’s 
paper was a very clever piece of pleading for gas 
against electricity. He had shown that gas could be 
distributed some tenths of a penny more cheaply 
than electricity, but what the consumer was inter- 
ested in was the price of gas. The outlooks of the 
electrical and gas interests on the subject of reduc- 
tion in costs were very different. The former 
tackled the subject scientifically, while the latter 
did not. The result was that gas was being sold 
at so high a price that consumers took 100 cub. ft. 
instead of 500 cub. ft. a day and that tended to 
increase the distribution costs. 

Mr. Irwin Crookes did not agree with Dr. Smith 
that electrical transmission was no cheaper than 
gas transmission. He calculated that the annual 
charge on a 4,000 kw., 22,000 volt, 25 mile trans- 
mission line in New Zealand, with which he was 
connected, was 0-76d. per kw. per annum at 100 per 
cent. load factor. Commander Brooks said that 
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he had succeeded in transmitting pulverised coal 
some 5,400 ft. by means of Fuller-Kinyon blowers, 
the fuel having the character of a fluid owing to the 
introduction of a small amount of air. 


(T'o be continued.) 








THE SAFETY IN MINES RESEARCH 
LABORATORIES, SHEFFIELD. 

WE gave, on page 728 of our issue of June 17, 1927, 
an illustrated description of the Safety in Mines 
Research Board Experimental Station at Buxton. 
These premises are used for large-scale experiments 
in connection with mine explosions, which experi- 
ments can only be conducted in an isolated spot. A 
second station, which comprises laboratories for small- 
scale experimental work, has been built in Sheffield and 
was Officially opened by the Prime Minister, Mr. Bald- 
win, on October 11 last. The cost of erecting and 
endowing these two stations has been met by grants 
voted from its fund by the Miners’ Welfare Committee, 
of which Viscount Chelmsford is Chairman. The 


THE Vacuum DISTILLATION or COAL. 








Fie, 6. 


Sugden, Limited, of Halifax, and installed in one 
of the second-floor rooms. It is capable of evaporating 
90 lb. of water per hour, at a steam pressure of 50 Ib. per 
square inch, both the gas supply and the feed water 
being automatically controlled. Needless to say, the 
steam mains are fitted with traps for condensed 
water. An _ electrically-driven horizontal vacuum 
pump, capable of exhausting 40 cub. ft. per minute, 
to a vacuum of nearly 30 in. of mercury, is installed 
in the basement. Laboratories in various parts of 
the building are connected with this pump by means 
of a piping system. The steam, vacuum, and gas pipes 
are each painted a different colour to render them 
readily distinguishable. 

Although the building is a new one, many of the 
researches now being conducted within it are well 
advanced, as may be gathered from a perusal of the 
Safety in Mines Research Board Papers which have 
been issued at intervals since 1923. Much of this 
published work was carried out in temporary labora- 
tories leased to the Board by the authorities of the 
University of Sheffield, and, when the present building 


| was completed, the researches in progress were trans- 
new building stands in Portobello-street and adjoins | ferred to the new laboratories. 


The work at present 


the Applied Science Department of Sheffield University. | in hand at the Sheffield station may, for convenience, 
It has been erected on land leased from the University | be divided into seven broad sections, namely, coal- 


and is rectangular in plan; the frontage, which faces 


| 
| 


dust and firedamp explosions, the spontaneous com- 


Portobello-street, has a length of 145 ft. The building | bustion of coal, electrical researches, mining explosives, 


comprises four floors and a basement, and the archi- 
tecture is similar in style to that of the Department of 
Applied Science. 


The station contains some 30 laboratories, most of | 


which are of small size and are intended to accom- 
modate one investigato- in each; the partitions 
however, are light, and are capable of being removed 
should larger rooms be required at some future date. 
In addition to the laboratories, there are a number of 
workshops, offices and stores, and the total number of 
rooms in the building is 56. Gas, water and alternat- 
ing current at 220 volts, 50 cycles, are obtained 
from the city mains. Direct current at 220 volts is 
supplied by a 40-kw. converter, which, together with 
the main control switchboard, is situated in a room on 
the lower ground floor. The wiring is on the cab- 
tyre-sheathed cable system, the wires being run on 
the surface of the walls. Steam is supplied to a certain 


number of the laboratories from a gas-fired multi- 
tubular boiler constructed by Messrs. Hartley and 








safety lamps, and mine-rescue apparatus. In the 
matter of coal-dust explosions, research is being carried 
on to determine whether stone-dusting, as now prac- 
tised, will always give adequate safety, and, if such is 
not the case, whether improvements are possible. 
Among other work on the subject, determinations of 
the combustibility of various coal-dust samples are 
being conducted in the new laboratories, and the rate 
of combustion of each particle, as it is projected 
downwards in an electrical furnace, is ascertained 
with the aid of a drum camera which is rotated at a 
known speed. The apparatus is shown in Fig. l, 
on page 504; on the left is the nichrome-wire wound 
electric furnace on the top of which is a special tilting 
device for projecting the sample of coal into the furnace. 
On the right is the revolving film camera, the circum- 
ference of which measures 1 m. ; this is usally rotated 
at a speed of 10 revolutions per second. The com- 
bustion of each particle of coal is represented by a 
straight line or track on the sensitised paper of the 











RESEARCH LABORATORIES, SHEFFIELD. 


INVESTIGATION OF Gas INFLAMMABILITY. 


camera and the length of this track, together with 
the known rate of revolution of the drum, yields 
the necessary information for calculating the rate of 
combustion of each particle. 

Coal-dust explosions and gob fires, caused by the 
spontaneous combustion of coal underground, are 
intimately connected with the chemical composition 
of the fuel. Consequently, much of the work of the 
laboratories lies in the chemical investigation of coal 
and in endeavouring to ascertain the behaviour, 
under various conditions, of the different component 
substances. For instance, a detailed examination of 
the products of distillation of samples of the coal 
dusts used for inflammability tests is being made. 
It is suspected that the exceptionally inflammable 
coals contain an abnormal amount of resin and oil. 
The apparatus which is employed for the distillation 
of coal in a vacuum is shown in Fig. 5, on this page. 1 he 
retort is enclosed in the electric furnace, seen in the 
upper portion of the apparatus, below it is the condenser 
into which the distillate drops, and on the floor towards 
the left, is the mercury vacuum pump. The primary 
liquid product obtained, a heavy oil, is analysed by 
special extraction methods. The extracted fractions 
comprise carboxylic acids; bases, including pyridine, 
picoline, and piperidine ; phenols ; and neutral hydro- 
carbons. The latter are again split up into oxygenated 
compounds, ether-soluble resins, and chloroform. 
soluble resins. The knowledge gained by this analysis 
is useful in tracing irregularities in the normal order 
of inflammabilities of the coal dusts. Before leaving 
the subject of chemistry, it may be of interest to 
note that apparatus for micro-chemical analysis, 
that is, for the anlysis of very small amounts of fuel, 
of the order of 0 -001gramme, has been installed. This 
is for use in determining the halogens, sulphur, carbon, 
hydrogen, and nitrogen, in, and the molecular weights 
of, those substances which, though they may be present 
in important amounts in coal, can only be separated in 
small quantities by present methods. me 

A number of researches on firedamp explosions are 10 
progress. Firedamp is nearly pure methane, and the 
results of experiments have shown that if mine air con- 
tains more than 5 -24 per cent. and less than 14 per ge 
of firedamp the mixture is explosive. These limits ©: 
inflammability of gas mixtures and other interesting 
figures relating to mine gases have been determined ie 
the apparatus shown in Fig. 6. The large vertical 

















tuk 
mi? 


elec 
lim 


five 


of | 
acc 
tra’ 
pre 
gla: 
is s 
pie! 
Sim 
tak 
glas 
see] 


pre: 
foll 
wal 
una 
exp 
casi 
on 

pro 
Wo! 
Res 
out 
exp 
due 
whe 
con 
at | 
cert 
app 
car’ 
esti 


reg: 


cou 
vey 
and 
nea 
Hes 
and 
pur 
as I 
in | 
of r 
It j 
gas 
oce’ 
unl; 
The 
the 
for 


RE: 
Wa 
app 
Con 
tria 
on 


Jea 
furt 























ENGINEERING. 





597 





OcT. 19, 1928.] 








tube is filled with a given mixture, the gases being well 
mixed by means of a small fan installed in the upper 
portion of the tube and driven by the small motor 
placed at the foot. The mixture is ignited by an 
electric spark at the bottom end of the tube. _Pre- 
liminary experiments are usually carried out in the 
smaller tube seen on the left. Other researches on 
explosions are undertaken to ascertain the mode of 
propagation of flame in mixtures of methane and air. 
Fig. 2, page 504, depicts apparatus for recording the 
progress of an explosion on a fairly large scale. The 
long tube seen is filled with an explosive mixture which 
is circulated by the fan on the right in order to ensure 
perfect homogeneity. The explosion is produced by 
anelectricspark, and the flame is photographed, through 
slots in a section of the tube, by means of a revolving- 
film camera. The experiment is repeated with the 
same mixture of gas and with the slotted section of the 
tube in another position. A composite picture of the 
propagation of flame, under certain conditions, is thus 
obtained. 

An apparatus for observing the projection of flame 
into branched galleries, free from firedamp, is shown in 
Fig. 3, page 505. The mixture is contained in a metal 
tube in the centre of the apparatus, this tube being shut 
off from the glass branch tubes by means of gastight 
sliding partitions. The arrangement is such that, as soon 
as a partition is slid down, an electric spark is produced 
within the explosive mixture. The three partitions 
seen in the figure may be slid down simultaneously 
by means of a system of wires and pulleys. Results 
published have shown that, under certain conditions, 
the flame may spread along a length of gallery nearly 
five times that containing the explosive mixture. An 
apparatus for the photographic examination of flame 
is seen in Fig. 4. By its use a rapid succession 
of pictures may be obtained on the same plate at 
accurately-measured intervals of time.* The mode of 
travel of flames in enclosures of various types is at 
present under investigation. In Fig. 4, a spherical 
glass bulb contains the explosive mixture. The camera 
is shown on the right, and geared, motor-driven discs, 
pierced with circular holes, constitute the shutter. 
Simultaneously, a picture of the flame movement is 
taken, through a slot in the partition just behind the 
glass bulb, by means of the large revolving-film camera 
seen towards the left in the figure. 

The study of flame propagation and of the explosion 
pressures produced in closed spherical vessels has been 
followed by experiments with vessels having pierced 
walls. If the apertures are not too large, the flame is 
unable to pass out, but the pressure produced by the 
explosion is released. The flame and explosion-proof 
casings for electrical machinery underground are based 
on this principle. Among other electrical researches, 
problems connected with better illumination at the 
working face of a colliery are being investigated. 
Research work upon mining explosives is chiefly carried 
out at Buxton, but the preliminary work of devising 
experimental methods of recording the pressure pro- 
duced and other physical characteristics of the explosive 
when detonated, was performed at Sheffield. Work in 
connection with mine-rescue apparatus at Sheffield is, 
at present, being confined to attempting to carry out 
certain improvements in the design of self-rescue 
apparatus and gas-masks, the study of estimators for 
carbon monoxide, and the construction of a portable 
estimator for oxygen. 

In conclusion, it may be of interest to say a few words 
regarding the source of the methane, large volumes of 
which are consumed daily at the laboratories in the 
course of various investigations. The gas, which is con- 
veyed to Sheffield in ordinary cylinders, is anatural gas, 
and is derived from two boreholes, one at Cwmmer, 
near Porth, Glamorgan, South Wales, and the other at 
Heathfield, Sussex. The Cwmmer gas is very pure, 
and contains 98 per cent. of methane. Should absolute 
purity be required for a particular experiment, the gas, 
as received, is purified by liquifying it by condensation 
in liquid air. The Heathfield gas contains 90 per cent. 
of methane, together with a small percentage of ethane. 
It is used for experiments in which the purity of the 
gas is of little importance. The fact that natural gas 
occurs at Heathfield is somewhat curious, in that, 
unlike the Cwmmer gas, no coal fields are in the vicinity. 
The borehole is close to Heathfield railway station, on 
the Southern Railway, and a portion of the gas is used 
for lighting the station. 








Tae DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL 
RESEAncu.--We are informed that Sir David Milne- 
W atson and Mr. R. W. Reid, M.I.Mech.E., have: been 
appointed members of the Advisory Council to the 
Committee of the Privy Council for Scientific and Indus- 
trial Research, in the place of members who have retired 
on the completion of their terms of office. The Lord 
President has also reappointed Sir James Hopwood 
Jeans to be a member of the Advisory Council for a 
further period of one year. 


a 





* See ENGINEERING, vol. cxx, page 286 (1925). 


THE CERAMIC SOCIETY. 
ReEFRAcTORY MATERIALS SECTION. 


THE autumn meeting of the Refractory Materials 
Section of the Ceramic Society was held at the Royal 
Technical College, Glasgow, on September 13 and 14, 
the Deputy President, Mr. H. J. C. Johnston, being in 
the chair. The programme was a very full one, and 
many of the papers were of considerable length. In 
these circumstances, there was not a great deal of 
time available for discussion. 


Formers ror Evectric HEATING ELEMENTS- 


The first paper taken was by Mr. P. Cooper, and 
was entitled “‘ Refractory Formers for Electric Heating 
Elements; Some Problems in the Manufacture and 
Use.” The author stated that an electrical heater 
element consisted, in the main, of a wire resistance and 
a refractory former supporting it. The chief qualities 
of a good refractory former included good thermal 
strength, reasonable mechanical strength, sufficient 
electrical resistance at maximum running temperatures, 
negligible variation in size, easy and cheap production, 
and sometimes colour as specified. Each of these 
qualities was considered briefly, in some instances 
with reference to specimens exhibited. The body 
mixture needed almost continual adjustment, because 
of variation in design, size, electrical loading, colour, 
and process of manufacture. Great care was necessary 
throughout in order to produce satisfactory articles. 


REFRACTORIES FOR SALT-GLAZE KILNs. 


The next paper, by Messrs. W. Emery and A. Johnson, 
was entitled ‘‘ Notes on Refractories for Salt-Glaze 
Kilns.” The authors stated that for salt-glaze work 
the firing temperature usually lay between 1,200 deg. C. 
and 1,300 deg. C., but occasionally was as high as 
1,370 deg. C. (cone 12). Only commercial material 
was used to make the test bricks, which jwere built into 
bags (or flame walls) of the kiln. There were fifteen 
firings in succession. The bricks had to meet the heat 
conditions in addition to heavy salt fumes and fuel 
ash. The range of the test bricks covered super- 
alumina, high alumina, normal fireclay (English and 
Scottish), china clay residue, natural clay bond, 
silica bricks, and ordinary lime-bond silica bricks. The 
kiln in which they were fired was a round beehive 
down-draught kiln, fire normally to about 1,320 deg. C. 
(cone 9). 

The results suggest that high-alumina bricks (with 
40-45 per cent. alumina) would be the most economical 
to use, and that silica bricks were useless under salty 
conditions. Texture was important, as well as com- 
position. It was noticed that when new flame walls 
were built in a kiln, with ordinary fireclay as jointing 
material, a copious growth of black shining crysta 
appeared in between the joints. These crystals became 
larger, more numerous, and more brilliant, until about 
the fourth firing, after which they disappeared, leaving 
a hole in the edge of the brick. These holes greatly 
resemble the blotchy iron-speck holes found in fire- 
bricks, and are always encrusted with a dark greyish 
slag coating. The analyses of the crystals correspond 
closely to the formula :—SiO,, 7A1,0;, 2-8Fe0O.! 


REGENERATORS IN RELATION TO REFRACTORY 
CONSTRUCTION. 


In the paper by Mr. A. T. Green, F.Inst.P., entitled 
“The Functions of Regenerators in Relation to the 
Refractory Materials of Construction,” brief introduc- 
tory remarks referred to the invention of regeneration 
in 1857 by the brothers Siemens, and to subsequent 
developments. The importance of regeneration to the 
working of the open-hearth steel furnace was then 
explained. Satisfactory results could not be obtained 
in an open-hearth furnace unless the flame licked the 
surface of the bath. The gas pressure in the heating 
chamber must be equal to atmospheric pressure. The 
correct direction and condition of the flame depended 
upon the nature of the influx of air and gas and the 
efflux of the products of combustion, this combination 
of factors being largely controlled by the regenerators. 

The author proceeded to discuss the theory of 
regenerator action, and then went on to consider 
features in the design and working of open-hearth steel 
furnace regenerators. According to F. Clements, a 
chamber of considerable height in relation to its cross- 
sectional area offered decided advantages with respect 
to the even passage of the gases through the regenerator, 
and this type of structure was most favoured in industry. 
This design has a big influence in increasing the velocity 
of the air entering the furnace proper, for high regenera- 
tors tend to increase the pressure at the top of the 
furnace. This velocity governs, to some extent, the 
direction of the flame, and also the life of the struc- 
ture by reducing the risk of localised hot-spots being 
formed. 

The maximum temperature at the top of the regenera- 
tors might be near 1,600 deg. C., whilst in the bottom 
zones, the average temperature was about 500 deg. C. 





The products of combustion passed through the bath 


at a temperature of about 1,500 deg. C., with velocities 
of 150 ft. and 100 ft. per second for the gas and air 
ports, respectively. The average temperatures of the 
gases leaving the chequers was about 630 deg. C. 
(slightly higher in the case of the gas chequers) whilst 
the average velocity through the regenerators was 
8-0 ft. per second for the gas chequers and 13-2 ft. per 
second for the air chequers. On reversal, the incoming 
gas and air were considerably increased in temperature 
and pressure, and although the average velocity through 
the chequers was 8-5 ft. and 10 ft. per second for gas 
and air regenerators, respectively, at the uptakes the 
velocity had increased to about 85 ft. per second. In 
the upper courses of brickwork, this velocity would be 
comparatively high; on leaving the chequers, the 
temperature of the gas and air approached 1,250 deg. C. 
The gas entered the regenerators at about 700 deg. C. 
and a velocity of 40 ft. per second, but the air was 
admitted cold at the regulating value. 

The Efficiency of Regenerators.—R. J. Sarjant has 
stated that the efficiency of regenerators varied between 
60 per cent. and 85 per cent., when expressed as a 
ratio of the sensible heat conveyed to the preheated 
air and gas to the heat abstracted from the products 
of combustion reaching the chequers. F. Clements 
obtained 58 per cent. and 82 per cent. for this efficiency 
factor for the gas and air regenerators, respectively. 
The true thermal efficiency would be given by consider- 
ing the ratio of the heat returned to the gas and air 
in relation to the total sensible heat in the products of 
combustion reaching the chequers. This overall 
thermal efficiency was about 40 per cent. 

The losses from the regenerators by radiation and 
convection amounted to about 16 per cent. of the total 
heat losses of the open-hearth plant. This was an 
excessive factor, considering that the thermal efficiency 
of the open-hearth process was only about 17 per cent. 
The insulation of the brickwork was thus of great 
importance, and the insertion of an insulating wall 
between the outer wall of red brick and the interior 
lining should be all that was necessary to reduce these 
losses to a minimum. Such an insulation might help 
considerably in facilitating the even passage of the 
gases through the chambers. 

The Properties of Refractories for Open-Hearth 
Furnace Regenerators.—It was almost universal prac- 
tice to use either fireclay, siliceous, or silica products 
as the material of construction for regenerators. 
Usually silica bricks were confined to the top courses, 
though they were sometimes used throughout the 
chequering. Siliceous or fireclay bricks generally 
formed the main filling. 

Thermal Properties—The heat-storage factor of 
regenerators was primarily the heat capacity of the 


Js | brickwork. Heat capacity per unit volume at a par- 


ticular temperature was the product of the specific 
heat and the apparent specific gravity at the particular 
temperature. 

Table III, on page 508, gives the average specific 
heats at definite temperatures of some refractories 
which may be used in regenerator construction. 

It may be noted that the specific heats of fireclay 
and silica products are very close to each other. 
Chequer work was a far more effective storage for heat 
at high temperatures than at low temperatures, because 
of the rapid increase of specific heat with rise of tem- 
perature. 

According to O. Weigel, the specific heat of carborun- 
dum (pure recrystallized silicon carbide) showed a 
maximum at about 500 deg. C., and decreased at a 
conspicuous rate with increasing temperature between 
500 deg. and 1,000 deg. C. Carborundum chequers 
at high temperatures would thus form a very ineffec- 
tive heat storage. Magnesite showed comparatively 
high specific heat. Both apparent specific gravity and 
specific heat varied with temperature. The variation 
was much less in the case of apparent specific gravity 
than in specific heat. Hence heat capacity per unit 
volume increased very rapidly with temperature. 
This is indicated in Table IV. 

Silica products possessed comparatively very low heat 
capacities. Heat treatment of silica products always 
tended towards a reduction of the apparent specific 
gravity, and, therefore, of the heat capacity per unit 
volume. Continued heat treatment tended towards 
increasing slightly the porosity of silica products. 

The true specific gravity of fireclay products was 
generally only slightly altered by continued heat 
treatment at higher temperatures. With increasing 
vitrification of a fireclay there was always a tendency 
towards, and in most cases a realisation of, a decrease 
in porosity, with a consequent increase in the apparent 
specific gravity. A well-burned fireclay product had 
a relatively high apparent specific gravity, in general, 
ranging from 1-8 to 2-2. The heat capacity of fireclay 
products was decidedly greater than that of silica 
bricks, and it showed a tendency to increase with 
increasing heat treatment in industrial usage. 

The true specific gravity of magnesite brick tended 





to increase with increasing heat treatment, from about 
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3-2 to 3-65, while the porosity tended to decrease. 
The heat capacity of magnesite products increased 
considerably with increasing heat treatment at high 
temperatures. The heat capacity of fireclay was about 
25 per cent. better than that of silica products. The 
thermal conductivity, like the specific heat, of both 
silica and fireclay increased rapidly with temperature. 
Magnesite products appeared to have a maximum 
thermal conductivity about 900 deg. C., followed by a 
decrease with increasing temperature. The coefficient 
of conductivity of carborundum products was, in some 
cases, five times that of fireclay products, even at high 
temperatures. The thermal conductivities of fireclay 
and silica products were similar to one another at 
about 900 deg. C., but at high temperatures the con- 
ductivity of silica materials was greater than that of 
fireclay products. 

Summing up the evidence on the thermal properties 
of possible regenerator fillings, the following inferences 
might be drawn :— 

(1) Magnesite products appeared to possess thermal 
advantages from the aspects of heat storage and thermal 
conductivity. 

(2) Fireclay bricks were very efficient thermal agents, 
absorbing and transmitting comparatively large quanti- 
ties of heat. 

(3) Silica products had high values for temperature 
diffusivity, and gave up their heat slightly more rapidly 


considerable length. The particular influence of the slag 
on the various refractories determined their efficiency. 
The influence could be roughly divided into two 
categories : (2) An erosion or gradual thinning of the 
brick, due to surface slagging and penetration; and 
(6) the formation of slag incrustation, with no material 
thinning of the brickwork, but a blocking of the effective 
spacings. With aluminous, dense fireclay, and magne- 
site products, there was a decided tendency towards 
the formation of adherent masses, and any resultant 
reduction of spacings would involve loss of regenerator 
efficiency. With some firebricks, this adherence was 
accentuated by slight softening of the material at the 
temperatures of usage, which gave a “stickiness ”’ to 
the surface. Silica materials showed a tendency 
towards the erosion effect, the iron oxide in the hotter 
zones penetrating the material deeply. With highly 
siliceous products, the rate of erosion was usually 
reduced to a working minimum, the life of the regenera- 
tor being increased. With this highly siliceous product, 
the spacings of the regenerator were often maintained, 
without undue loss of material during an economical 
life. 

The usual size of the chequer openings was a com- 
promise between large and wide openings to prevent 
early clogging by dust, and small and narrow openings 
to get efficient heat transfer. Special devices were 





sometimes used to control the deposition of dust. It 


TABLE IIl.—Speciric HEATs oF REFRACTORY MATERIALS. 





| 
| 
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Temperature in Deg. 


C. 





Material. 





inet ae Authority. 
1,400 deg. | 





00 deg.| 











25 deg. | 200 deg. | 400 deg. | 600 deg. | 800 deg. | 1,0) 1,200 deg. 

| : | mark 7 | mr 

a | | 
Fireclay brick} 0-193 0-213 0-245 0-278 | 0-304 | 0-314 0-823 | 0-332 | L. Bradshaw and W. Emery ; 
| | | } | | E. Heyn and co-workers 

Silica brick 0-187 | 0-219 0-258 | 0-279 0-298 | 0-312 | 0-324 | 0-334 Ditto. 
Magnesite | 0-230 | 0-254 0-273 0-292 | 0-310 | 0-329 | 0-350 _ A. T. Green; E. Heyn and 
brick | | | | co-workers. 
Carborundum| 0-140 | 0-233 | 0-277 | 0-275 | 0-225 | 0-120 | | 
| | | | 





TABLE 1V.—Heart Capacities oF VARIOUS REFRACTORIES IN CALORIES PER C.C. 





Temperature. | Firebrick. Silica. 

Se = (aoe ee RR ee ee eee ee 
100 deg. | 0-400 | 0-349 
1,000 deg. 0-570 0-495 


than fireclay bricks. By reason of their low apparent | 


specific gravity, however, silica bricks had comparatively 
low heat capacities, making the quantity of heat stored 
and transferred to the gases less than with fireclay or 
aluminous bricks. This factor made them less suitable 
for chequer brickwork from a thermal point of view. 

(4) Siliceous bricks appeared to compromise the 
thermal properties of silica and fireclay products. 

(5) According to S. M. Phelps, aluminous refractories 
have comparatively high apparent specific gravities and 
heat capacities. They were thus effective thermal 
storage agents. 

(6) Recrystallised silicon carbide (carborundum) 
possessed a high thermal conductivity, and a low 
specific heat. By virtue of this high conductivity, this 
material cooled rapidly, especially with a relatively small 
quantity of heat to be dissipated. For chequer work, 
bricks of this composition would be of little value, 
except in an operation where rapid reversals of the 
regenerators were essential. 

(7) Differences in regenerator efficiency could be 
obtained by the use of fireclay bricks of varying 
porosity. The denser the brick, the -more efficient it 
was in chequer work operation. Generally, such a 
brick was more resistant to slag action than one of 
open structure. 

(8) S. M. Phelps stated that, on experimental 


evidence, the glazing of bricks during industrial usage | 


did not impair their thermal efficiency. This was to be 
expected, since a very large quantity of heat was given 
up by convection from the surface of the brick. The 
function of convection was not appreciably affected on 
changing the nature of the surface by glazing it, since 
the surface film was of substantially the same area 
before and after glazing. 

During a period of heat transference, the temperatures 
of the gas and air at the ports must gradually decrease. 
Thus there must be some fluctuation in the bath 
temperature between reversals. This naturally limited 
the period between reversals. The high heat-storage 
factor and not unduly high conductivity of fireclay 
goods enabled the period between reversals to be 
considerably extended without drastic fluctuations. 
Fireclay and aluminous refractories were superior to 
silica bricks in this respect, owing to their high heat 
capacities. For convenience of working, a slightly 
extended period between reversals was desirable, and 
firebrick would allow this. 

The influence of slags and dusts was discussed at 








: Zirconia | Carborundum 

| Magnesite. | Product. | Product. 
0-621 0-470 0-494 
0-842 0-852 | 0-338 


| | 
| | 





seemed more logical to intercept the solids from the gas 
| before it reached the chequers. This was the object of 
| the slag pocket, but the results obtained were dis- 
| appointing, for as the slag pocket became filled, gases 
| passed more directly to the regenerators, and the solid 
| particles were less completely removed. Methods for 
| removing the slag were helpful. 
In some final observations on the selection of refrac- 
| tories, it was pointed out that magnesite bricks, though 
possessing desirable thermal properties, were ruled out 
| on account of cost and spalling tendency. Carborun- 
|dum refractories for open-hearth regenerators, failed 
from thermal, economic, and operational considera- 
tions. Highly aluminous refractories, though possess- 
ing certain effective regenerator properties, did not 
appear to be a better proposition than superior fireclay 
products when their cost was considered. From 
economical considerations, the choice appeared to lie 
between silica, siliceous and fireclay bricks. Silica 
products were usually considered essential for the top 
courses, where high temperatures prevailed, though 
highly siliceous products would withstand the condi- 
tions. From considerations of operation and thermal 
| capacity, silica bricks seemed less efficient than fire- 
| bricks or siliceous products. Both siliceous products 
|(90 per cent. silica) and superior fireclay products 
|found effective use as major regenerator fillings. In 
| general, the siliceous material appeared to possess the 
| best compromise of properties, particularly when 
slagging and superficial ‘‘ stickiness ’’ were considered. 


(To be continued.) 











| THe Royat AERonavtTicat Society. The Sir Charles 
| Wakefield Gold Medal for 1928, which is presented 
jannually by the Council of the Royal Aeronautical 
| Society to the designer of any invention or apparatus 
| tending towards safety in flying, has been awarded to 
| Mr. F. Handley Page for his work in connection with 
| the automatic slot. The Silver Medal of the Society 
| is presented annually for some advance in aeronautical 
| design, and that for 1928 has been awarded to Mr. B. N. 
| Wallis for his work in connection with the design of 
| airships. The R.38 Memorial Prize is offered annually 
| for the best paper received by the Society on some 
| subject of a technical nature in the science of aeronautics, 
preference being given to contributions relating to 
| airships. The prize for 1927 has been awarded to 
| Mr. H. Roxbee Cox for his paper on ‘“ The External 
| Forces of an Airship Structure, with Special Reference 
| to the Requirements of Rigid Airship Design.” 








APPRENTICESHIP IN THE ELEC- 
TRICAL INDUSTRY. 


At the recent meeting of the British Association, 
time was devoted to discussing the best method of 
educating boys for an engineering career, with special 
reference to fitting them for entry into what may be 
called the officer class. As pointed out by Dr. W. W. 
Vaughan on that occasion, however, boys of all sorts of 
standards are required, and it follows logically that an 
equal amount of care must be expended on the training 
of “non-commissioned officers and men”’ if the best 
results are to be obtained. One of the most fruitful 
ways of doing this is through an apprenticeship system. 
This gives a boy an insight into practical work, while 
submitting him to a certain discipline, and at the same 
time providing him with opportunities for acquiring 
theoretical knowledge. 

We are, therefore, glad to see that the Association of 
Supervising Electrical Engineers have devised such a 
scheme with the laudable object of providing a steady 
supply of skilled workmen. At present, the details are 
only tentative. It is proposed, however, that a Central 
Apprenticeship Board, composed of representatives of 
the various interests involved, shall be established 
and that this body, not individual firms, shall, along 
with the parent or guardian of the boy, be a party to 
the indentures. The suggested age of entry is to be 
between fifteen and seventeen, and the applicant must 
have attained an agreed standard of education. Em- 
ployers must be members of some recognised body. 

The term of apprenticeship will be five years, and 
opportunity is to be given for obtaining experience in 
the various branches of the work, both practical and 
theoretical. The cost of providing the latter will be 
borne, it is hoped, by the Government or by the 
Central Apprenticeship Board. The apprentice will 
receive wages varying from 10s. 9d. per week in the 
first year to ll. 19s. 2d. per week in the fifth year, 
together with a bonus varying from 1s. 6d. per week 
in the second year to 10s. in the fifth year. The 
payment of this bonus will, however, be dependent on 
satisfactory attendance and progress at both the work 
and at school. At the end of a term of successful ap- 
prenticeship, the Central Apprenticeship Board will use 
their best endeavours to provide suitable employment, 
first for a period of one year as an improver at a rate 
not less than 90 per cent. of the journeyman’s rate, 
and subsequently at the full journeyman’s rate. The 
Association of Supervising Engineers will be responsible 
for the management of the scheme, and further par- 
ticulars can be obtained from the General Secretary, 
Chalmers House, 43, Russell-square, London, W.C.1. 








THE SourtH MANCHURIAN Rartway Company.—It is 
stated in a recent issue of The Chinese Economic Bulletin 
that the rolling stock of the South Manchurian Railway 
Company comprises 442 locomotives, 486 passenger 
coaches and 7,250 goods wagons. During the summer, 
when traffic decreases somewhat, the engines and stock 
are overhauled at the Shaho and Liaoyang machine 
shops, and 13 locomotives, 19 coaches and 133 wagons, 
are refitted daily. As a result of increasing business 
several new works have been decided upon recently. 
These include the building of a new wharf and depot in 
Dairen, and the electrification of the line from Fushun to 
Mukden. 





British STANDARD SPECIFICATION FOR SPARKING 
Piuas.—A revised edition of the standard specification 
for the dimensions of sparking plugs, sparking-plug 
holes, taps for sparking-plug holes, and copper-asbestos 
washers for automobile engines, has just been issued 
by the British Engineering Standards Association as 
No. 45-1928. The standard tolerances for screw threads 
laid down in the 1917 edition of this specification having 
proved too fine for commercial production, they have 
been reviewed, and investigation showed that a small 
increase would not seriously impair the efficiency of the 
fit, and, consequentlv, this has been provided for. The 
principal alterations made to the other dimensions of the 
sparking plugs are as follow :—The No. 3 B.A. terminal 
thread having been found insufficiently strong for certain 
types of plugs, No. 2 B.A. has been made the standard, 
with a recommendation that, where a larger terminal 
thread is required, No. 0 B.A. should be used. The 
standard reach has been fixed at ;* in., and, when & 
longer reach is required, two alternative lengths are 
recommended. The maximum projection of the sparking: 
plug has been increased from 2} in. to 3 in., while the 
minimum depth of the hexagon portion of the body has 
been made } in. The revised specification includes the 
standard dimensions for the depth and countersinking of 
the sparking-plug holes, dimensions and tolerances for 
the threads of taps for tapping plug holes, plug and ring 
gauges for checking the threads on the body of the plug 
and in the tapped hole, and particulars of the standard 
copper-asbestos washer for making the joints. Special 
attention is called to the desirability of using sparking- 
plug taps having threads conforming to the standard 
dimensions and limits laid down in this specification 
when tapping holes in engine cylinders. Copies of this 
revised edition may be obtained from the Publications 
Department, B.E.S.A., 28, Victoria-street, London, 8.W.1, 
price 2s. 2d., post free. 
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THE NELSON LINE MOTOR-SHIP ‘HIGHLAND MONARCH.” 


CONSTRUCTED BY MESSRS. HARLAND AND WOLFF, LIMITED, SHIPBUILDERS, BELFAST. 























Fie. 1. THe VEssEL aT SEA. 


THE NELSON LINE MOTOR-SHIP | and furnishings are quiet and restful, a fact which will | ment of the plant, which is mainly due to Mr. A. R. T. 
‘HIGHLAND MONARCH.” |doubtless be appreciated by passengers on a voyage | Woods, general manager of Messrs. H. & W. Nelson, 
| mainly through tropical waters. | Limited, will be followed with interest. The machinery 
Or the five new twin-screw motorships ordered from | The first-class dining saloon, on the shelter deck, has | and insulation has been supplied and erected by the 
Messrs. Harland and Wolff, Limited, by Messrs. H. | seating accommodation or 148 persons, tables for four | Liverpool Refrigeration Company, Limited. Five of 
and W. Nelson, Limited, for their passenger and | and six persons being provided in the central portion, | the holds and most of the ’tween-decks are insulated, 
refrigerated-cargo trade between this country, Brazil | with other seating and tabies round the walls arranged | the total capacity of the insulated space being about 
and the Argentine, via Spain and Portugal, the first,|in bays. The saloon is panelled in dark oak, with oak | 500,000 cubic feet, but there is an additional 60,000 
named Highland Monarch, arrived in the Thames | beams and white ceiling, and with Tudor arches running | cubic feet of non-insulated space. The ammonia- 
from Belfast on October 4, and commenced her | fore and aft between the stanchions. The upper part | compression system of refrigeration, with brine circu- 
maiden voyage on the 18th instant. The others, | of the dome has been designed to give the impression | lation, is employed, and a particularly interesting 
bearing the names Highland Chieftain, Highland|of an old English galleries inn. Intermediate-class | feature of the installation is that the two main com- 
Brigade, Highland Hope, and one at present unnamed, | passengers are carried aft in two-berth and four-berth | pressors are driven by Diesel engines. This, we believe, 
are expected to be completed by June or July of next | state-rooms, the public rooms including a dining saloon, | is the first marine refrigerating installation in which 
year, when they will take the place of older vessels in smoke room, and ladies’ lounge. | Diesel engines have been employed as the prime mover. 
maintaining a fortnightly service. The new vessels} The propelling machinery consists of two sets of | One of the two main compressor sets is shown 
however, although of generally similar characteristics | eight-cylinder double-acting Diesel engines, of the | erected in the makers’ works is illustrated in Figs. 
to the Nelson Line steamers, represent a distinct | Harland-B. and W. type, operating on the four-stroke | 2 and 3, on page 510. Each, it will be seen, has two 
advance on the latter in the matter of size, as well as|cycle and each developing about 4,000 shaft-horse | ammonia cylinders, 11} in. in diameter by 15 in. 
with regard to the propelling and_ refrigerating | power at 100 r.p.m. The cylinders are 680 mm. | stroke, direct coupled to a four-cylinder horizontal 
machinery. | (263 in.) in diameter, and the piston stroke 1,600 mm. | Diesel engine constructed by Messrs. The Premier Gas 
The Highland Monarch, a photograph of which is |(63 in.). Michell thrust-blocks, with hydraulic gear | Engine Company, Limited, of Sandiacre, near Notting- 
reproduced in Fig. 1, on this page, has a gross tonnage | for thrust measurement, are fitted on each propeller |ham, the four engine cylinders being arranged in 
of 14,137, with a service speed of about 15 knots, and | shaft. A three-stage compressor, mounted at the|two pairs vis-a-vis. The cylinders are each 16} in. 
her principal dimensions are: Length between perpen- | forward end of the bedplate and driven by a crank on|in diameter with a piston stroke of 24 in., and 
diculars, 520 ft., breadth, 69 ft., and depth to upper|the main crankshaft, supplies air for fuel-injection | the engines develop 308 brake horse-power at 179 
deck, 35 ft. 9 in. As will be clear from the illustration, | purposes. The engine cylinders are cooled by fresh | r.p.m. Airless injection is employed and the fuel 
the vessel has a cruiser stern and two short funnels, | water circulated by a pump and cooled by sea water, | consumption is given as 0-397 lb. of Diesel oil per 
which give her a pleasing appearance. She has been | while oil cooling is employed for the pistons. All the | brake horse-power hour. A somewhat similar engine, 
constructed to meet the Board of Trade and Lloyd’s | auxiliary machinery, with the exception of a small| having three smaller cylinders arranged side by 
100 Al class requirements, and also to comply with|emergency compressor, is electrically driven, the | side, was illustrated and described in detail on page 
the Spanish and Argentine laws relating to the carriage | emergency compressor being driven by steam supplied | 204 of our 125th volume. 
of emigrants. Nine watertight bulkheads are fitted, |from a Clarkson waste-heat boiler normally heated by| The capacity of each compressor unit is sufficient to 
and the double bottom, extending for the whole length |exhaust gases from the main engines. This boiler | maintain the required temperature in the whole of the 
of the hull, has been arranged for the carriage of water|can, however, be fired by oil fuel when the main | refrigerated chambers when working about 18 hours a 


ballast, fresh water, and fuel oil. | engines are not running, and the steam from it is used day, and each unit is provided with two condensers and 
Accommodation is provided for 135 first-class | for various cooking and heating operations. two evaporators, as well as with its own brine pumps. 
passengers, who are carried, mostly in two-berth state- | Four 200-kw. electric-generating sets, supplying direct | These are of the vertical-spindle type, supplied by 


tooms, on the bridge and shelter decks, as well as for | current at 220 volts, are located in the main engine- | Messrs. Drysdale and Company, Limited, and the 
66 intermediate-class passengers and a number of |room and are driven by six-cylinder Diesel engines of | driving motors are designed so that they can operate 
emigrants. The first-class public rooms, which are the Harland-B. and W. type with trunk pistons. These | when submerged. The closed system of brine circu- 
situated on the promenade deck, comprise a recreation | engines are fitted with specially large compressors to | lation is employed and the arrangements adopted render 
toom, lounge, and smoke room, with writing rooms on | supply the air for manceuvring the main engines ; the ‘brine at four different temperatures available for 
each side of the engine-room uptake and a verandah | air is stored in four cylindrical tanks. Two 50-kw. | distribution to the fixed brine pipes in the chambers. 
café at the after end. For these rooms, oak panelling | Diesel-driven emergency generating sets are also} Four distribution houses are located at convenient 
of different shades has been used throughout, with oak- | provided on the boat-deck level. points in the system for regulating and controlling the 
beamed and ivory-white ceilings of the Tudor style.| Since chilled meat forms the principal cargo on the | flow of brine to the various insulated chambers, and 
Except in the case of the smoke room, indirect lighting, |homeward voyage, the refrigerating installation is|a flow meter is provided in each section so that the 
from lamps concealed in the frieze, is employed, giving | particularly complete and, in view of Messrs. Nelson’s| rate of flow in each can be determined accurately. 
4 soft and pleasing effect. In general, the decorations |long experience in this trade, the design and arrange- |The whole installation, it may be added, has been 
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designed so as to be entirely independent of the main 
engine-room auxiliaries, and for this reason arrange- 
ments have been made so that a supply of compressed 
air for starting the compressor engines can be obtained 
from the emergency lighting sets, which can also supply 
current for operating the brine pumps. In addition 
to the refrigerated holds, a number of cooled provision 
chambers, cold cupboards, water coolers and an ice- 
making tank have been installed, for which a separate 
ammonia compressor, direct-coupled to a 40-h.p. 
variable-speed motor, has been provided. The 
ammonia condenser, evaporator, brine pumps and 
circulating pumps for this compressor are entirely 
distinct from the cargo-refrigerating installation. 

For handling the cargo, most of the five hatches are 
served by 5-ton derricks, but the hatch at the extreme 
forward end is provided with two 10-ton derricks 
and one 7-ton derrick. All the derricks are operated 
by electric winches supplied by Messrs. Laurence, 
Scott and Company, Limited. The anchor windlasses, 
which were constructed by Messrs. J. H. Wilson and 
Company, Limited, are operated by Laurence-Scott 
motors, as also is the steering gear. This is of the Hele- 
Shaw-Martineau electro-hydraulic type, and was con- 
structed by Messrs. Harland and Wolff, Limited. The 
wireless equipment, which was supplied by Messrs. 
Siemens Brothers and Company, Limited, includes a 
2-k.w. valve transmitting set, an emergency spark 
transmitter and an automatic call-up device of the 
type illustrated and described on page 355 of our 
124th volume, for the reception of distress signals, 
thus avoiding the necessity for maintaining a constant 
watch. Wireless direction-finding equipment is also 
installed on the navigating bridge. 

Having had the opportunity of travelling in the vessel 
on the trip from Belfast to London, we may remark that 
while the weather conditions on this trip were not such 
as to test her seaworthiness, she was remarkably steady, 
although in the light condition. The propelling 
machinery appeared to function perfectly throughout, 
and there was no troublesome noise or vibration to 
interfere with the comfort of the passengers. As 
builders of both the ship and her machinery, Messrs. 
Harland and Wolff, Limited, are to be congratulated 
on the results obtained, as also must be Mr. A. R. T. 
Woods, the owners’ general manager, who has been 
responsible for the internal arrangements both for 
the passengers and cargo. Of the four other similar 
vessels referred to above, three are building at Belfast 
and one at Govan, while all the engines are being 
constructed at Belfast. When all these ships are in 
service, the Nelson line will have a fleet of modern 
economical vessels which will doubtless materially 
assist them in meeting the severe competition experi- 
enced on the South American route. 








CATALOGUES. 


Small Engines.—Mr. Ludwig Kozeschnik, 6, Krause- 
gasse, Vienna, has sent us some leaf catalogues of small 
oil or petrol engines and pumps. 

Lubricating Oil—A pamphlet on the lubrication of 
cylinders of steam engines by special oils is to hand from 
Messrs. E. G. Acheson, Limited, 40 Wood-street, London, 
S.W.1. 

Lubricating Oil—The Henry Wells Oil Company, 
Limited, 11, Haymarket, London, S.W.1, have issued 
a pamphlet explaining their “ germ ’’ process of treating 
lubricating oil. 

Office Furniture.—Circulars illustrating tables, filing 
drawers, binder books, and other office requirements are 
to hand from Messrs. Kenrick and Jefferson, Limited, 
West Bromwich. 

Electrical Appliances.—Messrs. Ferranti, Limited, 
Hollinwood, Lancs, have sent us a number of leaf 
catalogues of domestic water heaters, electric fires, load 
levellers, thermostats, &c. 

Humidifying Machines.—A circular describing their 
humidifying machine, especially for textile mills, is to 
hand from Messrs. Herbert Smethurst (Knutsford), 
Limited, Knutsford, near Manchester. 

Gas.—The use of town gas in operating domestic and 
commercial refrigerators is dealt with in the periodical 
issued by the British Commercial Gas Association, 
28, Grosvenor-gardens, I ondon, S.W.1. 

Shovels.—Particulars have reached us from the 
Hardy Patent Pick Ccmpany, Limited, Sheffield, of 
a special steel shovel which has been found to resist 
hard wear to a very satisfactory degree. 

Metal Bands.—A list of metal bands or belts, used as 
lagging strip, with a wire loop at one end, is to hand 
from Mr. Joseph Thompson, Wilton-road, Salisbury. 
The sizes range from } in. by 6 in. to 1 in. by 50 in. 

Oil Products—The British Petroleum Company, 
Limited, Britannic House, Moorgate, London, E.C.2, 
have issued a pamphlet on the various products of petro- 
leum adapted for engine fuel, heating and lighting. 


Aero Engine.—An illustration and a brief description, 
in German, of the Junkers six-cylinder aero engine, 
made at Dessau, Germany, is to hand from Messrs. 
Trost Brothers, 104, Victoria-street, London, S.W.1. 

Reflectors.—The General Electric Company, Limited, 
Magnet House, Kingsway, London, W.C.1, have issued 
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a new edition of their descriptive priced list of enamelled- , 


steel reflectors for direct lighting of industrial premises. 


Electric Heaters.—Electric-heater tubes, which may 
be fixed to walls, and are made in various sizes and 
finishes, are shown in a catalogue received from the 
Electroheaters Company, 17, Old Queen-street, London, 
S.W.1. 

Lifting Blocks.—A list of spur, worm, and differential 
blocks for lifting, or lifting and travelling, with chains, 
slings, and other related appliances, is to hand from 
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Electrical Machinery.—Leat catalogues of alternating- 
|current motors with built-in centrifugal starters, and 
| thermal circuit breakers, and the June copy of their 
| periodical, are to hand from Messrs. British Brown- 
| Boveri, Limiteé, Trafalgar House, Waterloo-place, 
| London, 8.W.1. 


| Concrete in Building Construction—An article by 
| Sir John Foster Fraser and some practical information 
|on building cottages and small houses of concrete 
|materials have been issued by the Portland Cement 
Selling and Distributing Company, Limited, 20, Bucking- 


Messrs. J. Bardell Smith and Company, Lothair-road, | pam Gat> London, S.W.1. 


Leicester. 
Fans.—The Blackman Export Company, Limited, | 


Electrical Machines.—The Harland Engineering Com- 
pany, Limited, Alloa, Scotland, have issued a general 


37 dus -r 5) Needs ye si is new A 5 : : ; i 
iene E ee a oe me pire aie ae fe “i | catalogue with illustrations of their workshops and 
ames venii sae ot ! . | products, including generators, motors, converters and 


for blowing forges and furnaces, pneumatic transport fans 


| various motors fitted as direct drive to centrifugal, mine- 


for dry materials, and mine fans. | sinking and well-bore pumps. 


Milling Machine.—The United Machine Tool Company, 
Limited, Holborn Hall, Gray’s Inn-road, have issued | 
a circular explaining the Mueller vertical milling machine | 
and dealing particularly with its facilities for quick 
adjustment of speed and feed. 

Telephones.—Messrs. Gent and Company, Limited, | 
Leicester, have issued a new edition of their catalogue of | 
telephones showing a considerable range of types for | 
offices, works, mines, &c., and giving prices and particu- 
lars of instruments, parts and fittings. | 

Water-Level Indicators.—A catalogue of instruments | 
for indicating water level with recording and alarm- | 
signalling apparatus, is to hand from Messrs. Gent and | 
Company, Limited, Leicester. Full particulars of | 
fittings and connections are given, and prices are stated. | 

Fireproof Sheets——Messrs. Merryweather and Sons, 
Limited, Greenwich-road, London, S.E.10, have sent us | 
a leaf catalogue of asbestos blankets and sheets for use | 


| Victoria-street, London, E.C.4. 


| . 
| Lathe.—A two-spindle lathe with a cross slide carrying 


| six tools is shown in a catalogue issued by the Jones 


/and Lamson Machine Company, 21, Water-lane, Queen 
Three pairs of tools 
(e.g., drilling, counterboring and tapping) operate 
successively on two pieces of work, the cross slide 
being operated by pressure air, and making it a seml- 
automatic machine. 








THE LiverPooL CorPporATION Tramways.—During 
the year ending March 31 last, a record number of passen- 
gers, namely, 269,587,485 was carried by the Liverpool 
Corporation Tramways. This total shows an increase 


| of nearly 22 millions over the figure for the previous year. 


The total revenue for the twelve months under con- 
sideration amounted to 1,523,900/., and the operating 
costs to 1,202,3771. The net surplus realised was 221,5501., 


in case of fire on motor cars, in kinemas, factories, &c. | from which a sum of 115,000/. was contributed in aid of 


The sizes made are one yard square and two yards | 


the general rate, the remaining 106,550/. was transferred 


square. | to the reserve, renewal and depreciation fund. According 


Electric Motors.—A priced list of single-phase motors 
is to hand from Messrs. Induction Motors (London), 
Limited, 110, Cannon-street, London, E.C.4, giving 
particulars of sizes ranging from } h.p. to 40 h.p. in the 
squirrel-cage type, and from 1 h.p. to 35 h.p. in the 





slip-ring type. 


to the annual report of the general manager of the tram- 
ways, which has just been issued, some 2} miles of new 
track were opened to traffic in October, 1927, making 
the total length operated 161-23 miles. The ae 
earnings, during the year, amounted to 18-326d., an 
! the total charges per car mile to 15-908d. 
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THE CONSTRUCTION OF THE DELA- 
WARE RIVER SUSPENSION BRIDGE. 


Tue splendid bridge erected across the Delaware 
River between the cities of Philadelphia and Camden, 
is remarkable not merely for being the longest span 
yet constructed and for the heaviest load per foot 
run yet provided for, but is also as highly satis- 
factory from the esthetic standpoint as it is a 
witness to future generations of the ability of the 
engineer of to-day. As a technical achievement it 
will, as matters stand, be surpassed in the no 
distant future, since work is now under way on the 
3,500-ft. span bridge at New York. Each succes- 
sive advance made by the engineer tends, naturally, 
with lapse of time to lose its interest save as an 
historical or antiquarian memorial. But art is less 
subject to supersession, and the graceful lines of the 


maximum pull on each cable is 40,110,000 lb. The 
total length of the bridge, including approaches, is 
9,570 ft. These long approaches were necessary in 
order to comply with the requirements of the U.S. 
War Department, which were that the bridge must 
give a clear headway of 135 ft. above high water 
for a distance of 400 ft. on each side of the mid span 
point. The span was also fixed by War Depart- 
ment requirements. The bridge was built for road 
traffic, and the fact that ten million vehicles passed 
over it within twelve months of its opening is 
sufficient evidence that it has met a very distinct 
need. The figure stated is the more striking in 
that as yet no use has been made of the four surface- 
railway and rapid-transit tracks for which accom- 
modation has been provided. 

A plan of the site is given in Fig. 1, while Fig. 2 





shows the system of roads converging on the 
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Delaware River bridge will be appreciated as highly 
by the men of 2028 as they are by the educated eye 
of to-day. The artistic triumph attained is the more 
gratifying in that edifice is essentially an engineer’s 
bridge, the proportions having been fixed by the 
science of the engineer and not by the traditions of 
the architect, inherited as these are from genera- 
ons having but a very limited choice of struc- 
tural materials and characterised by lack of 
knowledze of mechanical principles. An architect 
was, quite properly, adjoined to the Board of 
Engineers entrusted with the design, but in the 
very nature of things he must perforce have been 


restrained in the main to his proper function of 
decorating and embellishing the exterior of the 
structure, and in particular of the heavy masses of 
masonry required over the anchorages. In the 
case of ‘he Delaware River bridge, it may be noted 
almost every cubic yard of the masonry has 
function»! significance. 


The 'idge has a central span of 1,750 ft. and 
each sic Span measures 716 ft. 8 in. The extreme 
Width of the bridge overall is 128 ft. 63 in., 
and the saddles, which carry the cables, are fixed 
at a heicht of 314 ft. above foundation level. The 








tip of the cables is 200 ft. The total load provided 
°r amounts to 26,000 lb. per foot run, and the 
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point. A photograph of the structure is reproduced 
in Fig. 3, on page 512, while an elevation and plan 
of the structure are given in Figs. 4 and 5, and a cross- 
section in Fig. 6,on page 513. It may be remarked 
in connection with the latter that of the famous 
American suspension bridges so far built this has the 
greatest width, and is remarkable for the use of only 
two cables. The Brooklyn Bridge finished in 1883 
has four cables, and takes six lines of traffic. The 
Williamsburgh Bridge (1903) also has four cables (in 
two parts), and it takes six lines of railway tracks 
and four lines of ordinary vehicles. The Queensboro’ 
Bridge of 1909 takes four railway tracks and six 
lines of road traffic on two decks, while the 
Manhattan Bridge takes eight tracks and four lanes 
of road traffic, suspension being by four cables 
widely spaced. 

A handsome record of the design and construc- 
tion of the bridge and of the investigations carried 
out in connection with the work has recently been 
published, and contains an excellent set of plates 
of plans, &c., worthy of the great undertaking.* 

The estimated total cost of the structure in- 
clusive of land purchase, was 28,871,000 dollars, 

* The Delaware River Bridge connecting Philadelphia, 


Pa. and Camden, N.J. The Enterprise Publishing 
Company, Burlington, N.J. Price, 5.00 dols. 





but the final figure was 36,850,380 dollars. Much 
of the excess was due to the failure of the local 
authorities to acquire the land needed at the time 
recommended by the engineers. A dispute between 
the public authorities concerned was responsible 
for another fraction of the excess. The actual 
work of construction was started on January 6, 
1922, and the bridge was opened to traffic on 
July 1, 1926. In view of the magnitude of the 
undertaking this rapid construction reflects the 
highest credit on the engineers and contractors 
concerned. It was not till September, 1920, that a 
Board of Engineers, consisting of Mr. Ralph Mojeski 
as chairman, with Messrs. G. S. Webster and L. A. 
Ball as associates, was appointed and definitely 
instructed to proceed with the work. Some assist- 
ance was received from reports by prior commis- 
sions, but it was nevertheless necessary to make an 
exhaustive study of five alternative sites, and to 
decide on the character of the structure. The 
cantilever type was ruled out on the grounds of 
higher costs and the greater difficulties of erection, 
and the next point investigated was whether the 
catenary should be of wire or of heat-treated steel 
eye-bars. The ultimate decision was in favour of 
wire, and it was also settled that there should be 
but two cables having the unprecedented diameter of 
30 in. 

A striking feature of the side elevation of the 
bridge is the slenderness of the towers, which in 
this characteristic break away sharply from 
traditional teachings. Those who fail to realise 
how largely standards of taste are merely matters of 
custom may be disposed to criticise this feature, 
but a concession to prejudice in this matter would 
have constituted bad engineering, and what is con- 
structively wrong can never be good art. Had wider 
towers been adopted, it would have been necessary to 
have made special provision for dealing with the 
elongations and contractions of the cable arising from 
changes of temperature. Experience has proved 
very definitely that the roller beds which it has been 
customary to place under the cable saddles frequent- 
ly fail to function. In some cases, instead of the 
saddle rolling on the bed the cable has slipped in 
the saddle. It was decided, therefore, to make the 
towers of the Delaware bridge so flexible, that their 
tops could deflect through several feet without 
giving rise to any excessive stress on the material. 
During the erection of the cable the towers were 
bent so that when the normal dead load was at 
length in place the axes of the towers would be 
straight and vertical. 

In connection with this bridge a great deal of 
interesting investigation work was carried out to 
ensure the most suitable designs being adopted. 
These are on record in the volume referred to. We 
may notice some briefly before passing to the 
description of the work itself. Since the towers 
would require some 10,000 tons of material it 
was obviously desirable that this should be used 
to the best advantage. The design of built-up 
struts has for generations been governed by Fair- 
bairn’s rule that the thickness of the plating used 
in compression should be not less than one-thirtieth 
of its width. This rule was based on the results 
of a few tests which apparently were not repeated 
until Dr. Lilley’s experiments on the crushing 
strength of thin tubes, which were described in a 
paper read before the Institution of Mechanical 
Engineers in 1905. In this paper there is, however, 
no mention of Fairbairn’s rule, and a circular tube is 
hardly directly comparable with a hollow rectangu- 
lar strut. The engineers to the Delaware bridge 
decided accordingly to reinvestigate the matter, and 
engineers in general are greatly indebted to them for 
publishing the results of this very exhaustive study. 
In general the new experiments confirm Fairbairn’s 
rule, and also the accuracy of Professor Bryan’s 
deduction from the theory of elasticity that web 
stiffeners must not be placed so as to divide up the 
web into squares. 

Further research work was undertaken in con- 
sequence of the decision to use wire instead of 
eye bars for the catenary. The advocates of eye 
bars, whilst admitting the greater strength of wire, 
suggested that this was due to work hardening 
of the surface layers and, hence, even slight corro- 





sion would, it was claimed, very seriously affect the 
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strength of the wire. To test this hypothesis wires 
were ground down in five steps from an original 
diameter of 0-189 in. to 0-099 in. and the ultimate 
strengths determined. These proved to be perfectly 
uniform throughout the whole series. 

Further research was rendered necessary, or 
desirable, from the consideration that wire is, in a 
sense, a non-mechanical material. With eye bars 
it is easy to make each joint stronger than the body 
of the bar, and the attachment of the suspender rods 
can also be effected on thoroughly mechanical lines. 
With wire, the joints between successive lengths are 
always weaker than that of the body of the wire. since, 
apparently, it has not so far proved practicable to 
“butt” the ends, as was done with the spokes of 
bicycle wheels before the tangent type of spoke 
came into genera! use. American engineers have 
had much experience in the use of wire for 
suspension bridges and the standard joint is made 
by cold swaging the ends to be joined with respec- 
tively right and left handed threads. The ends, 
previously chamfered to an angle of 45 deg., are tien 
drawn together bya turnbuckle. The chamfered ends 
effectively prevent any possibility of the joint un- 
screwing during the subsequent handling of the 
wire. The specifications required that the joint 
should develop 95 per cent. of the strength of the 
plain wire, and the tests showed that this demand 
was more than adequately met. The average pro- 
portionate strength developed was nearer 97 per cent. 
than 95 per cent., and in one case the joint proved 
actually stronger than the wire. Probably the 
metal was locally hardened by the cold swaging 
Another point experimentally investigated 
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was the holding power of the sockets in which the 
ends of the strands of the cable were secured. In 
some experiments made by the late G. S. Morison, 
these sockets were only able to develop some 60 per 
cent. of the strength of the cable, the wires being 
secured in the socket by means of wedges. In the 
case of the Delaware river bridge, the wires were 
secured by splaying them out in the socket and then 
filling up the interstices with molten zinc. The tests 
made showed that these sockets were capable of 
developing 95 per cent. of the strength of the cable. 

With a wire catenary, it is necessary to rely on 
friction for securing the suspenders. The value 
assigned to the coefficient of friction in estimating 
the proportions of the bands which grip the cable 
and carry the suspenders was 0-15, but in actual 
test of the full-size cable, a coefficient of over 62 per 
cent. was developed. This high figure was attri- 
buted to a bulging of the cable on each side of the 
band by which it was gripped. 

One interesting point investigated was the loss of 
strength due to bending a wire cable round a band or 
sleeve. Thus it was found that the strength of the 
suspender ropes, having a diameter of 2} in., was 
reduced 11 per cent. by the fact that they were bent 
round the saddles, which had a diameter of 32 in. 
The constituent wires of the cable were mostly 
0-104 in. in diameter. 

It was, of eourse, eminently desirable to keep 
down to a minimum the deadweight of the roadway. 
The floor had to be capable of carrying, without 
distress, the heaviest trucks traversing the roads, 
a “wheel concentration ” of 22,500 lb. being pro- 
vided for. A very elaborate experimental investi- 
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gation was made accordingly to determine the 
strength of the reinforced concrete slabs used. These 
tests were carried out at the Arlington Laboratory 
of the Bureau of Public Roads, 

We may further state that Mr. Leon S. Moisseiff, 
contributes to the volume referred to, an appendix 
on the mathematical theory of the stiffened suspen- 
sion bridge. Mr. Moisseiff appears to have been the 
first to recognise how greatly in error was the theory 
of such structures as developed in the standard 
text-books. In actual fact, the stresses on the 
stiffening girders are only about half as large as 
the old imperfect theory would indicate. In Mr. 
Moisseiff’s discussion, the girder is treated as if it 
had a uniform moment of inertia. In actual fact, 
it is somewhat stiffer than would be a uniform 
girder of equal weight and depth, so that the 
stresses calculated on the above assumption are 
somewhat on the high side. 


(To be continued). 








EXPERIMENTAL LOCOMOTIVES ON 
THE GERMAN RAILWAYS. 


(Concluded from page 482.) 


Our previous article will have given som« idea 
of the designs of turbine locomotive, which lave 
been tested by the German State Railways. It 
may be added that the construction of the Krupp 
high pressure engine, dealt with at the end oi the 
article, has been delayed until the complete test 
results for those using lower pressures are availble, 
so that the experience with these may be | ide 
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forced circulation, in order to rid the heating 
surfaces quickly of steam bubbles. 

Another high pressure locomotive, of which 
mention may be made, is that which was ordered 
by the German State Railways from the Berliner 
Maschinenbau A.-G., vormals Schwartzkopff. This 
was built on the system devised by Professor 
Léffler, under license from the Wiener Lokomotor 
fabrik A.-G. of Floridsdorf, near Vienna. The 
principle of this arrangement was dealt with in 
ENGINEERING some three years ago,* but we may 
now give some details of its application to locomo- 
tive practice. The working pressure of the boiler 
was 100 atm. (1,500 lb. per square inch), and the 
essentials of the Léffler design, namely indirect 
heating and forced circulation, were employed. As 
will be seen from the following description the 
arrangement has the advantage of working on 
simple open exhaust principles, and of allowing an 
open feed water circuit to be employed. As a 
matter of fact a sealed water circuit was used on the 
experimental engine, but this was due to the unusual 
constructional features and to a desire to guard 
against unforseen accidents. 

In this engine the steam is generated in two 
vaporiser drums, which are not exposed to the fire. 
Steam at a pressure of 100 atm. to 120 atm. (1,500 lb. 
to 1,800 Ib. per square inch), is forced into the water 
contained in these drums in a finely divided state. 
The steam used for this purpose is extracted from 
the vaporisers in a saturated condition, and, after 
treatment in a direct-fired superheater, is forced 
back as already mentioned. Only a relatively small 
proportion of the steam so withdrawn is used for 
auxiliary purposes. Such an arrangement has 
been found to be economical only for pressures of 
50 atm. (750 lb. per square inch) and upwards, since, 
at lower pressures, the energy taken by the pumps 
exceeds the useful output. On the other hand at 
pressures of 100 atm. to 120 atm. (1,500 lb. to 
1,800 lb. per square inch), this energy only amounts 
to about i per cent. to 2 per cent. of the total. 

On the experimental locomotive, after expan- 
sion to about 18 atm. (270 lb. per square inch) 
in the high pressure cylinder the steam was passed 
to a heat exchanger, where it was condensed 
and freed from oil. The condensate thus ob- 
tained was pumped back through a high pres- 
sure heater as feed to the vaporiser. The heat 
exchanger is employed for generating the low pres- 
sure steam, and owing to the high rate of heat 
transmission between water and water, it could 
be made with a relatively small heating surface. 
It generated steam at a pressure of about 15 atm. 
(225 Ib. per square inch). This steam, by means of 
which about 40 per cent. of the power of the engine 
is developed, was superheated, and after use was 
exhausted through the blast pipe in the usual way. 

The difference between this engine and the 
Henschel pattern merits attention. In the former, 
the low-pressure boiler is an essential part of the 
system, while in the Léffler arrangement, it is 
optional, since a reserve of power exists in the 
circulating pumps, the regulation of which allows 
the boiler output to be varied within wide limits. 
The latter alsc possesses a greater inherent capacity 
owing to its larger water content, while a drop in 
pressure of 10 atm. to 20 atm. (150 lb. per square 
inch to 300 Ib. per square inch), from 100 atm. 
(1,500 Ib. per square inch) is naturally less harmful 
than asimilar drop from 60 atm. (900 Ib. per square 
inch). The same reserve of power can therefore be 
maintained as with a low-pressure boiler of the same 
output. 

To allow easy ccmparison with other locomotives 
to be made, an output of from 2,200 h.p. to 2,400 
h.p. was selected. The 4-6-2 type of locomotive 
was employed, so that a standard frame and motion 
could be used. The low-pressure cylinder was 
carried inside the frames and had a diameter of 
650 mm. (26 in.). It drove on to the front coupled 
axle. The external high-pressure cylinders were 
set at an angle of 120 deg., and drove on to the 
middle coupled axle. They were 220 mm. (8°8 in.) 
in diameter. 

As will already have been gathered, the essential 
features of the Léffler locomotive are the feed and 








* See ENGINEERING, vol. cxix, page 473 (1925). 


circulating pumps. To obtain the highest efficiency, 
it was first proposed to use a piston pump driven from 
the motion to supply most of the power for circulat- 
ing and feed purposes, the remainder being derived 
from a second pump supplied with low-pressure 
steam. Experience showed, however, that the use 
of heavy piston pumps was unnecessary, and two 
independent circulating and feed pumps, each with 
75 per cent. of the maximum output, were provided. 

As regards the boiler, the tube plates for the 
directly-heated high-pressure superheater were 
arranged on both sides of the grate, while further 
forward were additional heating tubes, the low- 
pressure superheater, high-pressure heater and air 
pre-heater. The steam drums were arranged at about 
the same height as the grate and outside the wheels, 
at a height which depends on the forced circulation 
conditions. The collectors and tubes were carried in a 
cast-steel frame, so that they could easily be changed. 
Screwed joints were reduced to a minimum, welds 
being used instead. As, owing to the shortness of 
the boiler, the gases leave the high-pressure portion 
at a fairly high temperature, it was found best to 
arrange the air-heater tubes transversely across 
the centre of the structure. The low-pressure 
vaporiser, which is not heated by the gases, lies in 
front of the smoke chamber, the various pumps 
being mounted upon it. 

It will be evident from this comparatively brief 
survey that the engineers of the German State 
Railways Administration are covering a wide field 
in their search for economy. Though it is hardly 
likely that they will discover any one solution of 
their difficulties, the results cannot fail to be useful, 
and will be awaited with interest. 








THE WORLD POWER CONFERENCE. 
(Concluded from page 506.) 


In our issue of last week we carried our reports 
of the sectional meetings of the World Power 
Conference held at the Imperial Institute from 
September 24 to October 6, up to the end of 
the meeting of Section O on the morning of 
Wednesday, October 3. We conclude our reports 
of the meetings below. 


Waste Heat RECOVERY. 


The meeting of Section O, held on Wednesday, 
October 3, was followed by a meeting of Section 
P, at which the subject of Waste Heat Recovery 
was considered. Professor Dr. Ing. Matschoss pre- 
sided and two papers were presented, the General 
Report being read by Mr. F. S. Townend. 

In the course of this report the changed attitude 
to what had been known as waste-heat was pointed 
out. This was now regarded as surplus heat, which 
was available for any suitable useful purpose. In 
discussing the principles of waste heat recovery, 
Messrs. F. J. Bailey, W. Gregson, and J. Reber, 
in the first paper, postulated that the heat in 
the combustion gases leaving the actual heating 
zone must be the minimum consistent with the 
best operation of the heating process. It was taken 
as axiomatic that the surplus heat recovery was not 
practised to cover up defects in the operation. The 
same point was emphasised by Dr. Kasai, who 
dealt with waste heat in the Japanese cement 
industry. 

The two main methods of waste-heat recovery were 
pre-heating of combustion gas or air and steam rais- 
ing. In processes using high calorific fuel gas, the 
air required for combustion was sufficient to take up 
the bulk of the heat in the waste gases, but with a 
low calorific heating gas, only about one-half the 
heat could be absorbed by the air, the remainder 
being available for steam raising. Even in the latter 
case, it was often assumed that because alow outlet 
temperature, say, 300 deg. C., was registered, no 
further heat could be recovered. Invariably, in 
such cases, the low temperature was due to air 
infiltration. 

Metal recuperators had been largely adopted in 
low-temperature work, but while various metals had 
been discovered to withstand high temperatures, 
their cost for recuperator construction was high, and 
generally they deteriorated rapidly when in contact 
with waste gases containing sulphur compounds. 
Nevertheless, there was no question that there was 





considerable need for a metal recuperator, which 
would withstand the effect of high-temperature 
sulphur-containing waste gases. 

In Great Britain, of recent years, there had cen 
a rapid development in the practice of raising steam 
from the waste gases of carbonising plants in gas 
works. In fact, where there was a demand for it, 
steam raising was the cheapest form of waste-heat 
recovery on continuous vertical carbonising plants, 
and the practice of air preheating had been largely 
abandoned. In connection with the recovery of 
heat in the form of steam from the exhaust gases of 
marine oil engines, it was suggested that the steam 
should be used for operating a steam-driven 
generating set, the exhaust steam being used for 
accommodation heating, cooking, &c. A distinction 
was made when considering which type of boiler— 
water or fire tube—was most suitable for waste- 
heat recovery. The distinction depended on the 
temperature of the gases. If above 1,000 deg. C. 
a considerable proportion of the heat could be 
transmitted to the boiler by radiation, and the water 
tube type of boiler was suitable. With gases of lower 
temperature, physical contact of the gases with the 
boiler heating surface was essential, and in this case 
the fire-tube boiler was unchallenged. 

According to Dr. Kasai, the Japanese cement 
manufacturers had adopted the use of waste-heat 
boilers to a very considerable degree. In 18 of the 
30 cement works in Japan, representing 80 per cent. 
of the total production, the normal output of 
electricity from waste-heat steam was 54,110 kw., 
equivalent to a saving of 500,000 metric tons of 
coal per year. 

The discussion was opened by Mr. E. C. Evans, 
who said that the full utilisation of surplus heat, in 
the form of high-temperature gases, was difficult, 
but it should be attempted by the employment 
of waste-heat boilers. There was room for very 
great improvement in the design of regenerators. 
The design and dimensions of the chambers, the 
material used, and the arrangement of the chequer 
brickwork must all be examined. In open- 
hearth work, it was often impossible to build 
the regenerators of any great height, though on 
the Continent, a 30-ft. regenerator had been con- 
structed, which allowed the air to be heated to 
1,500 deg. C. before it entered the furnace, thus 
permitting very rapid working. About 1,150 deg. C. 
was the limit in this country. 

Mr. W. J. Williams pointed out that the cement 
industry presented a wonderful opportunity for the 
| use of waste gases. He described a boiler unit, 
| including superheater, fan, &c., which was fed with 
| gases from a kiln at temperatures from 1,800 deg. F. 
|to 900 deg. F., the discharge temperature being 
| 350 deg. F. On this and similar plant the coal 
| consumption per barrel of cement had been reduced 
| from 250 Ib. to 120 1b., while the cement output had 
|also been increased. The dust problem had been 
| solved by the use of collecting flues, in which about 
| 





40 per cent. of the dust was trapped. Matters were 
facilitated by the reduction of the gas temperatures, 
and it was hoped to increase the percentage retained 
to 90 per cent. This dust was put back into the 
|raw mix, which in itself meant a considerable 
| saving. 

| Mr. A. Tansley said that cast-iron, which would 
resist temperatures up to 1,800 deg. F., was now 
being produced, and he would, therefore, like to 
suggest its use, instead of refractory material, in 
the low temperature zones. During the last few 
years it had been the practice to pass the gases 
through the economisers at higher velocities, so that 
a certain duty could be obtained at half the former 
capital outlay. The temperature of the leaving 
gases was reduced to 120 deg. C. The same order 
of leaving temperature was possible in the boilers, 
as cast-iron would withstand both the low tempera- 
ture and sulphurous fumes. 

Mr. E. F. Spanner said that a warm welcome was 
ensured for any one who could show how the 
exhaust gases from internal combustion engines on 
board ship could be utilised. For this purpose the 
thimble-tube boiler seemed to combine the advan- 
tages of the water and fire-tube boilers. 

Mr. H. J. Fountain pointed out that the Clarkson 
boiler, mentioned by Mr. Spanner, had proved very 
useful for temperatures not exceeding 450 deg- C. 
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It had been supposed that it was not worth while to 
make use of the heat in the exhaust gases from two- 
stroke engines. This was not the case, as low- 
pressure steam could be widely utilised both on 
board ship and for process work. 

Mr. W. Newton Booth said that his experience 
with forging presses was that it cost more to obtain 
the necessary steam from waste-heat boilers than 
from direct-fired boilers, installed specially for the 
purpose, and there were numerous other cases where 
this might apply. The whole question required 
careful economic consideration before heavy expen- 
diture on waste-heat plant was entered into. 

Mr. W. A. Riley remarked that the position was 
dominated by the capital cost. In coke-oven opera- 
tion the auxiliary plant presented a serious obstacle 
to continuous working, as if the auxiliaries were 
electrically driven and the supply failed it would 
cause trouble. There must, therefore, be a standby 
source of steam. ~ 

Major W. Gregson, in reply, said that there were 
fundamental limits to regeneration, and if these 
were exceeded, increasing the size of the regenerator 
would hinder rather than help matters. There were 
other sources of heat than the waste gases. The 
former should be used for pre-heating, leaving the 
waste-gas entirely for steam-raising. This would 
give the maximum efficiency. In this country he 
thought that the cost of waste-heat plant could be 
recovered in two years. As regards the use of 
cast-iron in recuperators, the important factor was 
resistance to low temperatures and sulphurous 
fumes. He was perfectly satisfied with its per- 
formance at high temperatures. 


TRAINING AND RESEARCH ORGANISATIONS. 


On Wednesday afternoon, October 3, at 2.30 p.m., 
a meeting of Sections T and V was held under the 
chairmanship of Sir Robert Hadfield. These two 
sections, which were taken together, dealt, respec- 
tively, with the Training of Fuel Technicians, and 
with Organisations Concerned with the Efficient 
Use of Fuel in Industry. There were two papers in 
Section T and three in Section V. In the course 
of his speech, the Chairman stated that, since the 
practical applications of fuel technology largely 
involved measurement of temperature, the flow 
of gases and liquids, and the analysis of materials, 
it was necessary that the fuel technician should 
be an expert experimentalist. Scientific equip- 
ment and skill in practical manipulation, how- 
ever, did not in themselves suffice ; the fuel tech- 
nologist must also possess personal adaptability, 
and must be able to appreciate the psychological 
aspects of industrial practice in order to be in 
4 position to direct efficiently the workmen who 
carried out the necessary operations. Turning to 
the organisations concerned with the efficient use 
of fuel in industry, reference should be made to the 
work of the Fuel Economy Department of the 
Federation of British Industries. This had been 
largely associated with advice and research work in 
the improvement of industrial practice in steam 
Taising and utilisation and the production of pro- 
ducer gas. The Fuel Department of the National 
Federation of Iron and Steel Manufacturers, the 
Institute of Fuel, brought into being by the wise 
combination of the Institution of Fuel Technology 
and the Institution of Fuel Economy Engineers, the 
Fuel Research Board, the Fuel Research Division 
of the Department of Scientific and Industrial 
Research, and the Society of British Gas Industries 
and the British Commercial Gas Association, were all 
doing excellent work in their respective spheres. 
The veneral report on Sections T and V, which 
included all the important points contained in the 
five contributions concerned, was then read by Mr. 
E. C. Evans, who stated that the papers dealing 
with the training of fuel technologists indicated, as 
Professor Cobb had pointed out in his contribu- 
tion, that there was no consensus of opinion as 
to the most useful type of training required. The 
three methods of approach to the profession at 
ee available were through chemistry, me- 
—. engineering and works experience, but 
the field was so wide that there was room within 
ted specialists with widely differing . training. 
—— Cobb’s paper outlined the training at the 

tversity of Leeds. Engineering, mathematics, 


chemistry and physics were taken during the first 
year, engineering and fuel during the second year, 
and fuel only during the third year of the course. 
Works experience was gained during the long vaca- 
tions. 

The paper by Mr. Lapiroff-Scoblo emphasised 
the importance of industrial contacts during 
training ; ten months out of a total of five years’ 
training was spent at works. Professor Miller, 
discussing the methods adopted at the Technical 
High School, Vienna, and the High School of 
Karlsruhe, stated that, up till the present, neither of 
these had been thoroughly successful. Experience 
had shown that a satisfactory training could only be 
ensured by linking up with either the chemical or the 
engineering departments. The results of this 
experience, continued Mr. Evans, still left open the 
question as to whether a fuel technologist should be 
trained as a chemist with a knowledge of engineering, 
or as an engineer with a knowledge of chemistry, or 
again, as a third alternative, as a chemical engineer. 

The character and extent of the world organisa- 
tions concerned with the efficient use of fuel in 
industry, described in the papers by Mr. zur Nedden, 
and by himself, differed considerably, but they 
could be grouped into five classes, namely, organisa- 
tions concerned with safety in steam production ; 
organisations engaged in research; organisations, 
advisory in character, formed primarily to promote 
the use of specific fuels, as, for example, anthracite, 
bituminous coal, coke, gas, liquid fuels, and benzole ; 
organisations formed to promote the scientific utilisa- 
tion of fuel in specific industries } and organisations 
for training personnel employed in fuel-using plants. 
The method of finance of the various organisations 
varied, some being financed and controlled by the 
State, others by industry, and others partly by the 
State and partly by industry. In some cases, as, 
for example, research organisations in Great Britain, 
State aid had resulted in a rapid acceleration of the 
movement, but in other countries, particularly in 
Germany, progress had been extremely rapid with- 
out State aid of any kind. 

The discussion which ensued was almost entirely 
confined to matters concerning the training of fuel 
engineers. Professor J. W. Hinchley thought that 
the study of chemistry should come first, in the 
curriculum set forth, because it involved the 
acquisition of a large number of more or less isolated 
and heterogeneous facts, which could only be learnt 
when the candidate was comparatively young. 
Engineering, on the other hand, was a science based 
largely on common sense and reasoning, and the 
knowledge necessary to the fuel technician could 
be acquired after he had secured a thorough ground 
work of chemistry. It should always be remem- 
bered that. the education of chemical engineers or 
fuel technicians could only be carried up to a 
certain point in technical institutions. . Industry 
was responsible for a large proportion of that 
training, and this was only complete when the 
chemical engineer had acquired experience and was 
in a position to use his fundamental knowledge. 
Another speaker, Mr. R. J. Sarjant, agreed that 
chemistry should be the first subject studied by fuel 
engineers. He was of opinion, however, that 
physical chemistry should be included in that 
subject, especially if the candidate intended enter- 
ing the iron and steel industry. Two subsequent 
speakers, Mr. Kilburn Scott and Mr. F. J. Bailey, 
emphasised the need of amplifying further the 
training of fuel engineers. The former thought 
there was, perhaps, a tendency to allow such sub- 
jects as mathematics and physics to occupy too 
great a place in the training of engineers. While, 
Mr. F. J. Bailey, thought that all fuel techni- 
cians should not only be able to read technical 
French and German, but should also be in a position 
to carry on a conversation in these languages. The 
importance of the fundamental education of engi- 
neers engaged on fuel problems, as distinct from 
specialised training, was emphasised by Mr. W. H. 
Patchell, and also by Mr. A. D. Bailey, of Chicago. 

An Italian delegate, Professor C. Padovani, stated 
that the training of fuel engineers was a matter of 


great interest to Italy because her national fuel | 


resources were poor, and she had to rely on other 
countries for supplies of coal and fuel oil. Fuel 





economy was therefore a question of great import- 


ance, and several courses of training for fuel 
engineers had been instituted in various Italian 
universities and colleges in recent years. Dr. F.S. 
Sinnatt, said that although there were some 20 
universities and university colleges in this country, 
there were only four professors and five lecturers 
whose time was solely devoted to the teaching of 
the subject of fuel. Towards the end of the after- 
noon, a proposal was put before the meeting by 
Mr. John Roberts, who suggested that, in view of 
the large number of technical periodicals of all types 
dealing with fuel questions, an international and 
national bureaux for the collection, classification, 
and dissemination of published information should 
be formed, with a central clearing house in each 
country. On being put to the meeting, the resolu- 
tion was adopted, and the Chairman intimated that 
the matter would be reported to the Council of the 
Conference. 


Co-ORDINATION IN FvEL UTILISATION. 


The final sectional meeting was held on Thursday, 
October 4, when Sir David Milne Watson presided. 
This, Section W, was concerned with Economic 
Possibilities in the better Co-Ordination of Fuel 
Utilisation. There were two papers before the 
meeting, the first, by Sir Arthur Duckham, was 
entitled, A Fuel Policy, and the second, by Mr. C. 
Berthelot, bore the title, Co-ordination between 
Blast Furnaces, Coke Ovens and Open-Hearth 
Furnaces. In his report, the general reporter of 
the Section, Mr. T. Campbell Finlayson, gave a 
succinct outline of the two papers concerned. 
Sir Arthur had said that every effort should 
be made to encourage producers to supply clean 
coal. This not only helped the purchaser to 
utilise the fuel to the maximum effect with 
the minimum expense, but also ensured to 
the producer of coal a better and more secure 
market. All coal should be graded at the colliery, 
and in order that the underground working costs 
might be reduced, modern methods for the utilisa- 
tion of the smaller sizes should be pursued, resulting 
in enhanced value in these hitherto less valuable 
grades. In many cases, quality of coke from a coke- 
oven plant could be improved by blending together 
suitable coals. Surplus coke-oven gas should be 
utilised wherever possible in industrial or domestic 
spheres. 

The ever-increasing demands of pulverised-fuel 
firing would lead to an enhanced value of cleaned 
small coals, the use of which obviated many of the 
difficulties associated with the process. In connec- 
tion with the electricity grid schemes, consideration 
should be given to the possible utilisation of the low- 
grade fuels, produced in the cleaning of coals, for 
the generating of electric power in stations erected 
at the collieries to obviate the transport of the 
low-grade fuels. The gas industry should pay 
increased attention to the selling of coke. Clean 
coal gave a clean and easily ignitable coke. 

Mr. Berthelot, continued Mr. Finlayson, supplied 
valuable information in his contribution which 
supplemented and confirmed many of Sir Arthur 
Duckham’s suggestions. The similarity of views 
expressed by these two authors, who had come to 
their conclusions in entirely different spheres, was 
a striking feature of the papers. Both authors 
emphasised, (a) the value of grouping suitably 
blast furnaces, coke ovens, and steel furnaces ; 
(b) the importance of modern coke-oven design ; 
(c) the significance of the cleaning and blending of 
coals prior to carbonisation; (d) the disposal of 
surplus coke-oven gas; (e) electric-power pro- 
duction in a steel works by means of gas engines 
working on clean blast-furnace gas. 

The discussion which followed touched upon @ 
variety of subjects. Dr. C. H. Lander, the first 
speaker, said that, unfortunately, there was, in this 
country, a lack of technical co-ordination between 
producers and users of fuel. Better conditions 
obtained in Germany as a result of the formation 
of the Warmestelle. Both authors had stressed 
the importance of coke-oven design in reference to 
the future of the iron and steel industry. Some time 





previously a suggestion had been made, by the whole 
of the technicians of the coke-oven industry, that 


| definite experiments should be made using a definite 
‘type of oven and definite conditions of working. 








~~ | a: | t 
© x ~ ao 3 6o<3S ee ~~ = om 
e2e ss ye2oR “S83 SeBae seBSFtsep Ss & = -— — 
cH Ss8&Sea8384230 85 SEBSR SASHES EE ESSEC oa nrpraw ss COR ££ Pa e SS ? CONN ee... 














‘" oyy, “toqqangz TTS Ft gonper oy Su 
| “TOAOIIOUL “PUB ‘SYLOM [9998 osourd 





TOM a1aM LOY} | VULOS -*Zursuvyo A[JUVYSUOD SEM YOTYAL BYOO ew osn 0} | Sureq oFur FYSsnorq UooG PRY Ff £ qyeyospTMouTE AA | JO UOTEpLnypo 944 p[NOd YOM opRos-9FAB] kq Ayuo 
ul [9048 Jo UOZ] PRY POLYSTP FVYF UL ODVURUL DOVUANG YSV/G B PUB OTA INF PFEYPST[PSy) 9YF POUL, SVAN SIU, “oe [feysoulTE MA ‘<yquonbesuod pux *yuoTpess ganyeroduiay Yolo ylp 










god pouinsuos jong vf} poonpos All yeu pey Aoyp | -WeA AdoA SBA 9YOO OY} JO Aypenb ayy ‘aarysupooury | URUTTox) OU} OF IVMUIS UOLVSTURTIO UL PoySTXo OIOY} | VO} popolqns sew [ev ard AdoA0 OADMOY 
[feqop 09 UOTIUI47e Surded Aq yeY9 poyeys NYOAY “TL UT “puepoog pure ‘orrysaqsod ‘oarysyso X ‘uRYany Jo | Aajunoo Sit Ut ‘yey pres *yxou oyods OyM “sABATIEY ‘SOSSVUL JODIV] JO v8 Up ‘ostd ON yUdod a4 


‘g]Bos oDIvT B UO WO} | FEYF poMopjoy uoyy “4Seq of} SBA ayYOo SATBAA YINOG | 9F"9S uvliysny oy} JO Joyoortp ‘Bissney, "OTN “Fe | 8UEp ® UOLFVUTWRXD JopuN jonyZ 94} DARD SHY} 9H 
gonpuod 07 Aresse00u SBA\ 4T Ar0yer0qe] 9YY UT 4NO | OUT, -Aypenb 07 Zurpr0doe sosseyo 9AY OFUT PEplATp 24 peat oq 07 ALY PROM Aqtpenb jo uoryestprepurys -gjdures yoo B yRoy OF YOIy UL 9qNy 489} e Suisn 
peldievs oq you pjnoo syuouttiedxe Surpuejq esey,f, | p[too epeut ayoo oy} pure “ULeyg yor) UL SPOLYSTP Zurpavsod YUSWIG9ID OWLS “UOTFRIOP|SUO gapun sem | Aropesogey sty UT quowts9d xo UR OYVUL FYSLUL STPUOLS 
-quoyxe ofqviooidde uv 04 “4804 1097BYS O44 Aq umoys | Sutonposd-ayoo UreUt OAY o1OM aroy], “eovurnyg ysvyq | SUTeUT snq, Jo UOTZRTTYSUL Oy} USYM ‘Kyquonbesuog | ey, “AvpNo oy} YHA [JOM sem 41 ‘sesodind yeyuoUl 
se ‘Aqryenb oyg dn 4ysnoiq pey Zurpuslq Snororpny | oy} JOF sqe[[vae ayoo oyz jo Aqyyenb ayy aaordurt | “A[qvsopisuod poled seovuiny 4Se[4 pue sidonpoid -tyadxo so} A[oroul quejd v uo puods 07 Ws 9510] 
‘mora Jo qutod Supjoo oy} Woy s}[nser Aroyory| 07 Aressooou SBA Ff qeyy pres ‘suvag *) “A “IW ‘SUdAO BYOO ‘SYIOM-SBB WOIF SOSVS JO SANTVA OYOTv e avodde yystur -7000°00L FO *2000°OS PTFE “FPN4 
-styesun 9ABd ‘F[8z1 Aq ‘yor ‘yeoo reeg B YIM “sUOTyIPUOD AvA-jsod MOU Of} JO FINS USB Kurouoos | oy} yey} poyeys ‘sdppH 9 “AW ‘goyvods 4xou OUT, uotuido oy} jo sem Fesuiy Off “UOT}SeTHNS OY} 
qno petro useq py syuourtsedxo Apsnotacsd ouity | [ony Apngs 03 Aressanou sutoooq pey asneoeq | poydurey¥ oq SUAO O09 YFIM poeyoouuos swoyqord | yztM UL UTR} ‘JQAIMOY *JOU PY SLOUMO UOAO-OFO;) 


[OcT. 26, 1928. 














Ko.orozdung-—>\ 
oT. 


> (060) 
























SO1LT) SPOY 

















ee Se Sa Bry 

















































































| piiicapl oT) 

| ‘a'D NOILIFS Sil | 

ie 3 aan 

mI H | SOL ny 
O° if xi 
z, | ‘apy.sg Jo abunny) é , : 0 
Jo Nao g Jo prs. sNgya uo ’ = a hy PAIS) 

— | 0910S 8) POST HL wie ae = 
~ | vy 0] ospou POTION ON, 
(2) P 6170-20 SPONPM nbuo'y ona 


‘JONVYLNI TINNNL JO IIS TYNIGNLISNOT 








‘cue 


---- Sup, 9 70 Spog} Table ------ "$4, TO SOY —— 






ih 
TD 





My 






‘1 
/} ii 












Whag5 
iif / 





$47.9 SIOGHL-¥ | ieee 
— 
(ON3)ZeN T3NNNL JO NU Td TYNOILIIS 





ENGINE 





-ssouyory | 26012047 PRS Ae 





‘TINNNLIOIIS IAL + Qhrg 














Taaaccaa nao = “8,0. 170 SPO, -~~ 











\ 3 






et “JaNNNL JO 371408 ‘¢ Pi 
“LNINIINOINITY ' . TT. 
| : (abvg apeoddo aes ‘uordtwsaq 407) 
| 
ss | *MOLLSNIW.LSAM ‘SHMMNIONA ONILTIOSNOO ‘SHANLYVd GNVY XOdA syTonod wis ‘SUSSaW 
Ww | 
| 


‘SHTVM HLYUON ‘LNANdMOTHAAC OLULOWIA-OUGAH DOUMILNAVA ‘INIT AdId AO STIVLAC 





we wee Sew Sse 


RRtaw BNA VENER NS VV GOs S28W WV 22 VOW SECREY Gg SU SECRNSA RWS ES 


WSR WUE YEE 


i “chat 


PN sthhy 


Monthy 

















Oct. 26, 1928.] 





THE MAENTWROG HYDRO-ELECTRIC DEVELOPMENT. 











Fig. 15. 


last speaker, Mr. H. van Hellinga Tromp, said that 
an institution of fuel economy, similar to that 
described by Mr. Taussig, had existed in Holland 
since 1920, and was doing good work in educating 
people in the purchase and use of fuel. At the 
end of the meeting a resolution put forward by 
Mr. F. zur Nedden was adopted. This requested 
the International Executive Council of the World 
Power Conference to take steps to secure inter- 
national understanding regarding the methods 
of defining the characteristics of liquid motor fuel. 


CLosinc MEETING. 

At the Closing Meeting of the Conference, which 
took place on Friday, October 5, the principal 
business was to receive the reports of the various 
technical sessions. The chair was taken by Mr. 
D. N. Dunlop, chairman of the Fuel Confer- 
ence Committee, who called upon Dr. E. W. 
Smith, to read the report of the Technical Secre- 
taries on the work of the Conference. This report 
stated that all the sessions had been well con- 
ducted and that the discussions had been of high 
value. The number attending the meetings had 
varied from 80 to 350, the average being 180. The 
work of each section was then briefly reviewed, the 
salient points that had arisen at each meeting being 
brought out, and finally a tribute was paid to the 
efficient work of summarisation which had been 
done by the general reporters. 

The Chairman then read the resolutions, which 
had been forwarded from certain of the sections, 
and in doing so said that the matters raised therein 
would be submitted to the various National Com- 
mittees for report. These reports would subse- 
quently be considered by the Council. 

The resolutions included one from Section A, 
submitted by Consul-General E. G. Sahlin on behalf 
of the Swedish delegation, asking the International 
Executiy e Committee to take steps to secure inter- 
national nomenclature for the classification of coal 
with revard to its properties, and a uniform system 
for the determination of those properties. A resolu- 
tion from Section B, submitted by Mr. zur Nedden, 


es » the international and national lack of 
Senaity im the practical application of the gross 
ge calorific value of fuel (solid, liquid and gaseous). 
AS such 


ri uniformity would be most desirable the 
emnational Executive Council were asked to 


so every effort to ensure it. A resolution from 
— M, submitted by Commander H. W. 
TOOks, asked that the International Executive 


Council sh - ° 
neil should consider ways and means which 





might lead to international co-operation on stah- 
dards for sampling powdered fuel, the determination 
of its fineness (screen analysis), the standardisation 
of sieves (at least in so far as to permit translation 
of sieving results from one standard to another), 
and the methods of testing pulverisers. Finally, 
Section W forwarded a resolution calling attention 
to the need for an international understanding 
on the methods of defining the characteristics of 
liquid fuel. These resolutions were formally moved 
by Dr. E. W. Smith and carried unanimously. 

Dr. O. C. Merrill, on behalf of the visiting dele- 
gates, moved a resolution thanking the British 
National Committee, the Fuel Conference Com- 
mittee and their officials, while Sir David Milne 
Watson similarly expressed appreciation of the 
co-operation of the National Committees and foreign 
representatives. 

A number of short addresses reviewing the work 
of the Conference and insisting on its usefulness 
both from the national and international points 
of view were then delivered, bringing the proceed- 
ings to a close. 








THE MAENTWROG HYDRO-ELECTRIC 
DEVELOPMENT OF THE NORTH 
WALES POWER COMPANY. 

(Continued from page 497.) 

As stated in our last issue, the hydro-electric 
scheme which the North Wales Power Company, 
Limited, have recently completed at Maentwrog, 
Merioneth, includes the formation of a reservoir, 
with a capacity of 1,200 million c. ft., by con- 
structing four dams across the outlets of the valley 
of the Afon Prysor, near the village of Trawsfynydd. 
The details of three of these dams, which are of the 
simple cut-off type have been given, together with 
views of the main intake dam. The constructional 
details of the latter dam are now reproduced in 
Figs. 16 to 18, page 526. Fig. 16 is a developed 
longitudinal section along the face, while Fig. 17 
is a plan; in Figs. 18 to 23 are given typical 
sections. From these it will be evident that the 
dam is of the arch type, with a stepped down- 
stream face, to enable the crest to be raised 
should the conditions mentioned previously render 
this necessary. The total length between abut- 
ments of the arched portion is 300 ft., while at 
the eastern end is a 150-ft. wing wall, the western 
foot of which rests on a peninsula of land, which 
runs out into the reservoir at this point. The 
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on this peninsula. The foundations of the dam 
are carried down into the rock, as shown in Fig. 18, 
4 to 1 concrete being used for the footings. Above 
this has been placed a mass of 6 to 1 concrete, 
containing plums with a maximum weight of 1 ton, 
in proportions varying from 25 per cent. at the 
base to 15 per cent. at the top. As in the case of 
the other dams, the water face consists of 18 in. 
of 4 to 1 concrete. The slope of the outer side is 
1 in 23, but this will be decreased at the top to 1 in 
5 when the dam is raised. This development is 
indicated by the dotted line in Fig. 18, and the same 
drawing shows the arrangement of reinforcement 
used on both faces. This consists of ?-in. rods 
at 4-ft. centres, both horizontal and vertical. The 
position of the intake will be rendered clear by 
referring to Figs. 16 and 17, while details of the wave 
wall on each side of the intake chamber are given 
in Fig. 20. The top of the wing wall forms a 140-ft. 
spillway, the crest of which is at the +650 O.D. level. 
It is also crossed by a footway ata level of +654 
O.D., the top of the wave wall being +658 O.D. A 
further spillway, 280 ft. long, is provided along the 
arched dam, the levels of it and the footways being 
the same as those just given. It may be added 
that footways have been provided across the cut-off 
dams, while a footbridge crosses the reservoir at 
right angles to the Trawsfynydd dam to take the 
place of footpaths that have been inundated. 

As shown in Fig. 27, water is drawn from the reser- 
voir through an intake in the main dam by way of 
a screening chamber and a 30-ft. length of 10 ft. 
diameter steel pipe to No. 1 tunnel. At the point 
of entry to this tunnel there is an 8-ft. 6-in. butterfly 
valve, which is fitted with automatic trip gear so as to 
act as a protection should a break occur in the low- 
pressure pipe line. The tunnel is 10 ft. internal 
diameter and 1,920 ft. long. Its course is indicated in 
Fig. 4, page 497 ante, and it was driven through solid 
rock, being afterwards lined with concrete to a smooth 
surface. Near the entrance to the tunnel is an air 
shaft, the top of which has been carried up above the 
level of the crest of the main dam. The tunnel is 
connected to the low-pressure conduit, which consists 
of 5,700 ft. of 9-ft. 6-in. riveted steel pipe. A view 
of this pipe-line, which also shows the character of 
the country through which it passes and the con- 
struction of the anchor blocks, is given in Fig. 15 
annexed. The conduit thus formed is provided with 
man-holes, scour valves and air valves suitably placed. 

This conduit is joined to a second length of tunnel, 
which is 1,600 ft. long. As it is similar in construc- 
tion, the details of both can be appreciated by 
reference to Figs. 5 to 9, page 516. About mid- 
way along this tunnel is situated the surge tank, 
as shown in Figs. 5, 6, 7 and 10. This tank 
has been built at the highest point of the tunnel 
and is in effect a vertical shaft 20 ft. in dia- 
meter. Owing to the configuration of the country 
only about 13 ft. of this tank is above ground 
level. The power station end of this tunnel is 
bifurcated, as shown in Figs. 11 to 14, so that an 
additional pipe-line can be laid in future and a 
sluice valve is provided at each outlet, so that 
repairs and inspection of the pipe line can be effected 
without emptying the tunnels or low-pressure con- 
duit. There is also an automatic self-closing butterfly 
valve, which is arranged to operate should the 
water velocity in the pipe exceed a certain maximum. 
The single pipe-line at present laid is sufficient for 
the three units, which are now erected in the station. 
It consists of lap-welded steel pipe with an external 
diameter of 73} in. and with circumferential joints, 
single or double riveted. Concrete anchor blocks are 
fixed at places where the slope changes, while 
intermediate concrete piers are provided at intervals. 
Expansion joints are placed immediately down 
stream of each anchor block and at the outlet from 
No. 2 tunnel. 

The main contractors for the hydraulic works 
described above were Messrs. Sir Robert McAlpine 
and Sons, of London, who had, as sub-contractors, 
Messrs. The Cleveland Bridge Company, Limited, of 
Darlington, for the low-pressure pipe line, Messrs. 
the South Durham Steel and Iron Company, Limited, 
of West Hartlepool for the high-pressure pipe line 
and Messrs. Glenfield and Kennedy, Limited, of 
Kilmarnock, for the valves. 





eastern abutment of the arched portion also rests 


(To be continued.) 
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COBHAM, 


SIX CYLINDER MOTOR CAR AT OLYMPIA. 


SURREY. 








THE MOTOR EXHIBITION AT 
OLYMPIA. 


(Concluded from page 488.) 


THE new 4}-litre model, manufactured by 
Messrs. Invicta Cars, Fairmile, Cobham, Surrey, 
affords an interesting example of the performance 
which can be obtained from a modern car. The 
engine has a cylinder bore of 88-5 mm., and a 
piston stroke of 120-64 mm., and is thus somewhat 
above the present average size, although these 
dimensions would have been regarded as very 
moderate for a car of similar type a few years ago. 
The makers claim that the carcan be accelerated from 
10 m.p.h. to 90 m.p.h. on top gear in 35 seconds, 
and that the car will run smoothly on the same gear 
at 7 m.p.h., although the final reduction ratio is 
only 3-9 to 1. There is no reason to doubt the 
substantial accuracy of these figures, as they are 
based on independent tests, in which it was also 
demonstrated that the car could be brought to 
rest, after travelling at 50 m.p.h. on the Brooklands 
track, in under 100 ft. 

The car, which is illustrated in Figs. 62 and 63, 
on this page, has a six-cylinder engine, the R.A.C. 
rating being 29-12 h.p. The crankcase is 
aluminium alloy with the sump ribbed to give 
more effective oil cooling. The cylinder head is 
detachable; the large gas passages are straight and 
short, and of uniform section. The combustion 
chambers are machined all over. The valves are 
over-head and operated from the camshaft in the 
crankcase by hollow push rods and rockers. The 
tappet springs are within the crankcase. The valves 
are of large diameter and each is fitted with two 
concentric springs. The lubricating oil for the engine 
is forced through straight ducts in the crankcase to 
the crankshaft and camshaft bearings, passing 
from the former through passages in the crank- 
shaft to the connecting rod big-end bearings. A 
quickly-adjustable external valve is fitted to the 
top of the crankcase for regulating the oil pressure, 
and there is, in addition, a relief valve to prevent 
the pressure rising excessively when the engine is 








Fic. 62. GENERAL VIEW OF CHASSIS. 














Fic. 63. 


started from cold. The pistons and gudgeon bear- 
ings are splash lubricated. The overhead valve gear 
is supplied with oil at low pressure from the main 
pressure regulator. There is an oil strainer in the 
sump, and a main oil filter under the bonnet, the 
second filter being removable for cleaning by un- 
doing four nuts. The camshaft, magneto, and water 
pump are driven by an adjustable silent chain. The 





Front AXLE ARRANGEMENT. 


dynamo, coil ignition contact-breaker, and fan 
I being 


driven by another silent chain, both drives 
externally adjustable. The effective speed 
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CLAYTON-CURRIN FREE WHEEL AT OLYMPIA. 


MESSRS. CLAYTON WAGONS, LIMITED, ENGINEERS, LINCOLN. 
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cylinder jacket, and a pipe is led from this valve to a 
thermometer on aninstrument panel. Though afan 
is fitted, the makers claim that it is generally un- 
necessary to use it in this country. Each group of 
three cylinders is fed from an S.U. carburettor, 
so that at any moment each carburettor is only 
supplying mixture to one cylinder at a time, a small 
balance pipe being fitted between the two inlet 
ducts. The makers claim that the balance pipe 
smooths out any lack of synchronisation at low 
speeds and, being of small dimensions, does not 
interfere with the separate action of each carburettor 
at high speeds or larger throttle openings. A 
special starting carburettor is fitted in the centre 
of the balance pipe, supplying all six cylinders with 
a strong mixture for starting. It is operated by 
means of a knob on the instrument board. 
Dual ignition, by high-tension magneto and coil, 
with separate sets of plugs, is fitted. The Autovac 
fuel feed, the two S.U. carburettors, and the 
priming device for a cold start can be seen in 
Fig. 62, on the off-side of the engine. The dynamo 
and the coil-ignition unit are mounted on the near 
side. The ignition controls alter the timing over a 
20 deg. crankshaft range. The hand throttle only 
Opens the two throttles about one-fifth of their 
fullest extent, enabling a very fine slow-running 
adjustment to be obtained. 

The clutch is housed in the flywheel, and consists of 
a single dry plate between two Ferodo rings. The 
driven member weighs only 5} Ib., most of the weight 
being concentrated at the hub. An adjustable clutch 
stop is fitted. The four-speed gear-box forms one 
unit with the clutch and engine. The gear ratios 
are: 10-2: 1 (Ist); 6°82:1 (2nd); 4°78: 1 
(3rd), and 3-63:1 (4th, direct). The propeller 
shaft has a universal joint of the Spicer type, 
with self-contained oil reservoir, at each end. The 
Tear axle is of the banjo type, made up of a single- 
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piece steel pressing with cast sleeve brackets for 
the brake carriers on the ends. The final drive 
is by spiral-bevel gear, which, together with the 
differential, can be withdrawn without disturbing 
other details. The driving shafts are of the semi- 
floating type in oil-tight bearings. 

The front axle is of the Rubury and Aldford 
form, but without a servo-arrangement for the brake 
shoes. The beam is of the usual I section with 
solid pintles. The steering gear is of the Marles 
cam-and-roller type. The steering post is not 
normally adjustable for length and tilt, but can be 
arranged to suit owners’ requirements at the works. 
There are three sets of internal-shoe brakes, two 
on each of the rear wheels and one on each of the 
front wheels. The pedal operates one set of shoes 
on each of the four wheels, and the hand lever 
actuates the other pair of shoes on each of the rear 
wheels. The foot-brake is direct acting. The front 
brakes are of the Rubury pattern, and the adjust- 
ment of all six brakes is accessible and simple. No 
compensation is provided. 

The suspension is on long semi-elliptic springs, 
both axles being off centre, in both cases nearer to 
the ends of the frames. Hartford shock dampers are 
fitted. Spring shackles are not employed, their 
place being taken by slotted trunnions, in which the 
spring ends can slide in waterproof bearings. 
Hotchkiss drive is employed. The main fuel supply 
is on the Autovac system from a 12-gallon tank at 
the rear of the chassis. There is also an auxiliary 
direct gravity supply to the carburettor from a 
two-gallon tank on the scuttle. Both supplies are 
controlled by cocks on the instrument board, and 
another cock on the latter enables the suction pipe 
from the inlet duct to the Autovac to be closed, in 
the event of the failure of the system, or of the main 
tank being empty. The feed is then by gravity 
direct to the carburettor. 


The wheels are detachable, of the Rudge-Whit- 
worth wire type, fitted with either ring nuts for a 
spanner, or with racing nuts tightened by a hammer 
blow. The usual tyre size is 30 in. by 5-25 in., 
but the ground clearance can be increased by fitting 
3l-in. diameter wheels. The car can be supplied 
with a wheel base of either 9 ft. 4 in. or 10 ft., the 
track in both cases being 4 ft. 4 in. The alternative 
chassis lengths are 13 ft. 64 in., or 14 ft. 24 in., the 
width being 8 ft. 3} in. The respective weights for 
the two models are approximately 2i cwt. and 
23% ewt. 

In an earlier part of our review, we mentioned 
that a certain number of makers were prepared 
to incorporate a free wheel in their chassis as an 
extra fitting, and we quoted figures to show that 
the addition of this component resulted in a very 
appreciable fuel economy. The majority of the 
free wheels exhibited were a modification or develop- 
ment of the type which was described on page 646 
of vol. cxxii of ENGINEERING, in connection with 
the Lea and Francis gear box, but in one exhibit 
the same result is achieved in an entirely different 
manner. The arrangement to which we refer was 
exhibited by Messrs. Clayton Wagons, Limited, 
of Abbey Works, Lincoln. It is known as the 
Clayton-Currin free-wheeling device, and is illus- 
trated in Figs. 64 to 66, on this page. Essentially, it 
consists of a subsidiary clutch behind the gear-box, 
operated by the partial vacuum in the induction 
pipe of the engine. As is well known, when the 
engine is running slowly, the vacuum is relatively 
high, and the mechanism is so arranged that under 
these conditions the clutch is in the free position. 
A moment’s thought will show that the throttle is 
nearly, or entirely, closed in, all circumstances under 
which the free-wheeling action is desired, so that the 
required conditions are fulfilled automatically. 
When the accelerator pedal is depressed, the vacuum 
in the induction pipe is reduced to an extent depend- 
ing on the degree of throttle opening and the speed 
of the engine, resulting in the progressive engage- 
ment of the clutch up to the point of full throttle 
opening. 

The relative arrangement of the various parts 
of the mechanism is shown in Fig. 64, the diaphragm 
box, to which the induction pipe is connected, being 
shown on the right. This box is shown in section 
in Fig. 66, from which it will be observed that the 
centre of the diaphragm is gripped between two 
nuts on a connecting rod, the latter terminating on 
the clutch-operating lever, as shown in Figs. 64 and 
65. The clutch is shown in section in Fig. 65, 
from which it will be seen that it is of the single-plate 
type, faced with one of the usual friction materials. 
The details of the clutch will be clear from the figure, 
but it may be mentioned that the pressure springs 
are adjustable from outside the casing. The device 
can be rendered inoperative by closing a cock on the 
pipe between the induction manifold and the dia- 
phragm box. The cock may either be connected 
to a lever on the dashboard, or coupled up to the 
ordinary throttle control on the steering wheel. 

A free-wheeling device on more conventional 
lines was shown on the stand of Messrs. Arrol- 
Johnston and Aster Engineering Company, Limited, 
Dumfries, but the unit, which is known as the 
Millam, is actually manufactured by British 
Engines, Limited, Newcastle-on-Tyne. The device 
for a normal vehicle weighs about 32 lb., of which 
the actual free-wheel weighs about 15 lb., a sprag 
being incorporated in addition. The overall 
measurements of the casing are 8} in. by 8} in. 
The free-wheel is capable of transmitting up to 
100 h.p. in the driving position. The complete 
assembly is shown in Fig. 67, page 520, and 
includes a control lever with an internal fork 
which engages in a sliding flanged sleeve between. 
but forming an integral part of, the free-wheel 
and sprag unit. A movement of 1} in. of this 
lever gives about 3-in. sliding movement to the 
sleeve of the free-wheel sprag unit, and is sufficient 
to engage either the free-wheel or sprag at will. 
The circular member on the extreme right in 
Fig. 67 is a universal joint, and, as such, is not 
a part of the Millam unit, though, of course, it is 
essential in one form or another to transmit the 
drive to the propeller shaft and back axle. 





Figs. 69, 70 and 71, page 520, show various 
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MILLAM FREE WHEEL 


FOR MOTOR CARS AT OLYMPIA. 


CONSTRUCTED BY MESSRS. BRITISH ENGINES, LIMITED, ENGINEERS, NEWCASTLE-ON-TYNE. 
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sections of the unit, while photographs of the details | 
are reproduced in Fig. 68 above. 

Referring to the longitudinal section, Fig. 70, | 
it should be explained that the clutch member, 
which will be seen to consist of a relatively thin 
ring surrounding a heavier centre piece, is provided 
at the right-hand end with projecting tongue pieces. 
The latter can be moved through slots in the collar 
on the centre piece into recesses in the back of 
six circumferential outer shoes surrounding the 
outer rollers. Two of the tongue pieces can be 
clearly seen in the lower view in Fig. 68. The 
wedge-shaped pieces between the rollers, visible 
in the same figure, form part of the centre piece 
already referred to in connection with Fig. 70. 
The six circumferential outer shoes are slightly 
thicker at each end than at the centre, so that 
when the centre piece is driven by the engine 
through the gear-box in either the forward or 
reverse directions, the rollers lock the driving and 
driven members together in the usual way. It) 
may be explained that two rollers are used instead | 
of one in order to obtain the correct direction | 
of rotation at both the inner and outer surfaces, 
eliminating any tendency of the rollers to slip. | 
When driving, the peripheries of the outer shoes | 
engage with a cast-iron liner mounted in the} 
driven drum. Contact is made through an oil | 
film, since the parts are immersed in oil, the 
engagement being therefore always oil-cushioned | 
and without jar. This provision also enhances | 
the durability of the whole unit, and makes it | 
possible for the makers to guarantee a 100,000 | 
mileage as the life of the cast-iron ring. In any 
case, this ring can be renewed at a trifling cost. | 

It should be explained that, when desired, the | 
driving and driven members can be locked together 
by a movement of the control lever. This adds | 











greatly to the value of the device, since, ip the 
event of the car getting out of control when running 
down a hill, it is possible to change into a lowe 
gear, and, after locking the two parts together, to 
use the engine as a brake. 

Turning now to the sprag, shown in Fig. 69, and 
in the right-hand upper view in Fig. 68, it is only 
necessary to explain that the action is precisely 
similar to that of the free-wheel. The construction, 
however, is simplified, there being only three 
single rollers and three outer shoes. As the sprag 
is only required to operate in one direction, the 
outer shoes are provided with shoulders, as shown 
in Fig. 69, to limit the wedging action to the 
required direction of rotation only. The two lower 
views in Fig. 68 show the driving and driven 
units assembled, and ready for mutual engagement 
in the position shown in Fig. 70. The combined 


| unit is strongly constructed, the parts have a large 
}area of contact, and the cam paths in the outer 


shoes are so graded that the greater the torque the 
stronger the grip. The rollers have a fixed straight- 
line thrust contact within close-fitting slots, the grip, 
both for free-wheel and reverse sprag, being direct, 
and cushioned against jar by the oil film between 
the engaging surfaces. 

The exhibition closed on Saturday last, the 
20th instant. 








APPROVED SUBSTITUTES FOR Woop Drecks.—We have 
received from the Mercantile Marine Department of the 
Board of Trade, a copy of Circular 1671, entitled ‘‘ Deck 
Sheathings for Cargo and Passenger Ships.” The Circular 
is intended for surveyors, and, in it, are set forth the 
general properties required of substitutes for wood 
decks, tests for deck sheathings, and lists of approved 
deck sheathings, of anti-corrosive compositions, and of 
bituminous compositions. The Circular is published by 
H.M. Stationary Office, Adastral House, Kingsway, 
London, W.C.2, and the price is ld. net. 
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LAUNCHES AND TRIAL TRIPS. 


“Sr Kart Knupsen.’’—Oil-tank motorship ;_ twins 
screw, Diesel engines. Launch, September 24. Main 
dimensions, 450 ft. by 59 ft. by 34 ft. 4 in.; designed 
to carry about 11,000 tons on a draught of 25 ft. 9 in. 
Built by Nakskov Skibsverft Akt., Nakskov, Denmark, 
to the order of A. F. Klaveness and Company A/S., 
Oslo. 

** SrinnincTOoN Court.’’—Cargo steamer ; single-screw, 
triple-expansion engine. Trial trip, September 26. 
Main dimensions, 420 ft. by 56 ft. 2 in.; designed to 
carry 9,600 tons deadweight on a draught of 24 ft. 11 in. 
Built by Messrs. Sir W. G. Armstrong, Whitworth and 
Company, Limited, Walker-on-Tyne, to the order of the 
United British Steamship Company, Limited. 

Mororsuip.—Cargo motorship; twin-serew,  Bur- 
meister and Wain Diesel engines. Delivery, October 3. 
Main dimensions, 385 ft. by 54 ft. by 36 ft. 4 in. ; designed 
for a deadweight capacity of about 8,400 tons on a 
draught of about 25 ft. Built by the Elsinore Ship- 
building and Engineering Company, Elsinore, Denmark, 
for A/S Standard, Oslo. 

“ VactiTE.”’—Oil-tank steamer; single-screw triple- 
expansion engine. Launch, October 12. Main dimen- 
sions, 385 ft. by 52 ft. by 30 ft. Designed to carry 
7,250 tons on a mean draught of 24 ft. 4 in. Built by 
Messrs. Sir W. G. Armstrong, Whitworth and Company, 
Limited, Walker-on-Tyne, to the order of the Vacuum 
Oil Company, Limited. 

“CREOLE Linpo.”—Oil-tank steamer; twin-screw 
triple-expansion engines. Launch, October 12. _Built by 
Messrs. Palmers Shipbuilding and Iron Company, 
Limited, Hebburn-on-Tyne, to the order of Sir Joseph 
W. Isherwood and Company, Limited. 

“* Makran.”—Motorship ;_ single-screw, Sulzer Diesel 
engine. Launch, October 13. Main dimensions, 165 it. 
by 28 ft. 8 in. by 10 ft.; deadweight, 400 tons; dis- 
placement, 783 tons. Built by the *‘De Maas “asc 
building Company, Slikkerveer, Holland, for the Roya 
Packet Company, of Amsterdam. 

““Lapy NELson.”—Passenger and cargo steamer; 
twin-screw, single-reduction geared turbines. Trial 
trip, October 17, Main dimensions, 438 ft. by 59 ft. by 
31 ft. Built by Messrs. Cammell Laird and Company, 
Limited, Birkenhead, for the Canadian National (West 
Indies) Steamships, Limited. 
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LABOUR NOTES. 


Av a meeting on Friday last week, of the Joint 
Industrial Council for the electricity supply industry, 
the workers’ representatives applied for a revision of 
current wage rates. The employers’ side refused the 
application, and the unions therefore decided to refer 
the matter to the Industrial Court. The revision which 
is contemplated includes, amongst other things: 
(a) The termination of the cost of living sliding scale for 
the adjustment of wages, and (b), in lieu thereof, an 
increase of 10 per cent. on the ascertained rate of wages 
at the termination of the agreement for the stabilisa- 
tion of wages, viz., January 1 next. Special increases 
in wages and improvements in conditions are sought for 
senior or junior engineers engaged as switchboard 
attendants and assistants, sub-station charge engineers, 
sub-station attendants and their assistants in both 
rotary and static sub-stations. The same holiday and 
sick pay allowances as at present are applicable to other 
members of the technical staff, are also demanded for 
these workers. 





The Clyde District Committee of the Amalgamated 
Society of Woodworkers has decided to stop all over- 
time in the local shipyards, and on Tuesday night the 
joiners proceeded to carry out the instructions given to 
that effect. This procedure is, of course, irregular, as the 
Society, in common with the other shipyard unions, is a 
party to the Overtime and Night Shift Agreement with 
the Shipbuilding Employers’ Federation. The Executive 
Council of the Woodworkers’ Society has, it is true, 
given formal notice to terminate the agreement, but 
the notice is not due to expire until March next. The 
Clyde District Committee of the United Pattern Makers’ 
Association is also concerned about the amount of 
overtime that is being worked in its area, and has asked 
for a conference on the subject with the employers. 





The Ministry of Labour Gazette states that employ- 
ment during September showed little change, on the 
whole, as compared with August. Among the work- 
people, numbering approximately 11,800,000, insured 
against unemployment in Great Britain and Northern 
Ireland, the percentage unemployed in all industries 
taken together was 11-5 at September 24, 1928, as 
compared with 11-7 at August 20, 1928, and 9-3 at 
September 26, 1927. The percentage wholly un- 
employed at September 24, was 8-6, as compared with 
8-3 at August 20, while the percentage temporarily 
stopped was 2-9, as compared with 3-4. In the coal- 
mining industry there was a further improvement in 
employment, a slight decline in the numbers wholly 
unemployed being accompanied by a considerable 
decline in the numbers temporarily stopped from the 
service of their employers. There was also some 
improvement in the iron and steel, pottery, motor 
vehicle, constructional engineering, boot and shoe, 
and furnishing industries. On the other hand, there 
was a decline in employment in the marine engineering, 
shipbuilding, tinplate, woollen and worsted, silk, 
textile bleaching and dyeing, tailoring, building, and 
transport industries. 





In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation 
during September resulted in an increase of about 
2,850/. in the weekly full-time wages of 39,000 work- 
people, and in a reduction of 1,900/. in those of over 
20,000 workpeople. The principal group of work- 
people whose wages were increased were adult plain 
time-workers employed in federated shipbuilding yards 
in England and Scotland. With the restoration of their 
bonus to 10s. per week, most classes of skilled men 
received an increase of 1s. 6d. per week; other adult 
time-workers not in receipt of the full bonus of 10s. 
received the sum required to make up that amount, 
varying up to a maximum of Is. 6d. per week. Time- 
workers employed in the shipyards at Belfast had 
their wages similarly increased. Among workpeople 
whose wages were reduced were those employed in the 
light castings industry in England and Scotland, and 
coal miners at certain collieries in Warwickshire. 
Chere was a small reduction in the wages of blast- 
furnace workers in Cumberland: 





During the nine completed months of 1928, the 
changes reported to the Ministry of Labour in the 
industries for which statistics are compiled, have 
resulted in net increases of 20,1501. in the weekly 
full-time wages of 201,000 workpeople, and in net 
reductions of 169,4501. in those of 1,696,000 work- 
people. In the corresponding period of 1927, there 
Were net increases of 31,2001. in the weekly full-time 
Wages of 289,000 workpeople, and net reductions of 
364,1001. in those of 1,715,000 workpeople. 





The number of trade disputes involving stoppages of 





work, reported to the Ministry of Labour as beginning 
in September, was 20. In addition, 11 disputes which 
began before September were still in progress at the 
beginning of the month. The number of workpeople 
involved in all disputes in September (including work- 
people thrown out of work at the establishments where 
the disputes occurred, but not themselves parties to 
the disputes) was about 10,800, and the aggregate 
duration of all disputes during September was about 
56,000 working days. These figures compare with 
totals of 5,400 workpeople involved and 23,000 working 
days lost in the previous month, and with 15,200 
workpeople involved and 84,000 days lost in September, 
1927. The aggregate duration of all disputes in progress 
in the first nine months of 1928, was about 1,254,000 
working days, and the total number of workpeople 
involved in these disputes was about 110,000. The 
figures for the corresponding period of 1927 were 
1,041,000 days and 92,000 workpeople, respectively. 





At the end of September, 14,590 members of the 
Boiler Makers’ and Iron and Steel Shipbuilders’ Society 
were “signing the books,” as compared with 13,430 
at the end of August. The number of members in 
receipt of superannuation benefit increased from 4,242 
to 4,403, and the number in receipt of sick benefit 
from 2,446 to 2,455. In August, when there were five 
weeks’ outlays, the expenses were 12,3601. 18s.; in 
September they were 10,0311. 7s. 7d. ‘‘ Our trade 
figures,” writes Mr. Hill, the General Secretary, “* show 
an apparent falling-off in trade during the month, but 
it will be noted that the expenses show no increase. 
The apparent increase of members on the funds is 
accounted for by the fuller returns from the branches.” 





The Industrial Court’s award in the wages reference 
submitted to it on behalf of workers employed in 
railway electricity generating stations and sub-stations, 
and on high-tension cables between them, was issued 
on’ Saturday last. The Electrical Trades Union, it 
will be recalled, declined to acquiesce in the general 
agreement to reduce wages by 24 per cent., and insisted 
that its procedure agreement with the railway com- 
panies should be adhered to. The companies thereupon 
gave notice of their intention to reduce the men’s wages 
by 6s. per week, and the matter was referred to the 
Industrial Court. The award is to the effect that, 
having regard to the fact that in view of existing 
conditions all other sections of railway employees, 
including the management, have submitted to a special 
deduction of 2} per cent. from their wages or salaries, 
the weekly earnings of the workpeople covered by the 
reference should be subject to a similar deduction. 
Effect is to be given to the decision as from the begin- 
ning of the next full pay week. 





On October 15, 1928, the number of unemployed 
persons,on the registers of Employment Exchanges in 
Great Britain was 1,321,200. Of these, 925,000 were 
wholly unemployed, 317,100 were temporarily stopped, 
and 79,100 were persons normally in casual employ- 
ment; 1,036,900 were men, 38,700 boys, 211,800 
women, and 33,800 girls. Of 1,319,706 persons on 
the registers on October 8, 1928, 917,628 were wholly 
unemployed, 324,140 were temporarily stopped, and 
77,938 were persons normally in casual employment ; 
1,028,544 were men, 39,268 boys, 217,131 women, and 
34,763 girls. The number of unemployed persons on 
October 17, 1927, was 1,071,296, of whom 855,103 were 
men, 31,982 boys, 153,299 women, and 30,912 girls. 


In the October issue of the Industrial Review, an 
organ of the Trades Union Congress General Council, 
Mr. Citrine deals at some length with the subject of 
the proposed National Industrial Council. It is not 
intended, he says, to supersede any of the existing 
machinery which regulates the relations of the trade 
unions with the employers’ organisations in the various 
industries and trades. It is rather an extension of the 
existing machinery. It will not interfere at all with 
the individual unions in dealing with matters of 
negotiation between them and the employers. Nor 
is it intended to be an executive body. Its prime 
purpose will be to survey the entire field of industry, 
and to provide the means by which industrial prob- 
lems in their widest aspect can be jointly examined 
and conclusions arrived at which those responsible 
for the conduct of the nation’s economic enterprises 
can carry out. Its functions will be advisory and 
consultative, and its composition has been so arranged 
as to make it fully representative of industry. 


‘* Broadly,” Mr. Citrine goes on to say, ‘“‘ the proposal 
is that the National Industrial Council should be 
composed as follows :—(a) The representatives of the 
workers should be the members of the T.U.C. General 
Council; and (b) an equal number of representatives 





of the employers should be nominated by the Federa- 


tion of British Industries and the National Confedera- 
tion of Employers’ Organisations. It is intended to 
hold regular quarterly meetings of the Council for 
consultation on the widest questions concerning 
industry and industrial progress. It is also proposed 
that the Council should set up a Standing Joint Com- 
mittee, which will be charged with the duty of appoint- 
ing joint conciliation boards to deal with disputes 
which fail to find settlement by the ordinary machinery 
of negotiation. And, finally, the Council will be 
empowered to establish and direct machinery for 
continuous investigation of industrial problems.” 





Mr. Citrine regards that proposal as “the most 
significant of the recommendations, because it involves 
the creation for the first time of a national body 
capable of speaking for industry as a whole.” ‘“‘ Other 
countries,” he says, ‘“‘such as France and Germany, 
have established Economic Councils, but they do 
not serve the same purpose as the one that our pro- 
posed National Industrial Council is designed to fulfil. 
The body we contemplate is smaller and more practical, 
and its authority derives directly from industry. And 
not the least important of its functions are those which 
concern the settlement of industrial disputes. In 
considering this aspect of the work which the National 
Industrial Council will endeavour to undertake, it 
must be remembered that the aim is to avoid interfer- 
ence with the beneficial work carried on by the existing 
machinery of joint negotiation maintained by the 
Trade Unions and the employers’ organisations. 
Wherever possible, it is necessary to strengthen and 
improve the existing machinery. But there are 
industrial disputes—and these not the smallest and 
easiest of solution—which fail to find settlement by 
the existing machinery, and the principle underlying 
the proposal of the Industrial Conference is that, 
without interfering with the right of those directly 
concerned, a further attempt should be made.” 








** Accordingly,’ Mr. Citrine concludes, “it is pro- 
posed that the Standing Joint Committee, nominated 
as to half its members by the T.U.C. General Council 
and as to the other half by the representatives of the 
employers, shall act as the authority in dealing with 
conciliation in industrial disputes. It will work 
through joint conciliation boards. It is laid down 
that either party to a dispute may apply to the Stand- 
ing Joint Committee for the appointment of a joint 
conciliation board to investigate and report on the 
matters tending towards a dispute. Pending investiga- 
tion, it is held to be desirable that neither party to 
the dispute will alter the status quo—that is to say, 
that neither party will take any step by stoppage of 
work or alteration of conditions to prejudice the 
investigation. The personnel of the joint conciliation 
board will not be permanent, but will be composed of 
the most suitable representatives to deal with the 
matters in dispute. It is believed that the findings 
of such a body will lead to a speedier and more amicable 
adjustment than any other form of machinery of a 
general character is likely to produce.” 





The German General Federation of Trade Unions 
has passed the following resolution :—‘‘ The Congress 
again declares that it considers the provisions of the 
Washington Convention to be a minimum prcgramme 
in the matter of hours of work. It expects the Govern- 
ment and the Reichstag, when passing the Labour 
Protection Act, at the same time to fulfil the repeated 
promise of unconditional ratification of the Washington 
Convention. But it also calls on the Governing Body 
of the International Labour Office not to delay ratifica- 
tion of the Washington Convention by negotiations 
for the revision of Conventions.” 


The official weekly organ of the International Labour 
Office states that, according to the Industrial Relations 
Section of Princeton University, there were at the end 
of June, 1928, a total of 28 labour banks in the United 
States. As an indication of the national character 
of this development in the field of industrial relations, 
it is noted that the banks are located in fifteen different 
States, distributed from the Atlantic to the Pacific 
Coast, and in the District of Columbia. Total resources 
are nearly 115,000,000 dols., and total deposits 
exceed 98,000,000 dols. Deposits in the individual 
banks vary from a minimum of 160,000 dols. to a maxi- 
mum of more than 19,000,000 dols. The Federation 
Bank and Trust Company of New York City, the 
Engineers’ National Bank of Cleveland, and the 
Amalgamated Bank of New York are, in the order 
named, the largest institutions, their total deposits 
amounting to 46 per cent. of the grand total. 
This form of activity on the part of organised 
labour was initiated about eight years ago, when 
the Brotherhood of Locomotive Engineers established 
a bank in Cleveland. 
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PULVERISED-FUEL PLANT FOR THE 
USE OF COLLIERY WASTE. 


THE majority of the plants for preparing and firing 
pulverised fuel that have been described in 
columns are designed to handle coal purchased for the 
purpose. 
of inferior quality, as pulverised-fuel firing is admittedly 
a more suitable method of dealing with the latter class, 
but, whatever the quality, it has to be paid for. The 
plant, which we illustrate by Figs. 1 to 10, on Plate 
LXIV, and on this and the opposite pages, has, amongst 
other points of interest, the important one that it makes 
use of coal refuse which has hitherto not only been un- 
saleable but has had to be disposed of, at some cost, by 
depositing it in the slurry pits of the colliery concerned. 
This is the Cadeby Colliery, at Conisborough, the property 
of Messrs. Denaby & Cadeby Main Collieries, Limited. 
The work, for which Messrs. Fraser and Chalmers Engi- 
neering Works (‘The General Electric Company, Limited), 
Erith, were main contractors, consisted of the supply of 


three water-tube boilers and accessories, with the necessary | 


pulverised-fuel plant, and fuel and ash conveyors. 
The previous boiler plant consisted of 21 Lancashire 


boilers supplying steam to the winding engines, as well as | 
to all the varied machinery and apparatus of the colliery. | 
The demand for increased steam capacity, coupled with | 
the fact that the Lancashire boilers were so old as to be | 


approaching the limits of insurability, pointed to the 
desirability of a new and modern plant instead of adding 
to the existing one. The need for economy further dic- 
tated that boilers of a hight rthermalefticiency and capable 
of utilising what was hitherto little more than an unprofit- 
able by-product should be employed, and indicated the 
adoption of water-tube boilers with pulverised-fuel plant. 
This scheme was accordingly put in hand, 13 of the Lanca- 
shire boilers, of which 11 were in actual operation, being 
removed to make room for the new plant. The pressure 
could not be increased on account of the winding engines, 
to supply which the new boilers are exclusively used, but a 
high degree of superheat is provided. The remaining 
Lancashire boilers are employed in supplying steam for 
the other purposes of the colliery. The winding engine 
supply cannot be augmented from them, and this is, 
indeed, hardly necessary, for the three new boilers, each 
rated at anormal output of 30,000 Ib. of steam per hour, 
can be worked up to an overload of 45,000 lb. per hour 
should this be required. Provision is made for the 
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| ultimate addition of a fourth boiler, and the design of the 
| pulverising plant takes this into account. The flue gases 
| from all the boilers, both water-tube and Lancashire, are 
| led into a common chimney. 

| The boilers themselves do not call for much comment 
|in this account. They are of the five-drum type, as 
|shown in Fig. 1, Plate XLIV, and were made by 
| Messrs. John Thompson Water-Tube Boilers dimited, 
| Wolverhampton. Each boiler has 6,970 square feet of 
heating surface, and each superheater 1,330 square feet 
| of heating surface. The working pressure is 125 lb. 
| per square inch. Each boiler has a Green’s tri-tube 
| economiser, with 144 tubes, 13 ft. long, and an induced- 
|draught fan driven by a 36-h.p.-motor. The steam 
| for the soot blowers is taken from the outlet side of the 
| superheaters. The combustion chambers, which were 
| constructed by Messrs. King, Taudevin, and Gregson, 
| Limited, Sheffield, should be noted. The walls and 
| floors are of hollow-wall panel-type construction, the 
9-in. space in them being used to heat the secondary air, 
part of which is caused to mix with the stream of pul- 
verised coal. The ash falls down to the bottom of the 
combustion chamber in a shower of light particles, and 
finds its way ultimately into the water scraper conveyor 
at the bottom. A small oil-burning set is provided to 
each combustion chamber for the purpose of lighting-up 
when the boilers are cold. 

The arrangement of the pulverising plant is, perhaps, 
best understood by following the course of the fuel. 
This, as was stated above, is fine coal and was formerly 
removed in the washery and consigned to the slurry pits. 
It is now taken out of the mined coal in a dry state by 
passing the coal down a long inclined screen to the 
washery, when the dust and small stuff separates by 
gravity and is collected in a chute below the screen. The 
material so obtained varies from ¢ in. to fine dust, 85 per 


cent. of it being about ¥ in. in size. The closely adherent | a 
| two raw-coal silos, and is shown in Fig. 2. 
| capacity of 70 tons. 


dust is removed in the washery in the usual way, and what 
cannot be burned in the Lancashire boilers goes to the 
slurry pits. The fine coal obtained by the screening 
operation outlined above is not treated in a drying plant, 


but is delivered straight to the raw-coal storage silos by | . Be 
|the stream of coal-laden air into the storage Dn 


a 12-in. belt conveyor seen at the top of Fig. 1, Plate 
LXIV. One of the silos, of which there are two, is 
shown in section in Fig. 2, on the same Plate. They 
are of somewhat unusual construction, being cylindrical 


and built up from flat tongued and grooved slabs of | bottom of the bin. : 
These | pulveriser through the curved pipe shown in 


concrete measuring 30 in. by 12 in. by 2} in. 
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OPERATING PLATFORM WITH SECONDARY-AIR MAINS. 


are bound externally by steel hoops, which are provided 
with lugs for the screw tightening device. The external 
diameter is 16 ft. and the height 20 ft. 

From each silo, the raw coal descends through 
discharge gates into an automatic weighing machine, 
and from thence flows down to the Holbeck pulveriser. 
This machine was described and_ illustrated in 
ENGINEERING, vol. cxxii, page 715. A brief reference 
may, however, be made to it at this point. The 
pulverising action is set up by grinding the coal 
between a revolving disc carrying rollers at its 
circumference, and the inside circumference of a 
hard-steel ring. The rollers are free to move in a 
radial direction, the requisite pressure between the 
surfaces being obtained by the centrifugal action of the 
rollers as the disc revolves. The coal is fed into the 
pulveriser by a worm which is rotated by ratchet action. 
The degree of supply is regulated by a lever adjustable 
in length so as to vary the stroke of the ratchet. 
This feed gear is seen in Fig. 7, on this page, which 
shows also the pulveriser and the chute from the silo, 
with the 75-h.p. motor for driving the pulveriser in the 
foreground. There are two pulverisers, each capable of 
an output of 12,000 lb. per hour, situated below the 
raw-coal storage silos. Referring again to Fig. 2, 
it will be seen that the casing above the pulveriser 
proper is of considerable dimensions. This part 
contains the air separator, which, by means of a 
system of baffles and vanes carefully adjusted to 
produce critical velocities of the air, causes the heavier 
particles of coal to drop automatically from the air 
current and to be returned to the pulveriser for 
further treatment. This device is not affected, as 
regards efficiency of operation, by age or wear, and it 
enables a steady supply of pulverised fuel of uniform 
fineness to be supplied to the storage bin. 

The pulverised-fuel storage bin is situated — the 
t has a 
The coal leaves the pulveriser, 
after passing through the separator, by a vertical pipe 


| terminating at the suction side of a fan of special 


design driven by a motor of 30h.p. This fan discharges 


through a horizontal pipe. The bin is fitted with 
vanes which give a cyclone effect, by which means 
the air is caused to deposit most of the coal in the 
The air is then returned be the 
ig. 2. 
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Fie. 10. Srconpary-Air Piatrorm with Furt Pires anp BURNERS. 


The circuit is consequently a closed one, and results 
'n & boiler house free from coal dust. The upper 
Part of the bin is fitted, in addition to the air-exit 
Pipes, with devices which act as safety valves in 
case ‘of!any sudden rise of pressure in the bin. An 
inspection door is also provided, through which the 
quantity of fuel in the bin can be ascertained at any 
eae _ lower part of the bin‘is of approximately 
— form ; that is, it tapers down from a cylinder 

& narrow rectangular portion which is coupled to the 





boxes containing the feed worms. The worms push 
forward a definite quantity of coal according to the 
rate at which the boilers are being fired, which coal 
is then caught up in a stream of air from the primary 
air fans and is discharged through the burner. 
The feed arrangements are indicated in Fig. 2, and 
further illustrated by a photograph reproduced in Fig. 9 
above. It maybe here pointed out, to avoid confusion 
that the photograph from which Fig. 9 was prepared’ 
was taken when two boilers only had been erected. 


Some of the connections, for this reason, are blanked 
off. Further, other blank connections are designed for 
use when the fourth boiler is installed. At present 
there are eight feed worms, 10 in. in diameter, which 
are chain driven by individual variable-speed motors 
of 2 h.p. each, at rates varying from 7 r.p.m. to 21 
r.p.m. to suit the steam demand. The speed is 
controlled by individual rheostats from the control 
platform. Each worm is fitted with a revolution 
counter of the integrating type to record the amount 
of coal passing. One feed worm is sufficient to supply 
the two burners on each boiler, two worms being 
provided in order to afford a stand-by. . The chain 
drives from the motors, running over jockey pulleys, 
can be put on one or other of the worm spindles, 
as desired. This adaptability accounts for the forking 
of the vertical pipes from the feed boxes which is 
conspicuous in Fig. 9. 

This figure shows very clearly the arrangement 
of the primary-air piping. At the lower left-hand 
corner is seen one of the primary-air fans, which is 
driven by a 15-h.p. motor. The short inlet pipe is 
fitted with a butterfly valve to control the supply, and 
from the top of it a small pipe, also fitted with a 
regulating device, is carried to a stand pipe on the 
duct leading from the top of the storage bin to the 
pulveriser. This pipe, which, in conjunction with a 
similar one, takes the form of a letter X, is shown in 
Fig. 2. It is used to maintain the correct pressure 
in the duct. Returning to Fig. 9, a large trunk 
will be observed on the ground into which the fan 
discharges. There is another similar fan at the 
other end of the trunk, but only one of them is 
used at a time, the other being a stand-by. On the 
top of the trunk between the fans is a pipe in the 
form of a loop from which a number of branches lead 
down to boxes at the ends of the worm feeders. 
Corresponding vertical pipes from the boxes lead to 
injectors on the lower trunk, from which injector 
pipes are taken to the burners. The action of the 
arrangement is that the pulverised coal, as it emerges 
from the worm, is blown down to the branches on the 
lower trunk where it is caught by another stream of 
air issuing from the trunk and carried up the pipes 
to the burners. 

For the course of the pipes to the burners, Fig. 1 
should be referred to. It will be seen that they 
ascend to a considerable height above the top of the 
combustion chamber, and then bend over and enter 
it at a slight angle to the vertical. Just above the level 
of the top platform it will be noticed that the pipe to 
the burner is joined at an acute angle by another pipe 
opening into the air space in the combustion-chamber 
walls. The primary air, that is, the air in which the 
coal is conveyed, forms about one-third of the total 
air required for combustion. It is supplemented by 
a part of the secondary air, which reaches it by way 
of the pipe just referred to. A clearer idea of this 
secondary-air pipe is perhaps gained from Fig. 8, 
page 522, which is a view of the operating platform. 
The pipes to the right are those delivering coal to the 
burners. This secondary-air supply is regulated by 
hand-operated chain-gear. Its temperature varies from 
250 deg. to 300 deg. Fahr. The air is drawn from the 
combustion-chamber walls by a fan, direct driven by a 
25-h.p. motor, to each boiler. This fan is situated on 
the top platform, and is seen in Fig. 10, annexed. It 
delivers air into the horizontal duct, prominent in Fig. 7, 
from which branches lead upwards to the pipes to the 
burners and downwards to splayed branches by which 
heated secondary air is also delivered, as necessary, 
direct to the combustion chambers. The primary 
air supply is kept at a constant rate. 

The burners, seen in Fig. 10, are shown in more detail 
in Figs. 3,4 and 5, Plate LXIV. There is a Venturi 
contraction between the pipe and the splayed casting 
forming the upper part of the burner, which is of the 
low-velocity Hay type. The mouth of the burner is 
formed of a casting lined with firebrick, and is embedded 
in the brickwork of the combustion-chamber arch. 
Inside this, as is clear from Fig. 5, are two hinged 
cast-iron flaps covered with firebricks on the back. 
These flaps are adjusted by the independent levers 
shown in Fig. 4. They are thus capable of being 
set, whilst the boiler is working, not only so as to regu- 
late the width of the opening, but also to determine 
the direction of the flame. This latter property is a 
useful feature, and conduces to the protection of the 
combustion-chamber walls from accumulations of slag. 
Although there is an induced-draught fan for each boiler 
it is not, under present conditions, generally used, as 
the Lancashire boilers are delivering very hot gases to 
the same chimney, which gases create a sufficiently 
strong draught. At the time we inspected the plant, 
the draught, from the above-mentioned cause, was 
0-9 in. of water. 

The ash conveyor is of the scraper type, and operates 
along a water channel, which runs in a culvert along 
the base of the furnaces, as shown in Fig. 1. The 
ash, in the form of fine dust, falls to the sloping bottom 
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of the furnace, from which it is pushed at intervals 
into the conveyor passage by hand-operated rakes. 
The conveyor, which is driven by a 4-h.p. motor, 
delivers the ash to a scraper elevator, whence it is 
discharged into trucks, from which it is deposited on 
the tip. A portion of the ash, we understand, is to 
be used in future for dusting purposes in the mine, 
its use for such a purpose having been sanctioned by 
the authorities. Such a practice should stiil further 
conduce to economy by utilising somewhat troublesome 
refuse. The boilers are fully equipped with modern 
indicating and recording apparatus, including a steam- 
flow meter, a 13 point temperature indicator, and a 
COzg recorder. These are assembled conveniently on 
the operating platform. Inspection doors are provided 
in the combustion-chamber walls. 

The capacity of the boilers has already been stated, 
but the variation of load in daily working will probably 
be a matter of some surprise. The boilers, however, 
provide steam to two winders drawing from a depth of 
650 yards, the occasional synchronisation of which can 
give rise to a heavy peak ioad. Fig. 6, Plate LXIV, 
shows a portion of a weekly chart of the hourly steam 
production of two boilers. This was measured by 
passing the feed water through a Lea recorder. The 
consumption of water varies from about 22,000 lb. 
to 66,000 lb. per hour, and, as shown in the graph, 
some of the changes are very rapid. The lower 
curve shows the variation in power required by the 
auxiliaries at the same hourly intervals. It should 
be borne in mind, however, in considering this part of 
the diagram, that with the storage system adopted, the 
pulverisers do not require to be continuously working. 
They can be put into operation at any convenient time 
during the day or night, as demanded by the condition 
of the storage bin. Another point should also be 
considered relative to the performance of the boilers. 
The chief engineer of the colliery company, Mr. E. T. 
Hardy, states that the boiler plant is not intended to 
be worked at a high rate, in order to secure evaporative 
records, or at a particular one to give maximum 
thermal efficiency. What is aimed at is a good com- 
mercial efficiency under ordinary working conditions, 
and it is under these conditions that tests have been 
carried out. The results of such official tests are not 
yet available, but the following figures will give some 
idea of the conditions under which the plant is work- 
ing. They are weekly averages. 


118 lb. 


Steam pressure 
inch. 


per square 

Ls hs ¥ ’ , . 

Temperature of feed water enter- 
ing economiser ... : 


“2 .-- 163 deg. F. 
Temperature of feed water leaving 


economiser soe cae ... 214-7 deg. F. 
Temperature of steam leaving 

superbeater cas aay ... 570-5 deg. F. 
Temperature of gases at outlet of 

economiser . 297-3 deg. F. 


Calorific value of coal fired 
Percentage of ash ... zs 
Percentage of moisture 
The total evaporation of the two boilers charted for 

the full week was 7,298,400 lb., which is between 60 and 

70 per cent. of the rated load. It may be noted that 

the working of the colliery had to be maintained 

while the new boilers were being installed. As they 
stand on the site of the boilers displaced, this added 
greatly to the difficulties of erection, and, at one time, 
two of the new boilers were situated between ranges of 

Lancashire boilers. With the erection of the third 

boiler, however, the site for the fourth boiler could be 

cleared, and is now vacant. 


10,662 B.Th.U. 
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THE ‘‘ MAGNET ’’ WORKS OF THE 
GENERAL ELECTRIC COMPANY. 


For many years the lighting fittings, and other small 
electrical apparatus of a domestic character, which are 
marketed by the General Electrical Company, Limited, 
have been manufactured either att he Heene Works in 
Birmingham, or have formed part of the output of the 
much larger concern at Witton in the same city. The 
increasing demand for heating and cooking equipment, 
both in the home and in industry, as well as the closer 
attention which is being paid to the design of lighting 
fittings, both from the architectural and the illuminat- 
ing points of view, have, however, recently led the 
company to acquire buildings at Landor-street, Birm- 
ingham, where the manufacture of domestic appliances, 
industrial-heating apparatus and electric-lighting fit- 
tings and accessories will in future be concentrated. 
These works, which were built during the war for the 
manufacture of munitions, have been re-named the 
Magnet Works, and, covering 10 acres of floor space, 
provide ample room not only for present-day require- 
ments but for future expansion. 

The Magnet Works are situated close to the 
centre of Birmingham with a wide-frontage to the 
London-Birmingham line of the London, Midland and 
Scottish Railway, to which there is a siding connection. 





close by, provides a secondary means of transport. 


inter-communicating blocks, and comprises a total of 
eleven bays, each of which is 300 ft. long by 50 ft. wide. 
In addition, there are several subsidiary shops and a 
separate administrative building. Preparatory and 
machining processes for the production of the various 
equipment are carried out in the foundry, grinding, 
press, capstan and sheet-metal shops, while two 
machine shops are devoted to general work and to 
dealing with industrial-heating and cooking equipment, 
respectively. The domestic appliances are assembled 
in two of the main 300-ft. bays, and a third bay of the 
equal length will be put into commission for the same 
purpose when the demand necessitates it. A modern 
system of organisation permits the ordered progress 
of the work from one end of the shop to the other. 

It may be added that the standard type of element 
used on the smaller domestic appliances of the firm 
consists of a ribbon wire wound on mica strips. The 
ribbon is passed between two small pinions, which are 
loosely meshed, thus giving it a corrugated outline to 
allow for expansion and contraction. The ribbon may 
therefore be wound tightly round the mica without 
fear of fracture. On the fires and similar appliances, the 
element is made up of circular wire. Annealing, of 
course, is an important process in the production of 
such components as switches and lamp-holders, and it is 
interesting to note that at the Magnet Works this 
treatment is effected in a 80-kw. resistance furnace, 
which is supplied with three-phase current at a 
frequency of 25 cycles. The heaters are fitted under the 
hearth plate and in the side walls, the furnace body 
being built up of sheet steel and angle iron. Special 
attention has been paid to the lagging, with the result 
that the heat losses are small, while a further advantage 
is that the space occupied is much less than in the case 
of the equipment formerly used. A maximum tempera- 
ture of 1,000 deg. C. is obtainable, control being effected 
automatically so that good results are possible with 
unskilled labour. The General Electric Company are 
also making muffle furnaces with loadings up to 10 kw., 
and a maximum temperature of 950 deg. C. for use on 
single-phase circuits, while there is an increasing 
demand for large baking ovens, in which electric 
heating with a loading of 10 kw. per deck is combined 
with Humidor steam-injection apparatus. Electric 
water-heating appliances, including tubular heaters up 
to 20 ft. long, are also being produced. 


BOOKS RECEIVED. 


By Ivor B. Hart. 
[Price 7s. net.] 








An Introduction to Advanced Heat. 

London: G. Bell and Sons, Limited. 

United States Department of Commerce. Elimination of 
Vi aste. Simplified Practice Recommendation No. 
R. 30-28. Roofing Ternes. No. R. 35. Steel Lockers 
(Single, Double, and Multiple Tier). No. R. 58-28. 

Classification of Iron and Steel Scrap. No. 71-28. 
Turnbuckles. No. R. 73. One-Piece Porcelain Insulators. 
No. R. 79-28. Malleable Foundry Refractories. [Price 
10 cents each.] Washington: Government Printing 

Office. 

Standards and Standardization. By Norman F. Harrt- 

MAN. London: McGraw-Hill Publishing Company, 

Limited. [Price 15s. net.] 

Department of Scientific and Industrial Research. Engi- 
neering Research. Special Report No. 10. Researches 

on Springs. 4. The Surging of Engine Valve Springs. 

By ANDREW Swan and L. G. Savace. London: His 

Majesty’s Stationery Office. [Price ls. net.] 

The Theory of Film Lubrication. By R. O. BosweEtu. 
London: Longmans, Green and Company, Limited. 
[Price 12s. 6d. net. ] 

‘Itra- Violet Radiation and Actinotherapy. By ELEANOR H. 
RussE.tL, M.D., and W. Kerr Russet, M.D. Third 
edition. Edinburgh: E. and §S. Livingstone. [Price 
21s. net. ] 

The Viscosity of Liquids. By Emi Hatscnex. London: 

G. Bell and Sons, Limited. [Price 15s. net.] 

Rating Relief Simply Explained. By J. Scorr HENDER- 
son. London: Offices of Rating and Incame Taz. 

[Price 3s. 6d.] 

Handbuch fiir Eisenbetonbau. Vol VI. Dachbauten, 

Krigdécher Schalen und Rippenkuppeln. Edited by 

Dr.-Inc. Tecu., F. EMPerGer. Fourth edition, 

revised and rewritten. Berlin: Wilhelm Ernst und 


oC 


The main factory is a three-storey building of four | 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday, 


| The Cleveland Iron Trade.—Makers of Cleveland pig 
| continue to absorb at their own metallurgical works 
|most of the output of that commodity. Merchants 
have command of very little iron, and producers have 
only small surplus lots to offer in the open market, 
Buyers are persistent, but unsuccessful, in their efforts 
to obtain price concessions. Ironmasters adhere to 
| their fixed quotations of the past few months, though 
Midland iron is still offered freely at comparatively 
cheap figures. Stocks of Cleveland pig are not large, 
and as steelworks’ requirements are likely to be heavier, 
there are reports that an idle furnace or two may be 
re-started shortly. Under existing conditions jron- 
masters are not likely to increase output for the market. 
No. 1 Cleveland is 68s. 6d.; No. 3 g.m.b., 66s.; No, 4 
foundry, 65s.; and No. 4 forge, 64s. 6d. 

Hematite.—Further slight movement in the right 
direction is noticeable in the East Coast hematite 
trade, notwithstanding keen competition by West Coast 
makers for export trade. The restricted output of this 
area is insufficient fully to satisfy the steady moderate 
home and Continental demand, and the much-depleted 
stocks are still being drawn upon. Values show a rather 
marked upward tendency, but are still well below cost 
of production. Ordinary East Coast brands readily 
realise 70s., and some makers are holding out for a 
higher figure. 


Foreign Ore.—New business in foreign ore is almost 
unheard of, but, apart from imports, old contracts remain 
on quite a good scale. In view of threatened shortage of 
supply, merchants hold firmly to recent quotations on 
the basis of best rubio at 22s. 6d. c.i.f. Tees. 

Blast-Furnace Coke.—Durham blast-furnace coke of 
good average quality is approximately 17s. 9d., de- 
livered to works here, but consumers are buying very 
sparingly. 

Manufactured Iron and Steel.—The various branches 
of manufactured iron and steel present few new features. 
Most departments are turning out quite a lot of work, 
but producers of one or two commodities are in need 
of orders. Semi-finished steel is selling well to consumers 
who have been in the habit of drawing nearly the whole 
of their supplies from the Continent. Among the 
principal market quotations are: Common iron bars, 
101. 5s. ; best bars, 101. 15s. ; double best bars, 11. 5s. ; 
treble best bars, 11/. 15s. ; iron rivets, 111. 5s.; packing 
(parallel), 77. 10s.; packing (tapered), 10/.; steel 
billets (soft), 61. 15s. ; steel billets (medium), 7/. 2s. 6d. ; 
steel billets (hard), 7/. 12s. 6d.; steel rivets, 11. ; steel 
ship plates, 8/. 7s. 6d.; steel angles, 7/. 17s. 6d. ; steel 
joists, 71. 17s. 6d.; heavy steel rails, 8/. 10s.; black 
sheets (No. 24 gauge), 10/.; and galvanised corrugated 
sheets (No. 24 gauge), 131. 12s. 6d. 








NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. 
Iron and Steel.—Headway is being made in the basic 
steel industry, but according to some of the principal 
organisers, there is little probability, under existing 
arrangements, of finding sufficient work to employ cur- 
rent capacity. Rationalisation is being widely discussed, 
and it is not improbable that the comparatively early 
future may witness the linking up of like businesses 
in this area, as has occurred in other parts of the 
country, with a view to reducing costs and improving 
efficiency. Pig-iron is firmer, and the demand for steel 
billets shows expansion, though the position in regard 
to acid steel is still far from satisfactory, despite an 
undoubted improvement in the export position. More 
enquiries are forthcoming from South Africa, and valu- 
able contracts have been placed by India, South America, 
and the Sudan Government. Steel wagons are required 
by the Siamese State Railways. Other development 
schemes in Spain and Finland are being closely watched. 
Shipbuilding requirements are at a low level compared 
with capacity. Active conditions prevail in electrical 
machinery and equipment. Contracts have been re- 
ceived from Canada, India, Egypt, and South America. 
A better tone is reported in agricultural machinery. 
Home requirements show a tendency to expand, and good 
business is being done on export account. Only moderate 
activity prevails in mining and textile machinery. The 
motor-car trades are large buyers of local steel products. 
Business is again opening out with French engineers. 
Increased competition is being met with in tool and alloy 
steels. Weakness is apparent in plantation tools, and 
in forest and saw-milling implements. A steady improve’ 
ment is reported in the engineers’ tool trade. 
South Yorkshire Coal Trade.—Despite weakness 10 
several directions, the recent advances in official quota- 
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tions are fully maintained. On house-coal account the 
winter demand is not expanding at a normal rate, ye 
some difficulty is axperienced in disposing of the ful 
output of collieries. Industrial fuel of all sorts represents 
a steady market, though the requirements of the basic 
industries are well below the output capacity at the pits. 
Only a moderate business is passing in blast-furnace coke. 
Users are attempting to negotiate business below th 
minimum Association price. Export trade maintains the 


| benefit which has resulted from the Five Counties Scheme. 


27s. 


6d. ; 


Quotations : Best hand-picked branch, 26s. to ath 
CD 


Derbyshire best brights, 23s. to 24s. 6d. ; Derbyshire pest 
house, 20s. 6d. to 21s. 6d. ; screened house, 17s. to ‘18s. 
screened nuts, 16s. to 18s.; Yorkshire hards, 14s. 6d. to 
16s.; Derbyshire hards, 14s. 6d. to 18s. ; rough sla: ks, 
8s. 6d. to 9s. 6d.; nutty slacks, 4s. 6d. to 6s. ; smalls 
3s. to 4s. 6d. 
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NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Scottish Steel Trade.—The Scottish steel trade has not 
shown any sign of improvement during the past week, 
and conditions generally are rather dull. Few of the 
makers can see very far ahead, and in the majority of 
cases, difficulty is still found in keeping plant employed. 
Not only is there a limited demand from the shipyards, 
but consumers generally are not in a position to give 
out specifications for more than their current require- 
ments, as they themselves are not too well placed for 
business. Inquiries are not very satisfactory, and the 
position on the Continent has not affected the home trade 
to any extent yet. In the black-sheet trade, the heavier 
gauges are just a little better, but there are no indica- 
tions of any steady increase of orders. Light sheets 
and galvanised sorts continue to be in active request, 
and a good business is passing. Prices all round show no 
change, and are as follow :—Boiler plates, 10/. 10s. per 
ton; ship plates, 8/. 7s. 6d. per ton ; sections, 7/. 12s. 6d. 
per ton; sheets, } in., 8/. 15s. per ton; and sheets, 
galvanised corrugated (No. 24 gauge), 131. 7s. 6d. per ton 
to 131. 12s. 6d. per ton ; all delivered Glasgow stations. 

Malleable-Iron Trade.—In the West of Scotland 
malleable-iron trade, there has been no change in the 
position since the last report. Makers are not well placed, 
and find difficulty in securing a sufficiency of orders to 
keep their plant running. In the steel re-rolling branches, 
however, there is still quite a fair amount of work on 
hand, and output is on satisfactory lines. Prices are 
unchanged, and are as follow :—‘‘ Crown ”’ bars, 101. 5s. 
per ton for home delivery, and 91 15s. per ton for export ; 
and re-rolled steel bars, 7/. 7s. 6d. per ton for home 
delivery, and 7/. 7s. 6d. per ton to 7/. 10s. per ton for 
export. 

Scottish Pig-Iron Trade.—A dull tone prevails in the 
pig-iron trade of Scotland, and orders from consumers 
continue on small lines. The market has shown little life 
during the week, and inquiries are not of much interest. 
Home buyers, as well as those overseas, are not much in 
evidence at present. Prices are nominally unchanged 
and are as follow :—Hematite, 74s. per ton delivered at 
the steel works; foundry iron, No. 1, 75s. per ton to 
76s. per ton, and No. 3, 70s. per ton to 71s. per ton; 
both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
Saturday last, October 20, amounted to 694 tons. Of that 
total, 602 tons went overseas and 92 tons coastwise. 
During the corresponding week of last year, the figures 
were 851 tons overseas and 39 tons coastwise, making a 
total of 890 tons. 








PERSONAL.—By arrangement with Messrs. James 
Gordon and Company, Limited, Windsor House, Kings- 
way, W.C.2, a new company has been formed, with the 
name and address of Messrs. Copes Regulators, Limited, 
Thanet House, 231, Strand, W.C.2. This company will 
handle exclusively the manufacture and sale of Copes 
boiler feed water regulators. 





ContRACTS.—Messrs_ British Brown-Boveri, Limited, 
inform us that their organisation has received an order 
for a three-cylinder, single-shaft turbo alternator, for an 
output of 36,000 kw. at 3,000 r.p.m., required by N. V. 
Provinciale _Noordbrabant’sche  Electriciteits Maat- 
schappij (Holland), for the Geertruidenberg power station. 
~-Amongst recent orders received by Messrs. Mirrlees 
Bickerton and Day, Limited, Mirrlees House, 7, Gros- 
venor Gardens, Westminster, S.W.1, are two six-cylinder, 
450 b.h.p. Mirrlees-Diesel engines for the Sudan Govern- 
ment, a similar engine for the Barnstaple Corporation 
Electricity Works, and a six-cylinder, 300 b.h.p. Mirrlees- 
Diesel engine for the Windermere and District Electricity 
Supply Company.—The Westinghouse Brake and Saxby 
Signal Company, Limited, 82, York-road, King’s Cross, 
N.1, have received an order for 500 sets of Prestall 
wrought-steel vacuum-brake cylinders and fittings for 
steel bogie wagons now being built for the Cordoba 
Central Railway by the Birmingham Railway Carriage 
and Wagon Company, Limited. 

N.E. Coast InstrtvTIon oF ENGINEERS AND SHIP- 
BUILDERS.—The annual report of the North-East Coast 
Institution of Engineers and Shipbuilders for the 1927-28 
session shows that the number of members on the roll 
on July 31 last was 1,248. Nine papers were read during 
the session, and both shipbuilding and engineering gold 
medals have heen awarded, the former to Mr. A. L. 
Ayre for his paper, ‘“‘ Essential Aspects of Form and 
Proportion as affecting Merchant S! ip Resistance, and 
a New Method of Estimating F.H.P.,” and the latter to 
Mr. S. G. Visker for his paper, “ The application of 
High Pressures to the Reciprocating Marine Steam 
Engine.” For the first time in the history of the Institu- 
tion two informal meetings have been held, both of which 
have proved highly successful. At the first of these 
meetings, “‘The Relation between the Drawing Office 
and the Shipyard and Engine Works ’’ was the subject 
discussed, and at the second the discussion turned on 

The Steering of Ships.” Further informal meetings 
will be included in the syllabus of the 1928-29 session. 
The first recipient of the new George Mitchell Harroway 
Scholarship is Mr. W. R. H. Chambers. The measured- 
mule posts at Hartley, of which the Institution is custo- 
dian, have been entirely reconditioned, and schemes for 
increasing the visibility of the posts are being con- 
sidered. The balance-sheet and accounts of the Institu- 
tion indicate that the income for the 1927-28 session 
Smounted to 4,110/., and the expenditure to 4,0991. 
"he offices of the Institution are at Bolbec Hall, 
Newcastle-on-Tyne. 
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NOTES FROM THE SOUTH-WEST. 
CarpirFr, Wednesday. 

The Coal Trade.—Conditions in the Welsh steam coal 
trade have not shown any material alteration during 
the past week. Business has been limited by the con- 
tinued scarcity of ready tonnage, while the outlook 
cannot be regarded as too bright, in view of the difficulty 
which shippers are experiencing in hiring boats. With 
freights at the highest levels touched during the year, 
exporters, where possible, are postponing fixing in the 
hope of eventually securing tonnage on a more favourable 
basis. Though shipments of late have been rather more 
active, the volume of business passing is still considerably 
below that required to keep the docks busy, or to enable 
colliery owners to avoid temporary stoppages at the pits. 
Supplies of practically all classes of coal are freely avail- 
able on the basis of the prices arranged, under the 
minima scheme. Best Admiralty large rules from 
19s. 3d. to 19s. 6d., with Monmouthshire Black Veins 
from 17s. 6d. to 17s. 9d., and best dry large from 17s. 9d. 
to 18s. 6d., while best bunker smalls are available at 
12s. 6d. to 12s. 9d., with cargo smalls from 10s. 6d. to 11s. 
Contract business for delivery during next year continues 
to attract a considerable amount of attention. In 
addition to the inquiries already reported, it is stated 
that the Central Argentine Railways desire prices for 
500,000 tons of best Admiralty large coal for delivery 
during next year, and that the Paris—Orleans Railway will 
be requesting prices for 30,000 tons of small to be delivered 
this year, and 120,000 tons to be shipped during next year. 
The Naval Colliery Co.’s pits, employing some 2,000 men, 
have been closed, and are not expected to resume opera- 
tions this year, owing to the depression in the coal trade. 


Barry Dock Pilots Rota.—The rota system of working 
operated by the dock pilots at Barry since 1913 came 
to an end on Monday as a result of the termination of 
the system by the shipowners in conjunction with the 
shipbrokers. While no difficulty was experienced in 
securing dock pilots for the boats, the boatmen, who 
work on a rota, in a number of cases refused to give their 
services to boats employing pilots chosen by the ship- 
owners. Though some inconvenience was caused to 
several vessels, no serious delay was experienced, as other 
boatmen were found to take the place of those who 
refused to handle the vessels. On Tuesday, however, 
the boatmen, at a meeting, decided to work with the 
** choice ”’ pilots. 


Coal Exports.—Though shipments of coal from South 
Wales to France, Italy, Spain and Portugal were increased 
in the past week, total clearances were reduced by nearly 
25,000 tons to 407,800 tons, of which France took 
97,790 tons, Italy 60,200 tons, Spain 20,530 tons, and 
Portugal 24,720 tons. Shipments to Argentina were, 
however, lowered from 58,300 tons to 32,200 tons, and 
for Brazil from 23,600 tons to 22,700 tons. 


Iron and Steel.—Exports of iron and steel goods in the 
past week totalled 22,691 tons, against 19,719 tons in 
the preceding week, shipments of tin-plates and terne- 
plates rising from 8,746 tons to 11,933 tons, black plates 
and black sheets from 873 tons to 2,179 tons, while 
those of galvanised sheets were lowered from 5,798 tons 
to 2,845 tons, and other iron and steel goods raised from 
4,302 tons to 5,734 tons. 








COMPLETION OF THE MANITORA AND NORTHERN RaAIL- 
way.—The driving in of a gold spike by the Prime 
Minister of Manitoba, on Saturday, September 22, 
marked the completion of a new line, some 87 miles in 
length, connecting the Flin Flon zinc and copper mine 
with the Hudson Bay Railway. 





Pusiic LECTURES ON H1GH VOLTAGE CABLES.—We are 
advised that the Faculty of Engineering, University 
College, Gower-street, London, W.C.1, has arranged for a 
course of five public lectures on “ High Voltage Cables, 
Theory and Practice of their Design and Operation,”’ to 
be delivered by Mr. P. Dunsheath on Tuesdays, at 6.30 
p-m., commencing November 13. Admission is free, and 
no ticket is necessary. 


CANADIAN CoAt Imports.—Imports into Canada of 
anthracite, bituminous, and lignite coal during the first 
six months of 1928, totalled 6,634,115 tons, of which the 
United States supplied 1,374,949 tons of anthracite 
and 5,091,833 tons of bituminous coal, the corresponding 
figures for Great Britain being 112,028 tons and 50,184 
tons. The total production of coal in Canada during 
the same period was 8,248,500 tons, of which 371,817 tons 
were exported; thus the consumption aggregated 
14,510,798 tons. 





AmericAN Mine-Rescu—E Work Conrest.—Inter- 
national first-aid and mine-rescue contests are held 
each year in the United States, under the auspices of 
the Bureau of Mines, with the co-operation of the 
National Safety Council, the American Red Cross, 
and various mine operators’ associations and miners’ 
organisations. First-aid and mine-rescue teams from 
all parts of the United States compete at these events 
for a number of prizes and trophies. Each team is 
required to perform certain definite problems in first-aid 
practice, the problems set being of a practical nature 
and similar to those likely to be encountered in under- 
ground rescue and fire-fighting operations. The seventh 
of these annual contests was held at Butte, Montana, 
from August 20 to 22 last. The Bureau of Mines takes 
a leading part in the teaching of first-aid work, and, 
since its formation in 1910, it has been responsible 
for the training of a quarter of a million miners in the 
technique of mine-rescue work. 
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NOTICES OF MEETINGS. 





PuysicaL Socrety.—To-night, 5 p.m., Imperial 
College of Science, Imperial Institute-road, South Ken- 
sington, S.W.7. ‘‘ An Experimental Study of the Anti- 
clastic Bending of Rectangular Bars of Different Cross- 
Sections,” by Dr. A. Ferguson and Mr. J. P. Andrews. 
‘‘An Instrument for the Production of Known Small 
High-Frequency Alternating Electromotive Forces,” by 
Mr. B. S. Smith and Mr. F. D. Smith. Demonstration of 
New Device for Thermostatic Control. by Mr. H. F. T. 
Jarvis. 

INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 
7 p.m., Storey’s-gate, S.W.1. Informal meeting. 
“Mechanical Plant in Gas Works,” introduced by 
Mr. R. C. Macdonald. North-Western Branch : Thursday, 
November 1, 7.15 p.m., Engineer’s Club, Manchester. 
* An Up-to-Date Cotton Mill Power Plant,” by Mr. A. B. 
Mallinson. Glasgow and West of Scotland Branch : 
Thursday, November 1, 7.30 p.m., Royal Technical 
College, Glasgow. Joint Meeting with Scottish Branch, 
Institute of British Foundrymen. Symposium of Papers 
on “ Steel Castings.” Yorkshire Branch, Graduates’ and 
Students’ Meeting: Thursday, November 1, 7.30 p.m. 
The University, Leeds, ‘‘ Gaseous Explosions,”” by Mr. 
B. H. Thorp. 

JuNIoR INSTITUTION OF ENGINEERS.—To-night, 7.30 
p-m., 39, Victoria-street, S.W.1, ‘“‘ Legal Protection for 
Originality and Invention,” by Mr. G. W. Tookey. 
Friday, November 2, 7.30 p.m. Informal Meeting. 
Kinematograph Film. “ Principle, Construction, Erec- 
tion, and Operation of the Babcock Boiler.” 

InstITuUTE oF British FounpRYMEN .—Lancashire 
Branch, Junior Section: Saturday, October 27, 7 p.m., 
College of Technology, Sackville-street, Manchester, 
Presidential Address. ‘‘ The Prospects and Oppor- 
tunities of Young Foundrymen,” by Mr. T. Makemson. 
East Midlands Branch: Saturday, October 27. Lough- 
borough College, Loughborough. ‘‘ Foundry Casting,” 
by Mr. J. Lucas. Lancashire Branch: Saturday, 
November 3, College of Technology, Sackville-street, 
Manchester. ‘“‘ Facing Sands,” by Mr. C. Presswood. 

INSTITUTION oF ELectricAaL ENGINEERS.—Monday, 
October 29, 7 p.m., Victoria-embankment, W.C.2. 
Informal Meeting. ‘Our Profession from a Manufac- 
turer’s Point of View,” by Lieut.-Col. K. Edgcumbe. 
North Midland Centre: Tuesday, October 30, 7 p.m., 
Hotel Metropole, Leeds. Chairman’s Address, by 
Mr. F. 8. G. Hinings. South Midland Centre : Thursday, 
November 1, 7p.m. Municipal Technical College, Suffolk- 
street, Birmingham. Joint Meeting with the Electrical 
Association for Women. Faraday Lecture. “ Electri- 
city in the Service of Man,” by Dr. 8S. Z. de Ferranti. 

ILLUMINATING ENGINEERING Socrety.—Manchester 
Centre: Monday, October 29, 7 p.m. Electric Lighting 
Service Bureau, 4, Fountain-street, Manchester. ‘‘ An 
Investigation of Electric Lighting in the Engineering 
Industry,” by Mr. J. L. H. Cooper. 

BRADFORD ENGINEERING Socrety.——Monday, Octo- 
ber 29, 7.30 p.m. Technical College, Great Horton- 
road, Bradford. ‘‘ Time Recording and Costing,” by 
Mr. A. H. Gledhill. 

Royat InstitutT1on.—Tuesday, October 30, 5.15 p.m., 
Albemarle-street, W.1. Lecture: “‘ The Change of State 
from Liquid to Vapour ” (Lecture I), by Professor H. L. 
Callendar. 

SHEFFIELD METALLURGICAL AssocIATION.—Tuesday, 
October 30, 7.30 p.m., 198, West-street, Sheffield. 
“Coal and Coke for Metallurgical Purposes,” by Mr. 
R. A. Mott. 

INSTITUTION OF MUNICIPAL AND CoUNTY ENGINEERS.-— 
North Western District : Wednesday, October 31, 11 a.m., 
Town Hall, Accrington, Discussion on ‘‘ Bricks and Brick- 
Making.” West Midland District : Friday, November 2, 
2 p.m. The Hams Hall Super Power Station, Birming- 
ham. Descriptive Notes, by Mr. R. A. Chattock. 

INsTITUTION oF CrviL ENGINEERS.—Manchester and 
District Association : Wednesday, October 31, 6.45 p.m., 
Manchester Literary and Philosophical Society, 36, George- 
street, Manchester. ‘‘ Road Maintenance Problems,’ by 
Mr. G. O. Lockwood. 

Farapay Socrety.—Wednesday, October 31, 8.15 
p-m., Northampton Polytechnic Institute, St. John- 
street, E.C.1. Joint Meeting with the Electroplaters’ 
and Depositors’ Technical Society. ‘The Causes and 
Prevention of Pitting in Electro-deposited Nickel,” by 
Mr. D. J. Macnaughton and Mr. A. W. Hothersall. 
“On the Effect of Colloids in the Electro-Deposition 
of Silver from Silver Nitrate Solutions,” by Mr. S. 
Wernick. ‘‘ The Hardness of Electro-Deposited Nickel,” 
by Mr. D. J. Macnaughton and Mr. A. W. Hothersall. 
“Investigations on the Electro-Deposition of Silver,” by 
Mr. E. B. Sanigar. 

Royat AERONAUTICAL SocteTY.—Thursday, Novem- 
ber 1, 6.30 p.m., Royal Society of Arts, John-street, 
Adelphi, W.C.2. ‘‘The Testing of Adhesives for 
Timber,” by Mr. W. D. Douglass and Miss C. B. Pettifor. 

INSTITUTION OF ENGINEERING INSPECTION.—Friday, 
November 2, 5.30 p.m., Royal Society of Arts, John- 
street, Adelphi, W.C.2. ‘‘ Die Casting,’’ by Mr. A. H. 
Mundey. 

Nortu-East Coast INsTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, November 2, 6 p.m., Mining 
Institute, Newcastle-upon-Tyne. ‘From Theoretical 
Hydrodynamics to Practical Ship Design,” by Mr. E. G. 
Barrillon. 

ENGINEERING AND SCIENTIFIC CLUB (WOLVERHAMP- 
TON).—Friday, November 2, 7 p.m., Queen-street, 
Wolverhampton. Lecture. ‘The Making of a High 





Pressure Steam Boiler,”’ by Major 8. J. Thompson. 
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THE TRAINING POLICY OF THE 
INSTITUTION OF MECHANICAL 
ENGINEERS. 

Eacu year at this season, a certain number of 
engineers have claim to a good deal of sympathy 
from their fellows. The call to the high office of 
president of our leading technical institutions 
carries with it, among other responsibilities, that 
of delivering an address, which everybody, author, 
secretary and audience included, devoutly hopes 
and prays may be found to be not without interest. 
Each year a number of such addresses are delivered, 
and as the number of our important institutions is 
not small, the rate at which topics are thus dismissed 
is considerable. There is indeed little hope of 
anyone nowadays striking one that is really novel. 
The circle, in spite of the wider fields into which 
engineering is ever extending, tends to become 
relatively narrower. The philosophical type of 
address will remain the exception. There are few 
engineers in these days with leisure during their 
working lifetime, sufficient to devote to erudite 
scholarship, much as many would like to crowd it 
in, and addresses on the more abstract side of what 
the profession stands for are better left to the 
gifted few than attempted by many. More often 
the best address, as Mr. Richard W. Allen suggested 
on Friday last, is made out of a man’s own experi- 
ence. 

On the occasion to which we have alluded, 
Mr. Allen delivered his presidential address to the 
Institution of Mechanical Engineers, and in more 
than one respect was fortunate above his fellows. 
Both he and his firm have been closely connected 
with a special branch of engineering work not 
previously dealt with, so far as memory serves, in 


addresses before the Institution. In any case 
the review given by Mr. Allen of the development of 
marine auxiliaries was not only permissible but 
welcome, covering as it did stages on which he is 
qualified to speak better than most engineers. 
Secondly, his remarks on training, in view of the 
attitude for so long adopted by his firm, cannot fail 
to carry the conviction that they are the outcome 
of a very practical experiment. And, we may 
add, thirdly, Mr. Allen’s address was delivered 
in a manner which, without exaggeration, made 
listening a delight. 

We do not propose to comment now on the first 
of these matters. The address is reproduced in 
abridged form elsewhere in this issue, but, as 
it contains in some directions more detailed informa- 
tion than we are able to reproduce, will repay 
reading in the Proceedings, wherein in due course it 
will be published. On the other two subjects we 
propose to make a few comments. 

We have already referred to the place which the 
training of young men occupies in the economy and 
organisation of the Queen’s Engineering Works, 
Bedford. The stress laid upon the importance of 
this has been brought before engineers, on occasions, 
since the system was first adopted under the late 
Mr. W. H. Allen, who, it will be remembered, signified 
his interest in the younger men in the Institution 
by presenting to it not many years ago two valuable 
scholarships. In respectively proposing and second- 
ing a vote of thanks to the President for his address, 
both Sir John Aspinall, and Dr. H. S. Hele-Shaw 
referred to this matter of training. Sir John 
asserted that much of the success which Messrs. 
Allen had achieved, was undoubtedly due to the 
care taken with regard to training. The company 
has never allowed itself to be exercised by the fear, 
so often expressed, that if a firm educates lads they 
will leave it as soon as possible for jobs at more 
attractive pay with its competitors. While this 
may be sometimes the case, taken by and large 
the care bestowed upon them is worth while. In 
many cases it results in a sincere attachment between 
the members of the staff and the firm, while we may 
be sure the latter has few regrets if, of the multi- 
tudes passing through its hands, some must in- 
evitably ultimately become detached to follow the 
profession in the Dominion Overseas, or elsewhere, 
provided that, as will most certainly be the case with 
the majority, the Allen traditions are maintained. 
With such a training coupled with the development 
of healthy social spirit, the Empire will certainly 
gain if at times men leave Bedford for more distant 
spheres. 

For the sake of those unfamiliar with the Queen’s 
Works training, it might have been well if Mr. 
Allen had given more detail of the lines on which it 
runs, and it would have also been interesting if he 
had told us the solution to the perplexing riddle 
of how to train boys, other than craftsmen, so 
that the door may be left open from one grade to 
another. There is some consensus of opinion regard- 
ing the modern training of the skilled hand, and 
to some extent regarding the training for posts of 
responsibility so-called, but little has been evolved 
to ensure for the semi-skilled operative of the 
future a more intellectual outlook, or the oppor- 
tunity of profiting by special gifts with which he 
may be naturally endowed. 

At the close of his address Mr. Allen alluded 
very fittingly, as Dr. Hele-Shaw pointed out, 
to three activities of the Institution, all connected 
with training and education. In this matter, 
largely as a result of the amount of work put 
into it by Dr. Hele-Shaw himself, the Institution 
now holds a position of which it may well be 
proud, and the body of members has every 
reason to be satisfied with the way in which the 
Institution’s policy has been developed. As 
Dr. Hele-Shaw showed, this has not had the result 
of keeping young men out; rather it has resulted 
in so wide an appreciation of the value of the 
standards set that young men are being attracted 
into it for the purpose of being so-to-speak 
hall-marked. The Institution is thus attaching to 
itself large numbers of the young men with whom 
the future lies, and as the years pass and their 
influence in the profession increases, so will that 
of the Institution. 

















Mr. Allen, in his address, referred to various 
types of training as being necessary within the 
mechanical branch of the profession. If this diver- 
sity is necessary, it would seem to be improbable 
that uniformity as between the several branches 
themselves can be possible or even desirable. 
Most mechanical engineers consider that civil and 
electrical engineers are all the better for some 
sound mechanical experience. But from this it 
cannot by any means be argued that a young 
man who intends to devote himself ultimately to 
the mechanical side should follow lines of early 
training suitable for a civil or electrical engineer ; 
nor, of course, does it suggest that initial stages 
appropriate to the former are equally so to the 
latter. Rather it puts mechanical engineering 
in the unique position of requiring of its devotee 
greater intimacy at an early stage with certain 
subjects than is deemed necessary with others. 


It is thus not surprising to learn, as we were | 


informed on Friday last, that the ideal of common 
entry for the various branches of the profession 
should have proved abortive. The idea, laudable 
in itself, should certainly not be allowed to stand 
in the way of securing to young men_ the 
most promising type of training for mechanical 
engineering. If, after years of harmonious effort, 
it has proved impracticable, as Dr. Hele-Shaw 
told us, to reconcile the points of view of the different 
branches, independent action may prove after all 
the best solution. We do not argue that, because 
they are both military forces, early training in 
anticipation of entering the Navy and the Army 
should be cast in the same mould, and it is no 
more necessary, as we see it, that preparation 
for different branches of the wide field of engineering 
should be stereotyped after one pattern. 

Provided that a proper sense of responsibility 
characterises the endeavours of the Institution, 
there can be little objection to so large a body 
marking out for itself whatever course it feels 
best to follow to ensure satisfactory conditions 
in the future. The youth of the country is not 
provided for the purpose of experiment. If a 
certain course proves a failure it is impossible for 
the steps to be retraced and training begun afresh. 
The responsibility, therefore, is by no means light, 
and, if the Institution decides upon more particular 
rather than on general or comprehensive conditions, 
it may be taken that it is the Council’s opinion 
that in the long run these will outweigh any 
advantages to be gained by uniformity. 

After all, in these things the Institution is not 
without experience. The National Certification 
Scheme, the success of which has been so marked that 
other institutions have adopted it, was the concep- 
tion of the “ Mechanicals.”” The recent report of 
the Departmental Committee of the Board of Edu- 
cation on Examinations for Part-time Students, 
considers this a most successful organisation. The 
report states that there is general agreement as 
to its merits, and that it may well serve as a model 
for adoption in connection with other subjects. 
The Committee goes on to say that they received a 
great body of testimony to the effect that the 
scheme was highly satisfactory, both as regards 
examinations and prestige of the awards. They 
regarded as essentials to success the high standing 
and acceptability of the professional body, and the 
restriction of the scheme to courses involving a 
high level of intellectual and professional attain- 
ment on the part of the student, both of which 
essentials are by implication admittedly met in 
the case of mechanics! engineering. With this to 
its record, the Institution may very well be left 
free to follow its own ideals in other matters of 
training and education. The profession may, we 
think, rest assured that action will only follow upon 
the very careful and deliberate consideration of 
what should best assure the success of future 
entrants to this branch of the profession, in the 
strenuous times undoubtedly ahead if we are to 
maintain the position we now hold in the world. 

Turning now, for a moment, to our last point, 
at the outset of a new session we may fittingly 
make a few remarks upon “ delivery.” Mr. Allen’s 


address, we have already remarked, was delivered 
in a manner which was exceptionally pleasant for 
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that, having been paid the compliment of being 
placed in the Chair, the least he could do was to 
repay this by giving in return the best effort at 
his command. Let us hope the example will not 
be lost on the session now commencing. The very 
least an author or speaker in a discussion can do 
is to return the compliment of being invited to 
address a meeting by making, even at some personal 
cost, a special effort to deliver his remarks well. 
In fact, anything less is nothing short of lack of 
courtesy. There are few men of large enough 
calibre to be able to ignore these things. Many 
speakers may be ignorant of how to add finishing 
touches, but all may rest assured that the following 
of a few simple rules will win them a kindlier recep- 
tion even if their remarks are not very profound, 
than will recondite substance delivered in an 
uncouth or irritating manner. Audibility, which 
is not, of course, synonymous with loud speaking, 
will cover a multitude of sins. 








THE WORLD ENGINEERING 
CONGRESS IN JAPAN, 1929. 


For some time arrangements have been afoot 
for holding a World Engineering Congress in Tokyo, 
in 1929. The organisation is now so far advanced 
that it is possible to make some statement regarding 
the lines upon which the function is planned. The 
Congress is to be held under the auspices of the 
Kogakkai, a federation of the twelve leading 
technical societies of Japan, and is being liberally 
supported by the Japanese Government. His 
Imperial Highness Prince Yasuhito of Chichibu is 
acting as patron, Baron Koi Furuichi being president 
of the Congress. We understand that much of the 
organisation is in the hands of Baron Shiba, one 
of the vice-presidents, while the chairman of the 
organising committee is Dr. Masawo Kamo, of 
Tokyo Imperial University, who is well known in 
this country. 

The Congress will open on Tuesday, October 29, 
1929, the closing meeting being fixed for November 7. 
This, however, covers merely the technical sessions, 
for which a very comprehensive programme is being 
arranged. The function itself is being extended 
over a much greater length of time, as we shall 
show later. The sessions will cover something like 
twenty-three sections, embracing a wide range of 
topics. Included in these are to be meetings devoted 
to all branches of engineering science and practice, 
as well as general problems such as education, 
administration, international co-operation of en- 
gineers, management, etc. The various phases of 
civil engineering, mechanical, electrical and marine 
engineering all find place in the programme, which 
also will deal with public works, railways, ship- 
building and naval architecture, to say nothing 
of aeronautics, automobile engineering, the chemical 
and textile industries, illumination and other sub- 
jects forming far too numerous a list to be exhausted 
in the space now at our disposal. 

The subject has been received enthusiastically in 
Japan itself. and we understand that the whole 
engineering profession and industry is co-operating 
to make the effort a success. The arrangements have 
been placed in the hands of numerous committees 
responsible for finance, papers, sessions, excursions, 
receptions, publications, etc., and there is little 
doubt that the thoroughness, so well-known as a 
characteristic of the people, will result in the whole 
being excellently managed. We are informed that 
a National Committee has been organised in the 
United States, and that with the support of the 
Government of that country, some 250 official 
American delegates will be present at the Congress. 
In Germany, likewise, the movement is being well 
supported, and from 30 to 40 delegates from that 
country are already assured. 

It may be mentioned that a sectional meeting of 
the World Power Conference is to be held at the 
same time in Tokyo, but steps are being taken to 
ensure that there shall be no overlapping or clashing 
of interests. The two Congresses will act in 
harmony, and visitors to the one may have all the 
privileges, we understand, of visitors to the other. 
The professional attractions offered are in this way 
considerably enhanced. Further, a very enticing 


before, during and after the Congress, a consider- 
able length of time, when very carefully conceived 
arrangements will make it possible for visitors to 
see much of the country’s industrial activities, with 
many of the intrinsic beauties of the fascinating land 
itself, as well, we are informed, as historical treasures, 
facilities for inspecting which are very rarely 
granted. , 
We need hardly impress upon our readers the 
desirability of extending their assistance in any and 
every possible way to this effort. We have for 
many years been closely associated with the 
Japanese people in world affairs, but we have even 
a closer link than this with the Eastern Empire. 
When Japan determined to throw off the seclusion 
which had been the rule of the country for centuries, 
she paid us the greatest possible compliment by 
taking this country and its methods and institutions 
as models upon which to frame its new structure. 
For many years we were proud of the fact that our 
best teachers were devotedly serving in that 
country. In engineering, especially, the young 
nation looked to us and learnt readily of us. Engi- 
neering students came to our colleges, and British 
practice was given honourable recognition in all 
of the many phases of their evolution. We un- 
doubtedly helped them to build up a navy, and a 
great mercantile marine. The country’s railways 
and many another industry have felt the influence 
of British engineers; so that we may justly feel 
something of parental interest and pride in the 
debut of our apt pupil. This will be the first effort 
of the kind made in the country. After years of 
study, and of patient growth, Japan now feels that 
she can join the international engineering circle on 
an equal footing with others. Hitherto, with some 
degree of coyness and youthful modesty, she has 
kept somewhat in the background. Now, with the 
confidence of more mature years, she feels she can 
rightly claim her place among other engineering 
peoples. This none will now be disposed to deny 
her, and it should be our pride that our erstwhile 
pupil has passed so rapidly and creditably through 
her course of training, and our delight to welcome 
her on promotion to full membership of the inter- 
national institution, from the grade of student or 
associate. 

We therefore trust that this country may be well 
represented at the forthcoming Tokyo meetings. 
At the courteous invitation of Mr. 8. Saburi, 
Japanese Chargé d’Affaires, the matter was dis- 
cussed at a dinner given recently at the Japanese 
Embassy, and we sincerely hope that this gathering 
of influential British engineers will be followed up 
by the formation, then mooted, of a Committee in 
this country to organise appropriate participation 
in the function. We understand that Mr. E. F.C. 
Trench will attend the Congress to represent the 
Institution of Civil Engineers, and that Mr. Richard 
W. Allen will be present on behalf of the Institution 
of Mechanical Engineers. Much more than this, 
of course, is needed, and it is to be hoped that, now 
the movement here has been definitely started, it 
will not be long before it acquires strength and 
weight appropriate to our position in the world, 
and in proper accord with our intimate and friendly 
relations with the Island Empire of the East. 








A YEAR’S SHIPBUILDING. 


THE fact that the shipbuilding industry is still 
feeling the effect of the long-continued coal stoppage 
of 1926 is emphasised in the annual report of 
Lloyd’s Register of Shipping, which has just 
been issued ; the report covers the twelve months 
ending June 30, 1928. The year under review 
has been a successful one in that the Societys 
operations have shown a marked increase 4 
compared with those of the previous year. Bearing 
in mind our opening sentence, this second statement 
seems at first sight to be somewhat paradoxical. 
The fact remains, however, that a large proportion 
of the marked increase mentioned was the direct 
result of the depression caused by the coal dispute 
during the year ending June 30, 1927, and much 
of the work included in the 1927-28 totals would, 
but for this interruption, have been included in 
the previous year’s figures. Again, there arose 
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ships, and the construction of a large number of 
these vessels helped to swell the tonnage totals 
for the year under consideration. Taken altogether, 
therefore, the increase experienced during 1927-28 
is not a particularly healthy one from the point 
of view of trade revival, and, as shown in the 
quarterly returns for the three months ending 
September 30, 1928, figures relating to which were 
given on page 494 of our issue of October 19 last, 
the tonnage of merchant shipping under construction 
at the end of September was materially less than 
that in hand three months previously. 

During 1927-28, the number and gross tonnage 
of vessels to which the classification of the Society 
was assigned, was 578, and 1,885,533, respectively. 
The corresponding figures for the previous year 
were 323 vessels and 978,146 gross tons. The 
falling-off in the number of ships ordered is 
evidenced by the fact that, during the year under 
consideration, plans for 476 vessels, making 1,454,050 
gross tons in all, were passed by the committee 
as compared with a gross tonnage of 1,831,920 
during the previous twelve months. Rather more 
than two-thirds of this projected tonnage are to 
be built in the shipyards of Great Britain and 
Ireland. Of the vessels completed during 1927-28 
and classified by the Society, 20 are of over 10,000 
tons gross each; 10 of these are steamships and 
10 motorships. The largest vessel is the 32,650-ton 
motorship Augustus, owned by the Navigazione 
Generale Italiana. The two next largest are also 
Italian-owned, namely, the 25,66l-ton turbine 
steamer Conte Grande of the Lloyd Sabaudo 
Societa Anonima per Azioni, and the 23,940-ton 
motorship Saturnia of the ‘*Cosulich” Societa 
Triestina di Navigazione. The two remaining 
vessels of over 20,000 tons gross were the turbine 
steamships Duchess of Bedford and Duchess of 
Atholl of the Canadian Pacific Railway Company. 
Among other large vessels were the turbine steam- 
ship Orford, 19,941 gross tons, of the Orient Steam 
Navigation Company, Limited, the motorship 
Bermuda, 19,086 gross tons, of the Bermuda and 
West Indies Steamship Company, Limited, the 
turbine steamship Malolo, 17,232 gross tons, of 
the Matson Navigation Company, and the motorship 
C. 0. Stillman, 16,436 gross tons, of the International 
Petroleum Company, Limited. This last ship, it is 
interesting to note, is the largest oil-tank vessel 
now afloat. The steadily increasing demand for 
oil-carrying vessels is shown by the fact that, 
excluding those of less than 1,000 tons, 102 oil-tank 
ships, aggregating 587,941 gross tons, were con- 
structed under the Society’s inspection during the 
past year; this tonnage actually constitutes 31 per 
cent. of the total tonnage classed by the Society 
during that period. 

Turning now to marine propelling machinery, the 
report shows that 21 new vessels, representing a 
total gross tonnage of 209,018, have been equipped 
with steam turbines. Included in these figures is the 
SS. Carl D. Bradley, of 8,806 tons, which is pro- 
pelled by turbo-electric machinery. Of the 20 other 
vessels, 17 employ single-reduction gearing and 
3 double-reduction gearing. Oil-fuel burning equip- 
ment was installed on 91 vessels, and the total 
tonnage of these vessels, namely, 431,391, repre- 
sented 40-6 per cent. of the new steamers classed 
by the Society during the year. Developments in 
the use of pulverised coal for marine-boiler furnaces 
are being closely followed by the Committee of 
Lloyd’s Register, and plans have been approved 
for ar fitting of one of these installations on board a 
vessel, 

The internal-combustion engine as a means of 
marine propulsion continues steadily to increase in 
favour, as may be gathered from the fact that 
160 motorships, making together 812,437 gross 
tons, were classified during the year. In almost 
every case Diesel engines have been installed. It is 
gratifying to note that 100 of these ships, having 
an aggregate gross tonnage of 445,235, have been 
Constructed in this country. An interesting table 
contained in the report shows that, of the tonnage 
built during the year 1927-28, only 33-7 per cent. is 
entirely dependent on the use of coal as fuel. The 
remaining 66-3 per cent. employs oil as fuel, either 
'n internal-combustion engines or for burning under 
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explained, are ships which are capable of burning 
either coal or oil for steam raising purposes. Before 
leaving the subject of propelling machinery, men- 
tion should be made of the Diesel-electric installa- 
tion in the oil-tank vessel Brunswick, which was 
described on page 272, ante. This vessel was 
built by Messrs. Scott’s Shipbuilding and Engineer- 
ing Company, Limited. The propelling machinery 
comprises four Diesel engines driving four main 
electric generators supplying current to one double- 
unit main propelling motor. Another vessel of 
this type is a ferry boat, under construction in 
the yard of Messrs. Yarrow and Company (1922), 
Limited, Glasgow. 

An important branch of the Society’s work is 
that which relates to refrigerating machinery. 
During the year ending June 30 last, refrigerating 
equipment was installed on board 62 vessels under 
the supervision of the Society’s surveyors. The 
aggregate insulated capacity involved was nearly 
5,500,000 cub. ft. Of the vessels fitted with refri- 
gerating installations, the two most important were 
the motorships Dunster Grange and El Argentino, 
the cold-storage capacity of each of which was 
570,000 cub. ft. In addition, frozen-meat stores on 
land, with a total capacity of about 10,000,000 cub. 
ft. have been inspected. The routine operations 
of the Society include the testing of chain cable, 
anchors, and ship and boiler steel. Since June, 
1927, some 1,075,870 tons of ship and boiler steel 
were tested by the Society’s surveyors at home and 
abroad. This total is well in excess of that of the 
previous year and approaches the 1913-14 figure, 
namely, 1,215,467 tons. By way of conclusion 
some figures which furnish an indication of the 
magnitude of the operations of the Society may 
not be out of place. At the end of June last, the 
merchant vessels at sea classed by Lloyd’s Register 
had an aggregate gross tonnage of 30,661,257, which 
is the highest total yet recorded in the history of 
the Society. In addition, there were under con- 
struction throughout the world, to the same classifi- 
cation, 382 vessels of 1,779,353 tons. Out of this 
last total, 1,047,270 tons were being built in Great 
Britain and Ireland and this figure constitutes over 
87 per cent. of the total tonnage under construction 
in this country. 








NOTES. 
THe DINNER OF THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


THERE is no doubt that one contributory cause 
in depressing the coal industry, in South Wales at 
least, was the almost wholesale transformation of 
the ships of H.M. Navy to oil burning. The fact, 
therefore, that the Admiralty takes a sympathetic 
interest in the efforts of scientists and research 
workers towards evolving a liquid fuel for its use 
from our essentially native product, coal, should 
encourage all concerned. This statement of the 
Admiralty’s attitude, together with an appreciative 
reference to the work of the naval-engineer officer, 
was made by the First Lord, The Rt. Hon. W. C. 
Bridgeman, M.P., in his reply to the toast of His 
Majesty’s Ministers, proposed by Lieut.-Colonel 
E. Kitson Clark, at the annual dinner of the Institu- 
tion of Mechanical Engineers on Thursday, Octo- 
ber 18. Mr. Daniel Adamson, in proposing the toast 
of Science and Industry, appealed for a more complete 
liaison between the scientist and the industrialist, 
and emphasised the fact that the public still needed 
education in the scientific principles underlying 
industry. Sir Ernest Rutherford, in reply, said he 
thought the Royal Society was fortunate in number- 
ing amongst its members two such distinguished 
engineers as Sir Alfred F. Yarrow and Sir Charles A. 
Parsons. He thought the latter's invention of 
the steam turbine was the greatest since the days 
of Watt. He considered that the way in which 
explosion engines had been developed in a short 
space of time was a proof that a future of great pro- 
mise lay before engineering. In his own work, the 
wave theory, which was supplanting the quantum 
theory, was proving surprisingly fruitful in those 
directions in which it could be applied. Sir Alan G. 
Anderson also replied to this toast. The toast of the 
Institution of Mechanical Engineers was proposed 
by Lord Ampthill, who, in the course of his remarks, 


eulogised Messrs. Allen’s works at Bedford as main- 
taining the traditions of the enterprising period 
which saw the rise of British engineering, particu- 
larly with regard to the relations between the heads 
of the firm and the workpeople. The President, Mr. 
Richard W. Allen, in replying to this toast, made 
an appeal for extended support of the Benevolent 
Fund of the Institution on the part of all classes 
of members. 
THE Port oF VIGO. 


For the last 25 years or so, the Spanish Corps of 
Harbour Engineers have been actively engaged in 
devising means for developing the natural facilities 
offered by the Port of Vigo. This port, as is well 
known, is situated near the entrance to a deep bay 
on the Atlantic coast of Spain, where natural condi- 
tions are such as greatly to favour the work con- 
templated. A number of British and Continental 
steamship lines have made of Vigo a regular port of 
call, and, a short time ago, several units of our fleet 
anchored for a few days in the roadstead. The 
activity of the port during the 18 years from 1909 
to 1926 is evidenced in a publication which has 
been issued by the Chief Engineer, who has charge 
of the works for increasing the facilities which Vigo 
offers, both to transatlantic traffic and to coastal 
shipping. The total traffic of the port has more 
than doubled during the years under consideration. 
The steamship tonnage was 3,131,557 tons in 1909, 
and 7,151,790 tons in 1926. That of the sailing 
vessels, which amounted to 20,678 tons in 1911, 
rose to 50,717 tons in 1926. The imports into Vigo 
were 145,702 tons in 1909, and 212,149 tons in 1926, 
a figure below that for 1924, when imports reached 
261,809 tons. Exports from Vigo were 43,996 tons 
in 1909, and 89,494 tons in 1918, the highest figure 
for the period dealt with, and 65,793 tons in 1926. 
The publication from which we quote, namely, 
Memoria sobre el estado de las Obras del Puerto de 
Vigo, dated December 31, 1926, now issued, also 
gives data concerning the passenger traffic of the 
port, which show that, except for the dislocation 
caused by the war, this traffic also has been greatly 
on the increase. The improvements, so far, have 
included the reconstruction of the sea end of the 
existing concrete jetty; on this storehouses and 
sheds are to be built. The depth of water at the 
sea end is 15 m. (over 52 ft.). New work in course 
of construction comprises a wharf for the berthing 
of Transatlantic liners, a foreshore wharf for smaller 
craft to the east of the concrete jetty, and a mole on 
a rocky beach to the west of Vigo at a locality called 
Bouzas. The port improvement scheme also in- 
cludes berthing jetties and wharves to be built 
close to the transatlantic-liner wharf. Other works 
of a similar nature are to be carried out in the 
near future. 








THE LATE MR. ROBERT TRAILL. 


WE regret to note the death, on October 16 last, at 
his home, Redhall, Great Western-road, Kelvinside, 
Glasgow, of Mr. Robert Traill, a director of Messrs. 
Swan, Hunter and Wigham Richardson, Limited, 
Wallsend-on-Tyne, and, until quite recently, a director 
of Messrs. Fairfield Shipbuilding and Engineering 
Company, Limited, Govan, Glasgow. Mr. Traill was 
born on August 3, 1869, and, on May 13, 1884, when 
not quite fifteen years of age, he entered upon a six 
years’ engineering apprenticeship at the works of 
Messrs. The Wallsend Slipway and Engineering Com- 
pany, Limited, Wallsend-on-Tyne. During this period 
of training, he attended classes in technical subjects 
at Rutherford College, and at Armstrong College, 
Newcastle-on-Tyne. He spent the year 1892 at sea 
as third engineer, in order to gain experience, but 
was recalled from China to take up a position in the 
estimating office of the Wallsend Slipway Company. 
In 1906, when his company was given the contract 
for the construction of the propelling machinery of 
the R.M.S. Mauretania, Mr. Traill was one of the 
principal assistants of Mr. Andrew Laing, the manager 
of the establishment, who was responsible for the 
design of the turbines. The Mauretania, it will be 
remembered, was constructed by Messrs. Swan, Hunter 
and Wigham Richardson, Limited, the vessel being 
both built and engined on the Tyne. She has a gross 
tonnage of 30,696, and her turbines develop about 
75,000 shaft-horse-power. 

Mr. Traill eventually became chief of the estimating 
and purchasing staff, and was given a seat on the board 





of directors of the Company in 1915. Some five 
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years later he left Wallsend and proceeded to Glasgow’ 
having accepted the position of director and engine- 
works manager of Messrs. Fairfield Shipbuilding and 
Engineering Company, Limited. He also became a 
director of Messrs. Workman, Clark and Company, 
Limited, Belfast, which position, however, he relin- 
quished in 1923.» 

Mr. Traill remained with Messrs. Fairfield Ship- 
building and Engineering Company until January 
of the present year, when he resigned his position with 
that firm to become a director of Messrs. Swan, Hunter 
and Wigham Richardson, Limited. He became an 
associate member of the North East Coast Institution 
of Engineers and Shipbuilders in October, 1896, and 
was elected a full member in October, 1913; he was 
for some years a member of the Council of the Institu- 
tion. He was made a member of the Institution of 
Naval Architects in 1921, and, shortly after, was 
appointed a representative of the Institution on Lloyd’s 
Technical Committee. He became a member of the 
Council in 1925. 








THE LATE MR. C. W. DARLEY. 


THE death of Mr. Cecil West Darley, on October 18 
last, as the result of an accident, removes from our 
midst a veteran civil engineer who was in the service of 
the Public Works Department of the New South Wales 
Yovernment for some forty years. The fourth son of 
Mr. Henry Darley, of Wingfield, County Wicklow, 
[reland, Mr. C. W. Darley was born on October 20, 
1842. He received his general education at King 
William’s College, Isle of Man, and later became a 
pupil of Mr. W. R. Le Fanu, M.Inst.C.E., who was then 
engaged upon the construction of railways in Ireland. 
During the period from 1864 to 1866, Mr. Darley was 
employed in preparing Parliamentary and contract 
plans for railways in South Wales and in Ireland. In 
1867 he proceeded to New South Wales, to join the 
engineering staff of Mr. E. O. Moriarty, M.Inst.C.E., 
Engineer-in-Chief of the Harbours and Rivers Depart- 
ment of the Government of that Province. His first 
appointment was that of resident engineer of the 
Newcastle harbour works, and his duties included 
superintending the construction of about a mile of 
wharfage, two breakwaters, coal-shipping staithes and 
engine houses. He was also concerned with the instal- 
lation of a number of steam and hydraulic cranes and 
was responsible for the carrying out of dredging opera- 
tions. Some ten years later, he was employed on the 
preparation of plans in connection with a scheme for 
supplying water to Newcastle and several other towns 
in the Hunter River district. In 1881,he was promoted 
to the rank of Principal Assistant Engineer, Harbour 
and Rivers Department, and, in 1889, he became 
Engineer-in-Chief of the Department. At this stage 
of his career his principal occupation was the completion 
of the Sydney water supply scheme, and one of the 
most important works in connection with this under- 
taking was the construction of the Prospect Reservoir, 
situated some 14 miles from Sydney. The catchment 
area utilised was about 700 square miles in extent. 

During the ’eighties, Mr. Darley was also responsible 
for the preparation of Garden Island, Sydney Harbour, 
as a refitting and reprovisioning base for the Australian 
Squadron of the Royal Navy. Stores and wharves 
were built, and cranes and other port equipment erected 
under his supervision. Final promotion to Engineer- 
in-Chief for Public Works came in 1896, and while in 
this capacity he was responsible for all bridge building, 
waterworks undertakings, irrigation and harbour 
works, and lighthouses in the province of New South 
Wales. Mr. Darley was president of the Metropolitan 
Water Supply and Sewerage Board from 1892 until 
1901, in which year he left Australia and came to this 
country, having been appointed inspecting and 
consulting engineer to the New South Wales Govern- 
ment in London. He retired in 1907, and his long and 
meritorious service was recognised by awarding him 
the Imperial Service Order. He became an associate 
member of the Institution of Civil Engineers on Decem- 
ber 2, 1873, and was elected to full membership on 
January 7, 1879. A fo-mer member of the Council 
of the Institution, he was the author of several contri- 
butions to the Institution proceedings dealing with 
various public works in New South Wales. 








DanisH MARINE ScrentiFic ExPepition.—The steam 
yacht Dana, a vessel owned by the Danish Ministry of 
Agriculture, is at present engaged upon the scientific 
study of deep-sea life in the Pacific Ocean. She left 
Copenhagen in June last, and after carrying out investi- 
gations in the Atlantic Ocean, arrived at Panama towards 
the end of August. The vessel passed through the 
Canal and finally left for Tahiti on September 10. It 
is anticipated that the Dana will be at sea for some 
two and a half years. Explorations of deep-sea life will 
be conducted in both the South and North Pacific and 
in the Indianj Ocean, and the return journey will be 
made via the Suez Canal. The yacht has a length of 
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STEAM TABLES AND EQUATIONS. 


ExtTENDED BY Direct ExPEeRIMENT TO 4,000 Le. 
PER SquaRE IncH AND 400 Dea. C.* 


By Prof. H. L. Catrenpar, F.R.S. 


THE original steam tables and equations published 
in 1900+ represented the first thermodynamically 
consistent system devised for the tabulation of the 
properties of water and steam. They were based on 
direct experimental measurements by the following 
methods, which were specially devised for the purpose : 

(1) The adiabatic relation between P and T for dry 
steam was obtained by direct observation of its changes 
of temperature in adiabatic expansion and compression 
over the range 200 deg. to 800 deg. F. with a very 
sensitive platinum thermometer, thus eliminating a 
variety of errors to which the old PV method was 
liable. The results showed the adiabatic equation to 
be of the simple form, 

Pp/T!? 3 = constant, . ; - Qt 
and proved that the specific heat of steam at zero 
pressure, denoted by So, must be very nearly constant 
and equal to 0 -477, or 13R/3 over this range, assuming 
that steam approximated to the ideal state represented 
by the gas equation P (V — b) = RT at low pressures. 

(2) The variation of the specific heat of water was 
measured over the range 32 deg. to 212 deg. F. by 
the continuous electric method devised for this purpose, 
and was found to be consistent, above 100 deg. F., with 
a thermodynamic equation for the total heat / of water 
at saturation, namely, 

h = 8(t—32) + vL(V—v). . . (2) 
in which s is the minimum specific heat of water at 
100° F., L the latent heat of vaporisation, and V and 
v the volumes of saturated steam and water, respec- 
tively, at ¢ deg. F. 

(3) The specific heat S of steam was measured by a 
slight modification of the same method at atmospheric 
pressure and 108 deg. C. and found to be 0-497, which 
agreed very closely with the value of So, required by 
(1), allowing for the variation of S with pressure, thus 
affording independent verification of equation (1). 

(4) It followed from (1), by the application of the 
two laws of thermodynamics, that the expression for 
the total heat H of the vapour must be of the form 

H — B= (13/3)aP(V—b)+abP . (3) 
in which B and 6b are constants, and a is the factor 
reducing P V to heat units. 

It also followed that the expression for V must be of 
the general type, 

V—b=RT/eP—c . . (4) 
in which the defect of volume c, due to molecular 
coaggregation, must be such that cP/T remained 
constant along any adiabatic, or was some function of 
P/T'5/8, Accordingly, the first term in the expansion 
of c in powers of P should be of the form co = 
cy (373 -1/T)/*, where cy is the value at 100 deg. C. 
This was verified by experiments with a differential 
throttling calorimeter, designed to eliminate errors due 
to wetness or heat-loss, and the value of cy was found 
to be 26-30 c.c. per gm. (0-4213 cub. ft. per Ib.). 
It appeared that the second term in the expansion of ¢ 
was probably of the form kc* (P/T)?, or that c was a 
function of the temperature only to the second order 
of small quantities. The first approximation would 
amply suffice for practical purposes at moderate 
pressures, or even at high initial pressures with sufficient 
superheat. It would be useless to attempt a second 
approximation on these lines without accurate experi- 
mental data at very high pressures. Moreover, equation 
(4) was obviously inconsistent with the universally 
accepted theory of the critical state, and could not 
be extended to represent the phenomena in the critical 
region, unless the existing theory could be disproved by 
new experimental evidence of a very striking character. 


EXTENSION BEYOND THE CRITICAL PorINt. 


The required evidence has now been obtained from 
three distinct methods of experiment, showing that 
equations (1), (2) and (3) remain accurate in the critical 
region without any modification, and that equation (4), 
when the higher degrees of coaggregation are taken 
into account, is capable of representing the critical 
phenomena with much greater accuracy than any equa- 
tion of the van der Waals type. The first observations 
suggesting such a possibility were made in verifying 
the critical temperature at 374 deg. C. (705-2 deg. F.) 
as determined by Traube and Teichner by the meniscus 
method in a capillary tube of quartz glass. With 
improved apparatus on a larger scale, using very pure 
water free from air, it was observed that the densities 





* Reprinted from the Proceedings of the Royal Society, 
A, Vol. 120, page 460. 

t Roy. Soc. Proc., vol. 67, page 266 (1900) ; Ency. Brit., 
1902; Phil. Mag., vol. v, page 48 (1903). 

t Verified by Makower at 108 deg. C., Phil. Mag., vol. v, 
page 226 (1903). 





139 ft., a beam of 23 ft., and a gross tonnage of 354. 


§ Phil. Trans., A, vol. 200, page 147 (1902). 





of liquid and vapour did not become equal at 374 deg. C. 
when the meniscus vanished, but that a visible difference 
of density persisted beyond this point, and could be 
traced nearly up to 380 deg. C. under favourable 
conditions. The expansion of the liquid could be 
determined with considerable accuracy by using different 
quantities of water sealed in tubes of quartz glass, and 
observing the temperature at which the meniscus just 
reached the top of the tube. The expansion could also 
be traced beyond the critical point, though with rapidly 
diminishing accuracy, by making similar observations 
on the line of demarcation between liquid and vapour 
due to difference of density. The volume of the satur- 
ated vapour was similarly determined, by using smaller 
quantities of liquid, and observing the temperature 
at which the last trace of liquid disappeared. This 
observation could not be extended beyond the critical 
point at 374 deg. C., but it was inferred, by producing 
the curve, that the densities would become equal and 
the latent heat would vanish a little above 380 deg. C. 
Above 374 deg., the liquid and vapour were capable 
of mixing in all proportions, and appeared to be in 
a somewhat unstable state of equilibrium, which was 
easily upset by the presence of small traces of impurity, 
such as air or gas, which promoted ebullition and 
caused rapid mixing. 

Density of Water and Steam.—The observed varia- 
tion of density for water and steam near the critical 
point is illustrated by the experimental curves shown 
in Fig. 1, on the opposite page. A portion of Amagat’s 
density parabola for CO,, with a scale of “ corre- 
sponding” temperatures, is included in the figure 
to illustrate the procedure for finding the critical 
density on the orthodox theory. The cardinal feature 
of this theory, as exemplified in the van der Waals 
equation, is that the densities become equal and the 
latent heat vanishes at the critical point, where the 
meniscus disappears. The observations on CO, appear 
to be the most accurate available for comparison with 
steam, but all observers have found great difficulty 
in obtaining stable values of the volume near the critical 
point by the methods usually employed, in spite of the 
relatively low critical pressure and temperature of CO,. 
The usual practice has been to draw the diameter repre- 
senting the mean of the densities observed at lower 
temperatures, and to produce it to the critical tempera- 
ture to estimate the critical density. A similar method 
has often been applied to steam by calculating a for- 
mula of the Thiesen type to represent the latent heat, 
on the assumption that it vanished at the critical point. 
The volume of the vapour is then obtained from 
Clapeyron’s equation, and the diameter of the corres- 
ponding density curve, shown dotted in the figure, is 
produced to the critical point. The curve thus obtained 
did not agree at all well with the direct observations, 
and required an excessively rapid variation for both 
liquid and vapour in opposite directions at the critical 
point, where their properties should be approaching 
identity in all respects. 

In the absence of any reasonable explanation of this 
disagreement with the universally-accepted theory, it 
was impossible to publish the direct observations of the 
volumes, unless some confirmation could be obtained 
from measurements of the latent heat, more especially 
when the very accurate observations of Holborn and 
Baumann (1910) (on the saturation pressures of steam in 
a steel cylinder by a static method, with platinum ther- 
mometers and a deadweight gauge) verified the critical 
temperature at 374 deg. C. by showing that there was no 
saturation pressure beyond this point, but a continuous 
change of pressure with volume at constant temperature, 
thus confirming the orthodox theory of the critical 
state in the case of steam. 

Direct Measurements of the Total Heat of Water and 
Steam.—The method finally employed for the direct 
measurement of the total heat of water or steam at any 
temperature or pressure was devised about this time, 
but was first employed for verifying the variation of 
the total heat of water between 0 deg. and 100 deg. C., 
as determined by the continuous electric method.* 

In applying the same method to water and steam at 
high pressures, the only modification required was the 
introduction of a throttle between the high-pressure 
pocket and the condenser to reduce the steam to atmos- 
pheric pressure before condensation. This does not 
alter the total heat to be measured, but makes it pos- 
sible to employ the same condenser in all cases, what- 
ever the initial temperature or pressure of the steam. 
Unfortunately, the observations were interrupted by 
the war at an early stage, and remained in abeyance for 
some years later, until the British Electrical and Allied 
Industries Research Association became interested in 
the work, and undertook the greater part of the expense 
involved in the provision of special apparatus and 
assistance for the completion of the research. The pro- 
gress of the work, and the evolution of the apparatus 
employed, has been described and illustrated in various 
interim reports, published in World Power, May and 








* Bakerian Lecture, Phil. Trans, A, vol. 212, page 1 
(1912). 
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June, 1924, June, 1925, August and September, 1926, 
and in the Howard Lectures, Roy. Soc. Arts, November, 
1926. It remains only to summarise the results obtained 
in the critical region from 2,000 to 4,000 lb. pressure, 
which are of primary importance in testing the theory, 
and in determining the form of the equations required 
for representing the properties of steam and water 
over the whole experimental range. 

The Importance of Using Air-Free Water.—Great 
pains had been taken in the experiments by the 
continuous electric method (1902), and in the later 
experiments (1912) with the jacketed condenser at 
low pressures, to use only ajir-free water, since the 
presence of even | in 10,000, by weight, of air interfered 


Fig.1. DENSITY OF WATER AND STEAM, GM. PER C.C. 
Corresponding Temperatures for COz 


H and h at saturation were plotted against P, as in 
Amagat’s familiar PV — P curve for CO,, they gave a 
remarkably good parabola, with its vertex at H = h 
= 945 B.Th.U. (525 cals. C.) at a temperature of 
705 deg. F. (374 deg. C.), and appeared to give the most 
complete confirmation of the orthodox theory that could 
be desired. 

On the other hand, when air-free water was employed, 
the observations both of H and h became incredibly 
more concordant, and gave the entirely different 
results shown in the H;— P diagram, Fig. 2, on this 
page, for steam near the critical point. Instead of the 
familiar condition H = h, with L=0, and V =», 
commonly assumed at the point where the meniscus 





H and h, continuous with the experimental curve for 
1/V in Fig. 1. The values thus found apply to an 
intimate mixture of water and steam in varying 
proportions, starting with dry saturated steam at 
374 deg. C. and H = 554 cals. and finishing with water 
at 380-5 deg. C. 

Extension of the Equations—The H — P diagram, 
as shown in Fig. 2, could be completed directly 
from the observations of H and h. More than 
100 complete observations were available between 
the limits 370 deg. to 380 deg. C. alone, so that it 
was comparatively easy to draw the isothermals. 
This applies particularly to the curves for water below 
the saturation line, for which no equations were 





Fig.2. H-P DIAGRAM FOR STEAM. 
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seriously with the accuracy of the results. It was 
thought that such a small trace of air would be im- 
material at high pressures, but the reverse was soon 
found to be the case. With a steady-flow calorimeter, 
capable of reading to 1 in 5,000 of the total heat and 
subject to a heat-loss of Jess than 1 per cent., it was possi- 
ble to keep a continuous check on the purity of the water, 
and also to investigate systematic errors of this kind. 

Besides greatly increasing the tendency to corrosion 
at high temperatures, the presence of air appeared to 
retard the attainment of the true equilibrium between 
the complex molecules at high pressures, exaggerating 
the errors due to time-lag and nuclear condensation in 
the neighbourhood of saturation. An automatic appar- 
atus was accordingly installed for supplying the pump 
with air-free distilled water, and a special form of air- 
cushion was devised for the experiments on the total 
heat of water, in which the water was completely 
protected from contact with the compressed air. In 
the case of steam this complication was unnecessary, 
because the steam itself acted as a perfect cushion. 
But without this device, it was impossible to obtain 
steady readings of pressure with water, and, if an 
ordinary air cushion were employed, the air dissolved 
so rapidly at a pressure of 3,000 Ib. per sq. in. that no 
consistent values of the total heat near saturation 
could be obtained. 

Observations near the critical point with ordinary 
distilled water, containing from a tenth to a twentieth 
of its volume of air at atmospheric pressure, afforded a 
ny striking illustration. Values found for the total 

eat near saturation were much too low in the case of 
sag Owing to nuclear condensation, and much too 
a _ the case of water owing to ebullition promoted 
~ 1e dissolved air. These errors were somewhat 
tregular, owing to accidental variations in the quantity 





of air in the water, but when the apparent values of 
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vanished, namely, 374 deg. C. or 705-2 deg. F., the 
value found for H was 554-2 cals. C. (997 -6, B.Th.U. 
per lb.) and that for h only 481-8 cals. C. (867-3 
B.Th.U. per lb.), showing a latent heat L = 72 -4 cals. C. 
or 130-3 B.Th.U. per lb. Moreover, the saturation 
lines could be traced for both liquid and vapour up to 
380 deg. C. (716 deg. F.), where the latent heat was 
stillappreciable. They appeared to meet at 717 deg. F., 
where a very good observation was obtained, and the 
mixture was found to be entirely in the state of water, 
with all the steam condensed, and a sudden flattening 
of the isothermal. This is exactly what should happen 
on the coaggregation theory, but is quite irreconcilable 
with the van der Waals equation. It was found, in 
fact, that the observations on the total heat of air-free 
water showed the most minute agreement in every 
detail with the old observations on the saturation 
volumes of water and steam in quartz-glass tubes as 
illustrated in the previous figure. The water sealed in 
these tubes had been carefully deprived of air in order 
to prevent boiling of the liquid and disturbance of the 
meniscus during heating. The qualitative agreement 
of the two figures is obvious on inspection, but the 
quantitative agreement with equation (2) for the liquid 
is easily verified by reference to Clapeyron’s equation, 
which gives, in conjunction with (2), the simple relation. 


Viv = (H — st)[(h — st) (5) 


Taking the values of v from the experimental curve 
for the liquid in Fig. 1, the values of 4 could easily be 
calculated, and were found to agree very closely with the 
observed values along the saturation line for water, 
thus verifying equation (2) up to the critical point with 
remarkable precision. Beyond this point the law 
changes, owing to the vanishing of the surface tension 
at 374 deg. C., but equation (5) still appears to hold, and 
gives values of V, deduced from the observed values of 





available, except (2) for the saturation line itself. But 
it was most important from a theoretical standpoint 
to seeYwhether the observed values of H and V for 
steam could be represented satisfactorily by equations 
of the type (3) and (4), consistent with the adiabatic 
equation (1), and to deduce the corresponding equations 
for the entropy and the saturation pressure, in order to 
make the verification complete. 

Many attempts had already been made in 1908 to 
represent the observed values of V near the critical 
point by using a series for c including the higher degree 
of coaggregation. The best and most promising of 
these was a simple geometrical series with first term c 
and common ratio Z?, the sum of the series being 
represented by the expression c/(1 —Z*), in which 
Z = kcP/T, as required by the adiabatic equation (1). 
Retaining the original values of c and 6, and taking the 
saturation pressure p from an empirical formula giving 
p = 3,158 lb. at 374 deg. C., it was found that the 
value k = 2-39 for the constant in the expression for 
Z gave a very good approximation to the experimental 
curve for V. This form of equation gave perfect agree- 
ment with the adiabatic, and reduced exactly to the 
original equation for V at low pressures ; but there were 
no experimental values of H available for the verifica- 
tion of equation (3) at high pressures, and equation (4) 
could not be reconciled with the subsequent observa- 
tions of Holborn and Baumann on the saturation 
pressures by a static method. 

The case was completely altered when the direct 
observations of H and h showed that the saturation 
line for steam extended beyond 374 deg. (as illustrated 
in Fig. 2), and supplied accurate measurements of 
saturation pressures by a steady-flow method affording 
a continuous check on the purity of the fluid. The 
values of H could be determined with greater precision 
than those of V, and extended over a much wider 
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range, from 1,000 lb. to 4,000 lb., thus permitting a 
far more exact verification of any proposed formula. 
Retaining the same value of c as in the original equa- 
tions, the value of 6 could be calculated as well as 
that of k in the expression for Z. Thus, taking the 
value H = 554-2 cals. at 374 deg. C., and 3,222 lb. 
as observed on the saturation line, the value of k 
was found to be 2-229 (in place of 2-39, as previously 
found at 3,158 Ib.), the value of 4 being determined 
from the experimental value of V at this point. There 
are many alternative methods of procedure, but the 
above is the easiest to follow. 

Substituting for P (V — 6) in (3) from (4), the 
expression for H becomes, 

H— B=S,T — (13/3) ac P(1— Z2) +abP, (6) 
in which the second term on the right represents the 
latent heat of coaggregation, corresponding to the term 
c/(1 — Z), representing the coaggregation volume, 
which replaces the term ¢ in the original expression 
(4) for V. 

The expression for the entropy & is deduced from 
(4) and (6) by integrating the general relation d@ = 
dH/T —a (V/T)d P. The terms representing the 
entropy of coaggregation, and replacing the term 
(10/3)acP/T in the original expression, to which they 
reduce at low pressures, are as follows : 

(3/130) loge (1 + Z)/A1—Z)— (13/3) ac P/T (1—Z?) (7) 

In taking the difference & — H/T to find the Gibbs’ 
function G/T, the second of these terms disappears, 
leaving only the first, which reduces to the form 
acP/T at low pressures, as in the original equation for 
G/T. 

(T'o be continued.) 


THE INSTITUTION OF MECHANICAL 
ENGINEERS. 
Presidential Address by Ricnarp W. ALLEN, C.B.E.* 

Introduction.—In choosing a subject for my Presiden- 
tial Address I have been influenced by a number of 
considerations, first among which might be placed the 
desire to encourage the younger generation of engineers. 
The fact that engineering has passed through troublous 
times since the war has caused some of the younger 
men in the profession to become discouraged and may, 
it is feared, have dissuaded many young men of high 
ambition and ability from adopting this profession. 
As one who has faith in the future of engineering I 
therefore conceive it to be my duty to help to disperse 
some of these clouds of pessimism and despondency, and 
to assure the younger men in the profession that the 
science and craft of applying the forces of nature are 
still worthy of the best brains that this country can 
produce. It is a life-work which is capable of giving as 
much satisfaction to the young engineer of to-day as it 
gave to the illustrious founder of this Institution. 

Another consideration which has naturally influenced 
my choice is the business in which I have spent my life, 
and which has given me unique opportunities for 
observing and taking part in engineering work of most 
varied types. It has enabled me to realise the relation- 
ship of engineering with the other great industries of 
the world, and above all it has given me a vision of the 
engineering responsibilities of the future. 

Marine Auxiliary Machinery.—A third consideration 
which has weighed with me is perhaps a more personal 
one; it is my intense interest in the development of 
marine auxiliaries, a subject which provides a most 
fascinating historical record, is at present in a most 
interesting period of transition, and which promises a 
future full of the difficult problems of design and 
construction which are the delight of every true 
mechanical engineer. The whole subject of auxiliary 
machinery for marine purposes, both for the Navy and 
the Mercantile Marine, is far too wide to cover in any 
single address. But there are three specialities whose 
importance justified a review of their progress during 
the last half century, namely :—(1) Air supply to boiler 
rooms, (2) circulating-water pumping machinery for 
main condensers, (3) electric-light machinery. 

(1) Air Supply to Boiler Rooms.—I should like to 
outline briefly the development and present position of 
our knowledge and its application to the air supply to 
boiler rooms. Until early in the present century, the 
problem of the supply of air to boiler rooms in the closed 
stokeholds of modern warships had not been treated 
scientifically, and the consequence was an inefficient 
and unsatisfactory state of affairs, for which the boiler- 
room fan auxiliaries were blamed, whereas the fault 
lay entirely in another direction. 

Investigation of the losses occurring in intake shafts 
resulted in conclusive evidence that these frequently 
amounted to 50 per cent. of the total energy supplied 
by the fans. A continuance of the investigations and 
their extension to other problems involving resistance 
to air-flow appeared to be justified, in that any economy 
which can be effected in the ship’s auxiliaries resulting 
in greater efficiency, lower steam consumption, or 
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reduction in weight and space, must necessarily influence 
the speed and economy of the ship. Experiments were 
therefore undertaken on the design of air shafts, weather 
flaps, cowls, armour bars and other details of the 
passages through which air passes from the deck to the 
stokehold. The effect of these experiments has been 
to revolutionize the design of the air passages and their 
fitments. Stream-line effects are now everywhere 
sought, and the fitting of deflectors on the air discharge 
in the stokehold and of scientifically designed fan casings, 
and the adoption of fan inlet shutters which damp out 
the pulsations and undulations of the air at the entrance 
to the fan, have resulted in a remarkable increase in the 
efficiency of the air-supply installation. 

(2) Circulating Water Pumping Machinery for Main 
Condensers.—I will make only a very brief reference to 
the development of marine circulating pumping 
machinery. In the early days in the Mercantile 
Marine, circulating pumps were reciprocating and were 
fitted directly to the main engines, and it was not until 
about 1881 that the separate pump of the centrifugal 
type was introduced for this purpose. From this time, 
however, engine-driven centrifugal circulating pumps 
were generally used to maintain vacua of 26 inches and 
more in the condensers. Some of the earliest examples 
were installed when the Cunard steamships Umbria 
and Etruria, built by Messrs. John Elder and Company 
in 1884, were equipped with centrifugal circulating 
pumps having suction and discharge branches 20 in. in 
diameter delivering 8,000 gallons per minute. These 
were driven by single-cylinder open engines. Later 
examples were the pumps installed for the same 
company in the s.s. Campania and Lucania in 1891. 
These were 20-in. pumps delivering 7,000 gallons per 
minute, driven by open compound engines. 

The condensing plant achieved a new importance on 
the introduction of the steam-turbine for main pro- 
pelling purposes and most of the real advances made in 
circulating pump design may be said to date from that 
time. 

The steam-turbine driven circulating pump was the 
natural accessory to thesteam-turbine propelled ship, 
but most of the early steam-turbines obtained their 
high vacua from condensers equipped with engine- 
driven circulating pumps. Typical examples are to be 
found in the 32-in. pumps supplied to s.s. Mauretania. 
These are driven by two totally enclosed forced lubri- 
cated engines, and their duty is 22,500 gallons per 
minute. To-day, steam-turbine driven circulating 
pumps are fitted in many of the larger steamships, but 
marine superintendent engineers in the mercantile 
marine still cling to the engine-driven pumps while 
others are following a very general trend in auxiliary 
practice and favour the electric-motor drive. 

In all type of ships in the Navy steam-turbine driven 
circulating pumps are fitted, and are generally of the 
vertical-spindle type. 

Improvements in design and manufacture have served 
to increase the efficiency of circulating pumps from 
about 65 per cent. in 1886 to 80 per cent. at the present 
time, while metallurgical advances in the knowledge of 
corrosion and erosion have given longer life to the 
impellers by the improvements effected in the materials 
of construction. 

(3) Development of Electric Auxiliaries —I now 
propose to deal in somewhat greater detail with the 
third branch of marine auxiliaries, and to consider the 
salient features cf the development of electric-light 
machinery as they appeared at intervals of 10 years. 
Here, I should like to pay a tribute to the great fore- 
sight of my father, the late Mr, W. H. Allen, who, in the 
year 1883, foresaw electricity to be the power of the 
future, and devoted all his energies to the study and 
development of the new science. There were many 
difficulties which confronted him, together with other 
pioneers at that time, but he had a clear vision of the 
future. He was associated in those early days with his 
pupil, Mr, Gisbert Kapp (who, incidentally, was my 
tutor), and together they laboured from small beginnings 
to ultimate triumphant success. Their original arrange- 
ment was a high-speed steam-engine directly coupled 
to a dynamo, a design from which modern electrical 
generating machinery for use on shipboard has developed. 

In 1885, H.M.S. Thunderer, one of the first warships 
to carry an electrical installation, was equipped with 
a 2l-h.p. open-type, twin-cylinder steam engine 
driving a two-pole, Gramme, ring-wound direct-con- 
nected dynamo, the whole weighing 54 tons. The 
steam pressure was only 15 lb. per square inch, the 
speed 300 r.p.m., and the output of the generator was 
150 amperes at 80 volts. 

The progress made in the first 10 years may be 
illustrated by reference to the electric lighting plant 
installed in Her Majesty’s ships in 1895. This con- 
sisted of an 80-h.p. open-type compound engine very 
similar to that on H.M.S. Thunderer. The steam 
pressure had risen to 100 lb. per square inch, and 
the two-pole ironclad dynamo was drum wound on a 
smooth core. The voltage was still retained at 80, but 
the amperes had risen to 600 The change in dynamo 





design from the Gramme Ring machine to the type 
known as the Ironclad dynamo is interesting, in so far 
as it arose out of the requirements of Lord Kelvin (then 
Sir William Thomson) in connection with his standard 
compass. It was alleged that the stray field of the 
dynamos, as previously arranged, affected the accuracy 
of the compass readings, and it became necessary to 
design the machines with the field-coils encased in a 
steel structure to eliminate this effect as far as possible 

By 1905, the electric lighting equipment of a warship 
had undergone considerable changes, and consisted of 
a totally-enclosed steam-engine driving a dynamo of 
the four-pole type at a speed which had now been raised 
to 400 r.p.m. The steam pressure was 150 lb. per 
square inch, and the electrical output was 48 kw. at 
160 volts. Electric lighting machinery of that type 
became the standard for all classes of vessels for some 
considerable time. 

The next 10 years brings us to 1915, and we may 
describe a typical installation fitted in battleships and 
cruisers: a 300-h.p. two-cylinder totally-enclosed, 
forced-lubricated, engine, working at 150 lb. per square 
inch pressure and 400 r.p.m. coupled to a six-pole 
dynamo, the armature being drum wound on a slotted 
core. Interpoles and carbon brushes became the prac- 
tice ; and small auxiliary oil-engines driving generators 
were fitted. 

We now come to 1925, when the reciprocating steam 
engine had given place to the steam turbine, and the 
power of the oil engine had considerably increased. 

Present Tendencies and Future Developmenis.—The 
invariable tendency to-day is towards the utilisation 
of electricity for a greater number and variety of 
purposes. This tendency is reflected in marine work 
where, in addition to its usua! employment for lighting 
and heating, electricity is used for steering gear, refri- 
gerating plant, boat hoists and winches, windless, fans 
for forced draught and ventilation purposes, laundry 
and bakery, wireless transmitters, and for pumps for 
lubrication, circulating water, bilge, sanitary, fire, and 
many other purposes. Future developments are 
therefore likely to require further increase in the size 
and number of the auxiliary electrical generating sets. 

To illustrate adequately present tendencies in 
marine auxiliaries for the generation of electric light 
and power, I propose to take three cases, one being 
the steam-turbine-driven auxiliaries in a cruiser, 
the second the oil-engine-driven auxiliaries in a steam 
passenger liner, and the third the oil-engine-driven 
auxiliaries in a motor passenger ship, all of which 
have been recently completed. 

In the first example of a cruiser, the installation 
consists of a steam turbine running at 6,000 r.p.m. 
driving an enclosed pipe-ventilated dynamo at 1,000 
r.p.m. through helical gearing. The steam pressure 
utilised is 250 Ib. per square inch, with 150 deg. F 
superheat. The output is 300 kw. at 225 volts. 

The second example is that of the oil-engine-driven 
auxiliary equipment in a steam-driven passenger 
liner. This consists of six-cylinder engines of 700 h.p. 
driving eight-pole dynamos with an output of 450 kw. 
The oil-engines are of the four-stroke cycle type 
These engines run at 250 r.p.m. 

The consideration now paid by shipowners to 
questions of fuel economy has led to the use of 
greatly-increased steam pressures for marine propulsion, 
and as far as possible the driving of all auxiliaries 
by electric motors. The latest example of progress 
in this direction is seen in the new passenger liners 
of the Canadian Pacific Steamship Company. In 
the Empress of Australia, with steam pressure of 
220 lb. per square inch and a temperature of 600 deg. F., 
the fuel-oil consumption is 0-69 lb. per shaft horse- 
power hour for the propelling machinery, and 0-74 Ib. 
for all purposes. In the S8.S. Duchess of Bedford, 
with steam pressure of 350 Ib. per square inch and 
a temperature of 680 deg. F., the corresponding 
consumptions are 0-60 and 0-64 respectively. Com- 
pared with vessels built in 1922, the Duchess of 
Bedford represents an advance of 50 per cent. in 
power on 10 per cent. less weight of machinery without 
any increase in the cubic capacity of boiler spaces 
or in the total daily consumption. Such a remarkable 
efficiency figure would seem to indicate that one of 
the main lines of future progress lies in the further 
development of high-pressure steam for main turbine 
propulsion and the driving of all auxiliaries by 
electricity derived from oil-engine-driven generators. 

The third example consists of the oil-engine-driven 
auxiliary equipment for a modern passenger motorship. 
Such auxiliaries comprise four sets of 700-h.p. Diesel 
engines similar to those described as installed in 4 
steamship. Six-pole 450-kw. dynamos are coupled 
to these engines, which run at 250 r.p.m. 

Design, Construction and Materials—While we may 
attribute much of the improved efficiency of the 
modern marine electrical auxiliary to the inventions 
of Parsons and Diesel, we must realise that the designeT 
has also had at his disposal a rapidly increasing 
number of new materials. The metallurgist has come 
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to our aid in providing new alloys, both ferrous and 
non-ferrous, by means of which the engineering designer 
has been able to improve, strengthen and lighten his 
machines and to add to their mechanical and electrical 
efficiency. It will, therefore, be appropriate at this 
point to refer to the part played by these new materials 
in the construction of electrical auxiliaries, and I will 
first deal with the steam turbine. 

The requirements of materials for marine turbine 
practice are naturally most exacting. There is a 
continual striving after more power and less weight, 
and the designer, whilst constantly increasing his 
steam temperatures and pressures, is compelled at 
the same time to make every part as light as possible 
consistent with safety. Every advance, therefore, 
in the power-weight ratio creates a demand for better 
materials and, in fact, only becomes possible as these 
materials are developed. 

In the case of the blading of steam turbines, for 
example, there has been a constant search after better 
materials to cope with the exacting conditions of 
modern practice ; copper and brass have been replaced 
by phosphor-bronze, and phosphor-bronze itself, in 
general use until quite recently, has now been largely 
discarded in favour of high-chrome stainless steel, 
stainless iron, and Monel metal, all of which possess 
remarkable properties of resistance to the effects of 
steam at high temperatures and pressures. 

We may now briefly examine the design of steam 
turbine rotors. When one has a free hand in the 
matter, it is advantageous for the smaller sizes to 
have the shaft and wheels all in one piece. This 
may be regarded as the correct practice for wheels 
up to 22 in. in diameter, and sometimes up to 30 in. 
in diameter, where the material is carbon steel of 
34 tons to 38 tons per square inch tensile strength, 
for in the smaller sizes there is no necessity for the 
use of alloy steels. 

Above 30 in. in diameter, it becomes advisable to 
make the wheels and shaft separate, because if unit 
construction were adopted the inner portions would 
probably not be sufficiently worked during forging to 
ensure a satisfactory structure. 

In the reduction gearing we encounter a problem 
which, at any rate in the case of propulsion turbines, has 
caused much debate among engineers and shipbuilders ; 
it is the occasional failure of gear teeth. Experience 
has shown that whenever failure of the teeth occurs 
a typical fatigue fracture is exhibited, a fracture which 
is initiated by repeated stresses at or over the yield 
point of the material, or possibly even at some lower 
point. Such local stresses can be set up either by 
inaccurate cutting of teeth or by incorrect alignment 
of the gearing. With the main sets there is also the 
incidence of periodic torsional vibrations, due to 
propeller effects. 

Fortunately, auxiliary turbines, with their shorter 
shafts and more regular duty, are comparatively 
immune from tooth failures. It has been found that 
the best results are obtained by the use of a pinion- 
shaft of 40-ton to 45-ton nickel-steel, oil-hardened and 
tempered, in mesh with gear-wheel rims of 3l-ton to 
35-ton mild steel, the greater number of contacts 
made by the pinion demanding a harder material 
than that of the gear-wheel if equal wear is to be 
ensured. 

Turbine cylinders were formerly made exclusively 
of a good-quality cast-iron, which was invariably 
found to be quite satisfactory. With the superheat 
conditions now so frequently employed, the trouble 
due to growth of the cast-iron, which may occur at 
temperatures over 450 deg. F., has been avoided by 
making such parts as the steam belt and chest, which 
are subjected to the maximum temperature of the 
steam, as mild-steel castings. 

Oil-Engine Materials—The manufacture of the 
Major parts of the oil-engine demands, by reason of 
the severity of the duty, a much higher standard of 
quality in material than in the case of the steam engine. 
Further, it is not sufficient to base the design of the 
More important moving parts on steam practice, even 
if they are made proportionately heavier. It is essential 
to design such parts ab initio for the high crank-pin loads 
and other stresses peculiar to the Diesel oil engine. 
The cylinder heads, liners, and pistons constitute, 
perhaps, the most vulnerable parts of the oil-engine. 
These were formerly made of a good-quality close- 
stained cast-iron. Modern practice is to use a special 
cast-iron, about the exact composition of which each 


Tee builder may be said to have his own ideas. 
here appears little doubt, however, that Perlit iron, 
hid its uniformity of structure throughout light and 
Pht Sections, its remarkably high strength and 
ae iness, coupled with the resistance to growth 
Which it possesses by virtue of its composition, is the 


ideal material for this duty. 

oa Materials.—One of the chief concerns of 

mf , namo designer is the quality of the materials used 

the val magnets and the armature laminations. For 
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cast-iron; its permeability is considerably greater, 
and it thus enables a corresponding reduction in 
dimensions and weight to be effected. On the other 
hand, steel castings are more difficult to produce, their 
manufacture being restricted to a comparatively small 
number of makers. 

For the armature laminations, low-carbon sheet steel 
was formerly generally in use, but silicon steel has 
recently come into prominence. It is, however, 
considerably more brittle than mild steel, and produc- 
tion difficulties are consequently greater. 

Management.—Side by side with the development 
of design and the utilisation of new materials there 
has grown up the new science of management which, 
by concerning itself with works equipment, the 
training of men, the proper use of machines, and the 
introduction of new methods, has enabled us to cope 
with the requirements of the designers. 

The inventive genius of Parsons and Diesel, and 
the improvements in materials effected by metallurgists, 
would have been of little value had not workshop 
conditions kept pace with the exacting demands 
made by the new designs and new materials. And in 
this connection it must be realised that efficient 
management must take account in equal measure of 
the training and welfare of men, and the proper use 
of machine tools and machinery generally. 

Training of Men.—I therefore propose at this point 
to say something concerning the human side of industry, 
and I shall deal in some detail with the question of 
training. These remarks are the result of my own 
experience, and the views expressed are my own 
personal views. In the early days of engineering 
there grew up a system of apprenticeship by means 
of which craftsmen were trained, and the arts and 
secrets of the various trades were transmitted from 
one generation to the next. To-day we hear it said 
that apprenticeship is out of date, and there appears 
to be a growing body of opinion in favour of the 
substitution of other methods of training for the 
old-fashioned apprenticeship scheme. Similarly the 
past forty years has seen a great change in the method 
of training of engineers as distinct from craftsmen. 
The college-trained engineer was once a rarity, while 
to-day it is even suggested that his college training 
is all that an engineer needs. But however far that 
suggestion may be from the truth, we do find that 
the engineer with both college and workshop experience 
is the normal candidate for the important posts in 
engineering to-day. 

The question of training for all grades in the 
engineering industry is for us a matter of the profoundest 
interest. Every enlightened engineering employer 
realises that the training of young men cannot be 
undertaken lightly and with motives of exploitation, 
but is a matter which needs to be put in a paramount 
place in his organisation, and to be administered with 
vision and foresight if the industry is to recruit and 
train an adequate supply of men capable of carrying 
on the engineering traditions which are our heritage. 

If I could place side by side the 21-h.p. electric 
lighting plant of H.M.S. Thunderer and the four 
700-h.p. oil-engine generators which constitute the 
electric power station of a modern motor vessel, 
there would be no need to labour the argument that, 
in spite of all the machine-tool aids which modern 
science has provided, the necessity for training 
engineers of all types and grades, operatives, craftsmen, 
inspectors, planners, and administrative officers, is 
far greater than it ever was before. Such a comparison 
would be equally effective in demonstrating the 
necessity for a much broader training, and, especially 
in the higher ranks, for the development of a type 
of mind capable of tackling problems on a larger 
scale and of infinitely greater intricacy than those 
which our forefathers were called upon to solve. 

Some such considerations as these have led me to 
the conclusion that engineering training and education 
will in the future have three very important and 
difficult tasks. First, there is the problem of providing 
a suitable training for the higher posts in the industry. 
Much difference of opinion has always existed and, 
I imagine, always will exist as to the relative merits 
of different systems of training for administrative 
and managerial positions in engineering. But by 
whatever course it is achieved, the aspirant to high 
positions in the engineering world must have acquired 
a sound knowledge of scientific principles, of the 
technical applications of those principles, and of the 
workshop processes involved. He must have served 
with and learned to understand the type of men 
he aspires to control, and have gained a broad view 
of industry sufficient to enable him to see the other 
man’s point of view, whether the other man be his 
competitor, his client, his partner, or his employee. 

The second problem of industrial training is the 
production of craftsmen. I have already indicated 
that the work of the craftsman of to-day is broader 
than it was some years ago; hence his training must 
be broader, and I believe that such training can 


commence with advantage at a later age than 16 
if the boy has continued his schooling up to that 
age. Continuation of his education from this point 
up to the end of his apprenticeship is, however, the 
only assurance that he will have the educational 
and technical equipment requisite to his duties and 
position. 

And now I come to the third and what may prove 
to be the most difficult of all the educational tasks 
to which the engineering industry has to address 
itself. I refer to the training of boys other than 
craft apprentices. Hitherto this category has been 
singularly neglected, but we are realising to-day that 
from this class of entrant to industry there will be 
drawn in the future the great majority of the operatives 
of process work. The machine operators of to-day 
need to be something better than the machine minders 
of the past, and there is an important field for 
investigation as to the best methods of education 
and training for our semi-skilled and unskilied workers. 
In this connection I might add that it is essential 
that there should ever remain open the door of 
promotion from one grade to another. What is needed 
in the engineering industry to-day is a fuller appre- 
ciation of the value of education, not merely as an 
aid to production, but as an aid to fullness of life 
and happiness. If we are merely training men to 
become engineers or craftsmen or machine operators 
we are performing but a transient service to our 
day and generation; our aim must be to train men 
whose characters as well as their engineering achieve- 
ments shall live after them. 

Human Relationships—My comments on_ the 
human side of industry have been chiefly concerned 
with the paramount problem of the training of our 
young men. But I am equally convinced that the 
future of the engineering industry depends very 
largely upon the establishment of healthy human 
relationships amongst all who are engaged in it. I 
am sure that with goodwill and good temper those 
happy relations can be established and maintained. 
Nothing has enheartened me so much as to witness the 
excellent sportsmanlike spirit which has resulted from 
the activities of welfare and recreation. Such activities 
now cover a very wide field, and experience convinces 
me that whereversuch activities are the most flourishing, 
there also will be found the healthiest type of industrial 
community—healthy both in physique and in ideals. 

Industrial Welfare Society—In this connection I 
should like to refer to the valuable work done by the 
Industrial Welfare Society. H.R.H. the Duke of York, 
as President of that Society, has actively interested 
himself in every movement which aims at the humanisa- 
tion of industry, and there is no doubt that the welfare 
movement must be counted as one of the most potent 
factors for good in the industrial situation to-day. 

Organisation of Welfare Schemes.—By the organisa- 
tion of welfare schemes an employer is able in some 
measure to return to the old days when workshops were 
small, and when a personal and friendly relationship 
existed between master and man. By the cultivation 
of a healthy and contented personnel he is also ensuring 
a maximum of co-operative effort with its inevitable 
consequences—namely, a high degree of productive 
efficiency and a fuller measure of prosperity for all. 

Whilst the employer must naturally take full respon- 
sibility for what may be termed workshop welfare, by 
which I mean safety provisions, lighting, heating, 
canteen, &c., it is my opinion that so far as external 
or recreational welfare is concerned, such is best left 
to the initiative and management of the staff and 
workpeople themselves. The secret of success in 
such organisations is to efface as far as possible the 
idea that the firm is running the recreation club. Let 
the firm provide the field, the clubhouse, and perhaps 
a proportionate money grant, but beyond this the 
organisation should be self-supporting and self-governed. 
The spirit of friendly rivalry and the beneficial effect 
of team work engendered on the playing fields never 
fail to have an immediate reflection on the interest 
shown in the workshop as well as in the development 
of a sane and healthy citizenship. 

Work of the Institution Present and Future, its Aims 
and its Growth—At the beginning of this address I 
referred to my anxiety that the younger members of 
the profession should be encouraged to throw them- 
selves whole-heartedly into their work, in order that 
they might partake of the satisfaction which every 
true mechanical engineer derives when he looks upon 
the finished product to which his brains and hands 
have contributed. Such satisfaction in the achiéve- 
ment of his purpose can only come to the engineer 
whose work is sound and true, and who also takes care 
that he is not outstripped by the rapid progress of 
scientific invention and discovery. 

The institution was founded with the avowed objects 
of promoting the science and practice of mechanical 
engineering and all branches of mechanical construc- 
tion, and to facilitate the interchange of ideas respecting 





improvements in the various branches of mechanical 
































































534 


ENGINEERING. 





[OcT. 26, 1928. 








science and the publication and communication of 
information on such subjects. It will be generally 
agreed that the Institution has faithfully carried out 
those objects. The measure of success of our steward- 
ship in maintaining the objects laid down by our 
founders, which might also be termed our traditions, 
may be gauged by three outstanding features—namely, 
the enthusiastic support afforded to authors by our 
members when papers are read, and by the vigorous 
discussions thereon; by the system of examinations 
for studentship and associate membership, by which 
a high level in mechanical engineering education is 
sustained; and by the inauguration of National 
Certificates, which have had the effect of ensuring a 
satisfactory standard in the curricula of the various 
schools throughout the country, and of pointing out to 
classes of young engineers the many avenues to wider 
careers that were formerly outside their knowledge. 

Influence of the Mechanical Engineer on Mankind.— 
In conclusion, it is of interest to consider the influence 
which the mechanical engineer has had generally upon 
mankind and the progress of civilisation. Such an 
abstraction must of necessity descend to platitudes, 
for it would appear that there are hardly any fields into 
which his services have not been pressed with advan- 
tage to the community. Not only does the mechanical 
engineer take a share in feeding, clothing, and trans- 
porting members of the community, but he takes a 
principal part also in protecting their health by 
sanitation and by water supply. In short, it is true 
to say that the well-being, the health, the happiness, 
and the prosperity of mankind are due in no small 
measure to the inventiveness, resource, and skill of 
the mechanical engineer. We inherit a tradition of 
service to the community which it is the destiny of 
the younger generation of engineers to maintain and 
advance. Surely so great a heritage of progress and 
achievement should encourage us to go forward with 
renewed faith and energy. 
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University of London, University College—We have 
recently received a copy of the Calendar arranged by 
the University of London, University College, Gower- 
street, London, W.C.1, for the session 1928-29. This 
work, which contains about 700 pages, and is published 
by Messrs. Taylor and Francis, Red Lion-court, Fleet- 
street, presents, under a single cover, full particulars 
of the organisation, together with the prospectuses 
of the Faculties of Arts and Science, Engineering, Laws, 
Medical Sciences, and the Schools of Architecture and 
Librarianship, in addition to full information regarding 
scholarships and exhibitions, &c. The programme of 
the Faculty of Engineering has already been dealt with 
on page 396 ante. 


The Institution of Chemical Engineers.—Application 
forms, which should be returned by December 15, 
and particulars of the associate membership examina- 
tion for. 1929, together with a memorandum on 
“The Training of a Chemical Engineer,’ may be 
obtained from the Hon. Registrar, Mr. C. S. Garland, 
Institution of Chemical Engineers, Abbey House, 
Westminster, S.W.1. 


CANADIAN CoaL AND Coke.—The Dominion Bureau of 
Statistics at Ottawa reports that the output of Canadian 
coal reached 11,092,568 short tons during the first eight 
months of 1928. This figure represents an increase of 
17-2 per cent. over the average output, for this period, 
in the case of the five preceding years. During the first 
eight months of 1928, the production of coke totalled 
1,486,491 tons, as compared with 1,365,103 tons during 
the corresponding period of 1927. 


TENDERS.—We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, 
S.W.1, particulars of tenders invited by various bodies 
in the British Possessions and in foreign countries. 
Further details and information relating to these may 
be obtained on application to the Department at the 
above address, the reference number given below being 
, oc in each case :~-Tenders, to be presented in 
Johannesburg by Decemt er 6, for the supply of structural 
steel bridgework, are being called for by the South African 
Railways and Harbours. (Ref. No. A.X. 7022).—Mon- 
sieur L’Inspecteur Général, Chef du Service des Ap- 

rovisionments du Ministére des Colonies, is calling 
or tenders, to be presented in Brussels by November 6, 
for the supply of Diesel and semi-Diesel engines. (Ref. 
No. A.X. 7021.)}—The Christchurch City Council, New 
Zealand, is calling for tenders for the supply of a pump, 
electric motor, valves and automatic flow recorder. 
Closing date, November 24. (Ref. No. A.X. 7006.)— 
It is reported from Constantinople that a local concern 
is anxious to acquire saw-milling plant. (Ref. No. A.X. 
7007.)—It is reported from Warsaw that one of the Polish 
Ministries is anxious to purchase several petrol or steam- 
driven rail inspection cars. (Ref. No. A.X. 7026.)— 
The Lithuanian Railway Administration is calling for 
tenders, to be “esaugmme in Kovno by November 2, for 
the supply of white metal. (Ref. No. A.X. 7033.) 





LETTERS TO THE EDITOR. 


APPRENTICESHIP IN THE 
ELECTRICAL INDUSTRY. 


To THe Epitor oF ENGINEERING. 


Srtr,—I have read with considerable interest your 
excellent reference on page 508 of the October 19 issue 
of ENGINEERING, to the suggested scheme of apprentice- 
ship for the electrical industry, put forward by the 
Association of Supervising Electrical Engineers. 

May I, however, point out that it is not correct to 
say “‘ the A.S.E.E. will be responsible for the manage- 
ment of the scheme.’”’ The Central Apprenticeship 
Board, composed of organisations concerned in the 
scheme, will be the responsible body. 

The A.S.E.E. will, willingly, render any possible 
assistance, and will, no doubt, be a member of the 
Central Apprenticeship Board. Other than that, the 
A.S.E.E. will be quite content if the suggestions they 
have made result in a final scheme which will be to the 
advantage of the industry and those employed therein. 

Yours faithfully, 
A. BRAMMER, 
General Secretary. 
Association of Supervising Electrical Engineers, 
Chalmers House, 43, Russell-square, London, W.C.1. 
October 23, 1928. 








SURFACE CONDENSER TESTS. 


To tHE Eprtror or ENGINEERING. 


Str,—-In your leading article of July 20, 1928, 
you criticise a point in the code for surface condenser 
tests recommended by the Heat Engine Trials 
Committee in their 1927 Report. Your article states 
that in the report “no definite recommendation is 
made as to how the steam temperature required in 
computing “ K ” is to be determined. While provision 
is made for observing both temperature and pressure 
at the exhaust flange, the temperature thus observed 
is commonly less than that corresponding to the 
pressure; and, with the small mean temperature 
differences now usual, the value of ‘‘K”’ will differ 
widely according as one or the other steam temperature 
is employed.” 

You further state that “in view of the fact that 
the condenser tubes are covered with a film of moisture 
having an average thickness of the order of ,3, in., 
and thus many molecules thick, it is obvious that 
the temperature used in computing ‘K’ should be 
that corresponding to the observed pressure.” 

It would appear, however, that the temperature 
to be taken would depend on the cause of the 
discrepancy between thermometer and pressure gauge. 
Where the thermometer is of the mercury-in-glass 
type, the low thermometer reading may be due to 
inadequate correction for exposure of the thermometer 
stem. A hypsometer test reveals that under normal 
atmospheric conditions this correction should be of 
the order of 2 deg. for a thermometer reading about 
212 deg. F. 

If this is the cause of the discrepancy, your plea 
that the temperature corresponding to the pressure 
should be taken in preference to the thermometer 
reading is justified. 

But what is the effect of the presence of air? When 
air is present the observed pressure is the combined 
pressure of air and steam. In determining the 
temperature corresponding to the pressure, the partial 
pressure of the steam alone should be taken. This 
would, of course, give a lower value of the temperature 
corresponding more nearly with the reading of the 
thermometer. 

If, in a particular case, there is no thermometer 
stem correction, sa that the discrepancy between 
thermometer and pressure gauge is attributed solely 
to the presence of air, it is obvious that the thermometer 
reading should be taken as being the true steam 
temperature. The steam pressure corresponding to 
this temperature may then be read from tables, the 
difference between the observed and calculated pressures 
being the partial air pressure. 

Allowing for the relative densities of air and steam 
the proportion of air in the steam may then be readily 
calculated. 

I am, Sir, 
Yours faithfully, 
J. H. M. Hiaetnsoruam. 
Technical College, Bradford. 
October 17, 1928. 


[Exhaust steam temperatures in modern power 
station practice are far below 212 deg. F., and hence 
errors due to stem exposure would be very much less 
than our correspondent suggests. Moreover, his figure 
of 2 deg. on 212 deg. implies that some 100 deg. of 
stem are exposed, whilst the practice is to expose 





as little as possible. Defect of temperature, whatever 








its cause, has in fact been noted when the temperature 
recorded was as low as 61 deg. F. Our correspondent’s 
alternative suggestion that the defect is due to the 
presence of air is quite inadmissible, since in modern 
power station practice the quantity of air in the 
exhaust steam does not amount to more than one 
molecule in well over a thousand. In any case if K 
is to be used as a figure of merit, the comparison 
must be made with the ideal condition of air-free 
steam. This is what the designer aims at, and, his 
success is shown by how closely he can approach this 
limit.— Ep. E.} 








AERONAUTICAL DEVELOPMENTS. 
To rue Eprror oF ENGINEERING. 


Str,—After the lessons of the war, in regard to the 
value of scientific experiment, it was said that this 
country was to turn over a fresh leaf, and encourage 
systematically those who came forward with new ideas, 
We are afraid, however, that in many cases it is little 
more than lip service that we are still paying here to 
invention and research. Take, for instance, aeronautics. 
Daily we are brought into touch with inventors. Many, 
we find, are devoting their ingenuity towards solving 
problems in aviation. Many, too, ask our advice as 
to having their inventions tested without delay in an 
independent and technically conclusive way. What 
can one say? The Air Ministry has too small a grant 
for purely experimental work. It is unable, for lack 
of funds, to explore many avenues which its experts 
seek urgently to traverse. It cannot be expected to 
have time, or funds, for investigating promptly, on an 
experimental basis, a large number of outside ideas. 
As for the aircraft industry, it has as much as it can do, 
generally speaking, to keep its head above water, and 
certainly cannot devote the time it would like to experi- 
ment. 

Officially, we starve aeronautical research, while our 
firms, with a few exceptions, are unable to bear the 
burden of experimental work. In Germany, where they 
lead the world in air research, arrangements are made 
officially whereby laboratories all over that country— 
chiefly those connected with universities—are in a 
position to investigate any and every idea of private 
origin which seems worthy of being tested. It is agreed 
that aviation is vital to the Empire. That being so, 
we suggest that it is essential that there should be in 
this country some central, completely-equipped labo- 
ratory and experimental station staffed by experts 
whose sole task it would be to probe thoroughly, and 
immediately, every new air idea submitted by inventors 
for its consideration. It should be in a position, also, 
to conduct full-scale trials in cases where these were 
justified. One realises that many schemes submitted 
would be unworkable. But we are perfectly certain 
that it would repay a thousandfold to foster, rather 
than neglect, the clever brains outside official or trade 
circles which are now seeking so ardently to improve 
the speed, safety, and practicability of aerial travel. 

We are, Sir, yours faithfully, 
Barmar, LiMiTED. 
(C. W. Brett, 
Managing Director.) 
18, Lambs Conduit-street, London, W.C.1. 
October 22, 1928. 








SrructursaL STELL Pocket Book.—With the object 
of placing before their clients, in as simple a manner as 
possible, the necessary data for the design of structural 
steelwork, bridges, &c., Messrs. Fleming Brothers, 
65, Bath-street, Glasgow, C.2, issue what they describe 
as a pocket section book, a copy of which has recently 
come to hand. The main portion of the book con- 
sists of tables giving the dimensions and _ properties, 
weight per foot and the safe distributed loads of steel joists, 
compound girders, steel channels, plate girders, angles. 
tees, &c.: while the latter portion contains such useful 
information as a table of co-efficients for the determina- 
tion of stresses in roof trusses, general formule tor the 
flexure of beams, shearing and bearing values of rivets, 
safe loads on foundations, &c. The work is neatly and 
strongly bound in handy pocket size, and should prove 
of great assistance to all structural engineers. 

EXxuIsITIon OF ELECTRICAL, OPTICAL, AND PHYSICAL 
ApparatTus.—The nineteenth annual Exhibition 0! 
Electrical, Optical, and other Physical Apparatus will 
be held at the Imperial College of Science and Technology, 
South Kensington, London, S.W.7, from January. 
to 10, 1929. The function is being organised by a joint 
exhibition committee of the Physical Society and of the 
Optical Society. As on previous occasions the Exhibition 
will be divided into a trade section, comprising the 
exhibits of manufacturing firms, and a research ond 
experimental section. In connection with the — 
section, offers of exhibits of historical interest, 0! 
apparatus used in lecture experiments, or to illustrate 
the results of recent physical research, should be oom 
municated immediately, and, in any case, not nae 
than November 14, to the Secretary, Physica! ant 
Optical Societies, 1, Lowther-gardens, Eahiiton 
road, London, S.W.7. Brief particulars of space an 
other facilities required should be given. 
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THE EXHIBITION OF INVENTIONS. 


| with a stamped receipt. Records are automatically 
kept of the sales, and the total takings for the day 


Tue annual International Exhibition of Inventions, | or week are indicated, as in the case of a cash register. 


arranged by the Institute of Patentees, Incorporated, 
was hicld this year, in the Central Hall, Westminster, 
from the 10th to the 20th inst. As on previous occa- 
sions, the exhibits were divided into two main sections 
covering those on the market or not, and were also 
arranged in various sub-sections, according to the pur- 
poses ior which they were intended, such as household 
labour-saving devices, building, electrical and wireless 


apparatus, mechanical appliances, &c. As may well be 
under stood, the majority of the contrivances exhibited 
were of little interest to engineers, owing to their very 
natur: 


. or to the fact that their design did not appear 


likely to permit any further development. A number 
of the more promising exhibits were shown at last 
year's exhibition, and have already been described in 
Excr: £ERING, but we may refer briefly to two of this 
year’s exhibits. 

Mes-:s. Burdick Inventions Syndicate, Limited, 43, 


Holbo n Viaduct, London, E.C.1, exhibited an inge- 
nious evelopment of the cash register. This machine 
hot only pays out money from a key board, but, by 
depres ‘ing two sets of keys, one for the amount tendered 
and the other for the amount of the purchase, and 
moving a lever, it returns the correct change, together 





Another interesting exhibit was a new design of 
variable-speed gear box patented by Mr. Septimus 
Scott. The casing is approximately cylindrical in shape, 
having an inspection door on the top and the attach- 
ments for the drive shaft and propeller shaft extending 
from the ends. The drive shaft from the engine is 
attached directly to a hollow cylinder, on the inner 
surface of which a single groove is cut in a plane 
inclined to the axis of the shaft, so as to form an 
elipse. Within the cylinder is a sleeve in which are 
cut three longitudinal slots, in each of which is 
arranged a sliding pad carrying a radial pin. The 
propeller shaft is attached directly to a barrel, re- 
volving inside this sleeve, on the surface of which 
is cut a single groove in the shape of four con- 
joined ‘‘ Vs”’ having the same overall axial swing as 
the groove cut in the outer cylinder. The method 
of operation is roughly as follows: In the top gear, 
the sliding pads carrying the radial pins are held 
firmly in position, and the whole arrangement revolves 
en masse, giving a gearratioof 1tol. In bottom gear, 





| 


the pads are allowed to slip, and the ends of the radial 
pins travel in the grooves cut inthe outer cylinder and 
on the inner barrel, but, as one revolution of the 


cylinder gives the same axial movement of the pins as a 
quarter of a revolution of the barrel, the resulting 
gear ratiois4 tol. Intermediate ratios are stated to 
be obtained by varying the resistance offered to the 
sliding motion of the pads. 








THE COMPRESSED-AIR AUXILIARIES 
OF THE MOTOR TUG “CARLOS 
LUMB.”’ 


THE adoption of the internal-combustion engine on 
board ship carries with it always the problem of 
how best to furnish power for the auxiliaries when 
in port. This question presented no difficulty in the 
case of steam, for the supply for the auxiliaries could 
be drawn from one of the banked boilers, or from a 
donkey boiler, if the stay were of long duration and 
the main fires could be drawn. At the same time 
steam auxiliaries such as winches, &c., are extravagant 
as regards consumption, and only the convenience 
of the arrangement gives excuse for their continued 
adoption. In a motor vessel, the provision of an 
auxiliary steam boiler may be allowable if the ship 
is of considerable size, although to burn oil under a 
vertical-type auxiliary boiler to raise steam is obvi- 
ously more wasteful than to use this fuel in an oil 
engine, but in the majority of cases electricity is now 
adopted as the most suitable power, unless special 
conditions give steam a preference. For vessels of 
restricted size a third alternative presents itself, 
with certain advantages over both the foregoing. 
We refer to the transmission of power by means of 
compressed air. This system has all the advantages 
of compactness which can be claimed for electricity, 
and at the same time is superior in this respect to 
steam. The plant is, moreover, capable of being 
attended to and maintained by the usual engine-room 
staff not having special electrical knowledge. The 
intermittent character of the ordinary winch load, or 
of the operation of other auxiliaries such as windlasses, 
capstans and steering gear, make it quite possible to 
work with a small compressor if storage capacity is 
provided. 

An interesting example of a boat of this type was 
recently constructed by Messrs. J. Crichton and 
Company, Limited, of Saltney, Chester, for service 
in the Argentine for Messrs. Leibig’s Extract of Meat 
Company, Limited. The vessel, the Carlos Lumb, 
is illustrated in Fig. 1. She has been fitted with 
compressed-air steering gear, windlass and capstan by 
Messrs. Reavell and Company, Limited, of Ipswich. 
Two views of the engine room are given in Figs. 2 
and 3, the latter showing some of the compressors. 
This view shows in the foreground the aft end of 
the port main engine, and on the same shaft, engaged 
or disengaged as desired by means of a clutch, a 
single-stage vertical enclosed compressor, which runs 
at main engine speed whatever that may be. The 
starboard main engine is similarly fitted with its own 
compressor. These compressors are fitted with suction 
silencers, the one on the port compressor being visible 
on the far side of the machine in Fig. 3. The air 
from these machines is led to two air receivers, one 
of these being visible at the end of the main engine 
on the left in Fig. 2. The maximum receiver pressure 
is 100 lb. per square inch, and any sudden demand on 
the auxiliary machinery is met by this storage, which 
amounts to 110 cub. ft. 

The two receivers are coupled by an equalising 
pipe, and air is led to the auxiliaries by way of three 
reducing valves, shown in Fig. 2 on the bulkhead 
on the left side of the three high-pressure storage 
bottles used in starting up the main engines. Generally 
one reducing valve is employed for all auxiliaries, 
but in this case, as it was found convenient to operate 
the auxiliaries at different pressures, separate valves 
were employed. These valves supply, respectively, 
the capstan illustrated in Fig. 4, the steering engine 
shown in Figs. 5 and 6, and the windlass, shown in 
Figs. 7, 8 and 9. 

The receiver capacity makes it possible to meet any 
temporary demand without difficulty, but, as a matter 
of fact, such service as getting in anchor chain can be 
amply met by the compressors which are capable of 
maintaining the windlass at full speed for any length 
of time. 

An air relay is fitted to the receiver, coming into 
operation at 100 lb. pressure and operating an arrange- 
ment for holding open the suction valves of the com- 
pressors so that the latter run light for the time 
being. When the pressure falls the suction valves 
are again allowed to act normally. If compressed air 
is not required, either the compressors may, of course, 
be declutched. 

The capstan, shown in Fig. 4, is operated by a small 
three-cylinder engine, with single-acting valveless 
cylinders set at 120 deg. The engine is reversible ; 
the cylinders are 5 in. in diameter and of 3} in. stroke. 
The drive to the capstan head is by means of worm 





and worm wheel reduction. The wheel of the steering 
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Fig. 4. 


gear shown in Fig. 5 is placed in the wheelhouse 
with the steering engine below. Here again a three- 
cylinder engine of similar type is employed, with 
double reduction gear, the first being by worm and 
worm wheel, and the second by pinion and spur, 
as will be clear from Fig. 6. The steering wheel is 
arranged so that the one wheel can be used either as 
a telemotor wheel when the gear is operated by com- 
pressed air, or as a direct steering wheel if the work 
is being performed by hand. The change is effected 
by means of a lever and clutch shown in the plan, 
Fig. 6, and can be made at any time regardless of the 
position of the rudder. 

The windlass, shown in Figs. 7, 8 and 9, on page 537, 
is also operated by a three-cylinder engine, through 
double reduction gear. The windlass is of normal 
pattern suitable for ~ in. stud link cable and arranged 
to be operated, through a third reduction set, by hand. 
The first reduction from the engine is by worm gear 





and the second by pinion and spur. The worm gears 
are fitted in all cases with ball bearings and run 
in oil. 

During trial runs on the Mersey this equipment was 
put through various tests satisfactorily. At any time 
the rudder could be thrown from hard-over to hard-over 
under full speed conditions, in 12 seconds, so that 
the vessel is extremely handy. 

The Carlos Lumbisa steel twin-screw motor tug of the 
following dimensions :—Length between perpendiculars, 
100 ft.; breadth, 23 ft.: depth, 10 ft. She is con- 
structed to Lloyd’s requirements as regards both 
hull and machinery. The hull is divided into six 
water-tight compartments and oil compartments. A 
steel deckhouse over the engine room provides dining 
saloon, galley, &c. The captain’s cabin is on the bridge 
deck aft of the wheelhouse. The service for which 
| the tug is intended being on the River Plate, special 

attention has keen paid to ventilation, large cowl 
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and mushroom ventilators being fitted, and large 
opening sashes for all compartments and deck houses. 

The main installation comprises twin sets of Plenty 
semi-Diesel engines of four cylinders each, the power 
totalling 500 h.p. at 300 r.p.m. Owing to the need of 
ease in manceuvring in congested waters at Buenos 
Aires, and in the winding channels to be navigated 
up to 1,000 miles inland, it was decided to equip the 
tug with reversing gear instead of making the main 
engines of the reversing type. The gear was pro\ ided 
by Messrs. Plenty and Son. 

As already stated, the main engines are each eq uipped 
with a Reavell compressor having a displacement of 
122 cub. ft. per minute at the normal engin: speed 
of 300 r.p.m. Each of these can maintain suffi ient 
pressure for the deck machinery. In addition to the 
main engine compressors an independent com} ressor 
is furnished and may be seen in the background of 
Fig. 3 on the port side. This compressor is a t0t illy- 
enclosed two-crank two-stage machine driven t rough 


4 . ze Qt 
a clutch by a two-cylinder Gardner engine of ! }.P- 
running at 1,000 r.p.m. The compressor has a ¢@} re 
ot @ 


of 14 cub. ft. of free air per minute, and is 0! 





th 


Se] 


by 
dr 


th 
th 
SW 
ch 
be 
ba 
in 

eX 


Bu 
saf 
mi 
ha 
sm 
vo 





oe 


eo Gee 0 ane - = 








ENGINEERING. 


537 





OcT. 26, 1928.] 





COMPRESSED AIR AUXILIARIES ON THE MOTOR TUG 


CONSTRUCTED BY MESSRS. 


AND COMPANY, LIMITED, 


Fig.8. 


REAVELL 





























i - 
i ; 
| 
\ 
' ' , se 
thy N k = \’ 
* y 
og 44 
' : 
' i | Sea ean pee 
' tht 2 | 
— I fan 3 
8 tit <--G°-> 
4 
Hh Sa by Seo eum (is ie 
Pele 
as 





“CARLOS LUMB” 


ENGINEERS, IPSWICH. 










Pian nenneakemt 
1 
' 
 . 


<-——————————-—-—g- 





” T ENGINEERING 


THE PHENOMENA OF CORROSION 
OF IRON AND STEEL.* 
By A. Herrero and M. bE Zusrria. 


Tuat the atmosphere exerts a great influence is 
obvious from the fact that the common metals always 
occur as oxides, sulphides, sulphates, or carbonates, 
and scarcely ever as native metal, except those such as 
gold and platinum, which are not susceptible to 
atmospheric corrosion. The metallurgist in extracting 
the metal from its oxide is really exerting himself to 
undo that which the slow action of the atmosphere 
has brought about, and although he has found a means 
of succeeding in this, his triumph is apt to be short- 
lived, since the metal purified with such labour and 
expense soon tends to revert to the state of oxide, 
sulphide, sulphate, or carbonate from which it had been 
extracted. On the other hand, it is evident that in the 
problem of corrosion, readily corrodible substances 
may play an important part in this sense, that, since 
metallurgical products are never pure metals but are 
always alloys, it is evident that their chemical composi- 
tion and their greater or less degree of homogeneity 





may be of influence in stimulating or delaying atmos- 
pheric action. It is equally certain that their physical 
state, microstructure, and condition of internal stresses 
are factors which influence the atmospheric effect to 
a greater or less degree. 

In countries with progressive industries this fact 
has been recognised, and in recent years centres of 
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new range of high-speed machines introduced by Messrs. | 
Reavell especially for this class of work. It supplies | 
the starting air bottles with air up to 400 lb. pressure. 
The high speed naturally makes for compactness which 
is @ great advantage under such circumstances. The 
capacity is sufficient to produce a high enough air | 
pressure in the reservoir system in five or six minutes | 
to enable the main engines to be started up. The | 
large gear visible on the shaft of this unit between | 
the clutch and the compressor drives the general 
Service pump at a reduced speed. 

Electricity is furnished by a 14-kw. generator driven 
by a Gardner paraffin engine, and a 3-kw. generator | 
driven off the main starboard engine, by way of line 
shafting under the engine room floor. The drive from 
the main engine to the shafting is by chain, and from 
the shaft to the generator by V-belt. A common 
Switchboard is provided for these generators, with 
change-over switches, etc. The specified service to 
be fulfilled by the vessel is that of towing two loaded 
barges rom Buenos Aires to Ascuncion and back again | 
i 15 days without re-fuelling, the draught not to 
Xceed 6 ft 


— Carlos Lumb left Liverpool in due course for 
's -\ires, and word has since been received of her 
sale arrin al after a satisfactory voyage of some 6,400 
— ane. steering gear is reported to 
ei = ¢ excellently, and as the vessel was only a 
a - ie the work of keeping her on her course in- 

ed wheel movements at the rate of about one per | 


| Steering gear. 


| be reached with the paint manufacturers. 


minute. The gear required no attention beyond 
occasional oiling of the engine. 

For coastal craft, small cargo vessels, tugs and 
yachts, the pneumatic system would certainly appear 
to offer an attractive alternative means of dealing 
cheaply and effectively with deck auxiliaries and 





CANADIAN STANDARD SPECIFICATION FOR RAILWAY 
BripGes.—A new specification, designated A1—1928, 
and entitled “‘ Standard Specification for Steel Railway | 
Bridges,” was issued recently by the Canadian | 
Engineering Standards Association. This constitutes | 
the third edition of the Specification, that entitled | 
No. 1—1922 having been exhausted. Many revisions | 
to existing clauses have been made in the new publi. | 
cation, several clauses have been re-worded and a} 
few new ones inserted. All reference to eye bars has | 
been deleted, as these are practically never used in 
spans covered by the scope of the present work. <A | 
specification for silicon steel replaces that for nickel | 
steel. Detailed references to allowable variation in | 
weight and thickness of steel plates have also been | 


| deleted, as it was felt that they were of no great practical 


value in a specification of this description. References 
to specifications for bridge paint have been omitted 
until such time as a satisfactory understanding can 
A detailed | 
summary of the various changes which have _ been | 
made has been inserted at the end of the new publi- | 
cations. A specification for movable bridges was | 
published in October, 1927, under the number A2]— 


1927. 


| research have been established to study the problem 
| of corrosion. Numerous researches have been carried 
| out at the Bureau for Testing Materials at Berlin and 
| at the Institution subsidised by Carnegie in the United 
States. The Faraday Society in England has published 
| a collection of reports thereon. In Germany, a Com- 
mittee, known as the Reichausschuss fiir Metallschutz, 
has been formed, whose organ, Korrosion und Metall- 
schutz, summarises the results of corrosion research 
carried out in all countries. In England, the Institute 
of Metals, and, in America, the Institute of Mining and 
Metallurgical Engineers, devote themselves largely to 
the problem of corrosion, and publish results of research 
work thereon. The Iron and Steel Institute, the most 
widely known organisation in regard to all that relates 
to the manufacture of iron and steel, follows the general 
rule. That Institute includes on its roll the leading 
metallurgists and chemists who have devoted attention 
to this question of corrosion, and many important 
contributions on the subject are to be found in the 
pages of its publications. 

The results of all such work have become available 
to us in Spain, and some of the principal Spanish metal- 
lurgists and engineers are now manufacturing the so- 
called rustless steels. That is to say, the study of the 
problem of producing steels resistant to corrosion by 
external agents is definitely established as a national 


* Paper read before the Iron and Steel Institute, 
at Bilbao, Spain, on September 26, 1928. Abridged. 
t¢ In June of the present year a committee on the 
corrosion of iron and steel was constituted. This is a 
joint committee of the Iron and Steel Institute and the 
National Federation of Iron and Steel Manufacturers, 
and it forms one of the technical committees of the 


Iron and Steel Institute. 
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one in Spain. Nevertheless, it is not this aspect of the 
problem which so much occupies the attention of the 
metallurgist at the present day, for if the only remedy 
against corrosion were to be found in the use of special 
non-rusting steels, the high cost of these would greatly 
restrict their application. The ordinary steel structures, 
such as bridges, structural steel for buildings, hulls of 
ships, railway material, &c., could never be built of 
such expensive material. The whole problem is a 
much wider one, and is not capable of so simple a solu- 
tion. The main point is that any economic solution 
of the question must be such as will not raise the 
price of ordinary commercial steels above that at which 
they must of necessity be sold. It is this aspect of the 
problem which has been the subject of much study for 
several years and upon which much has been written. 

In the belief that the matter is one of special current 
importance, the authors venture to set forth briefly 
the theories of the corrosion of metals. They would 
mention as a singular coincidence, in support of which 
they have plenty of evidence, that in this country 
(Spain) the atmospheric conditions appear singularly 
adapted for producing their destructive effects. 

Theories of Corrosion.—If, among the elements of 
which the earth is composed the metals were simply in 
a state of metastable equilibrium, which as a matter of 
fact is never the case, since the metals always occur as 
oxides or salts due to their prolonged contact with 
natural agents such as water, oxygen, carbonic oxide, 
&c., it is evident that the principal and true cause of 
such transformations would be atmospheric action 
alone. It is easy enough to indicate the disturbing 
element. The difficulty arises in defining how and 
when such action proceeds, and more particularly in 
determining the causes which tend to promote atmos- 
pheric action, causing a metal to lose its character and 
to change into a salt or an oxide, overcoming the inertia 
opposed to every such transformation, and, on the 
other hand, in finding the means for encouraging this 
inertia and thus impeding corrosion. 

Two theories in explanation of the phenomenon of 
the corrosion of metals have found a following—namely, 
the electrolytic theory, held particularly in the United 
States by Cushman and Walker, and the chemical 
theory, championed in Europe by Heyn, Friend, and 
others. According to the former theory, corrosion is 
due to the formation of local galvanic couples due 
to the existence in the steel of local differences of 
composition, impurities, or internal stresses. The 
defenders of the chemical theory, on the other hand, 
affirm that the oxidation of a perfectly pure and un- 
strained iron may take place in water without the inter- 
vention of any electrolyte whatever. Nevertheless, 
the latter admit that the absence of galvanic couples, 
when the before-mentioned causes to which they are 
due, disappear, delays the initiation of oxidation but 
does not prevent it, once initiated. 

Confining ourselves to practical facts, the three 
following fundamental propositions may be noted: 
(1) That iron does not corrode in dry air, that is, unless 
moisture is present. Proof of this is afforded by the 
fact that in certain regions in Egypt and India, where 
the air is almost entirely lacking in moisture, metals 
do not corrode appreciably, while if the same articles 
are transported to other localities where the air is 
charged with moisture, corrosion will set in at the 
ordinary intensity. (2) That iron will not corrode 
even in moist air so long as no precipitation of water 
upon it occurs. Among other proofs of this fact 
perhaps the most striking is that steam turbine blades, 
working in superheated steam, are not subject to 
appreciable corrosion in those places at which the 
temperature of the steam, and in consequence that 
of the blades, is high enough to prevent the conden- 
sation of moisture upon them. On the other hand, 
corrosion is set up normally in other parts where the 
blades are exposed to a temperature sufficiently low 
to enable the steam to condense upon them. (3) That 
iron does not corrode in pure water if no air is present. 
The proof of this is the fact that any object of iron or 
steel partly submerged in water will corrode only 
slightly on the submerged part, but will suffer the maxi- 
mum corrosion at the level of the water where it is 
subject to the simultaneo.s action of the oxygen of the 
air and of the water. 

From the foregoing it may be inferred that to 
produce corrosion it is necessary always to have an 
agent which will attack iron—an electrolyte, in fact— 
and oxygen, and in addition free ions of hydrogen. 
Given this conception, both the chemical and electro- 
lytic theories will harmonise perfectly, seeing that the 
former assumes the existence of those elements as 
being derived from an acid, and the electrolytic theory, 
admitting the ionic dissociation, leads to the same 
conclusion. For the water, however pure it may be, 
will always contain a small quantity of free hydrogen 
ions—that is to say, it would always be acid in character 
and action. From this it may be agreed and admitted 
that the process of corrosion is always electro-chemical 
in character, the ionic theory being fundamental for 
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its practical explanation, and in the academic sphere | instantaneously without any lag according to the 


it may be left to the defenders of either theory to discuss 
the precise causes. 
The authors do not propose to discuss fully the merits | 
of the two theories of corrosion, as that would be hardly | 
appropriate for a work of this character, for so much | 
has been written on the subject of corrosion that to | 
present the arguments in favour of or against these | 
theories would fill volumes. As a curious circumstance | 
in this connection it may be mentioned that there is a 
biological theory which has found support in some 
quarters. That is, that corrosion of iron is to be attri- 
buted to certain micro-organisms, but although it is 
beyond doubt that cases of corrosion by organic agents 
have been met with, it does not appear that such agents 
could be nourished on iron. If such a thing were 
possible it would only be by bringing the iron first into 
solution by means of some acid secretion, which brings 
us back to the acid theory. Nevertheless, these curious 
cases have occurred in organic salts of iron, and the 
action of the micro-organisms can only have been that 
of assimilating, not the iron, but the organic base of 
the salt, leaving the iron free in the form of ferrous 
hydroxide, thus exhibiting the phenomena which explain 
the acid and electrolytic theories of corrosion. 
Electrical-Chemical Phenomena.—Between any metal 
and a solution of a salt of the same metal of a known 
ionic concentration, there exists a definite and precise 





reagent which provokes the action—that is, there is 


nothing in the nature of electro-chemical hysteresis. 


On the other hand, there are other cases in which, 
starting from a potential lower than that of equilibrium 
and increasing it by successive increments till it reaches 
and exceeds the equilibrium potential, an immediate 
reversal does not take place, for a higher potential than 
the equilibrium may be reached without anodic solu- 
tion setting in. It will suddenly start after passing a 
zone of difference of potential which varies according 
to the circumstances, this zone forming a regular hiatus 
in which no sensible electro-chemical action takes place. 
In such cases, an over-voltage is necessary to start 
anodic solution, and as soon as it has commenced, the 
speed of solution falls off, in spite of any increase of the 
voltage, until finally a state of passivity is reached. 
One of the most interesting illustrations of this 
effect is afforded by the liberation of atomic hydrogen 
in the cathodic zones of any metal, iron for choice, for 
there then exists the hiatus referred to, and the over- 
voltage is also necessary in order to overcome the 
inertia which causes the electro-chemical hysteresis. 
In the case of every metal this is a function of the 
state of its surface, of its electro-chemical history, of 
the temperature, and of the nature of the cathodic 
surface, the slightest roughness of which renders 
easy the liberation of the hydrogen bubbles and 


TaBLE I,—-ELECTRO-POTENTIALS OF VARIOUS METALS.* 





Metal. Ton. 


Ionic Concentration. 











N. N/10,000. 
| |  -N/10. | N/100. \N/1,000. 
| é 
| | 

| Volt. | Volt Volt Volt | Volt 
Gold aS sy ne ae ..| Ausss | >+0-99(?) | — _ — | —_ 
Platinum. . aes oh oe Pe < eos | +0°86(?) | = ~= — 
Silver = ae an es --| Ag: | +0-7987 +0-741 +0-683 +0°625 | +0-567 
Mercury .. re i ae --| (Hg -)e | +0-7928 +0-764 +0-735 +0-706 | +0°677 
Copper .. rs os aie i: a +0-3469 +0-318 +0-289 t0-260 | +0-231 
(Hydrogen) aie se os oat ae * | +0-000 —0-058 —0-116 —0-174 —0-232 
Lea aie a = ae so) ae —0-132 —0-161 —0-190 —0-219 —0-248 
Tin a en e se ool a2 | —0-146 | —0°175 —0-204 —0-233 —0-262 
Nickel .. <i - ES ae ie; —0-:20 | —0-23 —0-26 —0-29 —0°32 
Cobalt .. oe ae ee eS a | —0-23 —0-26 —0-29 —0-32 | —0°35 
Iron a ah ae a ~-| Fees | —0-34 | —0-37 —0-40 —0-43 —0-46 
Cadmium er ae ed --| Cdee | —0-420 | —0-449 —0-478 —0-507 | —0°536 
Zine se = os me ames —0-770 =| —0-779 —0-828 —0-857 | —0-886 
Aluminium - ahs Py So —1°337 | —1-356 —1:375 | —1-:394 =| —1-°413 
Magnesium (approx.) ..| Mg: —1: | —1°8 -—1:9 —-1:9 | —1-9 
Sodium .. ae os ae «af eee | —2-715 | —2-773 —2-831 —2-889 —2-947 
Potassium on ae ai ora | —2-925 =| —2-983 —3-041 —3-099 —3-157 








* U. R. Evans, Transactions of the Faraday Society, vol. xix, page 797 (1924.) 


potential at which there is equilibrium between both 
agents. That is, that at a certain voltage the metal 
will neither pass from the atomic to the ionic state, 
thus going into solution, nor will the metal that is in 
solution—that is, in the ionic state—deposit as metal 
in the atomic state. These potentials of equilibrium 
differ, as might be expected, from one metal to another, 
and they also vary within the same metal according to 
the ionic concentration, the temperature, the pressure, 
and the condition of the surface. To render these 
potentials not only measurable but comparable, the 
potential of hydrogen is taken as the standard—namely, 
that which exists between platinum saturated with 
hydrogen and an acid solution of normal hydrogen-ion 
concentration at a pressure of one atmosphere. This 
standard of reference serves as zero in the scale of the 
electro-chemical series or electro-potentials of various 
metals. 

Without going too much into detail, attention is 
directed to the accompanying Table I, showing the 
potentials referred to. The table shows that the 
‘** noble ’’ metals occupy the highest position among the 
positive potentials, while the alkali metals are at the 
opposite extreme corresponding to the maximum nega- 
tive potentials. From this it is inferred that the noble 
metals are very easily reducible, for in whatever solution 
they exist they will precipitate, passing from the ionic 
to the atomic state, on being placed in contact with a 





reduces the over-voltage. The presence of a depolariser 
which, like oxygen, will combine with hydrogen will 
have the same effect. In all such cases the removal of 
the hydrogen in the one form or other will reduce the 
hysteresis, and to that extent will cause the electro- 
chemical phenomena to manifest themselves more 
readily. In developing their subject, the authors wish 
to emphasise these characteristics, in view of the 
importance of the question of the corrosion of iron. 

It may be clearly deduced that in order to produce 
the phenomena of corrosion it is essential that the 
electro-potential of hydrogen should be higher than the 
sum of the potential of the iron and the over-voltage 
imposed by the presence of the cathodic zone in which 
the bubbles begin to form. In the contrary case the 
current, and with it the corrosion, ceases. Referring 
again to the table of the electro-chemical series, it 
follows in accordance with what has been stated that 
the electro-potential of the metals which occupy the 
lowest position in the series—that is, the alkali metals 
—is so small in comparison with that of hydrogen that 
their presence in an acid solution provokes the ready 
liberation of hydrogen, whereas in the case of the 
noble metals of a much higher electro-potential than 
that of hydrogen, such a reaction is impossible. : 

Iron, as has been stated, occupies an intermediate 
position in the series, but the fact that its electro- 
potential is considerably lower than that of hydrogen 


metal of lower potential. The alkali metals, on the | explains that the same thing occurs as with the alkali 
other hand, which belong essentially to the group of | metals, though with less intensity ; for the consequent 
metals of high reactivity, when brought into contact | over-voltage and hysteresis which may be caused by the 


with salts of other metals will dissolve readily, passing | : e 
/reduce the anodic solution of the iron—that is, the 


from the atomic to the ionic state. 


presence of cathodic zones in the metal will tend to 


It will be noticed that iron occupies an intermediate | corrosion—if not check it altogether shortly after having 
position in the electro-chemical series, but its potential | set in, on account of the accumulation of bubbles of 
is negative with respect to the hydrogen standard above | atomic hydrogen within such narrowly restricted zones. 
referred to, and its negative character is sufficiently | The cathodic zones referred to may be easily produced 
accentuated. It is, in fact, a metal with a tendency to | by strains in the product, or they may be due to the 
enter into ionic solution, and accordingly is susceptible | presence in the iron of other metals, metalloids, or 


to corrosion if the conditions are favourable. 
The electro-chemical phenomena thus 


| impurities. 
outlined | 


In such circumstances the reaction will continue if 


present features which will now be discussed in detail. | the liberation of hydrogen is facilitated : but, on ys 
In some cases reversibility is almost perfect, that is, if| other hand, the consequent over-voltage and the 


| the potential falls below the value necessary to main- | hysteresis would be so great that passiv 


tain equilibrium, cathodic deposition takes place. If 
it is raised above that value, anodic solution and 
corrosion set in. Both these phenomena proceed 





| stand out with marked characteristics—that is, 


ity would be 


. : . 7 
reached and the corrosive action would cease. ‘hus 


the two types of corrosion which modern theories —_ 
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corrosion with liberation of hydrogen in bubbles and 
corrosion with elimination of cathodic hydrogen by 
means of a depolariser, which in general is oxygen, 
or in special cases may be some other oxidising agent. 
The first implies, nevertheless, a rapid displacement of 
hydrogen which would not take place unless acid 
solutions in contact with iron came into play. That, 
however, does not correspond to the normal process of 
corrosion in the wider sense, which is simply the 
corrosion produced by atmospheric agents under 
ordinary conditions. 

It is this corrosion, in the full sense, and its effects 
which it is necessary to study and, if possible, prevent. 
It is nearly always of the second type indicated above— 
namely, that in which the removal of the hydrogen 
which accumulates in the cathodic zones is brought 
about by its combination with the oxygen of the 
surrounding air. Under such conditions an aeration, 
varying from one zone to another, might, in combina- 
tion with other factors tending to set up corrosion, 
cause the rapid removal of the hydrogen in the aerated 
zones; which, being cathodic, will not be subject to 
corrosion so long as this phenomenon proceeds inten- 
sively and uninterruptedly in the anodic and non- 
aerated zones. This explanation is nevertheless 
incomplete, unless account is taken of the phenomena 
which proceed in the anodic region, which is that of 
corrosion, even when on occasion the deposit formed 
there is of so low a solubility that it covers the anode 
and protects it from further corrosion. 

On the other hand, it is certain that the solution of 
the corrosion product will always leave the anode in a 
suitable condition for further attack. Thus in the 
case of iron and steel, the presence of chlorides stimu- 
lates corrosion in a high degree, for the hydroxide of 
iron readily dissolves in hydrochloric acid. Sometimes 
also the product of corrosion, when deposited upon the 
corroded surface, may become characteristic of the 
various forms of corrosion, for there is a marked 
difference between oxidation in the form of a thin but 
continuous coating, which, when once deposited, 
serves as a protective covering and hinders further 
attack (a typical example is the behaviour of the so- 
called non-oxidising steels) and a deposit of hydroxide 
of iron as a permeable and porous coating. In this 
case the action of the ions in furthering corrosion is 
limited to the pores of the deposited hydroxide, whereas 
the electrons can act on the entire surface of the coating. 
Thus is produced the type of corrosion called pitting, 
for it is only in these restricted zones that anodic 
solution can take place. 

It may be concluded from all this that, in the normal 
atmospheric corrosion of iron and steel, the electro- 
chemical process will be regulated, given an even distri- 
bution of the oxygen, by the electro-potentials of the 
different parts. This point is emphasised, because an 
unequal distribution of oxygen may be of such intense 
influence as to disturb the course of the phenomena in 
question. In the first place, the presence of heterogen- 
eity in the specimen is sufficient to cause corrosion, 
whether it be chemical in character (segregations of 
sulphur or phosphorus, or slag inclusions, presence of 
graphite, oxide inclusions, &c.), or whether of physical 
origin, as may happen with strained materials. In the 
first case, just those zones will be cathodic where 
segregations, inclusions, or impurities are localised, 
and the remainder will be anodic. In the second 
instance, the more strained zones will act as anodes 
and will dissolve, while the annealed or less strained 
zones will be cathodic. 
of the oxygen can, as indicated, completely change, 
or at least obscure, these results, softening the contrast 
which otherwise appears to delimit sharply the anodic 
and cathodic zones. 

Causes of Corrosions.—From the foregoing it may be 
clearly judged that the causes producing corrosion 
are of two distinct types: (1) Those which are inde- 


pendent of the object which suffers corrosion ; (2) Those | 


which are a function of the physical or chemical pro- | 
perties of the object. The first category includes, of | 
course, those causes due to the surrounding medium | 
in which the material happens to be placed, such as | 
the following : (a) Atmospheric conditions in general. | 
(6) Degree of contamination of the air or of the water | 
Y gases such as carbon dioxide, which is very easily | 
dissociated, or sulphur dioxide gas which has a very | 
intensive corrosive action. (c) Stray currents from | 
electric circuits of high potential. (d) Contact with | 
other metals or with ferrous metals of different chemical | 
composition. (e) Faulty design. In the second cate- | 
gory the following causes may be mentioned : (f) Local | 


differences of composition due to non-metallic inclu- | 
sions. 


bodies. 


Means for Moderating the Effects of Corrosion.—-Once 


The unequal distribution | 


(9) Deposits, local or otherwise, of foreign | 
(h) Segregation of metalloids. (i) Internal | 
Stresses or strains. } 
| Then it was recognised that the coal would itself 


| to alter the atmospheric conditions, or to prevent con- 
|tamination of the air by carbon dioxide or sulphur 
| dioxide gases, which necessarily abound in metallur- 
| gical works, on account of the combustion of fuel on 
|a large scale therein. Preventive action can only be 
| taken to meet the cases set forth in three of the above 
| statements, namely, (c) the attack by stray currents 
of high potential ; (d) attack due to the use of metals 
of different chemical composition ; and (e) attack due 
to defects in design. With regard to statements (c) 
and (d), it is difficult to find an efficacious remedy ; 
for example, in the case of the metal supports of the 
transmission lines of high-tension electric current, 
leakages of current, due to defective insulation, are not 
infrequent, and are difficult to prevent. Likewise in 
the manufacture of machinery, contact between different 
metals giving rise to corrosion is inevitable. 

With regard to defective design, it has repeatedly 
been found that, in a steel structure, the main com- 
ponents have for the most part been perfectly calculated 
to withstand the mechanical stresses which they are 
intended to bear, but that by some error certain prin- 
cipal members have been miscalculated, with the result 
that the material in parts is stressed beyond its elastic 
limit. | Under such conditions the parts so stressed, 
which may be very important members of a framework 
are highly liable to corrode even though the remainder 
may remain normal, and thus the stability of the entire 
structure may be impaired. It has happened that the 
whole structure has had to be taken down and replaced 
through failure to recognise this danger. It has also 
happened in the case of a structure perfectly designed 
from the point of view of resistance to the mechanical 
stresses that rain water may accumulate in hollow 
spots and remain a long time without draining off, 
and if such spots are not easily accessible it may not 
be easy to keep them properly painted or remove any 
coating of rust which may have formed on the steel 
structure. All such cases show the importance of the 
study of corrosion from the point of view of safety, 
and how the rusting of a small and insignificant part 
may lead to the destruction of the whole structure. 

Concerning the general atmospheric conditions, it is 
evident that a moist air and persistent exposure to 
rain, with strong aeration, are agents which particularly 
favour corrosion, since both the electrolyte and influence 
of oxygen then come into action. If to these conditions 
be added that of proximity to the sea, bringing with it 
air laden with sodium chloride which increases the 
conductivity of the electrolyte and consequently 
accelerates the corrosion, it will be readily understood 
that the metallurgical works of Vizcaya are unfortu- 
nately exposed to a combination of all the circumstances 
most apt to produce intensive corrosion due to external 
causes. The industrialists of Vizcaya are only too 
well aware of this trouble in their district. Nevertheless, 
since the same disadvantages are prevalent in nearly 
all British and American ironworks, and in many works 
in Germany, it may be said that the trouble is universal 
and is inherent to the conditions under which the metal- 
lurgical industry is carried on. 

With regard to the internal causes which stimulate 
corrosion, it has already been indicated in what direc- 
tion the remedy should be applied in each case. Proper 
heat treatment and mechanical treatment, the elimina- 
| tion of impurities and avoidance of segregations, are the 
| principal objects to aim at to obtain improvement. 
All non-metallic inclusions contained in steel, whether 
gaseous or solid, are impurities and defects which need 
never be present if sufficient care be taken in the manu- 
|facture of the steel, and the same applies to surface 
| deposits of foreign substances. It is undeniable that 
|a suitable heat and mechanical treatment will remove 

strains from steel, and it is equally true that the 

removal of the segregating metalloids, sulphur and 
| phosphorus, particularly sulphur, will improve the 
|rust-resisting qualities of the metal. The authors 
emphasise with genuine satisfaction, both as Spaniards 
|and as promoters of knowledge on this subject, that 
their metallurgical works are fully equipped with all 
the elements of precision for the study of any problem 
which may arise within this field. 











SPONTANEOUS COMBUSTION 
COAL. 


More than half a century’s research on the spon- 
taneous combustion of coal leaves little doubt about 
the cause of the evil, but does not yet afford much 

uidance regarding its cure. The term spontaneous 
combustion of coal is certainly justified in a wider 
sense than was at first assumed. For a long time it 
was believed that it required the presence in the coal 
of pyrites, to start an oxidation process that would 
locally heat the coal sufficiently for combustion. 


OF 


the causes producing corrosion are known, it becomes| heat up by the absorption of oxygen, even in the 
Possible to consider the remedies that may be applied | absence of oxidisable minerals and at ordinary tem- 
to avoid it or restrict it within limits. Concentrating | perature, and the search was concentrated on the par- 


first on the external causes, it is outsi 


de our power | ticular constituents of coal which would favour com- 








bustion. A careful inquiry into the very large number 
of papers and monographs on the subject has led the 
United States Bureau of Mines to the conclusion that 
all bituminous coal is liable to spontaneous combustion, 
and that the physical condition of the coal is, in this 
respect, probably of greater importance than its 
chemical composition. That conclusion may reason- 
ably be accepted, and the actual problem remaining is 
how to store coal, and especially the iower grades of 
coal, so that spontaneous combustion may be pre- 
vented. Unfortunately the sub-bituminous coals require 
more care in this connection than the high-grade coking 
coals, which are more carefully handled owing to their 
higher value; the anthracites are practically free from 
tendency to spontaneous combustion. 

The generality of the conclusion, that only anthra- 
cites are practically exempt from risks of spontaneous 
overheating, does not deprive researches on this class 
of their value. The direct object of many researches 
by chemists and engineers of Europe and America has 
been the determination of the constitution of coal, a 
problem the solution of which is indispensable for a 
really rational treatment of coal and the full economic 
utilisation of our fuels. Under exceptional conditions 
coal may burn underground; oxidation and slow loss 
of value certainly begin as soon as the coal is mined. 
Messrs. J. D. Davis and D. A. Reynolds, the authors 
of Technical Paper, No. 409,* issued by the Bureau 
and dealing with this subject, consider with others that 
the process of spontaneous heating takes place in two 
stages. In the first stage oxygen is absorbed by the 
freshly-broken coal exposed to the air, even at ordinary 
temperature, and the weight of the coal increases, 
though that increase may be masked by the loss of 
moisture and of methane and other occluded gas 
which the disintegration of the lumps of coal facili- 
tates. The oxygen is bound to compounds, and 
some heat is evolved. As the temperature rises, 
chemical decomposition of the compounds formed 
into carbon dioxide and monoxide and water become 
more marked. 

With Appalachian coal this second stage, during 
which the rate of temperature rise is much more rapid, 
sets in at about 85 deg. F.; complete decomposition 
is observed near 445 deg. F. But these temperatures, 
and especially the former, are not definite critical 
temperatures. Ina finer coal and with more abundant 
air supply the second stage will start at a lower tem- 
perature. In a storage pile the heating usually begins 
in fine coal at a point about 6 ft. from the surface. If 
combustion ultimately develops at this point, the 
temperature at that point may be regarded as critical ; 
but it will only be so for the particular conditions, and 
the critical temperature may be higher or lower at 
other points. For that reason, comparative laboratory 
tests of critical temperatures are of value only if 
conducted under similar conditions of fineness, moisture 
contents, length of previous exposure, &c. A high- 
grade steam coal, for instance, shown to be insensitive 
in the laboratory, was found to heat, when stored 
adjacent to a gas coal which did not heat, although the 
laboratory test had shown it to besensitive. The reason 
was that the steam coal was very friable and gave a 
large amount of fines when handled, whilst the gas coal, 
though inherently oxidising more rapidly, was less 
friable. Slow oxidation over long periods (weathering) 
converts the coal largely into ulmins (or humins) which 
have less affinity for oxygen than the original coal, 
whilst natural ulmins have a pronounced affinity for 
oxygen. The coking power decreases as ulmins are 
formed, and this applies particularly to low-grade coals. 

Finely-divided pyrites and possibly also other sul- 
phides and organic sulphur compounds increase the 
tendency to heating, and coals containing finely divided 
pyrites should not be stored. Some other chemicals 
like alkalis come into question chiefly because they are 
used for extracting the resins from coal. Their 
influence and that of certain bacteria and of ferrous 
sulphate cannot be of importance; soda and caustic 
lime retard the oxidation. It is doubtful whether 
oxygen enters into the reactions as ozone. As regards 
moisture, opinions differ. If the wetting of the coal 
could be limited to portions where spontaneous heating 
might otherwise occur, it would be beneficial. But it 
may prevent the ventilation which is required to cool 
the coal. The problem is really to store the coal and 
to break it up and ventilate it in such a way, that the 
air supply and the surfaces are sufficient to dissipate 
the heat arising from spontaneous combustion without 
promoting oxidation. The practice of heaping the coal 
round iron rods and then removing the rods to produce 
ventilation channelsisrisky. The danger of combustion 
is greatest generally within the first two or three 
months of storing. Segregation of fine coal and the 
presence of foreign matter should be avoided. The 
Bureau of Mines is making use of isothermal methods 
and adiabatic calorimeters in studying the temperature 


changes. 


* Government Printing Office, Washington, D.C., 
U.S.A. [Price 30 cents.] 
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CRAWSHAW’S CHEMICAL DE-GREASING APPARATUS. 
Fig. 7. 
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AUTOMATIC CHEMICAL DE- 
GREASING PLANT. 


In the course of the manufacture of many of the 
parts used in engineering work it becomes necessary to 
remove all traces of oil and grease in order to render | 
them suitable for such further treatment as grinding, 
enamelling, or lacquering. It is also an advantage for 
the output of automatic machines to be cleaned before 
it is passed tothe assembly benches. For fine gauging, | 


too, such treatment may be absolutely essential, to| 


render the working surfaces free from extraneous matter, 
and it has also been found that a considerable saving 
in the wear of carborundum wheels can be effected by 
rendering the parts clean and dry before grinding. 
During reconditioning also a process whereby such parts 
as wheels and axles and gearing can be rapidly cleaned 
before examination is an advantage. Finally, such clean- 
ing is important when renewal takes the form of build- 
ing up a worn part by electro-deposition, since, before 
this can be effected, it is necessary that the surfaces 
to be operated on shall be chemically clean. In the past 
this cleansing has generally been effected by some 
form of wet washing. This, however, besides being 
objectionable from the labour point of view, results 
in the gradual contamination of the solvent by the 
dissolved grease and dirt, with the result that, when the 
solvent dries off the article treated, an appreciable 
quantity of dirty grease remains on the surfaces it is 
desired to work on. This applies equally whether 
caustic, trichlorethylene sprays or petrol are used. Any 
method of degreasing which tends to improvement 
in labour conditions, as well as to give greater economy 
and efficiency, is therefore well worth considering, and 
for that reason we give below a short description of an 
apparatus which, it is claimed, eliminates the above 
disadvantages and renders the surfaces treated abso- 
lutely free from grease, both quickly and cheaply. 

This apparatus, which is known as Crawshaw’s 
Chemical Colander, is owned by Messrs. the Castner- 
Kellner Alkali Company, Limited, a subsidiary company 
of Messrs. Imperial Chemical Industries, Limited, Nobel 
House, Buckingham-gate, S.W.1. The construction of 
one form of this apparatus is shown in Fig. 1, and its 
appearance is illustrated by the photograph reproduced 
in Fig. 2. 

As will be seen, the apparatus consists essentially of 
a galvanised-iron container with a hinged lid. This 
lid carries a condensing coil, C, through which cold 
water flows. The bottom of the container is provided 
with a sump, E, in which is placed a supply of a special 
chemical solvent, known as Crawshawpol. Above this 
sump is a second condensing coil, B, which, like the 
upper one, is connected to the water main through a 
three-way cock A, so that the flow can be changed over 
from one coil to the other. The articles to be treated 
are placed on the grid F. At starting the chemical 
solvent, the boiling point of which is about 187 deg. F., is 
heated by the Bunsen burner, D, or bysome alternative 
method, such as steam, electricity or paraffin, the tap A 
being turned so that water flows through the lower coil 
B. As the solvent boils, vapour is given off, which con- 
denses against this coil and falls back into the sump, so 
that loss while the container is being loaded is avoided. 
When the loading is finished, the lid is closed and the 
cock is turned so that the water flows through the 


upper coil, C. The vapour from the chemical solvent 


is, therefore, able to rise to the top of the container. 
As it does so, some of it condenses on the articles 





|on the tray in passing and 
| starts the dissolution of the 
|grease. The remainder is 
|condensed by the coil C 
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and falls back in a steady 
shower, thus completing the 
remova of the grease. A 
mixture of oil, grease and 
solvent is therefore carried 
back into the sump, but 
since the boiling point of 
the solvent is considerably 
| lower than that of the oil, only the former is vaporised, 
so that the washing process continues to be effected 
| with absolutely clean solvent. The cycle of operations 
| we have described proceeds until the grease is com- 
pletely removed, the actual time taken to effect this 
naturally depending on the condition and nature of the 
articles under treatment. When the cleansing is 
finished, the water supply is switched over from the 
upper to the lower coil, thus enabling the vapour to be 
retained in the lower portion of the cleaner and prevent- 
ing loss. There is no necessity to shut off the heat 
between loadings, unless the interval is considerable. 
' When removed, the articles are not only clean but dry, 
being, the manufacturers claim, entirely free from grease 
in the chemical sense. It will be seen that the operation 
|of the plant is automatic, except for loading and 
| unloading, and that no power is required. 

| It may be added that the chemical solvent used is 
| neutral as regards its action on metals, and is non- 
| inflammable, so that it offers considerable advantages 
over the materials, such as acids, caustics, petrol, 
benzine and paraffin, which are often used for this 
purpose. It also gives rise to less waste, with the 
result that, though its first cost is higher, the operat- 
ing cost is less. The actual consumption varies 
with the class and nature of the work, but with certain 
loads under ordinary working conditions we are informed 
| that the amount used is about 0-6 gallon per ton of 
| parts, and the reduction in labour is of the order of 
| 75 per cent. 


| 
| 
| 
| 
| 
| 
| 











CATALOGUES. 


Electric Trucks.—A catalogue of trucks, tractors and 
small locomotives, all electrically propelled, is to hand 
from Messrs. Greenwood and Batley, Limited, Leeds. 
Trailers, charging sets and batteries are also shown. 


Telegraphs.—The Automatic Telephone Manufacturing 
Company, Limited, Milton-road, Edge-lane, Liverpool, 
have sent us a catalogue of a universal duplex telegraph 
unit, with full technical description and illustrations. 


Aero Engines.—A description of all the principal 
parts, with separate illustrations, of the Jupiter radial 
air-cooled aero engine has been issued, in pamphlet 
form, by the makers, the Bristol Aeroplane Company, 
Limited, Filton, Bristol. 

Rolled Non-Ferrous Metals.—-A catalogue of precision 
rolled metals, in copper, brass, phosphor bronze, and those 
alloys known as dipping, gilding and cartridge metals, 
is to hand from Messrs. J. F. Ratcliff, Limited, New 
Sumner-street, Birmingham. 

Condensers.—A pamphlet explaining the construction 
and effects of their regenerative condenser, issued by 
Messrs. G. and J. Weir, Limited, Cathcart, Glasgow, will 








be found of interest to all power-plant engineers, and 
especially to marine engineers. 

Oil Cans.—Messrs. Joseph Kaye and Sons, Limited, | 
Leeds, have issued a new edition of their catalogue ! 
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of oil cans, showing a great variety of these appliances 
for all purposes with the related equipment of fillers, 
economiser tanks, pumps, &c. 

Ore-Milling Machinery.—Two pamphlets dealing with 
convertible-discharge ball mills, and with elevators 
belt conveyors and screens. are to hand from Messrs. 
Head, Wrightson and Company, Limited, Thornaby- 
on-Tees, containing useful technical information. 

Cable Tester.—We have received a catalogue describing 
a high-tension direct-current localising bridge for 
determining the location of faults in high-tension cables, 
with a priced list of the complete equipment, made 
by Messrs. British Insulated Cables, Limited, Prescot, 
Lanes. 

Locomotive Cranes.—Messrs. Thomas Smith and Sons, 
(Rodley), Leeds, have issued a catalogue of the parts 
of their locomotive steam cranes, with illustrations of 
each part and full dimensions for convenience in ordering 
duplicates. The cranes are of the jib type with vertical 
boilers. 

Fans.—The Sturtevant Engineering Company, Limited, 
147, Queen Victoria-street, London, E.C.4, have sent us 
a copy of their catalogue of steel-plate multivane fans 
and heavy steel fans. The latter are specially adapted 
for high pressures and temperatures, as well as for 
corrosive air or gases. 

Steel Castings.—Messrs. Bessler, Waechter and Com- 
pany, Limited, Salisbury House, Finsbury-circus, London, 
E.C.2, have sent us a pamphlet illustrating numerous 
examples of heavy steel castings produced by the Nether- 
lands Steel Works, and including a number of views otf 
their works at Utrecht. 

Steam Pumps.—Two catalogues of Davidson direct- 
acting steam pumps are to hand from the makers, Messrs. 
Sir W. H. Bailey and Company, Limited, Salford, Man- 
chester. These pumps are largely used for feed, air, 
bilge and circulating work on naval and merchantile 
ships, as well as in power stations, mines, &c. 

Retorts.—A descriptive catalogue of the intermittent 
vertical-chamber system of carbonising has been issued 
by the Woodall-Duckham Vertical Retort and Oven 
Construction Company (1920), Limited, 136, Victoria- 
street, London, S.W.1. The system is an alternative 
to the continuous system to suit certain local conditions. 








WestLanp ArRcRAFT Socrety.—The annual report 
and lecture syllabus for the first half of the session 
1928-29 of the Yeovil Branch of the Royal Aeronautical 
Society, has just come to hand. The membership of the 
society increased during the past year from 117 to 17+. 
Thirteen lectures were held, three films were shown, and 
a test examination was set in March for prospective 
ground engineers, while, more recently, eoaching classes 
have been arranged to assist those members who are 
desirous of improving their positions by securing ground- 
licences. The present syllabus contal! 
ytan 
by 


engineers’ 
24 items, which include a number of lectures on imp 
aeronautical and closely allied subjects, to be given 
prominent authorities, two instructional films on aer 
engine construction testing, &c., and a visit to the works 
of Messrs. The Whitehead Torpedo Company, Limit 1, at 
Weymouth. 
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THE POSSIBLE APPLICATION OF 
HIGH-FREQUENCY POWER TO 
ELECTRIC TRACTION.* 

By Proressor W. Cramp, D.Sc. 

ELECTRICAL power for traction may be provided either 
by batteries on the vehicles, or by direct conduction 
from overhead wires or a third rail. The absence of a 
satisfactory accumulator has left the second method 
without a rival, so that railways, trams and trackless 
vehicles all depend upon direct conduction. This, in 
turn, means that sliding contacts, with all their obvious 
limitations and disadvantages, are an essential of any 
traction system. Yet electrical power may easily be 
transmitted by induction, so that it should be possible 
to avoid sliding contacts. Of course, transmission by 
induction involves the use of alternating-currents, and 
the alternating-current motor is not ideal for traction 
purposes. But the elimination of all sliding contacts 
would certainly outweigh the disadvantages of the 
motors. Again, alternating-current transmission would 
lead to interference with neighbouring telephones and 
telegraphs if ordinary frequencies were used, so that 
the choice of a suitable periodicity is a matter of 
importance. 

As long ago as 1896, Ayrton and Perry proposed 
a traction system in which induction replaced the 
sliding contact. The idea is illustrated in Fig. 1. 
Laid between the track rails was a channel made of 
iron stampings, in which a conductor P was placed, 
carrying alternating current at ordinary supply frequen- 
cies so as to form the primary of a transformer. The 
vehicle carried a group of stampings wound with a 
secondary S, which supplied the power to the motors. 
Stampings were actually made, wound and tested by 


Fig. 2. | 125 Gms) 


frequency, instead of varying inductance, the scheme 
would be simplified. This would entail a _high- 
frequency generator or converter, delivering power at 
a frequency determined by the circuit constants. 
Such a generator is already to hand in the Poulsen arc, 


for within wide limits of the ratio \/ ne and except 


for small variations due to are length and resistance, 
the oscillation frequency is substantially determined by 
the natural period of the circuit, and resonance is 
automatically maintained. If, in addition, we can 
rectify a current of such high frequency, ordinary 
direct-current motors can be used on the vehicle. 

Now, for ordinary frequencies, the arc rectifier has 
been developed into a commercial success, and already 
feeds traction systems. Can it be used for frequencies 
of 20,000 and upwards? If so, then the system is 
reduced to the following : 

At the generating end, a direct-current supply feeding 
a Poulsen are, which in turn supplies a pair of over- 
head strips or tubes. On the vehicle, a pair of tubes 
parallel with the overhead system feeding direct-current 
equipment through an arc rectifier. 

Three questions require answers : 

(1) Can an overhead system of the type proposed act 
as an efficient power transformer ? 

(2) Can the Poulsen are be developed into a reliable 
and efficient generator for these purposes ? 

(3) Will an are rectifier operate at frequencies of 
20,000 and upwards ? 

To these three questions a team of research students 
have been devoting themselves at Birmingham Uni- 
versity, and although the work is far from complete, 





sufficient information is available to make a statement 
of interest. 





Fig.1. SECTION OF PERRY'S 
TRAMWAY 
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Professor Mather, but the inherent power factor was 
so low that the scheme was commercially impracticable, 
and had to be abandoned. 

In 1922, M. Maurice Leblanc revived the idea in a 
very different form. He saw the trouble that was 
likely to arise from telephone interference, and proposed 
a frequency of 20,000 cycles per second. A pair of 
insulated conductors of special design was to be sus- 
pended over the track, fed from one end and closed at 
the other, forming a single-turn primary. The secondary 
was to be a loop carried on the top of the trains (Fig. 2). 
Both primary and secondary were to be tuned to 20,000 
cycles. This involved constructing the primary loop 
of a series of concentric insulated tubes, forming con- 
densers in series, while on the secondary side resonance 
was to be maintained as the load varied by automatic 
variometer control. The overhead line was to be fed 
from a high-voltage direct-current system through a 
three-electrode ionic high-frequency generator, while 
on the train, similar ionic tubes were to be used to 
reduce the single-phase high-frequency secondary 
current to three-phase low-frequency current. The 
motor control was neatly arranged by detuning, and 
bn transformed frequency could also be varied by the 

river. 

This proposal certainly is to be commended on 
account of its great ingenuity, but, as a practicable 
System, it seems doomed to failure. An overhead line 
made up of tubular condensers is alone enough to 





condenin it, but when the space required by the 
apparatus on the train is considered, on the basis of 
present-day are-rectifier design, the idea appears to be 
utterly impossible. It would be possible to eliminate 





| 
| 
the unmechanical construction of the overhead line by | 
making the conductors tubular, or even stranded, and | 
then dividing them into sections of equal length | 
coupled by condensers, but the necessity for the ionic | 
tubes and resonance-maintaining gear on the vehicle 
still remains. | 
It occurred to the author, four years ago, that if | 
Constant resonance were maintained by varying | 
err —— before Section G of the British Associa- 
: ne G —. on Tuesday, September 11, 1928. 
an i - de VAcademie des Sciences, July 24, 1922; 


trical Review, vol. xci, September 15, 1922. 


| for the present purpose, there is a practical advantage 
| in tuning one circuit only. 


Fig.3 VECTOR DIAGRAM 
OF RESONANT CIRCUITS 
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It is necessary first to understand the consequences 
of working with resonant circuits. 

Let V be the vector PD supplied at frequency f 
across the primary of a transformer having an air 
core. 

Let R, and R, be the whole resistance in the primary 
and secondary circuits, respectively. Similarly :— 

Let X, and X, be the Maxwell inductive reactances 
of the primary and secondary, and let X be the 
Maxwell mutual reactance. 

Also, let S, and S, be the capacity reactances in the 
primary and secondary circuits, respectively. 

Then the two fundamental equations with sinusvidal 
wave: 

V=1, {R, +7 (X,-Sp)p+j LX 
and 


O =I, {R, + 7 (X_— 8:)} +7/LX 


lead to the solution 
R, X? ee ' 
R*, (As — S2)? ida bcs 


V=1, [R, + 
x? is — So) }] 


R®, + (X; — 8, 

Thus if V and I, are always to be in phase, either 
X,=S, and X,=S,; or S, and S, must be so 
adjusted that 

x" (se — Be) 

R?, + (X, — S,)?” 

This might be accomplished, for instance, with S, = 

O and 


Sim = 


S, = {X, — X? X, / (R*, + X*,)}. 
the whole of the capacity being on the supply side. 
If the first method be adopted the final result is : 


- X? R, R 
y Se [R, x |: J I, [ Aa 7 %] - (1) 


x 
and 
j1,X 
oa (2) 


The second method (S, = O) is not so good, although, 


The equations are : 
V = —I,(X, —j R.){ — *. | 
} os ?|.X 7 R+ x, 
~REG+sBa 
I, ‘geass R?, + Cr 
Equations (1) and (2) show that 
(a) The primary current and voltage are always 


i? (3) 


(4) 


leading the secondary current by ->. 


(b) Smee R, must be relatively small for high 
efficiency, an increase of secondary current can only 
be obtained by an increase of primary volts. 

(c) Constant secondary induced e.m.f. 
constant primary current. 

Thus this variable-frequency system transforms 
constant primary current with variable primary volt- 
age into constant secondary voltage and variable 
current, very much like a quarter wave-length trans- 
mission line. The vector diagram is given in Fig. 3. 

Equations (3) and (4) show a very similar result, 
but the secondary current now lags behind the 
secondary induced voltage. From these considera- 
tions it follows that the overhead line, and therefore 
the arc generator, must deliver a constant current 
with varying pressure. Since it is desirable that the ratio 
of high-frequency current to direct current in the are 
should remain constant, the whole system will best 
be fed from a constant-current direct-current generator. 
The Thury transmission shows that this entails no 
insuperable difficulty, especially since the very great 
pressures which Thury adopted will not here be re- 
quired. This leads at once to the first question: Can 
an overhead system, when fed with high-frequency 
constant current from an arc, act in conjunction with 
a suitable moving secondary as an efficient power 
transformer ? 

In order to give a definite answer to this question, 
an Elwell-Poulsen arc of 3-4 kw. capacity was arranged 
as shown in Fig. 4. The primary and secondary loops 
each consisted of a pair of copper tubes of 1-9 cms. 
radius. These were suspended from the laboratory 
ceiling in two horizontal planes. The primary pair 
was uppermost, and the secondary was exactly similar 
to the primary, parallel to it, and 21 cms. below. 
The horizontal distance between the conductors of 
either loop was 125 cms., and the length of each 
loop was 22-2 m., so that the whole arrangement 
corresponded roughly with Fig. 2. 

The diagram, Fig. 4, shows a series tuning inductance 
in the primary, which was included so that the frequency 
could be altered from 20,000 to 67,500 cycles per 
second. The primary current was kept constant 
for each test, the load being varied. It is not possible 
here to give the whole of the results obtained, which 
were entirely consistent, but Table | shows the 
transmission efficiencies at the maximum load for 


involves 


TABLE I. 

Primary | Load eee” itd | 

Current, /Frequency. Watts. transmission, | H. 

Amps. | | per cent. 

1 | 2 3 oie Se 2 
20-6 19,700 1,030 88 | 2,440 
20-6 28,000 800 91 1,790 
14-2 42,000 800 91 2,340 
14-2 52,700 1,290 93-5 2,800 
12°3 67,500 970 94-1 1,940 








each frequency. At the same time, measurements 
were taken to enable the efficiency of the arc generator 
plus the transmission to be checked, and this figure 
is referred to later. 

It will be seen that the transformer efficiency is 
very good, and is improved with increase of frequency. 
It is probable that at 100,000 cycles per second it would 
be in the neighbourhood of 98 per cent., even for this 
small set, and from the point of view of transmission 
nothing more can be desired. Indeed the detail 
figures of the tests prove that losses due to dielectric 
hysteresis, condenser leakage, corona, radiation and 
eddies in neighbouring metal are relatively small. 
This is the more unexpected since the tubular loops 
were suspended only about 2 ft. 6 in. from the labora- 
tory ceiling, which is a ferro-concrete construction with 
heavy steel joists parallel to and across the loops. 
Provided, therefore, that the clearance between the 
conductors and the top of a vehicle is large compared 
with the distance between primary and secondary, 
troubles due to eddies in the vehicle ironwork are 
unlikely. 

The second question is more difficult to answer. 
Attention has already been called to the fact that a 
constant current supply is desirable, and all the tests 
indicate that this condition is very favourable to the 
Poulsen arc. It conduces to steadiness in working, 
but the field-magnet exciting current should increase 
as the voltage rises, so probably this circuit will be 
best arranged as a shunt from the direct-current 





supply. Usually it is in series in the main circuit. 








aude ——s eNGINSERISS. _ 


[OcT. 26, 1928. 








The overall efficiency of the arc, plus transmission, was | showed the hopelessness of this plan, and experiments 
not very good, and in the tests referred to did not | were put in hand to ascertain whether a mercury arc 
exceed 27-6 per cent. This is not hopelessly low, | would rectify at high frequencies. For this purpose, an 
considering that the system includes conversion and | ordinary single-phase glass-bulb mercury rectifier was 
transformation, and that the maximum power delivered | connected with its anodes across a secondary wound 
was only about 1-3 kw. But the remedy is evident | around the tuning inductance. The cathode was joined 
from the tests. In col. 5 of Table I, the quantity H | to the mid point of these turns through a load and 
is the number of watts carried away by the cooling | moving-coil ammeter. Preliminary experiments had 
water. It represents by far the largest loss in the| already shown that the bulb rectified satisfactorily 
system, and it is a loss which takes place in the arc.|from 30 up to 1,000 p.p.s. By the arrangement 
But this is not all, as the heat carried away by the | described, the frequency could be raised to 107,000 p.p.s. 
water is not the whole of the energy that escapes as | and the rectifier was found to operate up to this extreme 
heat from the arc. Radiation, conduction and con-| limit. It would seem, therefore, that there will be no 
vection, account for a loss not included in H. To} insuperable difficulty in applying to high-frequency 
arrive at an estimate of the total loss from the arc, | transmission the ordinary mercury-arc rectifier. The 
tests were made of the ratio of the heat absorbed by | only trouble experienced so far is in connection with the 
the water to the total heat generated in the arc when | maintenance of the arc. This is due not so much to 
worked with no oscillatory circuit. The average | the rectifier as to the generator, which is always some- 
value of this ratio, in 12 tests, was 0-69. Thus the | what irregular in its working. Any variation is very 
figure in column 5, is only 70 per cent. of the total heat | liable to extinguish both rectifier and generator, and 
loss in the arc. though the latter automatically restarts, it was not 

Now equations (1) and (2) give a very simple expres- | easy to restart the rectifier bulb by a tapping from the 
sion for the are efficiency. Let us assume—since it is | high-frequency circuit to the starting anode. In the 
very nearly true—that the resistance losses in the | end it appeared to be more satisfactory to maintain the 
overhead tubes are small. Then R, is the equivalent | bulb in operation by means of a small constant main- 
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resistance of the arc, and R, that of the load, and | 


the maximum possible efficiency is given by :— ¢ 


| | 
| | 


n =12R, / VI, = X? / (R, Ry + X*) — 
Taking the first line of the table :— | 5 
X = 2, R, = 1-37, R, =7 | Load a | 
.*. 7 = 0-294 = 29-4 per cent. 
The actual copper losses in the tubes were, in this | (e370) 


instance, 136 watts, or approximately 3-25 per cent. 
of the input. Thus the overall efficiency would be 
26-15 per cent., as against 24-5 per cent. measured, 
the difference of 1 -65 per cent. being due to stray losses. 
Now the equivalent resistance of the arc, Rg, is not 
constant; it rises slowly as V/I; increases. This is 
exemplified in Table II, which is worked out from the 
same test at 19,700 cycles. 














taining current fed to the starting anode. Difficulties 
like these have been experienced and overcome in the 
case of ordinary frequencies, and there is no reason to 
suppose that they cannot be similarly surmounted 
when the frequency is a thousand times greater. 

It is hardly too much to conclude, therefore, that the 
system proposed, although at present undeveloped and 
crude, can be made into an efficient commercial arrange- 
ment for the purposes of electric traction if the absence 
of a rubbing contact and the simple control mechanism 
| on the vehicle are advantages sufficient to make it 
~ pa ine io Ment worth while. 

Raohms..| 6:5 | 6°65) 6-6 | 6-85 In presenting this summary, acknowledgments are 
due to Messrs. H. S. Turton, D. Sayers, C. J. Garrard 
Rie . ‘ who carried out most of the experiments; to the 
aot in Rei nt quite egal, bonus Muah | Deparment. of Siento and India Renn 
: : who have given maintenance grants to some of the 
current ; but the tendency is ou and - rma by workers; to the Royal Society, for a contribution 
every test. To raise the arc efficiency, therefore, all| towards the cost of the arc; and to the Muntz Metal 
age “Nee & lie — heey pe agedhorse | Company, Limited, who lent the copper tubes. 
the frequency, or by increasing the coefficient of mutual | 
induction. Therefore, the overall efficiency should rise} Drrecrory or THE ENGINEERING, HARDWARE, AND 
with the frequency. This is proved by the tests. For : _—_ —_ — seg ol att power y - —_ 
eat Feary ee —_ 6 irectory of the ineering, Hardware, a Ol 
at f — 19,700 it is 24-5 per cent., and for f = 67,500 | ame j Mrlinsg, ar eg Some and Wales, has lately 
it becomes 27-5 per cent. Suppose that instead of a b blished by M Kelly's Directories. Limited 
* % dar loo we use two turns. Then, for f = een pu Dlushe Vy a ’ elly 8 5 irectories, imite ’ 
single secondary loop A | 186, Strand, London, W.C.2. The volume contains the 
19,700, X = 4 and » = 62-5 per cent., instead of | names of merchants and manufacturers engaged in the 
29 -4 per cent. various branches of the trades indicated in the somewhat 

It is clear, therefore, tat as regards efficiency the | lengthy title. The directory is divided up into a number 
arc can be made satisfactory. As regards reli- | of sections, comprising alphabetical classifications of 
ability, much experience has already been gained | trades in the towns and villages of each county of England, 
in connection with the large radio installations. | y otland and Wales, end s similar classification for the 
Ares have been built for an output of 1,000 kw. and | sondon postal district. Needless to say, the counties in 

2 — “ ee the various sections and the names of the localities in each 
work satisfactorily, so that the position is distinctly | county are also arranged in alphabetical order. Three 
hopeful. ; On the other hand, Le Blanc claimed & Very | special sections are included at the end of the work, 
high efficiency for his ionic generator, and it is possible | namely, an alphabetical list of manufacturers of iron and 
that this type might be more suitable, although so far | steel sections, together with the sizes and nature of the 
no tests have been published. | rolled material; a list of proprietary articles and trade 


. : oh she cing | names; and a list of the various brands adopted by 
The third question concerns the possibility of making | manufacturers for their iron and steel products. The work 


use of high-frequency currents for driving traction | }.5 been thoroughly n ag , 

i Pose . | ; ghly revised and is in every way up 
motors, and it was thought that it might be possible to | to the standard set by previous editions ; it is completed 
develop a series type of motor fed with high-frequency | by a number of excellent indices. Strongly bound in 
current direct. However, an analysis of the conditions | cloth, the price is 45s. net, post free. 
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HEATING AND VOLATILISATION By 
HEAVY ELECTRIC CURRENTS, 


Tue heating and volatilisation or atomisation of 
electric conductors and semi-conductors, by passing 
momentary powerful electric discharges through them, 
gives rise to very striking effects which, so far, have 
found only a very limited application, mainly in spectro- 
scopic research and for instantaneous illumination. A 
valuable contribution to the study of these effects has 
been made by Messrs. H. Nagoska and T. Futagami in 
No. 150 of the Scientific Papers of the Institute of 
Physical and Chemical Research, Tokyo, under the 
title ‘‘ Electric Explosions.”” The condenser these in- 
vestigators use consists of glass plates to which lead 
foil is applied by means of Bakelite. Trouble was 
experienced with tin foil and with other adhesives, and 
it was found necessary to bring the lead foil into con- 
tact, and not to use only one lead foil sheet between 
two glass plates. The condenser was charged to 40 ky. 
from a transformer fed with 200-volt alternating cur- 
rents at 40 cycles, rectified by a 100-kv. kenotron 
tube. 

When such currents were passed through wires, meta] 
particles were shot off radially in all directions. With 
iron and manganese wires, the luminosity of the vapour 
cloud was higher than with copper wires, owing to the 
oxidation of the scattered particles. Manganese ribbon 
showed greater luminosity at the positive than at the 
negative end. It proved difficult to force the discharge 
through a wire bent to a circle, owing to the reactance 
of the circuit, especially in strong magnetic fields; 
when the discharge did pass, the velocity of the 
particles was high. Incomplete volatilisation was 
observed with wires too long or too thick for the par- 
ticular currents. A silver wire, 0-1 mm. thick and 
1m. long, appeared to be covered with diffuse luminous 
beads, separated by longer, darker portions, while a 
manganese wire, 0:25 mm. in diameter, also 1 m. in 
length, produced a multitude of long, very fine threads, 
which were bent into parabolic paths by gravity. Tex- 
tile fibres, impregnated with salts, exhibited the pheno- 
mena of wires to a lesser degree. A thread soaked 
with potassium nitrate solution exploded violently, but 
a thread of sodium chloride did not explode. Long 
thin threads soaked with copper sulphate, were charred 
in spots separated mostly by several centimetres of 
unaffected fibre. Capillary threads of mercury in thin 
glass tubes exploded, but produced small vapour 
clouds, while liquid jets of mercury showed intense 
luminosity. 

That the heating of the wires was not instantaneous 
was proved by experiments with moving photo- 
graphic films and with a kinematograph. An iron wire, 
0-4 mm. in diameter, first showed a series of small 
luminous spots ; from these faint luminous threads 
started, which, after a few thousandths of a second, 
burst into crowded bright arcs, fading away after a 
few tenths of a second. A kinematograph shutter for 
minimum exposures of 1/70,000 second was con- 
structed from perforated aluminium sheets; the film 
was coiled on an aluminium drum rotated at a cir- 
cumferential speed of 100 m. per second. The photo- 
graphs thus obtained showed that the luminous 
discharge generally starts from a few points only. A 
very fine tungsten filament seemed to volatilise with- 
out previous melting. This was also the case with a 
lead wire, although lead has low melting and_ boiling 
points; both these points are, of course, very high in 
the case of tungsten. 

Experiments were also made in oil, the thin wire 
being mounted in transformer oil enclosed in a steel 
bomb. Violent explosions, particularly of iron wires 
and mercury jets, were observed, causing the bomb to 
swing dangerously when suspended by two ropes. 
These experiments were conducted at Berlin, under 
Miethe and Stammreich, who were then trying to effect 
the transmutation of elements by means of electric 
discharges of very high intensity. No indication of 
any transmutation when using currents of 10° amperes 
per square centimetre was obtained with thin wires 
or threads (in glass capillaries) of pure iron, silver, 
aluminium, magnesium, silicon, zinc, tin, and bismuth. 
Thin pianoforte wires, under these conditions, gave 
indications of some oxidation, possibly due to a pre- 
vious absorption of CO by the iron, and of traces of 
calcium, possibly from the insulating tube of porce- 
lain. Much time was spent upon the transmutation 
of mercury, but no trace of gold was discovered. 








New ZEALAND Imports or Motor VEHICTES.- -An 
analysis of the imports of motor vehicles into New 
Zealand during the first six months of this year has been 
prepared by the Department of Overseas ‘rade, 
35, Old Queen-street, London, S8.W.1, from information 
furnished by His Majesty’s Trade Commissioners’ o!iice 
at Wellington, and issued to firms whose names are 
entered on its special register. United Kingdom ‘rms 
desirous of receiving a copy should communicate ¥ ith 
the department at the above address, when reference 





number A.X. 6933 should be quoted. 
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THE APULIAN AQUEDUCT. | 
(Continued from page 224.) | 


BrFORE passing on to a description of the great | 
Leccese syphon, which, as already explained, forms a | 
continuation of. the principal canal beyond Villa | 
Castelli, reference may be made to the construction | 
of the canal on approximately level ground, and to | 
the means adopted for regulating the flow and for 


the distribution of the water. 


| 


on the same page, illustrates the timbering employed 
in soft ground, the particular section shown being in 
the Foggia branch of the canal. Both views clearly 
show the side walls in concrete, and the construction 
of the arch over the channel. Fig. 75, annexed, 
is a view illustrating the windlasses used for with- 
drawing the waste material, this view again being 
taken on the Foggia section, while Fig. 95, page 558, 


| shows the timbering on a deep cutting in the first 
| section of the principal canal. 


The lining of the 





Fic. 74. EMBANKMENT ON PRINCIPAL CANAL. 











Fig. 75. Excavation oF TRENCH ON Foaeia BRANCH. 


As will be seen from Table I, page 127 ante, 
some 150 km. (94 miles) of the canal is in trench 
work, the depth of the trench naturally varying with 
the height of the surface of the ground above the 
datum line of the canal. In some cases, embank- 
ments had to be employed for short distances, and 
in this event the layer of earth and rubble above the 
channel was finished off with a facing of concrete, as 
shown in Fig. 74, above. The greater part of the 
trenching was in rocky ground, in which no timbering 
Was necessary. A typical section through this class 
of ground is given in Fig. 93, page 558, while Fig. 94, 





trenches was normally carried out in Portland- 
cement concrete, in preference to masonry, on 
account of its greater impermeability, and also for 
the greater rapidity with which the work could be 
executed. Concrete mixers were used to the greatest 
possible extent, as, apart from the resulting economy 
in time, they tended to reduce the likelihood of 
defective work arising from the employment of 
unskilled workers, who had to be relied upon to a 
great extent. Suitable sand for making up the 


concrete was frequently unobtainable, and its place 
was taken by ground stone, largely obtained by 





utilising the chippings and other residue from the 
dressed stone employed on the bridges and tunnels. 
Portland-cement concrete was also used on all the 
principal works, the total amounting to the con- 
siderable figure of some 3,000 tons per month. As 
already mentioned, water for mixing the concrete 
was very scarce on many sections of the aqueduct, 
and had to be carried considerable distances in some 
cases. The actual method of transit employed 
varied with the locality, petrol tank-wagons being 
employed in some cases, while in others temporary 
pipe lines were laid down, through which the water 
was conveyed at a pressure of 440 lb. per sq. in. 
In a few sections, these lines were 12} miles long. 
It is interesting to note that in extreme cases, 
where only hand portage was possible, the cost of 
conveying water to the workings amounted to 
14 lire (about 3s.) per cubic metre. 

The usual proportions for the concrete were 
0-5 cub. m. of crushed stone, 0-8 cub. m. of gravel 
passed through a 3 cm. mesh, and from 200 to 
300 kg. of cement, the exact proportion depending 
on the nature of the work. Whether the canal was 
in tunnel, bridge, or trench, impermeability was 
ensured by a lining, 2 cm. in thickness, of cement 
mortar, made with equal volumes of cement and 
sand, and well worked over to a smooth face. 

The more important minor works along the 
principal canal are constituted by the arrangements 
for emptying any required section for inspection or 
repair, the head works of the various branches, and 
the provision for preventing overloading at any 
point. The position of these different works is 
given in Fig. 20, Plate XI, ante. One of the total- 
discharge channels has already been described in 
connection with the Fiumara di Venosa syphon. 
The others are all generally similar, although 
in a few cases, owing to the limited size of the river 
beds available, it was necessary to utilise two dis- 
charge conduits. A photograph, taken in the 
interior of the canal near S. Domenico, and showing 
such an arrangement, is reproduced in Fig. 96, 
on page 558. 

The head works for the Andria branch, which 
may be taken as typical, are shown in Figs. 76 to 
79, page 544. It will be observed that the branch 
takes off at an angle of 86 deg. As shown in Fig. 77, 
in front of its mouth is arectangular chamber about 
3 m. long by 1-3 m. wide. The bottom of the canal 
is lowered by 0-7 m. opposite to the entrance 
to this chamber, as shown in Fig. 79. Provision is 
made for introducing temporary bulkheads to cut 
off the water from the chamber, in the event of it 
being necessary to effect repairs to the main branch 
valve, as shown in Figs. 77 and 79. Temporary bulk- 
heads can also be inserted to cut off the section of the 
canal beyond the branch, asshown in the same figures. 
For about 15 m., the branch pipe is carried through a 
tunnel after it leaves the canal, a Venturi meter 
being inserted in this length for measuring the 
quantity of water delivered to the branch. 

Immediately precedent to the branch chamber, 
on the line of the canal, there is an automatic syphon, 
as shown in Figs. 76 to 79. One of these syphons 
has already been referred to in connection with 
the works at the source, and there are a number of 
others arranged at intervals along the length of the 
principal canal. They serve the purpose of ensuring 
that the maximum level of the water is kept within 
the desired limits. As will be seen from the section, 
Fig. 78, the intake is provided with a projecting lip, 
on its inner side, so that as soon as the water com- 
mences to flow, it is thrown across the top of the 
vertical branch of the syphon in such a way as to 
entrain the air contained in the latter, with the 
result that the syphon operates on full bore almost 
immediately. The action continues until the level 
of the water falls below the upper lip, which can be 
seen in the figure, when air is at once drawn in and 
the syphon ceases to operate. Dripping or dribbling 
of the syphon is thus eliminated. A water trap of 
the usual type is provided on the outlet branch, 
serving to seal the water in the canal so that it 
cannot be contaminated from outside sources. The 
seal is protected by a grating, at the entrance to the 
wastechannel. The branch head works and syphon 
constitute one structure, access to which is through 
the small building, shown in Fig. 79, page 544. A 
platform is carried over the branch chamber and 
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syphon, and the main control valve is operated 
from this level. 

Access to the canal is obtained at various points 
by means of wells, which are entered either directly 
through a trap, or through a small external building, 
according to local conditions. The former type, 
shown in Figs. 80 and 81, annexed, is provided 
where the necessity for inspection is likely to be 
only of rare occurrence, while the wells provided 
with ready means of access, illustrated in Figs. 82 
to 84, page 545, are located on the more important 
sections of the canal. 

The valves for emptying or adjusting the level 
of the water in the canal are normally spaced at a 
distance of 10 km., while the manholes are about 
500 m. apart. At every sixth kilometre, quarters 
are provided to accommodate the watchmen and 
maintenance engineers. Special access roads have 
been constructed to the more important points, and 
all watch houses and depéts are in communica- 
tion with the headquarters at Bari by a private 
telephone system, extending throughout the length 
of the principal canal and the more important 
branches. 

Turning next to the latter, reference may again 
be made to the plan of the whole system given in 
Fig. 1, page 91 ante. With the exception of part 
of the Foggia branch, already referred to, the 
branches differ from the principal canal in that the 
water is conveyed in pipe lines under pressure. 
In general, the pipes are of reinforced concrete as 

far as the different reservoirs in the neighbourhood 
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required for this purpose is obtained either from 
heavy oil engines, or is generated at hydro-electric 
stations. The latter are the more common, and 
utilise the energy of the water where falls occur in 
the length of the aqueduct. The most important 
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of the centres of habitation. The total length of , 
such piping is 1,308 km. (818 miles), and as this | 
portion may fairly be said to constitute part of the | 
aqueduct, as distinct from the distribution network, 

it may be added to the length of the principal canal 

to give a total of 1,598 km. (998 miles) for the 

entire work. To regulate the distribution of water | 
to the inhabited centres, and to provide the neces- 

sary reserve in case of damage, the aqueduct is 

provided with 152 reservoirs. These have a capacity 

in general of from 1,000 cub. m. to 4,000 cub. m. 

each, but in some cases the capacity reaches from 

12,000 cub. m. to 17,000 cub, m. The collective 

capacity of the reservoirs is some 289,000 cub. m. 

(62 million gallons), sufficient for several days’ supply 

to all the centres supplied. 

As already stated, many of the areas served by 
the aqueduct are above the level of the principal 
canal, the difference in height in some cases amount- 
ing to several hundred metres, and the water is 
raised to such areas by pumping. The power 


of the pumping stations, that at Gioia del Colle, is 
shown in Fig. 92, page 547. 
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several references have already been made, the 
first section, 46 km. in length, in which the water 
is under a free surface terminates at Ascoli Satriano. 
Beyond this point, the branch is continued in 
reinforced concrete piping for a further 68 km. and 
terminates in a reservoir at Besanese. The secondary 
branches, taken off at various points, have a collec- 
tive length of 283 km. (177 miles), and terminate 
in 19 reservoirs, with a total capacity of 46,401 
cub. m. (10 million gallons). To these reservoirs 
are connected the various urban distribution systems, 
with a total length of 99 km. These systems serve 
24 centres with a total of about 293,000 inhabitants, 
The various branches serving the provence of Bari 
have a total length of 323 km. (200 miles), and 
terminate in 50 reservoirs with a collective capacity 
of 107,408 cub. m. (23-7 million gallons). The urban 
distribution lines served by these reservoirs have 
a total length of 438 km, (274 miles), and serve 
57 centres with a total of about 892,000 inhabitants. 
The provinces to the south are served by the Leccese 
syphon, with a system of branches 664 km. (415 
miles), in length, and provided with 78 reservoirs 
with a collective capacity of 132,742 cub. m. (29 
million gallons). The urban distribution system 
connected with this portion of the aqueduct has 
a total length of 370 km.; it serves 171 centres 
with three quarters of a million inhabitants. In 
addition to the areas mentioned, the aqueduct 
serves 5 communes outside the borders of Apulia. 
These are Calitri, Venosa, Lavello, Montemilone, 
and Matera, these centres being supplied by branches 
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falls are that at the end of the principal canal 
near Villa Castelli, and two in the branch lines for 
the provence of Bari, while others of less importance 
are located on the primary branch for Foggia. In 
all, the falls are capable of producing about 8,500 
brake horse-power, a small proportion of which 
is utilised for industrial purposes, the remainder 
being employed as explained. The interior of one 





Dealing first with the Foggia branch, to which 


with a total length of 37 km. There are five reser- 
voirs in these areas, with a total capacity of 2,400 
cub. m., serving 48,000 inhabitants. 

The extensive employment of reinforced concrete 
pipes, for the branch lines between the principal 
canal and the reservoirs, was rendered possible by 
the good foundations available, for the greater 
part in rock. Their employment had the great 


advantage of tending to preserve the coolness of the 
water, a point of great importance in such a hot 
region as that of Apulia. In some cases, the pipes 
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: are required to carry up to 1,200 litres (240 gals.) 
of water per second, and are therefore of relatively 
large diameter. In the original project, pipes in 
cement without reinforcement were contemplated, 


with the water flowing under a free head in most 
cases, but it was later decided to carry the water 
: under pressure throughout, and to employ reinforced 
pipes whenever the required diameter exceeded 


0:15 m. and the pressure was less than 44 lb. per 
sq. in. For lines of smaller diameter, or in which 
the pressure was greater than that specified, 
metallic piping was employed. In a few cases where 
the diameter exceeded 0-8 m., particularly at the 
power falls, preference. was given to welded-steel 
pipes with an external covering of cement as a pro- 
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regions where they were required, and views taken 
in two of the depéts are given in Figs. 89 and 90, on 
page 546, the former showing a number of pipes in 
the stockyard, and the latter the preparation of the 
reinforcement. In the hand method, the pipes 
were cast in a vertical mould, made from sheet 
metal, and provided with suitable jigs and clamps 
for holding the reinforcement in a central position. 
After the material had set, the moulds were removed 
and the pipes lifted by a crane and immersed in a 
water tank for curing. 

In the earliest application of the centrifugal 
method, the forms were suspended in straps in such a 





way that a swinging movement could be imparted to 
them while they were rotating, the speed of rotation 


SECTION, G.H. 





Lr | wenen 











ry 





Ee 


Variable 





Fo ina 


ne SS ee ee 









































tection against corrosion. The employment of 
teinforced-concrete pipes resulted in an unexpected 
advantage during the war, as it rendered possible 
the continuation of the work to such centres as 
Brindisi and Taranto. Had piping of steel or cast- 
iron been adopted, the greatest difficulties would 
have occurred in pushing the water supply through 











|being gradually increased. The pipes made by 
| this method were treated internally with bituminous 


asphalt, which was evenly distributed by the rota- 


| tion, in a layer 3 mm. in thickness. It was found 


that pipes so treated were absolutely impermeable, 


|even under a pressure of 103 Ib. per sq. in. This 
/method of moulding was subsequently abandoned 


to these centres, at a time when all such material | in favour of one in which the forms were mounted in 


Was urgently required for war purposes. 

The actual manufacture of the pipes was carried 
out by three different firms of contractors, each 
employing their own method, and it is somewhat 
striking that, although these methods differed 
Widely, the results were equally satisfactory in all 
cases. Broadly speaking, the methods consisted of 
the filling of the moulds by hand, of centrifugal 
casting. and of moulding on jogging machines. The 
pipes were manufactured at convenient depots in the 





'a lathe, as the latter method led to an increased 
‘rate of production, while the pipes were still of 
|excellent quality. 
| parallel discs mounted between the lathe centres, 
| and were in two halves, with suitable openings for 
| introducing the concrete mixture. The mould was 
'speeded up very gradually to avoid segregation of 


The forms were carried on two 


the gravel nodules due to inertia effects, and after 


| the period of rotation, the interior of the pipe was 


found to be of fine texture, thus assisting imper- 








meability, due to the heavier particles of the mixture 
being carried to the outer layers by centrifugal 
force. 

The reinforcement was originally prepared in the 
form of a continuous helix mounted on a wooden 
drum, the pitch and diameter of the helix varying 
according to the working pressure and diameter of 
the pipe for which it was required. Before removal 
from the drum, the horizontal reinforcing bars were 
fastened to the helix with annealed iron wire. This 
system was found to give rise to certain disadvan- 
tages, as on removal of the drum the belix tended to 
distort. This distortion was increased by the 
action of centrifugal force when the reinforcement 
was rotated in the mould, and cases occurred in 









































which the wire appeared on either the interior or 
outside surface of the finished pipe. Apart from this 
defect, the distortion of the helix Jed to irregularity 
in the unsupported width of concrete, and resulted 
in the subsequent development of cracks in the 
larger unsupported areas, probably due to irregular 
temperature stresses. These defects led to the 
adoption of the form of reinforcement shown in 
Fig. 91, page 546. In this, two helices are used, 
wound in opposite directions, the horizontal bars 
being threaded through the network, thus avoiding 
the use of binding wire. The wire employed in the 
coils was hardened, and the reinforcement made up 
in this way proved entirely satisfactory. No 
distortion under rotation was observable, and the 
unsupported concrete areas were reduced to a 
minimum. Hair cracks occasionally appeared during 
curing, but were extremely rare in the finished 
pipe. 

The concrete mixture for the pipes was made up 
of 0-75 cub. m. of broken stone, passed through a 
20-mm. diameter mesh, 0-45 cub. m. of crushed 
stone, and 600 kg. of Portland cement. The high 
proportion of cement was considered desirable to 
give plasticity to the mixture. The type of piping 
described was usually made in lengths of about 
3 m., the diameter varying from 0:15 m. to 0-8 m. 
After 24 hours, the moulds were removed, and 
the pipes were then left for two days protected 
from the sun, the coverings being kept moist. The 
pipes were then in a safe condition to be rolled 
to the curing yard, where they were covered 
with rubble and kept wet for a period of from 
fifteen to twenty days. They were usually left for 
a further two months in the stock-yard before being 
placed in position in the pipe line. The precautions 
adopted in laying the branch lines were identical 
with those already referred to when dealing with 
the syphons on the main aqueduct—that is to say, 
work was confined to the cooler months, to avoid 
excessive contraction when the water was admitted. 
The method of repairing such cracks as occurred 
was the same as that employed on the syphons, 
and already described. 

Three types of joint were employed in the different 
sections of the aqueduct, according to circum- 
stances. The first of these consisted of the usual 
spigot and socket joint, made with lead wool. This 
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type of joint has the advantage that it permits of | 
a certain amount of expansion and contraction of 

the piping, but is open to the objection that unless | 
the work is very carefully done, the blows given in 
caulking are liable to split the socket, thus rendering 
the pipe useless. It was considered extremely un- 
desirable to introduce normal expansion joints into 
the pipe-line, on account of the trouble that they are 
liable to give, and, in order to permit a certain degree 
of freedom, spigot and socket joints were intro- 
duced every fourth pipe in spite of disadvantages. In 
practice, these joints were found to be of very little 
value from the point of view of expansion, as, when 
a fracture of the pipe actually occurred, it usually 
had no relation to the position of the joint. The 
explanation of this lies in the fact that the friction 
between the pipe and the ground is generally greater 
than the tensile strength of the pipe. 

The second type of joint employed consisted of 
male and female flanging, strengthened by a sleeve 
of reinforced concrete after the pipes were placed in 
position. The third type, most commonly employed 
on the aqueduct, consisted simply in butting the 
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twisted iron wires. The whole joint was finally 
finished off in concrete, in which the seating on 
which the pipe finally rested was formed. The mufis 
were maintained in a wet condition for several days 
by a covering of moistened matting, and afterwards, 
| when a certain length of piping, usually 500 m., was 
pipes end to end with the interposition of a layer | judged to have set sufficiently, the line was tested. 
of mortar, and afterwards forming a reinforced-/| A cast-iron box was temporarily sealed to the end 
concrete muff over the junction. This form is shown | of the line with a lead joint, and the load was 
in Figs. 85 to 88, page 545. The outer surface of | applied hydraulically, care being taken to introduce 


| the two pipes, for a length of about 10 cm., was care-| the water very slowly to avoid sudden changes in 
| fully roughened by chipping, the ends being similarly | temperature. 


treated. The latter were then moistened, and a laver| At a late stage of the work, Eternit pipes were 
of pure cement was applied to one, after which the | brought into use for some of the branches, and proved 
new pipe was carefully placed in line with that already | exceedingly satisfactory. Such pipes are absolutely 
in position, and pressed into place. If the internal | impermeable under pressures up to 176 |b. per sq. ., 


|diameter permitted, a boy then entered the pipe| and have the great advantage that they can be 


and smoothed off the joint internally. Failing this, | readily transported on account of their light weight, 





‘the joint was smoothed by a mandrel covered with| and their greater robustness, as compared with 


canvas, which was drawn backwards and forwards| concrete or cast iron. The joints were made with 
with a rotary motion. The excess cement was/| collars on the pipes, between which a ring of rubber 
afterwards carefully withdrawn through the open| was compressed by means of a screwed iron ring and 
end of the pipe. The next stage was to place a layer | socket. The objection to the use of Eternit oe 
of cement mortar, about 0-2 m. wide, round the! is that they have to be lined up with great accuracy 
ends of the two pipes, and on this a wire meshing | to ensure the joint being effective, and in ain, 
was placed, supported on a helix of annealed wire. | require support along their whole length, instead 0 
The meshing was then covered by a further layer of | at intervals of 1 m., as in the case of the reinforced- 
cement mortar, in the proportion of 1 to 1, and the | concrete pipes. They were employed for a lengt 


| whole pressed round the joint by a number of|of about 1-5 km. in the rising pipe line for 
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Locorotondo, where the diameter was 15cm. and the| number of subjects. The procedure, which was 
pressure 59 lb. per sq. in. Another 1-3 km. were | established at a meeting of Technical Committees 
used on the Brindisi line, the diameter in this case | held last year at Bellagio, is to appoint for each 
being 30 cm., and the pressure again about the | subject a National Committee which shall act as 
same. Shorter lengths were used at a number of | the Secretariat for that subject, in order to collect 
other points, where the conditions were unsuitable | data and expressions of national opinion from other 
for pipes in reinforced concrete. National Committees, and report at the Plenary 

(To be continued) Session, similar to the procedure of the International 

| Electrotechnical Commission. 

| This system has been in operation for a year, and 


THE SEVENTH SESSION OF THE | the result of the Saranac meeting was to pronounce 


INTERNATIONAL COMMISSION ON | it satisfactory. In addition to a number of papers, 
ILLUMINATION | 46 in all, of considerable technical importance, a 


| useful Secretariat Report was presented in nearly 

Tae International Commission on Illumination, | every subject, which was at once a valuable state- 
whose Seventh Plenary Session was held at Saranac | ment of the various national positions and a basis 
Inn, N.Y., from September 22 to September 28, | forfurther discussion. The subjects considered have 
was founded as the International Photometric | increased in number from the four which were 











and at the Saranac meeting it was decided to appoint 





Commission in 1900, for the purpose of settling | studied in 1921, viz., Factory and School Lighting 


internationally the standards and photometric | Heterochromatic Photometry, Automobile Head- | 
procedure to be used in the determination of the | lights, and Definitions and Symbols, up to 20 in| 
power of light sources, particularly with regard to| 1928, and now include most of the important | 
the gas industry. Since its foundation, however, | branches of illuminating engineering, some of which 
the basis has been widened, and its activities now | may be described. | 
include “the study of all matters bearing on| It was pointed out by the President, Mr. C. C. | 
illumination and its cognate sciences, and the | Paterson (England), at the opening session, that | 
establishment by appropriate means of inter-| the work of the Commission is twofold; it has 
national agreement on illumination matters.” The|to secure international agreement on illumination 
Commission operates through the medium of | matters, and also to act as an international clearing 
National Committees representative of the respon- | house for the exchange of information and for the 
sible interests in each country, and Plenary Sessions | co-ordination of research. These two functions 
are held triennially, with such additional meetings of | were well brought out at Saranac. There is a 
technical committees as may be necessary. |number of subjects upon which international 





_ This year’s Plenary Session was of particular | agreement is particularly necessary and desirable, 
interest, in that it immediately followed the Annual | for instance, those in connection with the regula- | 
Convention of the American Illuminating Engineer- | tion of the transport systems which, with modern 
ing Society, which was held at Toronto, and in | facilities for communication, may be used in several 
which the delegates were invited to take part. The | countries. There is a danger that some of the more 
members of Commission became the guests of the | modern developments may become standardised on 
American National Committee, which arranged | different bases in different countries, with conse- | 
4 very interesting tour through a number of| quent confusion, as is at present the case in the | 
Important cities, visiting places of interest either | United States in the matter of traffic signalling and | 
from the general or from the illumination stand- motor-car headlights. The regulations for these | 
point. The combination of the tour, the Conven- | equipments differ in each state, so that a motorist | 
tion of the Illuminating Engineering Society, and/is permitted to do in one state what is illegal in 
the Session of the International Commission formed | the next. In the case of traffic signalling especially, | 
the first International Illumination Congress. It | it is necessary to know the local regulations before | 
Was particularly fortunate that the delegates were the signals can be correctly interpreted. | 
thus able to visit various installations illustrative! Several such matters were dealt with by the} 
of the subjects to be discussed, immediately prior | Commission. The subjects of Coloured Signals and | 
to the Plenary Session. | Automobile Headlights were before the Commission | 
; The activities of the Commission have, in recent | at Bellagio, the National Illumination Committee of | 
years, considerably increased, and now cover a! Great Britain holding the Secretariat for the former, | 


Secretariat Committees for the subjects of Traffic 
Signalling and the Lighting of Airways. Consider- 
able progress was made in both of the former 
subjects, particularly in the specification of the 
colour of signal glasses, in which it was agreed to 
adopt as a basis of specification the spectral trans- 
mission curve with a source of light having a colour 
temperature of 2,360 deg. K. The great importance 
of coloured signals, on land, at sea, and in the air, 
and the imperative need for their proper recognition 
has only to be mentioned to be realised; and in 
view of the fact that standards for signal glasses 
have hitherto generally been arbitrary it will be 
admitted that the agreement is an important step. 
It is to be hoped that closer agreement on the 
actual colours will follow. 

In the question of headlights, the problem was 


|attacked more from the theoretical side in two 


interesting papers by Jolley and by Ryde and Yates 
(Great Britain); and from the practical standpoint 
by Bossu (France). The Japanese Committee 
described experiments and tests on existing lamps. 
It was unanimously agreed that if standardisation 
was to be effective, all focussing devices should be 
eliminated, in order to render impossible the 
alteration of the beam by inexperienced operators ; 
but the meeting considered that any standardisation 
should be of the final beam rather than of the 
devices employed for its production. The British 
Committee felt, however, that the time was not yet 
ripe for standardisation of the beam intensity values. 

Traffic signalling by means of day colour-light 
signals is now extensively used in the United States, 
and to a limited extent in other countries ; and the 
American practice was described in a paper by 
C. A. B. Halvorson. As far as can be judged, 
signalling by these means has become an accepted 
system in America, and in the newer installations 
working on the progressive system, signalling in 
this manner has proved very satisfactory. The 
need for unification of the systems used in the 
different cities is, however, apparent; and the 
International Commission may be able to assist 
in this direction. The advantages of a good system 
of signalling over the manual system are obvious to 
those who have experience of both; but little can 
be done by technical bodies to bring about its 
adoption without adequate support and co-operation 
from the municipal and police authorities. In 
particular, it is not possible to demonstrate the 
advantages of traffic signalling on a short section of 
street with a few signals only, and with manual 
control, especially if the signals are used only as 
signals to the traffic officers, who may or may not 
comply with them, instead of directly to the drivers 
of vehicles. 

Even more essential than the standardisation of 
traffic signalling, however, is the standardisation of 
airway lighting. It is far from satisfactory when 
course lights, and obstruction and other indicating 
lights used in aerodromes, have different character- 
istics at different air ports and routes. A question- 
naire circulated by the American Committee was 
replied to only by Belgium, France, and America, 
and the information obtained was therefore not 
very representative. A useful discussion took 
place, however, and it is gratifying to note that a 
resolution was passed appointing a Secretariat and 
recommending future lines of study. Much work 
remains to be done in the investigation of the more 


isuitable types of beacon and floodlight systems, 


especially for dealing with the problems of misty 
weather; but once they have been determined it 
is hoped that practice will be standardised through- 
out all aerodromes and air routes. 

A further branch of the work of the I.C.I. in the 
direction of standardisation and agreement lies in 
the drawing up of agreed definitions, systems of 
units, standards, and a technical vocabulary. The 
Commission has already been responsible for the 
establishment of the International Candle as the 
fundamental standard of luminous intensity, and of 
the internationally accepted visibility data. An 
attempt was made at Saranac towards the further 
rationalisation of the basic system of units, in the 
proposals of the French Committee for the adoption 
of the C.G.S. system as fundamental, which was 
referred back to the National Committees for further 
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study. It is to be hoped that there will result a 
simplification of the present complex and _ little- 
understood systems of terms and units, which are 
often improperly used. The Vocabulary Committee 
is engaged in the production of an agreed vocabulary 
in the three official languages of the Commission 
(English, French, and German) which will be 
awaited with interest. 

The Factory and School Lighting Committee has 
undertaken the preparation of a new code of light- 
ing, to be known as the I.C.I. Code, which is based 
on the Geneva Code, but with illumination inten- 
sities, etc., brought up to the standard of present- 
day practice. Investigation showed that the Geneva 
Code was not in general use and had become a dead 
letter; but it is to be hoped that the new code 
will replace the various codes issued by different 
authorities which are in use in different countries, 
and will assist in the present movement for the 
improvement of lighting in all its branches. 

At the meeting of the Illuminating Engineering 
Society at Toronto, attention was called in a paper 
by W. E. Bush (Great Britain) on “ Electric Light- 
ing Development Activities in Europe,” to the 
value of the co-operation of National Research 
Committees, educational and industrial research 
establishments, and standardising bodies ; such as, 
in this country, the Department of Scientific and 
Industrial Research and the B.E.S.A. Such estab- 
lishments have given to the lighting industry a 
backing of sound theory and the means of ensuring 
and maintaining a proper standard of excellence 
in lamps and in lighting equipment upon which 
sound development can take place. In fact, the 
chief evidence that illuminating engineering is 
beginning to emerge from the era of rule-of-thumb 
methods of design and to take its place with the 
more ordered branches of engineering lies in the 
appearance in various countries of standard speci- 
fications and methods of test for illuminating equip- 
ment issued by the responsible standardising bodies. 

The five specifications of the B.E.S.A. dealing with 
illuminating equipment—on lamps (161), an indus- 
trial reflector, (232) for diffusing glassware, (324) 
street lighting (307), and for portable photometers 
(230) will be familiar to engineers in this country ; 
and the issue of Part ILI. of the Lighting Service 
Manual of the National Electric Light Association 
of America, which was issued at the Convention at 
Toronto, marks a further step in the issue of two 
complete and thorough specifications, one for the 
testing of diffusing glassware, similar to that of 


On the subject of Daylight Illumination, the 
British proposal was adopted to express interior 
illumination values in terms of a standard exterior 
illumination from the whole sky of 5,000 lux, which 
is equivalent to the value of 500 foot-candles which 
has been adopted in England for some years as the 
least value at which adequate interior illumination 
is expected. In this subject also a valuable inter- 
change of opinions took place in the discussion of 
the Report and of the four papers which were 
presented, by P. J. Waldram on “ Daylight and 
Public Health” ; by J. G. West on “‘ The Develop- 
ment of a Typical Island Site’ ; by H. Buckley and 
J. Macintyre on “The Protection of Museum 
Specimens from Fading”; and by H. Kimball on 
‘Solar Radiation.” Unlike artificial illumination, 
the daylight illumination of interiors affects very 
materially the whole design of buildings and the 
planning of towns, and it is the question of adequate 
daylight which has been largely responsible for the 
moderate heights of buildings in British cities. The 
Report summarised the state of knowledge and the 
work done in various countries, the problems 
requiring solution, and suggested lines of future 
work. These latter were accepted. 

One of the more important matters which came 
before the Commission, namely, Education, was 
introduced by another questionnaire of the American 
Committee. It is important because it is at the 
root of progress; and as such, demands attention 
from every interest connected with illumination. 
Education proceeds along two clearly defined lines ; 
first the very necessary education of the public 
to the benefits of proper illumination, without 
which there is little demand for it; and second 
the training of the technical men to supply the 
demand created by the education of the public. 
The former is in the capable hands of the Lighting 
Service Bureaux and similar organisations fostered 
by the lamp manufacturers in most countries of 
the world; and both the replies to the American 
questionnaire and the papers presented on this 
subject at Toronto indicated the enthusiasm and 
energy with which this side of the work is being 
pursued, in spite of considerable handicaps in the 
way of differences in language and in the national 
psychology of the peoples concerned. 

But the training of illuminating engineers is, as the 
questionnaire showed, a long way behind the educa- 
tion of the public. While a student can take courses 
at most engineering colleges in almost any other 
specialised branch of engineering, there is only one 


the B.E.S.A., and one for the testing of floodlights ; college in the world, as far as appeared from the 


two problems of peculiar difficulty in which standard 
procedures are especially necessary. 

Apart from the work of the Commission in the 
securing of international agreement. which is only 
possible in the more developed sections of the art, 
is the general study of subjects allied to illumina- 
tion. The problem of glare, for instance, upon 
which fundamental knowledge is still very scanty, 
is one of the more urgent; for glare is in many 
cases a serious limiting factor in the design of appa- 
ratus. Until it is possible to arrive at some quanti- 
tative estimation of glare, it will not be possible 
intelligently to design efficient lighting equipment. 
Two useful papers were presented on this subject, 
collecting and co-ordinating the work of experi- 
menters in various countries; suggestions for new 
lines of work resulted from the discussion. 

On the subjects of street lighting and of natural 
lighting, it was found possible to come to agreement 
on the methods of expressing results. Hitherto, it 
has been difficult to compare data from different 
sources, as different criteria were adopted, and the 
figures given were not on the same basis. The 
discussions on street lighting were of considerable 
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discussion which necessitated three sessions of the | ! 


committee. 


purpose of comparing installations, both average and | those who so desire may enter. 
minimum illumination on the surface of the carriage- 
way, together with the flux emitted by the lamps | 
per unit of length and of area of street. 
lutions asked for data on the subjects of glare and 
visibility, and for particulars of important installa- 
tions in different countries. 
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architecture ; as well as applied mathematics tem- 
pered with engineering common sense. 
specialists in addition to the architect, are required 
in the design of a modern building; the steel- 
work designer, the lift engineer, the ventilation 
engineer, the heating engineer, the telephone engi- 
neer, and the electrical engineer ; 
the lighting finishes with two loops of wire left in 
the ceiling of each room for the tenant to add his 
own fixtures : 
value, thanks largely to the skill of the chairman, | has not yet come. 
p long there will be regular courses in this subject 
languages and in very ably controlling a hin i lectures by those who have become expert 


It was finally agreed to state, for the | engineering will be recognised as a profession which 
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discussion, at which a definite course in illuminating 
engineering is available—the Lichttechnisches Insti- 
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History of the Great Western Railway. By E. T. Mac- 
Dermot, M.A. Vol. I, Parts I and II, 1833—19¢63, 
Great Western Railway Company, Paddington Station, 

London, 1927. [Price 21ls.] 

It is now 99 years since the ‘ Rocket,” “Sans 
Pareil” and “Novelty” competed for the prize 
of 5001., offered by the directors of the Liverpool 
and Manchester Railway, and 98 years since that 
short but famous line was opened. Those events 
ushered in the birth of the great steam railway 
systems of the world, for whatever had been done 
before was all in the nature of pioneering work, 
while on the Liverpool and Manchester Railway 
George and Robert Stephenson demonstrated that 
railways could be laid over bogs and through 
tunnels, and that railway travel could be safe, 
comfortable, reliable and speedy. The effect of 
their triumph was the revival of many dormant 
projects for railways and the inception of still 
more projects through which during the course of 
the next twenty or thirty years the country became 
covered with a net-work of lines. As the years 
passed, hundreds of companies were formed, 
hundreds of railway acts passed and by 1860, 
thirty years after the opening of the Liverpool and 
Manchester Railway, in the United Kingdom 
alone, 10,433 miles of railway were open for 
traffic, 5,800 locomotives, 15,000 passenger carriages 
and 180,000 goods waggons were in use, and in 
round numbers, the railway carried 163 million 
passengers, 30 millions tons of general merchandise, 
51 million tons of coal and minerals and 12 million 
head of live stock. This period, 1830 to 1860, is, 
roughly, the period covered by Mr. MacDermot’s 
History of the Great Western Railway, and the 
amazing activity of the time can be gleaned from 
the fact that when the great amalgamations took 
place in January 1, 1923, the total mileage of Great 
Britain was but 19,822. 

Of some of the larger railway companies, histories 
have already been published, but although the 
Great Western was the scene of the labours of 
Brunel and of Gooch and of their great experiment 
with the broad gauge, up to the present no history 
of the line has been written. Mr. MacDermot’s 
book, therefore, is welcome as a notable addition to 
historical railway literature. Though the author 
states that the book is by no means an official 
history, Lord Churchill in a foreword tells us that 
when the Company found they had an opportunity 
of enlisting the services of a writer who had made a 
lifelong study of the history of the Company, the 





directors gladly agreed to give him the facilities 
he required for completing his task, and, therefore, 
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“sap pit ee colleges in America, particu ts the pages which follow faithfully record the 
larly in the are ritectural colleges, some instruction | struggles, the disappointments and the triumphs 
in this subject is given, as part of the regular| which stand out as milestones in the Company’s 


courses in larger subjects; but the time is rapidly | 
approaching when specialised instruction should | than an official history, one by an authority outside 
be given in what is—as the material dealt with by | D 


the Commission has shown—a highly specialised 
be more than an electrical engineer. His training 
must include something of physics, metallurgy, 
photometry, optics, physiology, psychology and 


Many 


but too often 


the day of the illuminating engineer 
It is possible that before 


n its various branches; and that illuminating 





SPECIFICATIONS FOR PEDAL-CYCLE Rims.—The 


Other reso- | Standards Department of the Society of Motor Manu- | 


acturers and Traders, Limited, 83, Pall Mall, London, 
5. W have recently issued provisional standard 
pecifications, No. 52 and 52 R, dealing with wired-type 
ims for pneumatic tyres of pedal cycles. 





history.” We thus have what is perhaps better 


the company, with a gift for condensing and general- 
ising, and of presenting his matter in acceptable 


The competent illuminating engineer must | form. 


Like all the railway companies the Great Western 
had a whole battalion of initial difficulties to over- 
come. There were landowners to convince OF 
appease, opposition to be fought, prejudices to be 
disarmed, long and tedious Parliamentary pro- 
ceedings to be endured, shareholders to be coaxed 
into the fold, and a thousand and one problems in 
construction, equipment, staffing and management 
to be solved. How hard the spade work was can be 
seen from the remark of Brunel—a very Napoleon in 
his way—‘‘ Between ourselves, it is harder work than 
I like. I am rarely much under twenty hours 4 
day at it,” while Saunders, the energetic and 
capable secretary organising meetings in the west 
in the support of the railway wrote, * It is however 
sad harassing work that I have encountered in 
calling upon and pressing strangers to contribute. 
The strongest opposition came from the landowners 
of Middlesex, Bucks and Berks, but the greatest 
champions on this side were the Eton College aut hori- 
ties, the Provost of which said that no public good 
whatever could come from such an undertaking, and 
he should be wanting in his duty to the establish- 
ment over which he presided if he did not oppose it 
to the utmost of his ability. This sounds just like 
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the Admiralty in 1828 condemning the idea of 
steamers for carrying mails. The Bill of 1835 
contained clauses proposed by the Eton lawyers for 
the protection of the morals and discipline of the 
school, and even in 1848, when the Company 
obtained an Act for a branch line from Slough 
to Windsor, trees were to be planted to ensure the 
privacy of the college batting place, and up to 1886 
one man at least was employed by the Company to 
prevent the access of the Eton schoolboys to the 
line. 

The cradle of the Great Western Railway was the 
line from London to Bristol through Reading 
Swindon, and Bath. This was the route surveyed 
by Brunel and Townsend, and it was at a public 
meeting in the Guildhall, Bristol, on Juiy 30, 1833, 
that it was resolved ‘“‘ a Company should be formed 
for the establishment of Railway communication 
between Bristol and London, and for that purpose 
that a body of Directors for Bristol be appointed, 
who, in conjunction with a similar body to be 
appointed in London, shall constitute a General 
Board of Management for securing subscriptions 
and obtaining an Act of Parliament for effecting 
the same object.” The first joint meeting of the 
two committees took place at 47, Lime-street, 
London, August 19, 1833, and it was then that the 
title Great Western Railway was adopted instead 
of Bristol and London Railroad. The London 
committee before this had engaged Charles Alexander 
Saunders as their secretary, and Mr. MacDermot 
says of him, “‘ he was destined to do more to founding 
the Great Western Railway system than any other 
single individual, Brunel himself not even excepted.” 

These were the initial steps. Incorporation 
followed in 1835, and it was then that Brunel, 
in a long letter of September 15, 1835, made his 
proposal for a line with 6 ft. 10 in. or 7 ft. as the 
width of the rails. Mr. MacDermot, of course, has 
a great deal to say of the broad gauge, the narrow 
gauge, the mixed gauge, and the battle of the 
gauges, but one of his interesting quotations is that 
of the words of Brunel to the Gauge Commissioners. 
Brunel contemplated high speeds and big loads 
and thought the ordinary railway too small] a medium 
for the purpose, but said he, ‘‘ I think the impression 
grew upon me gradually, so that it is difficult to 
fix the time when I first thought a wide gauge 
desirable ; but I daresay there were stages between 
wishing that it could be so and determining to try 
and do it.” 

Of the construction of the original line—finished, 
of course, and opened in stages—the great works 
entailed, or of the birth and development of the 
various elements which go to make up the main 
system of the railway to-day, it is impossible to 
treat in detail. The author gives the history from 
1833 to 1863. His book, in two parts, is divided 
into 16 chapters, containing many illustrations, 
while three maps give the western railways con- 
tained in the triangle Birkenhead—London-Fal- 
mouth, as they existed in 1848, 1855, and 1863. 
It would, perhaps, require something akin to 
Mr. MacDermot’s own familiarity with the story 
to find his account easy reading, for directors, 
engineers, companies, and the like pass and repass 
across the stage in rather bewildering numbers. 
Serious students will, no doubt, linger over all this, 
and many a county historian will find a wealth of 
authoritative information. 

Of perhaps wider interest to locomotive engineers 
and the various staff departments of our railways 
are the chapters devoted to signals, telegraphs, 
the train service, staff organisation, and the loco- 
motive department. In these, we are given the old 
police methods of signalling, the development of ball 
signals, Brunels “‘ disc-and-crossbar signals,” and 
the installation of the first electric signals. Under 
telegraphs, we again meet with the five-needle 
telegraph, and the two-needle telegraph of Wheat- 
stone and Cooke, and once again read of the scoun- 
drei Tawell, who, after murdering a woman at 
Slough, journeyed back to Paddington, little think- 
ing his description had preceded him and that 
Sergeant Williams was waiting to dog his footsteps. 
The instrument which was the means of his early 
arrest is in the Science Museum. Information is 
given on time tables, cheap trains, excursion trains, 
express trains, ladies’ carriages, smoking compart- 





ments, lighting, and also of some notable journeys 
and accidents. The chapters on “‘ The Locomotive 
and Carriage Departments ”’ are from the pen of the 
late Mr. E. L. Ahrons, whose historical work is 
well known. 

But no review of this work can omit some reference, 
however brief, to the four outstanding men of those 
early days, Russell, Saunders, Gooch and Brunel. 
Of Brunel and his extraordinary work, everyone 
has heard. His mind was cast in no ordinary 
mould, and as Dr. Unwin said in 1892, when the 
broad gauge came to an end, if the great controversy 
of fifty years ago was at last decided against Brunel 
‘at least we ought to remember that the broad- 
gauge system was one only of many original experi- 
ments due to his genius and courage, experiments 
in every field of engineering, in bridge building, in 
locomotive design, in ship construction, the successes 
and failures of which have alike, enlarged the 
knowledge of engineers, and helped the progress of 
engineering.”” Gooch was made the locomotive 
engineer of the company on August 18, 1837, when 
but twenty-one years of age, and held that post 
till 1864. He returned to Paddington as Chairman 
a year later. Of Saunders, the Secretary, Mr. 
MacDermot says that he insisted on two points 
—harmonious working between the officers of the 
various department, and that unfailing courtesy to 
the public for which the Great Western staff has 
always been distinguished. Gooch was born in 
1816, Brunel in 1806, Saunders in 1796, while 
Charles Russell, the famous chairman, was born 
in 1786. 





Excavating Machinery. By W. Barnes, M.I.Mech.E. 

London: Ernest Benn, Limited. [Price 42s. net.] 
THE title of this work is extended by the addition 
of the words “as represented by Power Shovels, 
Drag Lines and Grabbing Cranes.” The author is 
thus describing a somewhat restricted type of 
excavating machinery, and the statement he makes 
in the preface—‘ There is hardly any excavation 
job left where they (steam shovels) are not success- 
fully used’ can hardly be said to be warranted 
by the fact. Power shovels, for example, are only 
efficient on a fairly level surface and most types 
only in open excavation. Of the 263 pages of 
this book, but 44 are allotted to “ Fundamental 
Principles,” and these so-called principles prove to 
be descriptions of the mechanical movements of 
the shovel, drag line and grabbing crane. The 
book contains a great deal of technical information, 
which can be dissected from the different chapters, 
especially in those on “ Applications ” and “ Hints 
for the Prospective Purchaser,” but the information 
respecting the different types of excavation and the 
logical choice of the machinery for efficient excava- 
tion is not, unfortunately, presented in a systematic 
manner. 

In his preface Mr. Barnes says—‘ progress in 
design and application has recently become so 
rapid, that few, even among actual and potential 
users, have been able to keep abreast with the many 
developments. It is with the purpose of meeting 
the demand for a modern book of reference that the 
following pages have been written’’—Yet the 
whole of Chapter I, 36 pages in all with 26 illus- 
trations is given up to what may be called the 
historical side of the subject. Here the author would 
have had space, by eliminating what many readers 
will consider non-essential matter, to develop 
effectively the principles of the subject he is demon- 
strating, and to give the technical reader a syste- 
matic treatment of the technical problems of which 
the author proposes the solution. In the following 
chapters different types of power shovels, drag lines, 
and grabbing cranes are illustrated and described, 
and a considerable amount of information is given 
on details of construction. By careful reading, the 
‘“* prospective purchaser,” as Mr. Barnes describes 
him, should be able to form a fair opinion about 
the type of excavating machinery most suitable for 
work he may have in view. 

So many factors enter into the costs of excavation 
that the engineer (or the prospective purchaser) 
will base his estimates on the ascertained costs of 
actual work carried out under conditions similar 
to those he is preparing to undertake, if he is fortu- 
nate enough to have access to such data, rather 


than rely on reputed output and costs. In a 
technical book of this class, costs of excavation on 
well-known public works under conditions of 
excavation fully described by engineers might well 
have been included, and would have added greatly 
to its value. 

Mr. Barnes’ work has been printed in very large 
type, and the subject matter spaced out in a lavish 
manner which does not, in our opinion, help the 
technical student in search of information. The 
eye has to look over two pages to gather information 
which can be conveyed in less than one. The book 
is illustrated with 19 line drawings, of which only two 
are partly dimensioned, and with 80 photographs, 
of which rather more than half illustrate the 
machines of one manufacturer. Several smaller 
illustrations of details are given. We must confess, 
in fact, to some disappointment. This is the only 
British work on this subject, and Mr. Barnes is 
well-known as possessing a store of information 
upon it, but the occasion has hardly been made 
the most of. We would also have preferred a 
genuine text-book instead of a pseudo-art produc- 
tion, which, even in this direction, fails from the 
fact that the illustrations are not uniform in style. 
However legitimate a publisher’s wish may be to 
present an attractive volume to the public, the 
engineer will size up such a work on the information 
it embodies and its convenience in use. The present 
volume strikes one more as a publisher’s effort than 
a businesslike treatment of a technical subject. 








THE LONGFORD GENERATING 
STATION OF THE COVENTRY 
CORPORATION. 


CENTRAL England, though an important industrial 
area, is, in so far as the generation of electricity is 
concerned, unfavourably placed in relation to water 
supply. The Severn passes along the western border 
of the district, which has recently been delimited 
by the Electricity Commissioners,* and the Trent 
similarly flows along the north, but in the central part, 
of which Birmingham is the hub, the conditions are 
such that cooling towers must be used. This dis- 
advantage could, of course, be overcome by the employ- 
ment of long-distance transmission lines, but striking 
an overall efficiency balance sheet it will probably be 
found that the right policy is being followed in placing 
at least some of the stations near to the large load 
centres. This is the course that has been adopted in 
choosing the site for the station, which the Birmingham 
Corporation is now erecting at Hams Hall, and for the 
Longford station of the Coventry Corporation, which 
was formally opened by the Mayor of that city, 
Alderman F. Lee, on October 31. Both these stations, 
it may be added, have been scheduled as “ selected ”’ 
stations. 

As a set-off to the disabilities with regard to water, 
the Longford station is favourably placed for coal 
supplies, the site being bordered on the east by the 
Oxford canal, on the west by the London Midland 
and Scottish Railway, and on the south by the main 
Coventry-Nuneaton road. Direct access from the rail- 
way is given to the coal storage ground, engine-room 
basement and transformer bays. The general layout 
of the station will be clear from the plan given in Fig. 7, 
on Plate LXVI, and from the sectional views, Fig. 6, on 
Plate LXVI, and Fig. 12, on page 551, while views of 
the plant are given in Figs. 3, 4, 8, 10 and 11, on 
Plates LXV and LXVII. Airiness of the engine-room, 
accessibility of the plant and an uninterrupted view 
from the switchboard gallery were three points on 
which great stress was laid in the design. The main 
contract for the work of construction and erection of 
the station was awarded to the British Thomson- 
Houston Company, Limited, of Rugby, the specifica- 
tion being drawn by Mr. George Tough, O.B.E., city 
electrical engineer and manager of the Coventry 
Electricity Department. 

An exterior view of the station is given in Fig. 1. 
The building, which is of the steel frame type filled in 
with brickwork and artificial stone, is supported on 
mass concrete foundations carried down to the under- 
lying stiff clay. As will be seen, the main entrance is 
at the south end, the north wall being temporary, so as 
to facilitate extensions. The boiler-house is at right 
angles to the engine-room and is a complete unit, 
provision having been made for an independent boiler- 
house to be built for each extension. The overall 
dimensions of the present engine-room are 160 ft. long 
by 110 ft. wide by 60 ft. high, and of the boiler-house 
130 ft. long by 90 ft. wide by 60 ft. high. The offices, 
laboratory, battery room, stores and also the staff 





~ * See ENGINEERING, vol. exxv, page 454 (1928). 
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Fie. 1. Exterior OF STATION. 











accommodation are situated at the southern end of 

the station, which was built by the Cleveland Bridge 

and Engineering Company, Limited, of Darlington. 
The coal required is brought to the site either by canal 


or rail, the supplies arriving by the former route being | 


unloaded at a mass concrete wharf, and delivered either 
direct to the bunkers or to an emergency store with a 
capacity of about 3,500 tons. The handling plant 
used for this purpose was supplied by Messrs. Edward 
Bennis and Company, Limited, of Bolton, and consists 
of grabs operated by Strachan and Henshaw telphers 
running along an overhead track, as shown in Figs. 2, 6 
and 7. These grabs discharge into an automatic weighing 
machine, which records both the weight of each load 
and the total weight that has been dealt with. The coal 
is then taken by U-link conveyors along an inclined 
gantry to the bunkers or is fed through chutes into the 
emergency store. All the rail-borne coal, after passing 
over a weighbridge, is delivered to the storage ground 
by a rotary wagon tippler. The coal on the storage 
ground is trimmed by an electrically-operated travelling 
jib crane, which is also used to load any coal with- 
drawn to the conveyors. The coal-handling plant can 
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deal either with canal-borne coal at the rate of 50 tons 
per hour to the bunkers and 25 tons to the storage 
simultaneously, or with 50 tons of rail-borne coal per 
hour to the bunkers or storage. 

The steam-raising equipment consists of eight 
Tridrum boilers, manufactured by the Stirling Boiler 
Company, Limited, of London. Each of these boilers 
has a heating surface of 9,594 sq. ft., 50 per cent. of 
which directly faces the fire. They generate steam at a 
pressure of 325 lb. per square inch, the final temperature 
being 700 deg. F. As is clear from Fig. 8, on Plate 
LXVII, which isa view in the firing aisle, the boilers are 
arranged in two rows of four. Each unit is designed for a 
normal evaporation of 60,000 Ib. of steam per hour with 
provision for 25 per cent. overload, and consists of the 
boiler, superheater, superimposed Green’s tri-tube econo- 
miser, two Bennis chain-grate stokers, ten Diamond 
soot blowers, a Sirocco induced draught fan and a David- 
son grit arrester. One 8 ft. 6 in. diameter chimney 
serves each pair of boilers. The effective heating surface 
of each superheater is 2,140 sq. ft., while the econo- 
miser surface is 6,647 sq. ft. A system of baffles directs 
the gases three times across the economiser tubes before | 











they finally leave the unit. The initial temperature 
of the feed water is approximately 200 deg. F., and it 
leaves the economiser at about 300 deg. F. The in- 
| duced draught plant consists of a 55-in. fan, complete 
with grit arrester. It is driven by a squirrel cage 
motor running at 575 r.p.m., and is mounted immedi- 
|ately above the economiser on a separate platform. 
It is controlled from the firing floor. et 
Each grate consists of serrated dowelled chain links 
and has an effective width of 9 ft. The length is 17 ft., 
giving a combined grate area of 306 sq. ft. per boiler. 
An interesting feature about this part of the equipment 
is the air-sealing arrangement, which has been provided 
to ensure efficient combustion and to regulate the 
amount of fuel burnt at various loads. This consists 
of four pairs of dampers arranged at the rear portion 
of the grate, so as to form an equal number of 
cells. These dampers are operated by means of levers 
at the sides of the furnace settings. Each grate !s 
fitted with a Lea coal meter, while the boiler and econo- 
miser mountings were supplied by Messrs. Hopkinsons, 
Limited, of Huddersfield. ” 
The ash-handling plant was also manufactured >) 











e 


Mess 
cons 
quen 
reinf 
wher 


land 
» In 
whic 
indic 
and 

Bail 
and ; 
air r; 


toom 





Nov. 2, 1928.] 


THE LONGFORD GENERATING 


CONSTRUCTED TO THE DESIGNS 






Control Panel for 
SSEV. 





L TAC. Switch 
Floor 320-75" 


! 


[= 
i 





C.L.of Rad Track 
5g 





ENGINEERING. 





OF GEORGE TOUGH, M.I.E.E., 


MR. 


4:9 Rail toRail 


28'Bore Suclion Pipes 









































































































































_ te 
Motor driven“ : 
Extraction Pups | __ 





STATION, COVENTRY. 


CITY ELECTRICAL ENGINEER. 








BOILER HOUSE 
from Boilers 






8 Botler Feed 













! 
rf 


ay 











driven 
Pump 








ke --+----- 27'0" ---------- --—----------------~--------- 62!6" ----------------- rhe “ENGINEERING” 
Steam to Evaporator Auxiliary Fig. 14. — 
Exciter Main Exciter Alternator Main Alternator 
Fig. 13. Vapour 13-5 KW. 60 KW. VI4K VA. 23,500 KV.A. 
<—— Hand 
| Storage Surge 
Turbine E aporator Ti a 
1 
Water 
Condenser iL ——_ —s_ Makeup f 
: \ (P Heater 
: 
| &§ , ft t IK 
t Steam trom 
L.P Heater \FeedPump 
au 
Pump Ejecto Evaporator Control ENGINEERING 

ler: . | which admits oil to the servo-motor operating the nozzle 
eateaaeaadl valve, is effected by oil pressure. This enables the 
Hi ie Bt work done by the governor to be reduced to a minimum, 





(019.4 


Messrs. Edward Bennis and Company, Limited. It 
Consists of a submerged conveyor, which automatically 
quenches, conveys and discharges the ashes into 
reinforced storage bunkers outside the boiler house, 
whence they are taken away in road vehicles or deposited 
by a Breco mono-cable aerial ropeway on marshy 
land some distance away. 
» In front of each boiler is an instrument panel, on 
which are fixed Cambridge temperature and draught 
indicators for all the important points in the boiler 
and economiser. Each unit is also equipped with a 
Bailey air and steam flow meter, and a flue gas indicating 
and recording meter, so as to enable a fixed steam and 
alr ratio to be maintained. 

oming to the generating plant, a view in the engine 
toom, showing the steam end of one of the two 20,000-kw. 





sets, which are at present installed, is'given'in Fig. 3, on 
Plate LXV. Each set consists of a two-cylinder, double- 
flow turbine with the main alternator, house alternator, 
main exciter and auxiliary exciter on the same shaft. 
The speed of the set is 3,000 r.p.m. The main turbine 
has 21 stages. The high-pressure cylinder, which is of 
the impulse type, is supported so that the expansion of 
the casing cannot affect the concentricity of the latter 
relative to the shaft axis. Uneven wear of the shaft 
packings is thus eliminated. Steam is admitted to the 
high-pressure casing through nozzles controlled by 
several valves, thus, it is claimed, giving a higher 
efficiency than when throttle governing, or two or three 
valves only, is used to control groups of nozzles. 
Considerable attention has also been paid to governor 
sensitiveness. The movement of the pilot valve, 


and oscillograph tests have proved that it is possible 
to open and close twelve nozzle control valves in 1-34 
sec. Such an arrangement is, of course, extremely 
desirable in two-cylinder turbines, where the volume 
of steam passing is large. The low-pressure casing is 
of the double-flow type, the blading system being 
designed to obtain the highest possible efficiency, while 
the steam passing through the low-pressure element 
flowing in opposite directions during its expansion 
eliminates unbalance. 

The turbines give their maximum continuous rating, 
without by-passing high-pressure steam to the lower 
stages of the high-pressure portion, when supplied with 
steam at a pressure of 300 lb. per square inch, and a 
total temperature of 700 deg. F., and when exhausting 
into a vacuum of 28 in. with the barometer at 30 in. 
If the initial steam conditions are poor or the vacuum 
falls, the same rating can be obtained by bye-passing 
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steam to the lower stages of the high pressure portion. 
The high- and low-pressure casings are connected by 
Aiton flexible pipes. The same type of pipe is also 
used for making connection to the under-floor type 
combined emergency and stop valve. This valve is 
oil-operated, and is automatically closed if the turbine 
speed rises 10 per cent. above the normal or if the oil 
supply to the turbine fails. 

The condensers, a view of one of which is given in 
Fig. 4, on Plate LXV, are of the twin surface type, and 
were manufactured by Messrs. Worthington-Simpson, 
Limited, of London. They are carried on spring 
supports, and have been designed to maintain a 
vacuum of 28 in. with an inlet circulating water 
temperature of 80 deg. F. The cooling surface of 
each condenser is 22,000 sq. ft., and it is proportioned 
to deal with the exhaust steam under the above 
conditions at the most economical load of the turbine, 
viz., 80 per cent. of the maximum load. The con- 
densers are supplied with circulating water by two 
electrically-driven pumps, each of which is capable of 
dealing with 60 percent. of the full load, and they work 
in conjunction with duplicate air ejectors of the steam 
jet type and duplicate electrically-driven extraction 
pumps, each of which is capable of dealing with the 
full load. These extraction pumps are visible in 
Fig. 4. This equipment was also supplied by Messrs. 
Worthington-Simpson, Limited. 

The circulating water is taken to the cooling towers 
in 33-in. diameter steel pipes, which are laid in a 
covered concrete trench measuring 10 ft. by 10 ft. 
After being cooled, the water is returned to the main 
suction culvert, which is constructed in reinforced 
concrete, and is 850 ft. long by 8 ft. wide by 10 ft. 
deep. The whole of the circulating water system has 
been designed for the ultimate capacity of the site 
(100,000 kw.). The necessary make-up is obtained 
from the canal, and is taken into the suction culvert 
at the end remote from the cooling towers through a 
screen chamber and ball float valve. The circulating 
water system has an outlet into the canal through a 
22-in. pipe, which discharges over a spillway. This 
enables it to be emptied, if necessary ; while warm 
water can be circulated during frosty weather and the 
canal thus prevented from freezing. 

The cooling towers at Coventry form a distinct 
departure from the practice usual in this country, 
since they are constructed of reinforced concrete. 
Their relationship to the rest of the station is shown in 
Fig. 1, while a closer view of them appears in Fig. 5, 
on Plate LXV. As will be seen, they are of hyperbolic 
shape, thus ensuring both stability and high cooling 
efficiency. The normal capacity of each of the four 
towers is 528,000 gallons per hour, but the cooling 
effect is good for quantities between 300,000 gallons 
and 1,250,000 gallons, the range of cooling being 17 deg. 
F. The diameter of each tower at ground level is 
100 ft., and the height nearly 100 ft. The minimum 
diameter is, as will be seen, some distance from the 
top, the widening out above this neck being arranged to 
reduce the velocity of the steam-saturated air at the 
outlet, and prevent any loss of water from mechanical 
causes. The towers are fed through a vertical central 
pipe, from the top of which run radial troughs. Suit- 
ably inclined retarding laths cause the water drops 
to fall gradually towards the periphery, so that they 
encounter cooler air as they themselves become more 
and more recooled. The air has unrestricted entrance 
through wide triangular openings without louvres in 
the lower part of the tower. 

As is usual in modern generating stations, the feed- 
heating arrangements possess several points of interest. 
The closed system is employed, and is designed to 
maintain a feed water temperature of about 200 deg. F. 
at the inlet to the feed pump at all loads. As will 
be seen by reference to Fig. 13, it embodies two- 
stage heating, the first stage consisting of the L.P. 
heater, which is so arranged that it can deal either 
with bled steam from the main turbine, or vapour 
from the evaporator, or a mixture of both. This 
heater has a surface of 750 sq. ft., which includes a 
drain cooler in the lower portion of the heater shell. 
The second stage consists of the high-pressure or 
feed pump exhaust heater, the surface of which is 
330 sq. ft. This utilises the exhaust steam from the 
Weir pumps at a pressure of 3 lb. per square inch. 
The condensate from the extraction pumps, after 
passing through the ejector coolers, flows first through 
the L.P. heater and then through the H.P. heater to 
the boiler feed pump, or to the surge tank. 

The evaporating plant provided with each set is capable 
of distilling 7,500 lb. of raw water per hour. It is of 
the vertical single-effect type, the lower portion being 
the generating chamber. This chamber contains the 
steam header, to which are bolted the steam-heating 
coils. These are made of copper tube, and are arranged 
horizontally in spiral form to allow of easy expansion. 
The chamber is also provided with a large inspection 
door, which is carried on a mild steel runway arm to 
facilitate inspection, while the header itself is mounted 





on trunnions to enable the coils to be swung well clear | in turn by the 13 -5-kw. auxiliary exciter. The latter 


of the body for cleaning purposes. The upper portion 
forms the vapour chamber, and is provided with a 
baffle, which prevents any water from being carried 
over into the feed system. The water level is con- 
trolled by a device containing a float and lever, which 
operates a pilot valve. The heating steam for the 
coils is bled from the main turbine, two tappings 
being provided from different stages, the lower tapping 
being the connection employed on normal load condi- 
tions, while the other is only used when the turbine is 
on very low load, and the stage pressure at the normal 
connection has therefore fallen. 

The raw water supply to the evaporators is taken 
from the circulating water pipes. The distilled make- 
up passes into the system, via the low-pressure heater, 
in the form of vapour, and, together with all the con- 
densate in the heater, is passed back to the extraction 
pump suction, after it has been cooled down in the 
drain cooler portion of the heater. The surge and 
storage tanks are arranged on the turbine floor level 
alongside the evaporators. They are each of 3,000-gall. 
capacity. The surge tank, being connected both to 
the extraction pump delivery and the feed pump 
suction, provides for periods when the demand by 
the latter does not coincide with the output of the 
former. The tank, being part of the closed system, 
is air-tight and steam sealed. The storage tank acts 
as an additional reservoir, since it is not in direct 
communication with the closed system and has atmos- 
pheric connections. 

The two tanks are fitted with various cross-connec- 
tions, starting connections, overflows, drains, etc., so 
as to provide for all contingencies, but the most 
interesting feature is the system of float control, 
which governs the working of the evaporator and the 
supply of make-up into the system. This is automatic 
in action, and operates as follows: When the boiler- 
feed pump demands a larger quantity of water than 
the condenser is passing, the level in the surge tank 
falls, and a float-valve opens, admitting make-up from 
the storage tank to the condenser. This make-up is 
introduced through a series of sprays in the upper 
part of the condenser, and is thus closely admixed 
with the incoming exhaust, so that any air entrained 
is liberated and drawn off by the ejectors. Only 
de-aerated water, therefore, enters the system. The 
passage of the make-up from the storage tank to the 
condenser lowers its level, and thus causes a float- 
operated butterfly valve on the steam supply to the 
evaporator to open and to bring the latter automatic- 
ally into commission. In the event of the tank level 
falling still lower, due to the evaporator service not 
being available, an emergency float valve opens, 
admitting lower water into the tank through an open 
tundish, which is placed in a conspicuous position. 

When a surplus of make-up has been distilled and 
passed into the system, the level in the surge tank 
rises, thus closing the make-up supply valve to the 
condenser and opening a valve, which allows the 
excess make-up to flow into the storage tank. In this 
way the evaporator continues to pass distilled water 
into the system until the level in the storage tank has 
built up sufficiently to close the steam supply valve 
and shut down the evaporator. 

The condensate meter is of the Electroflo type, the 
orifice plate and meter body being arranged at a point 
in the condensate piping between the outlet from the 
high-pressure heater and the tee-piece between the 
surge tank and the feed-pump connections, while the 
recording instruments are mounted on a condensing 
apparatus gauge board on the turbine floor. These 
nstruments comprise a 12-in. dial recorder, giving the 
rate of flow in lb. per hour, a five-figure continuous 
integrator and a 12-in. dial 24-hour recorder. <A 
similar set of meters is installed on the raw water 
supply piping to the evaporator, except that the 
recording instrument comprises an integrator only. 

Turning to the electrical side of the station, the 
arrangement of the main alternator, house alternator 
and main and auxiliary exciters on the same shaft 
has already been mentioned. The main alternator 
generates three-phase current at 6,600 volts and 
50 cycles, and has an output of 18,750 kw. at a power 
factor of 0-8. At a power factor of 0-74, it will give 
25,300 kv-a., with a temperature rise not exceeding 
that laid down in the B.E.S.A. specification. It is 
connected solid to a main transformer bank, the 
secondary side of which is wound for 33,000 volts. All 
the switching is effected at the latter voltage. The 
closed system of cooling has been adopted and, in 
order to simplify the design of the stator windings, 
phase leads are brought out at each end of the machine, 
as indicated in Fig. 14, which also shows the exciter 
and house alternator connections. 

The auxiliary alternator is rated at 
and supplies three-phase current at 420 volts, 50 cycles, 
and a power factor of 0-8 to the boiler house and 
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is a shunt wound machine with a saturated magnetic 
circuit, and therefore operates at constant voltage. 
The only rheostat in the main alternator circuit js 
controlled by a Tirril regulator, so that the bus-bar volt- 
age is maintained constant. This exciting arrange- 
ment ensures stability at all loads on the main al- 
ternator. As is apparent from Fig. 14, the auxiliary 
exciter also excites the house alternator, the current in 
this case being controlled by a hand-operated regu- 
lator. ; 

The turbo-alternators are provided with the British 
Thomson-Houston system of circulating current 
protection, which is combined with field suppression 
switches and standby definite time-limit overload and 
leakage relays. 

The switchgear control gallery, a view of a portion of 
which is given in Fig. 9,on Plate LX VII, is equipped with 
a control board of black enamelled slate, with white 
enamelled slate indicating panels above, for operating the 
33,000-volt switchgear. There is a similar board, which 
works at 420 volts for controlling the station auxiliaries. 
A view of the main 33,000-volt switchgear is given in Fig. 
10, on Plate LXVII. It is of the metal-clad compound- 
filled type, and duplicate bus-bars are provided, while, in 
addition to the circuit equipment, there are bus-section 
and bus-couplers with arrangements for installing bus- 
bar resistances when extensions are made. The fixed 
unit of each equipment consists of a circuit connection 
chamber supported by the top bus-bar chamber. 
The movable unit, which is mounted on rollers, carries 
the oil circuit-breaker and the instrument and _pro- 
tection transformers. The potential transformers 
are mounted on the top of the fixed units, the primary 
cut-outs being placed in the transformer tanks. The 
potential transformer and cut-outs can be isolated 
without interrupting the main circuit, for when with- 
drawing the connections the metal break occurs on the 
transfurmer side, so that the magnetising current is 
broken under oil. Access to a transformer cannot be 
obtained until the connections have been withdrawn. 
The metal casing of each connector is earthed while 
the latter is in circuit, and also throughout the with- 
drawing operation. When it is fully withdrawn 
the contact receptacle in the circuit connection is 
automatically covered by a shutter, which can be 
locked. An interlocking mechanism, which is posi- 
tively operated by the bus-bar isolating plug on the 
movable unit, indicates on the control board to which 
set of bus-bars a particular circuit-breaker is connected. 
This interlocking mechanism is so arranged that it is 
impossible to synchronise an equipment, unless all 
three isolating plugs are connected to the same set 
of bus-bars. The interlock also makes it impossible 
to close a circuit-breaker unless the same conditions 
are fulfilled. 

The main circuit-breakers are designed for a rup- 
turing capacity of 500,000 kv.-a. at 33,000 volts. All 
three phases are enclosed in one insulated oil tank, 
phase separation being obtained by the use of insulated 
metal barriers. Relief of the gas pressure generated 
during operation is effected through pebble-filled 
separating chambers and gas vents. Moreover, the 
cast-steel top of the breaker is of deep box section, 
so that adequate space is provided for gas expansion. 
The pressure rise in the breaker, when rupturing on a 
fault, is largely restricted by the use of these two 
devices. The breaker contacts are of the self-aligning 
finger type, reinforced by strong backing springs and 
are fitted with renewable sparking tips. These contacts 
engage with wedge-shaped copper blades, while power- 
ful accelerating springs ensure the correct speed of 
break, the shock at the end of the opening stroke being 
absorbed in a self-contained dashpot system. The 
outgoing feeders are protected by self-compensating 
pilot wires. 

Alongside the 33,000-volt switchgear is a bank 
of 6,600-volt compound-filled metal-clad switchgear 
for controlling the low voltage side of two 3,000 kv.-a. 
6,600-33,000-volt transformers, and three outgoing 
feeders to the existing 6,600-volt system. This switch- 
gear is of single bus-bar construction, the oil circuit- 
breakers, which form part of it, being direct hand- 
controlled. 

The switchgear for the house services, which, as has 
already been mentioned, is controlled from a board on 
the main switchboard gallery, consists of two sets of 
bus-bars to which the boiler house and turbine aux!- 
liaries are respectively connected. The supply circuits 
for the latter are divided, so that each house set can 
supply its own auxiliaries. These bars are also supplied 
from two 33,000/420-volt three-phase house service 
transformers, and from an emergency house service 
alternator, which can be synchronised with the station 
transformers, so as to facilitate restarting when both the 
The two sets of bus- 
bars are mounted one above the other, and are separated 


by horizontal screens. Above them, and in line = 
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nn. Interlocking arrangements are provided, so 
‘hat these isolators cannot break or make circuit. 
a back, the switchboard is divided into horizontal 
ao compartments by sheet-metal screens, 
risk a mnpeesean and cleaning can be effected without 
oil oe with live parts. The hand-controlled 
the nn ne. with which the panels dealing with 
— supply from the house service trans- 
Rr ane oa have one tank per pole, and are 
vided ag amps. The remaining panels are pro- 
la i hand-controlled triple-pole oil circuit- 
4 jaan bi : ratings varying from 300 to 1,600 amps. 
lighten e oard is used for operating the station 
siting, battery-charging and switchgear control 








circuits, the supply for which is obtained through two 
62-5 kv.-a. 420/190-volt transformers and two motor- 
generators, one of which is normally a stand-by. Any 
demand for power which cannot be met by one of 
these sets is usually supplied from the battery, though 
the two sets can, if necessary, be run in parallel. 
Each motor-generator set consists of a 9-3 H.P. 420- 
volt squirrel-cage motor direct-coupled to a 3°4/5-3 kw. 
shunt-wound generator, which supplies direct-current 
at 110/170 vo!ts. 

Normally the lighting is fed direct from the trans- 
formers, but an automatic switch is available, so that 
in event of failure a supply can be taken from the 
battery. The boiler-house auxiliaries are controlled 





Fig. 3. 


by four banks of iron-clad switchgear, each bank being 
supplied through a separate feeder from the 420-volt 
board. 

As shown in Fig. 11, on Plate LX VII, the main and 
auxiliary transformers are placed in cubicles against the 
outer west wall of the station. The former, which are 
visible at the sides of the figure, consist of two banks of 
three single-phase transformers, with a ratio of 6,600/ 
33,000 volts. The full load output of each bank is 
23,475 kv.-a. at 0-8 power factor. The transformers 
are of the air-jet self-cooled out-door type, and it is 
stated that they are the largest of this type yet to be 
used in this country. The units are connected in 
delta on the low-tension side, and in star on the bigh- 
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tension side. One oil conservator is provided for each 
bank, and a pressure relief pipe with a glass diaphragm 
which breaks should an excess pressure be generated, 
is fitted on each unit. Valves for testing, treating and 
conditioning the oil, as well as indicating and recording 
thermometers, also form part of the equipment. The 
design of the windings and cores of these transformers 
possesses some interesting features. The coils are 
circular, those on the high-tension side being of the 
continuous-dise type without joints, although there 
are several turns per section, and the low-tension 
winding, which is inside the high tension, being of the 
helical type with a number of conductors in parallel. 
The coil-clamping structure for both windings is adjust- 
able, so that uniform eoil support and clamping with 
a minimum distance between the supports for the wind- 
ing is obtained. The result is made possible by the 
use of a four-part distributed type core, which also 
ensures good oil circulation, facilitates cooling the 
core, and eliminates the possibility of hot spots. The 
house service transformers, of which mention has 
already been made, are visible in the centre of Fig. 11, 
and are protected by the same circulating system as 
that used on the alternators and with stand-by overload 
protection. To assist in moving the main transformers 
when on the ground the under-carriage is fitted with 
rollers and draw eyes. Any transformer can thus be 
easily removed from its cubicle on to a transfer truck, 
and its place taken by a spare unit, which is normally 
kept in the engine room. 


THE BEARDMORE-CAPROTTI MARINE 
ENGINE. 


Two steamships, named, respectively, the Diamond 
and the Authority, are now in service having triple- 
expansion engines built at the Coatbridge Works of 
Messrs. William Beardmore and Company, Limited, 
and fitted with the Beardmore-Caprotti valve gear. 
Both vessels are of practically the same dimensions, 
and the engines, save in a few quite minor details, are 
duplicates having cylinders 13} in., 22 in., and 37 in., in 
diameter with a stroke of 26 in., and capable of develop- 
ing 650 i.h.p. at full power. 

The Diamond was launched in 1927 and has now been 
in service for the best part of a year. In view of the 
fact that this was the first appearance in sea service of 
the Caprotti gear, a spegially thorough and careful 
examination of the machinery was made on the 
completion of the six months guarantee. No appre- 
ciable wear was found in any of the gear or bearings, 
the lubrication having thus proved thoroughly effective. 
The Caprotti gear, as applied to locomotives, was 
described in detail in our issue of September 2, 1927, 
page 292, and we may therefore merely note here that 
separate admission and exhaust valves, of the double- 
beat drop type, are employed, and that, by an ingenious 
adaptation of the floating-lever principle, neither the 
lead nor the lift of the admission valves is altered, when 
the cut-off is varied. To this end, the opening and closing 
of the valve are governed by independent cams, which 
actuate opposite ends of the floating lever. The valve is 
open only when both ends of this lever are lifted, and 
the cut-off is adjusted by shifting one only of the two 
cams, whilst the position of the other remains unaltered. 
Hence the point at which the valve opens remains 
fixed. When the engine is put into reverse gear, the 
cam which remained fixed in forward running becomes 
the shifting cam, whilst the other remains stationary. 
The extreme range of cut-off provided for is from 
zero to 73 per cent. The gear is so light, and so 
perfectly balanced and efticiently lubricated, that the 
whole manceuvring of the engine is effected by hand 
gear, and with such ease and rapidity that racing of 
the propeller is, it is stated, much more easily checked 
than with the traditional type of marine engine. 

The Authority, the second of the two vessels, ran her 
official trials on May 25 last. A view of this vessel is repro- 
duced in Fig. 1, on page 553, and her registered dimen- 
sions are as follows : length, 180 ft.; breadth, 26-6 ft. ; 
depth, 12-7 ft.; and gross tonnage, 600. The Authority 
has been constructec for the carriage of oil in bulk, and 
had accordingly to be fitted with a boiler large enough 
to supply not only the engine, but also the heating 
coils fitted to keep certain semi-solid oils liquid during 
the voyage. Hence this boiler has been given a diameter 
of 15 ft., the length being 10 ft. There are three fur- 
naces providing 64 sq. ft. of grate area, and the total 
heating surface measures 2,066 sq. ft. Two views of 
the engine are reproduced in Figs. 2 and 3, page 553, 
whilst an end elevation, partly in section, is shown 
in Fig. 4, above. As will be seen, the valves are 


all located on the condenser side of the engine. The 
drive for the cams is transmitted from the crankshaft, 
by means of the inclined shaft shown in Fig. 4, the 
bevel gears employed at both ends being lubricated 
by oil baths. The cams and auxiliary gear are com- 
pletely enclosed and, like the bevels, are bath lubricated. 
Moreover, some of the shafts in the cam box being 
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Fig.4. 
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subject to end thrust are equipped with ball bearings. 
Owing to the fact that the whole of the valves are 
located on the side of the cylinders, the overall length 
of the engine is only 10 ft., whilst with the ordinary 
slide-valve type of marine engine 12 ft. would have been 
necessary. 

The trials consisted first of a series of runs on the 
measured mile at Skelmorlie, followed by a 6-hour 
run at a speed of nine knots, in order to determine the 
coal consumption at this speed, and finally a series 
of manceuvring trials were made in order to test the 
handiness of the engine. On the measured mile runs, 
the engine developed 620 indicated horse-power at 
113 revolutions per minute. The boiler pressure was | 
180 lb. per square inch, and the average pressures else- 
where were as follows: H.P. receiver, 179 lb. per square 


inch; I.P. receiver 56 lb. per square inch; L.P. 
receiver, 9 lb. per square inch; vacuum, 26 in. of 
mercury. 


In the coal consumption tests, the coal was weighed 
in bags by means of a Salters’ 10-in. dial, the accuracy 
of which was checked against known weights. After 
weighing, the coal was transferred to the floor plates 
in front of the boiler. The stoking was under super- | 
vision throughout the whole of the run, and a count | 
was kept of every shovelful fired. This count, or| 
rather the corresponding average weight of a shovel- | 
ful, was plotted against the time, and when the 
first batch of weighed coal was exhausted, a further 
supply was weighed out and transferred, as_ before, 
to the boilerfront. This operation was repeated as 
necessary, until the finish of the trials. The plot made 


Ins.12 3 6 3 0 Feet 





is reproduced in Fig. 5, on the opposite page, where 
the solid black dots represent actual weights as deter- | 
mined by the balance, and the small circles the weights | 
as deduced from the count of the shovelfuls fired. 
At the outset, there was some little delay in getting 
the weighed coal to the stoker, so that the curve drops | 





| manceuvres were effected without use of the im} 
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a little below the average rate of firing, and during 
the same period, the boiler pressure fell 10 Ib. per 
square inch below the normal. 

During the latter part of this trial, the safety valves 
lifted twice. The average rate of firing was, it will be 
seen, 731 lb. per hour. The condition of the fires was 
very much the same at the start as at the finish of 
this consumption trial, but they were not cleaned. 
The coal used was of the bituminous type, with the 


following analysis :— 
per cent. 


Moisture pone tne = 3°4 
Ash :.... mee sae te aan 11-99 
Sulphur 0-92 


The gross calorific value was 12,377 B.Th.U. per Ib. 
As the coal was taken from the bottom of the bunker, 
it comprised a considerable proportion of dust. There 
were also occasional lumps which were not broken 
before firing. During the trial, 1 in. of make-up feed 
was introduced into the boiler. The average pres- 
sure in the receiver during this run was 180 Ib. per 
square inch, the corresponding figures for the IP. 
and L.P. receivers being 52 lb. and 7 Ib. per square 
inch, respectively, whilst the vacuum averaged 26 in. 
The average output was 414 i-h.p. The auxiliaries m 
operation during this coal consumption test were the 
circulating-pump engine and the steering engine, to 
which the dynamo engine was added during the con- 
cluding 1} hours. The overall coal consumption, 
inclusive of that employed in generating the steam 
taken by these auxiliaries, averaged 1-77 Ib. per 
indicated horse-power hour. 

These coal consumption trials were followed by the 
manceuvring tests. These comprised several reversa 
from “ full ahead” to “full astern,” and showed the 


engine to be remarkably handy. The whole of these 
pulse 
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OF BEARDMORE-CAPROTTI MARINE ENGINE. 


Fig. 9. CUT-OFF -73. 
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Fig.12.S.S.“DIAMOND” COMBINED INDICATOR DIAGRAM FOR BEARDMORE-CAPROTTI 
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valves, the steam in the receivers always sufficing to 
put the engine in motion. 

A “stop” order given when the ship was under 
weigh showed that the engine was inclined to rotate 
backwards under the action of the water passing the 
Propeller, an observation which suggests that the 
elimination of the slide valves had reduced the engine 
friction much below the normal limit. The whole of 
the manceuvres, it may be added, were carried through 
with the stop valve fully open. 

Some indicator cards taken on the Diamond during 
her progressive trials are reproduced in Figs. 6 to 
ll. In Figs. 6 to 8 the cut-off was 13 per cent. in 
each cylinder, whilst in the remaining three the steam 
Was cut off at 73 per cent. of the stroke. Attention 
may be called to the complete absence of wire drawing. 
The cards used in constructing the combined diagram, 
shown in Fig. 12, were taken with a cut-off of 35 per 
cent. on each cylinder. The curve shown in Fig. 13 
has been plotted by the engine builders on the basis 
of the numerous cards taken during the series of 
Progressive trials. The curve shows, it will be seen, 
: marked reduction in the steam consumption of the 
he ne at the lower powers. It is pointed out that 

Is feature is particularly valuable for marine engines 








in cases where long runs have to be made at reduced 
speeds. 

The Beardmore-Caprotti gear is claimed to be 
particularly suitable for engines using superheated 
steam, with which the makers estimate the fuel saving 
would be fully 20 per cent. as compared with existing 
vessels. 








Time CONVERSION CHART.—A chart for use in ascer- 
taining the correct time in any part of the world, when 
that at one particular place is known, has just been issued 
by the United States Bureau of Standards and published 
by the Government Printing Office at Washington. The 
chart consists essentially of two concentric discs, the 
lower of which is fixed and the upper free to rotate. 
Around the circumference of the lower disc are marked 
off degrees of longitude, together with the names of the 
countries and places located at the various longitudes. 
The circumference of the upper disc is divided up into 
24 numbered chords of equal length, each of which 
represents one hour of the day. If, for instance, it is 
desired to ascertain the time in various localities when it is 
noon at Greenwich, the upper disc is rotated until the 
point marked noon is opposite that marked Greenwich 
on the lower disc. The time of day in the various other 
countries may then be read off directly. The chart has 
been prepared by Mr. R. E, Gould and its price is 10 cents. 
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CAST-IRON RESEARCH. 


THE remarkable activity in metallurgical investi- 
gation and research, which recent years have seen in 
this country, has in nothing been more prominent 
than in connection with cast-iron which, as the 
Seventh Annual Report of the British Cast-Iron 
Research Association remarks, is now beginning to be 
considered, not as a cheap material with properties 
of no particular importance, but as a range of materials 
capable of indefinite modification to suit particular 
service conditions. Much of this change in engineering 
opinion is certainly due to the work of the British Cast- 
Tron Research Association itself, and that its influence 
has extended widely is shown by the statement in the 
Report that movements on the Continent and in the 
United States towards the promotion of research by 
the united action of manufacturers may be traced to 
the work of the Association. 

That cast-iron is not one material, but many, is 
sufficiently indicated by the various investigations 
which the Association has been engaged on in the 
year dealt with in the Report. These cover corrosion- 
resisting cast-iron, heat-resisting irons, malleable cast- 
iron, the influence of manganese, and a series of alloy 
cast irons. Work was also carried out on moulding 
sands, cupolas, cast-iron tests, and recommended 
methods of analysis, by the adoption of which it is 
hoped to eliminate causes of discrepancies between 
analyses of the same material by different laboratories. 
These various researches are being continued during 
the current year. 

The finances of the Association are such that it is 
paying its way, but, naturally, its field of work and its 
usefulness to the engineering industry could be greatly 
extended with more ample funds. As will be generally 
known, the Department of Scientific and Industrial 
Research has agreed to extend the period of assistance 








to research associations. 


At the present time, the 
Cast Iron Research Association receives a grant of 
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LETTER TO THE EDITOR. 


1l. in respect of each 11. of subscription income. This a 
arrangement holds during the year 1928-1929, and THE RIVER TYNE BRIDGE, 
then falls to 10s. per 1/. of subscription income. Under NEWCASTLE. 


the old arrangement, the assistance would have ceased 
The extension which has been 


completely in 1931. 
promised is for a further five years’ beyond 1931, 


with a possible extension for a still further five years, 
The new arrangement, however, is | Tyne, a short history of this bridge will I feel sure be 


making ten in all. 


To THE Epitor oF ENGINEERING. 


Srr,—With reference to your article in this week’s 
issue on “The New Tyne Bridge” at Newcastle-on- 


on the basis of 11. of grant for 1/. of subscription income | interesting. The idea or scheme to build this bridge 


only after a minimum income has been raised from 
subscriptions. This minimum income is to be deter- 
mined by the Advisory Council to the Department 
of Scientific and Industrial Research, so that, at the 
moment, the Association probably hardly knows how 
it will stand in the future. The arrangement means 
that if the total subscription income of the Association 
is, say, 4,000/. a year, and the minimum is fixed at 
2,0001. a year, then the Department will make a grant 
of a further 2,000/. a year. If, however, with the 
same total subscription income the minimum was fixed 
at 1,0001. a year, then the Department would make a 
grant of 3,000/. a year. 
In view of the importance of the Association’s work, 
it has, up to the present, hardly been supported by the 
engineering industry generally to the extent that 
might be expected. Sir Philip Nash, in his address at 
the lunch which followed the Annual General Meeting 
of the Association on the 3lst ult., pointed out that 
about one-half of the tonnage output of engineering 
products comprises cast or malleable cast iron, and 
in view of a proportion of this kind, it would appear 
that membership and support might be expected from 
most engineering firms. The matter is not a sentimental] 
one. The information and assistance received from th« 
Association is very well worth the annual subscriptions, 
and the greater the membership the larger the field 
of work that can be covered and the more valuable 
the results obtained. In a time of such progress as 
the present, it is necessary for all processes to take 
advantage of all that modern investigation can give 
if they are to retain their position. As Sir Philip Nash 
pointed out, many of the products of the foundry are 
menaced by the growing practice of constructing fabri- 
cated frames of one kind or another. Competition 
of this kind can best be met by improving and cheapen- 
ing the output of the foundry, and one of the obvious 
ways of assisting towards this is to support the British 
Cast Iron Research Association. 


COBDEN BRIDGE, SOUTHAMPTON. 


A NEw reinforced-concrete structure replacing the 
old wrought-iron girder bridge erected across the 
Itchen at Southampton in 1883, was officially opened to 
traffic on Thursday, October 25. Like its predecessor, 
the new bridge has five spans of 275 ft. each, but is of 
arch instead of girder construction. The arch vaults 
are of the slab type, 47 ft. 9 in. wide, the thickness 
being 16 in. at the crown and 36 in. at the springings. 
The whole of the space above the vault is filled in, so 
that the total weight per span is of the order of 2,000 
tons. A very rigid structure has thus been produced, 
little liable to vibration under the heaviest rolling loads 
prescribed in the standard specification of the Ministry 
of Transport. The roadway, which is of Lithocrete, 
is 32 ft. 6 in. wide, and accommodates two lines of tram- 
way track. There are two footpaths each 6 ft. 3 in. 
wide. The piers are founded on clay, the maximum 
load on the foundations being 34 tons per square foot. 
The excavations for these piers and for the abutments 
were made with the aid of steel-pile cofferdams. In 
two cases an unexpected amount of water was met 
with, but it was got under control without much diffi- 
culty. The estimated cost of the work, for which 
Mr. H. W. FitzSimons, of 39, Victoria-street, London, 
S.W.1, acted as consulting engineer, was 55,9641. 





Prersonau.—An agreement has been entered into 
between Messrs. 8S. G. Leach and Company, Limited, of 
26-30, Artillery-lane, London, E.1, and Messrs. M. W. 
Woods, Limited, of Denmark-street, Colchester, whereby 
the whole of the selling organisation of the latter will be 
carried out by the former. 

EXAMINATION FOR SHIP SURVEYORS.—A competitive 
examination for one or more appointments as ship sur- 
veyor under the Board of Trade will be held in London 
on January 22, 1929. Applications are to be made, not 
later than December 7, 1928, on special forms obtainable 
from the Establishment Department (Mercantile Marine 
Branch), 20, Great Smith-street, London, S.W.1. 





Tae Institution oF MecHANICAL ENGINEERS.—Prizes 
have been awarded by the Council of the Institution of 
Mechanical Engineers for the following papers read 
before Graduates’ Sections during the session 1927-28 :— 
“‘ The Efficiency of Hot-Blast Stoves,’’ by J. B. Fortune ; 
“* Pulverised-Coal Systems,” by H. Heywood; and 
“‘ High-Pressure Steam,”’ by F. Dransfield. An abridg- 
ment of Mr. Fortune’s pa 
Proceedings of the Institution, 


r will be published in the | and 976 lorries and omnibuses were imported into Persia 
during the year ending March 20, 1928. 


was set going by myself in 1922 as a proposal to provide 
work for unemployed in the locality, and which, at 
the same time, would be a solution to the problem of 
cross-river traffic, at this time assuming important 
dimensions, and also in view of the possibility of a 
grant for such a purpose from the Ministry of Transport. 

With this object in view, I propounded the scheme 
in the local Press. It was seconded and supported by 
a Mr. H. Y. Richardson, who incidentally found out 
that a similar idea had been propounded thirty years 
ago, and since then had been dropped and lain pretty 
well in the archives. 

My first proposal was a for a bridge with a pier in 
the middle of the River Tyne. As the scheme grew, 
and as the authorities took it up, the River Tyne 
Commissioners insisted on a single-span bridge, their 
idea being ultimately to remove the impediment to 
river traffic caused by the present swing bridge, and 
hope for its subsequent removal. 

I was interested enough in this matter to produce 
a design of my own of a single-span bridge of the 
bow-string arch type very similar to the present 
erection. I produced this with the hope that a bridge 
of such magnitude would be put up for public competi- 
tion in design, as was done with the Sydney Harbour 
Bridge. This idea of public competition was not 
looked on with favour by the authorities. Any person 
interested in this matter can find further information 
in the booklet I have written entitled ‘“‘ The New High 
Level and its Origin.” 
Yours faithfully, 
Tuos. H. WEBSTER, 
A.M. Inst.C.E., Wh. Ex. 
172, Ladykirk-road, 
Newcastle-on-Tyne. 
October 22, 1928. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MippLessroucH, Wednesday. 
The Cleveland Iron Trade.—The limited make of 
Cleveland pig is well taken up, chiefly for use at pro- 
ducers’ own consuming plant, and stocks remain low. 
Tronmasters are thus in a strong statistical position, 
and they adhere to the fixed quotations that have ruled 
for several months past, despite customers’ persistent 
endeavour to break them, and the fact that consumers 
at a distance, who have been accustomed to purchase 
in this market, are now taking rather considerable sup- 
plies of comparatively cheap Midland iron. No. 1 Cleve- 
land is 68s. 6d. ; No. 3 g.m.b., 66s. ; No. 4 foundry, 65s. ; 
and No. 4 forge, 648. 6d. 
Hematite-—Moderate home and Continental demands 
continue to absorb the restricted make of East Coast 
hematite, and stocks are at a very low ebb. Prospects of 
early rise of values to a remunerative level are not 
bright, but quotations are well maintained. Ordinary 
qualities continue to sell at 70s., notwithstanding keen 
competition by producers of West Coast brands, parti- 
cularly for foreign trade. 
Foreign Ore.—Imported ore merchants are busy 
endeavouring to overtake arrears of deliveries against 
old contracts, but practically no new business is passing. 
Shortage of supply is, however, threatened, and freights 
are very firm, so that prices are upheld on the basis of 
best rubio at 22s. 6d. c.i.f. Tees. 
Blast-Furnace Coke.—Transactions in Durham blast- 
furnace coke are not heavy. Good medium descriptions 
remain in the neighbourhood of 17s. 9d., delivered here. 


Manufactured Iron and Steel—There are no new 
features of moment in manufactured iron and steel. 
Orders are needed in certain departments, but in some 
branches firms have a good deal of work on hand, and the 
aggregate output is heavy. Producers of semi-finished steel 
are better employed than for some time past, and they 
report new work coming steadily forward as the result 
of consumers, who have been in the habit of drawing 
nearly the whole of their supplies from the Continent, 
now making extensive use of local products. Common 
iron bars are 10/. 5s.; best bars, 10/. 15s.; double best 
bars, 11l. 5s.; treble best bars, 11/. 15s.; iron rivets, 
11/7. 5s. ; packing (parallel), 7/. 10s. ; packing (tapered), 
101. ; steel billets (soft), 67. 1fs. ; steel billets (medium), 
71. 28. 6d. ; steel billets (hard), 7/. 12s. 6d.; steel rivets, 
11/. ; steel ship plates, 81. 7s. 6d. ; steel angles, 7/. 17s. 6d. ; 
steel joists, 7/. 17s. 6d. ; heavy steel rails, 8/. 10s. ; black 
sheets (No. 24 gauge), 101.; and galvanised corrugated 
sheets (No. 24 gauge), 131. 128. 6d. 











PERSIAN Imports oF Motor VEHICLES.—It is reported 
by the British Legation at Teheran that 1,112 motor cars 
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NOTES FROM SOUTH YORKSHIRE, 
SHEFFIELD, Wednesday, 
Iron and Steel.—Recurrent_ reports of substantia] 
improvement in the South Yorkshire staple trades 
find little reflection from an examination of the actual 
facts. While over-time working is not unknown jn 
exceptional instances, there is lying idle, or only partly 
employed, a considerable amount of machinery awaiting 
a forward buying movement on a big scale. The under. 
lying explanation is that capacity has been so greatly 
increased that any influx of business is quickly absorbed 
and plants are again thrown back on part-time produc. 
tion. The level of unemployment supports this analysis, 
Sheffield’s total of operatives for whom there is no work, 
or who are engaged only part-time, is 25,000. This is 
greater than the aggregate registered in January this 
year, and represents an advance of about 1,000 on the 
average for the corresponding period of last year. The 
current demand for soft basic steel shows signs of a 
slight expansion. Benefit is felt from the increase in 
Continental prices and the difficulty experienced by 
Continental producers in giving prompt accommodation, 
There is still a good deal of headway to be made in acid. 
steel production. This type of open-hearth plant feels 
acutely the shortage of orders from British railways, 
Hematite pig-irons are in fair request from the North 
of England, and a good deal of foundry iron from Lin- 
colnshire and Derbyshire is going into consumption at 
local works. Quotations are as follow :—Siemens acid- 
steel billets, 91. to 91. 5s.; hard basic-steel billets, 
7l. 2s. 6d. to 71. 12s. 6d. ; soft basic-steel billets, 6/. 10s. ; 
Derbyshire foundry pig-iron, 60s. to 61s. ; Derbyshire 
forge iron, 58s. 6d.; Lincolnshire foundry iron, 60s, ; 
Lincolnshire basic, 59s.; crown iron bars, 10/1. 10s. ; 
iron hoops, 127. 10s.; steel hoops, 9/1. Although axle, 
wheel, and tyre plants are short of orders, active 
business is being done in weldless-steel buffers. Despite 
keen competition from Belgium, one Sheffield firm has 
sent 100,000 of these buffers to India during the last 
six years. If plans now under consideration mature 
successfully, cost will be reduced and output consider- 
ably increased. Greater economy in manufacture is 
also aimed at by the erection of new spring shops. 
There is a moderate demand for engineers’ castings, 
while tools for the electrical-engineering industry aro 
an expanding line. 


South Yorkshire Coal Trade.—lIrregular conditions 
govern the house-coal market. Those collieries that are 
holding out for the full advances officially imposed at 
the beginning of the month complain of unsatisfactory 
order books. On the other hand, a good deal of business 
is being done by producers who are prepared to accept 
September prices. Industrial fuel is steady on inland 
account, while exports show consistent improvement. 
Both furnace and foundry coke are in strong request, and 
there is considerable activity in gas coke; the position 
of smalls is unaltered. Quotations :—Best branch 
hand-picked, 26s. to 27s. 6d.; Derbyshire best bright 
house, 23s. to 24s. 6d.; best house coal, 20s. 6d. to 
21s. 6d.; screened house coal, 17s. to 18s. ; screened 
house nuts, 16s. to 18s.; Yorkshire hards, 14s. 6d. to 
16s, ; Derbyshire hards, 14s. 6d. to 16s. ; rough slacks, 
8s. 6d. to 9s. 6d.; nutty slacks, 4s. 6d. to 6s. ; smalls, 
3s. 6d. to 4s. 

















Moror TRANSPORT IN NORTHERN CuHILE.—A short 
confidential report on the market for motor lorries in 
northern Chile, has been prepared by the Department of 
Overseas Trade, from information furnished by the com- 
mercial secretary at Santiago, and issued to firms whose 
names are entered on its special register. United Kingdom 
firms desirous of receiving a copy, should communicate 
with the Department, at 35, Old Queen-street, London, 
S.W.1, quoting reference number A.X. 7048. 





Farapay House Otp StupEnts’ AssocratTion.—The 
twentieth annual dinner of the Faraday House Old 
Students’ Association was held at the Savoy Hotel, 
London, on Friday, October 26, Mr. F. E. Berry, Presi- 
dent, being in the chair. Proposing the toast of ‘* Faraday 
House and its Old Students,” Colonel K. Edgeumbe, 
President of the Institution of Electrical Engineers, 
said that there was now a record number of 340 students 
on the books, but there would be plenty of room for them 
in an industry that was likely to double in ten years. 
There was a continuous stream of engineering students 
into administrative posts, which showed how mayor 
it was that some part of their training should be —— 
to economic questions. In reply, Dr. Alexander Russ: 
said that, since 1889, 2,000 students had joined the 
college, and the present attendance broke all records. 





TENDERS.—We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, 8.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. see 
details and information relating to these may be obtainec 
on application to the Department at the above ——- 
the reference number given below being quoted in each 
case :—The Commercial Secretary at Brussels _ “ne 
that a firm in Belgium is calling for quotations 
the supply of wire rods. (Ref. No. A.X. 7040).— ~ 
Melbourne City Council is calling for tenders ag : 
supply of an electric-motor tower wagon. Closing Pe 
December 5. (Ref. No. A.X. 7046).—The British ae. 
tion at Berne reports that a local enquirer woul 

lad to receive offers from British aircraft manufscormny 
or the supply of light aeroplanes. (Ref. No. A.X. pe mg 
—Tenders, to be presented by November 17, are 
invited by the Town Council of Johannesburg pe 
supply of an electrically-driven pump and motor. 











automatic starting gear. (Ref. No. A.X. 7055). 
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NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel Trade.—No change of any kind can be 
reported in the state of the Scottish steel trade this week, 
and most of the works are short of orders. The demand 
from the shipyards has fallen off considerably of late, 
and there seems little prospect of any improvement from 
that direction in the near future on account of the dearth 
of orders for new tonnage. Shipbuilders are appealing to 
owners to anticipate their future requirements and place 
orders for modern vessels, but few can be found to 
listen, consequently the outlook for the winter months 
is far from bright. The position on the Continent is 
tending to help the home producers, but so far, the 
business directed this way has not been of much account. 
Orders from customers overseas are, if anything, a little 
better. In the black-sheet trade there continues to be a 
good demand for the lighter gauges and order books are 
very well filled, but the heavier gauges are not nearly so 
active, although there is a slight improvement in the 
demand. Business in galvanised sheets is extremely 
good, and shipments are very satisfactory. Prices are 
steady, and are as follow :—Boiler plates, 10/. 10s. per 
ton; ship plates, 8. 7s. 6d. per ton ; sections, 7/. 17s. 6d. 
per ton; sheets, 4 in., 87. 15s. per ton; and sheets, gal- 
vanised corrugated (No. 24 gauge), 13]. 7s. 6d. to 
131. 12s. 6d, per ton, all delivered Glasgow stations. 

Malleable-Iron Trade—In the West of Scotland 
malleable-iron trade a dull tone is all too prevalent, and 
employment at the works is of the day-to-day order. 
The brightest side of the industry is certainly the steel 
re-rolling branch, where the demand is good and of an 
expanding nature. Current prices are :—‘‘ Crown ”’ bars, 
10/. 5s. per ton for home delivery, and 9. 15s. per ton for 
export ; and re-rolled steel bars, 7/. 10s. per ton for home 
delivery, and 7/. 7s. 6d. to 71. 10s. per ton for export. 

Scottish Pig-Iron Trade.—The state of the Scottish pig- 
iron trade has not changed, and the all-round demand is 
very poor. The output continues on small lines, yet it is 
still more than ample to meet all calls. The export side 
of the trade is not very brisk. The following are the 
current market quotations :—Hematite, 74s. per ton, 
delivered at the steel works ; foundry iron, No. 1, 75s. to 
76s, per ton, and No. 3, 70s. to 71s. per ton, both on 
trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig iron from Glasgow Harbour for the week ending 
Saturday last, October 27, amounted to 489 tons. Of that 
total, 438 tons went overseas and 51 tons coastwise. 
For the corresponding week of last year, the figures were 
535 tons overseas and 209 tons coastwise, making a total 
shipment of 744 tons. 

Scottish Pig-Iron Trade Wages.—Messrs. Jas. C. Bishop 
and Owen Coyle, joint secretaries of the Board of Concilia- 
tion for the Regulation of Wages in the Pig-Iron Trade of 
Scotland, have received the following intimation from 
Messrs. Kerr, MacLeod and Macfarlane, C. A., Glasgow :— 
“Tn terms of the remit, we have examined the em— 
ployers’ books for July, August and September, 1928, and 
certified that the average net selling price is 3/. 12s.” 
This means that there will be no alteration in the wages 
of the workmen. 

_ Scottish Iron Workers’ Hours.—The Scottish Concilia- 
tion Board for the Manufactured-Iron Industry have 
arranged a conference to consider the dispute between 
the employers and the Iron and Steel Trades Confederation 
regarding working hours. The employers recently intro- 
duced a change, substituting a two-shift system instead of 
the three-shift scheme, which has been in operation for a 
long period, and the Union complain they were not con- 
sulted in the alteration. An assurance has been given, how- 
ever, that the normal working day has not been interfered 
with except in one case. 

Scottish Shipbuilding.—The month of October stands 
out prominently in the shipbuilding industry as the one 
with the smallest output for this year. The returns 
show that the new tonnage carried forward, as it were, 
from the time of the labour troubles of the year 1926 has 
been ec mpletely worked off, and now the yards are depen- 
dent on the more recent orders. These have, unfortu- 
nately, been few in comparison with the capacity of the 
yards, and now it is only too evident that there are dull 
times ahead. During the past month the number of new 
contracts reported was only for some 10 vessels, but, on 
this, the last day of October, comes the welcome news of 
the placing on the Clyde of an order for a large Canadian 
Pacific liner, which will ensure work for a very large 
number of men during the next three years. The output 
for the month of October was as follows :— 





: Vessels. Tons. 
The Clyde... ss wee cane 12,835 
The Forth... aa a in, 742 
The Tay ea =e aad sey 5,421 
The Dee and Moray Firth ... oe 1,461 

Total eee csr 2a 20,459 


The Clyde total is by far the poorest month’s output for 
the year, and is less than half the previous smallest 
month—April. The 10 months’ total is now 168 vessels 
of 498,658 tons, which is a good deal less than the best 
for the same period, which was 218 vessels of 559,834 tons 
for the 10 months of the year 1913. | 

Important Shipbuilding Contract.—The announcement 

as just been made that the contract for the new 40,000- 
ton Canadian Pacific liner (to be named the Empress of 
Britain) has been placed with Messrs. John Brown and 
~ornpany, Clydebank. The new vessel will be 730 feet 
in length, and will have a speed of 24 knots, enabling her 
z do the Southampton-C erbourg—Quebec run in five 
a She will be the largest vessel of the fleet owned 

y the Company, and will cost about 3,000,000/. It will 
be 1931 before she is completed, and this contract will 
mean steady employment for several thousand men. 


NOTICES OF MEETINGS. 


INSTITUTION OF ENGINEERING INSPECTION.—To-night, 
5.30 p.m., Royal Society of Arts, John-street, Adelphi, 
W.C.2. ‘‘ Die Casting,” by Mr. A. H. Mundey. 


Junior INstTITUTION OF ENGINEERS.—To-night, 7.30 
p.m., 39, Victoria-street, S.W.1. Kinematograph Film : 
‘** Principle, Construction, Erection, and Operation of 
the Babcock Boiler.”” Friday, November 9, 7.30 p.m. 
Annual General Meeting. 





INSTITUTE OF BriItTISH FouNDRYMEN.—Lancashire 
Branch : Saturday, November 3. College of Technology, 
Manchester. ‘“‘ Facing Sands,’’ by Mr. C. Presswood. 
Birmingham Branch: Thursday, November 8, En- 
gineers’ Club, 13, Waterloo-street, Birmingham. 
“Shrinkage Holes in Small Grey-Iron Castings,” by 
Mr. P. S. Russell. 

e 


Royat Instrrution.—Monday, November 5, 5 p.m., 
Albemarle-street, W.1. General Meeting. Tuesday, 
November 6, 5.15 p.m. ‘“‘ The Change of State from 
Liquid to Vapour” (Lecture II), by Professor H. L. 
Callendar. 


Socrety oF ENGINEERS.—Monday, November 5, 
6 p.m., Geological Society, Burlington House, Picca- 
dilly, W.1]. ‘‘ The Future of Engineering in the Light 
of Modern Economic, Industrial, and Political Con- 
ditions,” by Mr. C. R. Enock. 


INSTITUTION OF AUTOMOBILE ENGINEERS.—Bristol 
Centre: Monday, November 5, 6.45 p.m., Merchant 
Venturers’ Technical College, Bristol. ‘The Com- 
parative Merits of Road and Dynamometer Testing 
for Motor Vehicles,” by Dr. E. C. Wadlow. London : 
Tuesday, November 6, 7.45 p.m., Royal Society of 
Arts, John-street, Adelphi, W.C.2. ‘‘ Modern Problems 
in Engine Lubrication,” by Mr. L. H. Pomeroy. 


INSTITUTION OF THE RUBBER INDUSTRY.—Monday, 
November 5, 7.30 p.m., Blackfriars Theatre, Lever 
House, William-street, New  Bridge-street, E.C.4. 
Annual General Meeting. Lecture: “‘ Recent Progress,” 
by Dr. T. J. Drakeley. 


InstiITUTE OF TRANSPORT.—Bristol and _ District 
Section : Tuesday, November 6, 5.40 p.m., The Univer- 
sity, Bristol. ‘* Civil Aviation,” by Air Vice-Marshal 
Sir W. Sefton Brancker. 

INSTITUTION OF CrIvIL ENGINEERS.—Tuesday, Nov- 
ember 6, 6 p.m., Great George-street, S.W.1. Address 
by Sir B. H. Henderson, President. Birmingham and 
District Association : Thursday, November 8, 6 p.m., 
Birmingham Chamber of Commerce, New-street, 








Birmingham. ‘‘ Modern Methods of Sewage Disposal,” 
by Mr. A. E. Sadler. 
ILLUMINATING ENGINEERING SocretTy.—Tuesday, 


November 6, 6.30 p.m., Lighting Service Bureau, 
15, Savoy-street, Strand, W.C.2. ‘‘ Report on Progress 
during the Vacation,’’ by Mr. J. S. Dow. “ Inter- 
national Illumination Congress in the United States,” 
by Mr. C. C. Paterson. Report by Committees on 
Progress in Gas and Electric Lighting. 


Institute oF Metrats.—Birmingham Local Section : 
Tuesday, November 6, p-m., Engineers’ Club, 
Waterloo-street, Birmingham. ‘Drop Forging and 
Machine Forging,” by Mr. F. W. Spencer. North-east 
Coast Local Section : Tuesday, November 6, 7.30 p.m., 
Armstrong College, Newcastle-on-Tyne. ‘“‘ Deformation 
of Metals,’ by Professor C. H. Desch. London Local 
Section: Thursday, November 8, 7.30 p.m., Royal 
School of Mines, South Kensington, 8.W.7. ‘“ The 
Plastic Contour,” by Professor W. E. Dalby. Sheffield 
Local Section: Friday, November 9, 7.30 p.m., The 
University, St. George’s-square, Sheffield. ‘‘ Flow in 
Metal-shaping Processes,” by Professor F. C. Thompson. 


INSTITUTION OF ELECTRICAL ENGINEERS.— Wednesday, 
November 7, 6 p.m., Victoria-embankment, W.C.2. 
Wireless Section Meeting. Address by the Chairman, 
Commander J. A. Slee. Thursday, November 8, 6 p.m. 
Ordinary Meeting. ‘“‘ Overhead Electric Lines,’ by 
Mr. W. B. Woodhouse. London Students’ Section : 
Friday, November 9, 6.15 p.m. Discussion on “ Loud 
Speakers,” by Mr. T. M. C. Lance. 


INSTITUTION OF HEATING AND VENTILATING 
ENGINEERS.—Wednesday, November 7, 7 p.m., Caxton 
Hall, Broadway, Westminster, 8.W.1. ‘‘ Heating and 
Domestic Installations—the Insurance Point of View,” 
by Mr. G. A. Cottell. 


Royat Society or Arts.—Wednesday, November 7, 
8.30 p.m., John-street, Adelphi, W.C.2. “ Fifty Years 
of British Industry,” by Sir G. Sutton. Friday, 
November 9, 4.30 p.m. Indian Meeting. “Town 
Water Supply in India,” by Mr. J. W. Madeley. 


INSTITUTION OF MUNICIPAL AND CounTY ENGINEERS.— 
Metropolitan District : Thursday, November 8, 6 p.m., 
Deptford Town Hall, New Cross-road, S.E. ‘“‘ Granite 
Setts in and around London—Some Factors affecting 
their Wear.’’ Description of Micro-structure of Granite 
Setts, by Mr. B. H. Knight. 


RoyaLt AERONAUTICAL Socrety.—Thursday, Nov- 
ember 8, 6.30 p.m., Royal Society of Arts, John-street, 
Adelphi, W.C.2. ‘‘ Machinery Installation of R.101,” 
by Wing Commander T. R. Cave-Browne-Cave. 


Optica Socrety.—Thursday, November 8, 7.30 p.m. 
Imperial College of Science and Technology, South 
Kensington, S.W.7. ‘‘On Systems of Plane Reflecting 
Surfaces,” by Mr. T. Smith. “ Reflecting Systems for 
Image Inversion,” by Mr. T. Smith. “The Relation 


between Field Illumination and the Optimum Visual 
Field for Observational Instruments,” 


by Dr. L. C. 





T. C. Richards. 


Martin and Mr. 
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Farapay Socrety.—Friday, November 9, 3.30 p.m., 
Royal Institution, Albemarle-street, W.1. Spiers 
|Memorial Lecture: ‘‘Some Debatable Problems in 
| Physics,” by Sir Oliver Lodge. 
|__INsTITUTION OF MECHANICAL ENGINEERS.—Friday, 
| November 9, 7 p.m., Storey’s-gate, S.W.1. Informal 
| Meeting. ‘‘ Marketing Engineering Products Overseas, 
| introduced by Mr. E. T. Elbourne. 

KEIGHLEY ASSOCIATION OF ENGINEERS.—Friday, 
November 9, 7.30 p.m., Temperance Institute, Keighley. 
“Precise Length and Angular Measurement,” by 
Mr. C. H. Carter. 

Hutt Association oF ENGINEERS.—Saturday, Nov- 
ember 10, 7.15 p.m., Technical College, Park-street, 
Hull. ‘Heat Engine Cycles,” by Professor G. E. 
Scholes. 





NOTES FROM THE SOUTH-WEST. 


CarpiFrF, Wednesday. 

The Coal Trade.—The acceptance of the Central Argen- 
tine Railways order for 500,000 tons of Admiralty large 
coal to be delivered during the whole of next year, at less 
than the minimum price, by four colliery companies 
who are members of the South Wales Coal Marketing 
Association, caused a good deal of uneasiness as to the 
future of the scheme in coal trade circles during the 
past week. The contract was placed at 18s. 9d. per ton, 
f.0.b., which, for 200,000 tons of coal, was 6d. below the 
schedule and for 100,000 tons 3d. below, but for the other 
200,000 tons the minimum price was obtained. It was 
afterwards stated that when the scheme became operative, 
in March last, some of the colliery companies reserved to 
themselves the right to tender special prices for certain 
named contracts. At a meeting of the executive 
committee held yesterday further reference was made 
to the matter, and it was unanimously resolved that the 
minimum prices should be maintained without any 
reservations. This makes the tendering of lower prices 
than the schedule, by members of the association, impos- 
sible in the future without a breach of the regulations. 
It is also understood that in order to strengthen the 
scheme, the executive committee is considering the 
regulation of output. The Brazilian Central Railways 
invitation to quote for the supply of 200,000 tons of 
large and small coal, in the proportion of two-thirds 
large and one-third small, to be delivered at Rio de 
Janeiro during the four months commencing December, 
has also been the subject of considerable interest. In this 
case the lowest price, which was 27s. 10d. per ton c.i.f., 
was submitted by a colliery-owning firm outside the 
Marketing Association. The price quoted, after allowing 
the current freight of 12s. 6d. to 13s. 6d. for Rio de Janeiro, 
leaves 148. 4d. to 15s. 4d. for the coal, which is considered 
an exceedingly low figure. The Spanish Norte Railway 
also want prices for 30,000 tons of large to be delivered 
over the next couple of months. Current conditions 
are, however, very unsatisfactory owing to a dearth of 
ready tonnage which is seriously checking shipments. 
Forward orders, too, are limited by a shortage of ships 
offering on the freight market, while shippers, wherever 
possible, are holding back owing to the fact that freights 
are at the highest levels touched this year. Alexandria, 
for instance, has been fixed at 12s. 3d.; Gibraltar at 9s. ; 
Port Said at 12s., and West Italy at 10s., figures which are 
resulting in losses of anything from Is. to 3s. per ton to 
shippers who have taken on c.i.f. contracts. In the past 
week shipments of coal totalled only 384,540 tons, which 
was 24,000 tons less than in the preceding week, and the 
smallest quantity dealt with since the middle of Septem- 
ber. Exports to the Argentine, Brazil and Egypt were 
increased, but to France, Italy, Spain and Portugal 
considerably reduced. 

Tron and Steel.—A reduction occurred in the volume of 
iron and steel goods shipped during the past week, The 
total of 19,095 tons compared with 22,691 tons in the 
preceding week. Shipments of galvanised sheets were 
raised from 2,845 to 6,069 tons, but of tin-plates and terne- 
plates reduced from 11,933 tons to 7,199 tons, black plates 
and black sheets from 2,179 tons to 708 tons and other 
iron and steel goods from 5,734 tons to 5,119 tons. 











Socrére pres IncféNrevRS Crvits DE FRANCE.—BRITISH 
SecTIon.—The twenty-seventh ordinary general meeting 
of this Institution is to be held on the 12th inst., at 5.30 
p.m., in the hall of the Institution of Mechanical En- 
gineers, when Mr. Fieux will read a paper on the “ Twin 
Gyro Stabiliser.” The paper will be illustrated by a 
film. The chair will be taken by Mr. Frank Merricks, 
C.B.E., M.Inst.C.E., president of the British Section. 





InDusTRIAL ProsPenity oF CanaDA.—The conditions 
obtaining in Canadian industry, according to a recent issue 
of the report of the Royal Bank of Canada, are, at the 
present moment, most encouraging. Approximately 
4,500 miles of railway are to be constructed or improved 
during the next two years, and these lines will open up 
new agricultural and industrial areas. The value of the 
sales of new motor cars increased from 56,000,000 dols. in 
1924 to 105,000,000 dols. in 1927. As regards agricultural 
machinery, the imports during 1926 were approximately 
double those of 1925, and the figure increased by about 
50 per cent. in both 1927 and 1928; it should be re- 
membered that Canada is one of the largest producers 
of agricultural implements, the production in 1925 aggre- 
gating 25,000,000 dols. in value. During 1926, the total 
value of the wireless apparatus manufactured in Canada, 
amounted to 6,000,000 dols.; during 1927, this figure 
increased to 8,750,000 dols. Betwecn 1924 and 1928, 
the value of the imports of artificial refrigerating devices 
increased from 110,00 dols. to 593,000 dols. In all 
cases, the figures quoted above refer to the fiscal year 





ending on March 31. 
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THE APULIAN AQUEDUCT, SOUTHERN ITALY. 
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THE LONGFORD GENERATING STATION, COVENTRY. 


CONSTRUCTED TO THE DESIGNS OF MR. GEORGE TOUGH, M.I.E.E., CITY ELECTRICAL ENGINEER. 


(For Description, see Page 549.) 


























Fig. 3. View IN THE TURBINE Room. 
































Fig. 4. CoNDENSER AND PUMPS. Fig. 5. Concrete CooLtina TOowERs. 
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PLATE LXVI. 


‘ATIX OF THE COVENTRY CORPORATION. 


R. GRO TOUGH, M.I.E.E., CITY ELECTRICAL ENGINEER. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 

TELEGRAPHIO \ “ ENGINEERING,” WESTRAND, 

ADDRESS LONDON. 
TELEPHONE NumBERS—3663 and 8598 GERRARD. 


~~ $UBSCRIPTIONS, HOME AND FOREIGN. 


“ ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 
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For Canada— 
Thin paper COpies ...............cce00 £218 6 
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For all other places abroad— 
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Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 


When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 
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ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 128. per 
inch, Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 











Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, alterations 
for standing advertisements should be received 
10 days previous to the day of publication. 


Allaccounts are payable to “‘ ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 
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THE DISCONTINUITY OF THE LIQUID 
AND GASEOUS STATES. 


It was by attaining experimental precision to 
four significant figures that the late Lord Rayleigh 
was led to the discovery of argon, and the possible 
extreme importance of the utmost refinement in 
measurements is illustrated once again by the 
fundamentally important paper presented to the 
Royal Society last August by Professor H. L. 
Callendar, F.R.S., and reprinted in our last and 
current issues. Lord Rayleigh overthrew views 
firmly held by chemists ever since the experiments 
on the constitution of the air made by Henry 
Cavendish in 1785. The famous hypothesis of van 
der Waals, which now appears to be definitely 
disproved, dates from 1873. It is some six or 
seven years since the British Electrical and Allied 
Industries Research Association, promising him 
adequate financial support, persuaded Professor 
Callendar to carry to higher pressures the important 
researches on the properties of steam begun by 
him in Canada some thirty years ago. Seldom, 
if ever, has an investment in industrial research 
yielded, as a by-product, so rich a return in the 
shape of a fundamentally important contribution 
to pure physics. It is notorious that in these 
difficult experiments the man counts for much more 
than mere lavishness of equipment. The simple 
and straightforward methods and apparatus devised 
by Professor Callendar for the conduct of this 
research, have probably cost only a fraction of 
what has been expended elsewhere, yet the precision 
attained is so far unexcelled in similar work. It is 
this extreme precision which has led to the discovery 
that the presence of mere traces of air in water 
or steam, near the critical point, completely alters 
the character of the phenomena observed. 

Van der Waals suggested that vapours failed to 
obey the normal gas law because of a mutual 
attraction between their molecules, and, based on 
this hypothesis, his famous equation of state. 
This does undoubtedly represent qualitatively many 
of the properties of vapours as actually observed. 
Every attempt, however, to fit it quantitatively to 
the facts has uniformly failed. It was in part due 
to this that, in the articles on the kinetic theory 
of gases, published by us in 1925, we were led 
to question the validity of the hypothesis on 





559 





An additional consideration pointing to the same 
conclusion was the fact experimentally established 
by C. T. R. Wilson in 1897 that co-aggregation of 
the molecules did occur in the case of water vapour. 
Here then was a definitely demonstrated cause of 
the defect of volume, for which the hypothesis 
criticised had been framed to account. It is, 
of course, a recognised principle in science that 
hypotheses must not be unnecessarily multiplied. 
Hence until it was definitely proved that co-aggre- 
gation was incapable of accounting for the facts of 


;| observation the hypothesis of van der Waals ought 


at least to be held in abeyance. Moreover, it was 
shown in the same series of articles that the kinetic 
theory of gases necessarily led to the result that, 
to a first approximation, co-aggregation must be 
a function of the temperature only, and independent 
of the pressure. As Callendar had already shown, 
this rule was satisfied in the case of steam at 
moderate pressures, but it did seem probable that 
additional terms dependent on the pressure might 
be necessary in the neighbourhood of the critical 
point. 

As against the above view, it must be admitted 
that the character of the “‘ border curve” in the 
critical region, so far as then ascertained, was in 
excellent agreement with an equation of the van 
der Waals type the accepted form being parabolic 
in this neighbourhood. Nevertheless, Callendar 
found, in the case of steam, that with sufficiently 
sensitive apparatus anomalies appeared, which were 
greater than could be reasonably attributed to 
experimental errors, and moreover, in the case of 
CO,, experimentalists had never got really satis- 
factory measurements of the specific volume in the 
region concerned. 

As is generally the case when small but inex- 
plicable discrepancies appear in accurate experimen- 
tal work, a long time was required to trace the 
anomalies in question to their source, but it has 
now been shown that the parabolic character of 
the border curve in the critical region originates 
in the use of impure materials, and that with really 
air-free steam and water it takes a form entirely 
different from that hitherto accepted. 

Thus the liquid and vapour branches meet at an 
angle, instead of merging into a common horizontal 
tangent. The vapour and liquid phases are therefore 
not continuous, and the latent heat does not vanish 
at the same time as the surface tension. Beyond 
the point at which this latter property vanishes 
there is still a distinct difference in the specific 
volumes of steam and water, but the two phases 
are then capable of mixing together in all propor- 
tions. The extremely minute content of air which 
suffices to mask the real character of the border curve 
is not a little remarkable. Near the critical region 
the presence of less than one part of air in 1,000 of 
water is in fact sufficient to lead to serious errors. 

A most interesting and important point now 
definitely established is that the Callendar formule 
for the adiabatic expansion of steam, and for the 
total heats of steam and water hold good right up 
to the critical point, whilst his characteristic equation 
connecting together the volume, pressure and tem- 
perature of steam, only requires a slightly modified 
small correcting term to represent the properties 
right up to the critical region. 

On the other hand, the co-volume which, in the 
absence of means of determining it directly, had been 
assumed as sensibly equal to the specific volume 
of liquid water at its maximum density, is now 
proved to be only one-fifth as large, and is, therefore, 
quite negligible in almost all practical applications. 

It is, moreover, important to recall that every 
term in these Callendar equations has a physical in- 
terpretation. Terms are not included merely to fit 
an empirical formula to the experimental data, but 
are definitely required by the kinetic theory of 
gases, and by the fact of co-aggregation. The 
rational formula for the saturation pressure as 
deduced from the foregoing by thermodynamic 
principles, agrees, it appears, with the direct 
experiments of Holbein and Baumann within a 
fraction of 1 deg. C. 

Returning to the subject of van der Waal’s 
hypothesis, it may be observed that the assumed 
inter-molecular attraction has commonly been 
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taken as analogous to surface tension. It seems, 
however, a little difficult to reconcile this view 
with Laplace’s demonstration that the forces 
responsible for capillarity are sensible only at 
insensible distances. It is difficult to see any 
analogy between such forces and a general attrac- 
tion between the molecules of a gas. Again, a 
vapour undoubtedly consists of discrete molecules, 
but it is at least open to question whether discrete 
molecules exist in a homogeneous liquid. It may 
well be, that the whole mass of the liquid constitutes 
the molecule, just as is the case with every crystal of 
rock salt, in which it is impossible to assign any 
individual atom of sodium to any individual atom 
of chlorine. Undoubtedly the paper under review 
will lead to further study of the critical state. It is 
quite likely that the results of such investigations 
may be less striking in the case of other fluids than 
they have proved to be in the case of steam. 
Water is, in fact, a very exceptional body. Each 
molecule of H,O has been credited with no less than 
eight residual affinities and this must much en- 
hance the tendency to co-aggregation. 








THE HEALTH OF INDUSTRY. 


At the present time the British electrical industry 
is enjoying a fair degree of prosperity, and a retro- 
spective glance will show that this statement could 
have been made with equal truth at almost any 
time during the post-war period. It is also capable 
of proof, whether we consider the results obtained 
on an absolute basis or whether we compare what 
has been achieved with the position in other trades. 
It is, in fact, not too much to say that those con- 
nected with other branches of engineering regard 
the successes of their electrical colleagues with a 
feeling akin to envy. Very many electrical manu- 
facturing firms possess well-filled order books and 
are able to pay satisfactory dividends, while on the 
supply side, in spite of the coal strike and trade 
depression, the output of energy has increased at 
a more and more rapid rate each year. If this is 
the state of things when industry as a whole is 
stagnant, and money tight, it augurs well for the 
prosperity that will be enjoyed when the clouds pass 
away, as it is to be sincerely hoped they will before 
long. 

This being so, it is curious to find that the electrical 
industry itself is afflicted with a habit of introspec- 
tion, which is so frequently indulged in and so 
deep-seated as to be almost morbid. This condition, 
as it often does when individuals are similarly 
attacked, results in alternating phases of joyous 
optimism and profound pessimism, which to the 
unbiased observer appear to be based as much 
upon an unintelligible inferiority-complex as on 
facts. There is indeed, it is easy to discover, too 
much self-analysis, and this is manifested in an 
outpouring of statistics and comment upon the 
real and supposed condition of the industry in its 
relationship to trade as a whole, and to what is 
being done in other countries which, whatever else 
it effects, must tend to encourage and render more 
dominant a state of mind, for which, intrinsically, 
there seems little or no justification. 

It would be easy to cite numerous examples of 
what we mean, ana possibly to irritate or bore our 
readers by so doing. But it will be sufficient to 
refer to the Inaugural Address, which was delivered 
by Lieut.-Colonel K. Edgcumbe, the new President, 
to the Institution of Electrical Engineers on Thurs- 
day, October 25, not because it displays undue mor- 
bidity or commits any flagrant errors of analysis, but 
because it affords an illustration of the habit of 
electrical engineers tocally with that pathological 
subject, economics, rather than to devote their best 
attention to those living problems, which are to be 
found in increasing measure within the confines of 
the activities with which they should be most im- 
mediately concerned. It is not without pertinence 
to our argument that we may point out that 
much the same subject was dealt with in much the 
same way by Dr. W. H. Eccles in the Inaugural 
Address* which he delivered to the same body only 
two years ago, and we may well ask whether con- 
ditions in the interval have really changed so much 
as to require further treatment. The main, and 





refreshing, difference between these two Presidents 
lies, in fact, that while Dr. Eccles held that all was 
not well, Colonel Edgcumbe is of opinion that it 
might be a good deal worse, and may under certain 
conditions be a good deal better. 

The main contents of the address can be briefly 
stated. After a short introduction dealing with 
Institution matters, the argument is advanced that 
to obtain a high standard of living a country 
must have a high rate of production per individual. 
In this country, however, statistics show that the 
annual output per head has remained almost 
stationary for 20 years, ‘‘so that it is hardly sur- 
prising that the standard of living still leaves 
so much to be desired.’ Toincrease the output per 
individual as much power, preferably electrical, 
as can be usefully employed, must be put at the 
disposal of each worker, research must be invoked 
in the causes of efficiency and cheapness, there must 
be a ‘“loose-coupling” of specialist firms to each 
other and to a co-ordinating central organisation, 
and a greater aggregate output must be achieved. 
This last factor Colonel Edgeumbe regards as the 
most important. To ensure it the electrical manu- 
facturer has with some success sought outlets abroad, 
but since these outlets are for various reasons likely 
to be narrowed in future it would be, in his opinion, 
an advantage to reduce to a minimum our depend- 
ence on exports. As manufacturers must export to 
maintain the output necessary for economical pro- 
duction, it is an obvious corollary that they must 
sell at ‘‘ overseas’ competitive prices, which may 
be less than the production costs. When standard- 
isation, research and co-operation have been fully 
exploited, however, there remains a gap between 
these two figures, which is only partially bridged 
by the superior quality of the product. To escape 
from this impasse the only way is to sell at a lower 
price abroad than at home, while by so “‘ averaging,” 
it will also be possible to reduce the price at which 
the article can profitably be sold at home. 

Turning next to the problem of unemployment, 
Colonel Edgcumbe advances the view that this 
condition is in essence due to the production of 
commodities in the wrong relative quantities from 
the point of view of consumption. The remedy is 
therefore to level up the output of some, or to level 
down the output of others. Of these policies, the 
formeris the more beneficial, since it would be possible 
thereby to increase the standard of living. To effect 
this, however, means a transfer of operatives from 
one industry to another and a general increase in 
trade. As regards the latter point the problem is 
to find markets, and the suggestion is made that this 
can only be done by buying more of the 320,000,0001. 
worth of goods, which are now manufactured abroad, 
at home. Only by so doing can the Government’s 
transference scheme be a success. He also points 
out that to increase the volume of exports beyond 
what is necessary to pay for what we must import 
is a hindrance rather than a help to our trade, 
and that this limitation of imports should be 
achieved by a campaign in favour of home manu- 
factured goods rather than by tariffs or safe- 
guarding. 

While these considerations apply to trade in 
general, Colonel Edgcumbe, in the concluding 
portion of his address, deals more particularly 
with the electrical industry. Taking the annual 
output of electrical energy as a barometer, he 
shows that this is increasing at the rate of about 
10 per cent. per annum in the case of the statutory 
undertakings, and probably at a slightly lower 
rate for the country as a whole. Extrapolating 
from the curve for the past eight years, it appears 
that the consumption in 1940 will be some 600 kw.-h. 
per head of population, or about 100 kw.-h. more 
than the figure given for the same year in the 
Weir Report. In 1924, about 71 per cent. of the 
output was used for power, excluding traction, 
and 10 per cent. for lighting and domestic 
purposes, but in 1940 it is calculated that the 
percentage used for power will have decreased to 
60 per cent., while that employed for domestic 
purposes will have risen to about 27 per cent. 
These figures are based on the obvious fact 
that though a great deal has been done in the 
way of electrification, much more remains to be 
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effected. In the domestic field, not more than 20 per 


cent. of our houses are now electrically equipped, 
and of those that are so equipped, many do not 
use electricity for any purpose other than lighting. 
In industry, the position is better, for the degree 
of electrification in the shipbuilding, engineering 
and wool trades exceeds 90 per cent., while in 
electrical engineering it is virtually 100 per cent. 
On the other hand, in the cotton industry it is 
less than 20 per cent., for blast furnaces 28 per 
cent., in the coal industry 40 per cent., in the 
iron and steel industry about the same, and in 
rolling mills some 50 per cent., so that as regards 
many of the staple industries of the country, there 
is a great deal of leeway to make up. The same 
remarks apply, with even greater force, to agricul- 
ture and to traction. The future may therefore 
be awaited with confidence, if electrical engineers 
realise that they have a commodity to sell, and take 
the trouble to sell it. 

In exercising our option of criticising even a 
presidential address, we may repeat our comment 
that in setting about the task which faces it, the 
British electrical industry would do well to keep 
its ‘“‘ eyes in the boat,’’ and not to allow one of those 
organs to be continually fixed on what is supposedly 
being done in other countries. Colonel Edgcumbe, 
like Dr. Eccles, gave a number of statistics relating 
to the positions in Germany and the United States, 
and compared our position unfavourably with 
theirs. But with the best will in the world, such 
figures may include excessive “errors of observa- 
tion,’ and in any event the problem is not what 
other countries have done, but what we are going 
to do. It is only necessary to call attention to a 
few perfectly obvious differences in conditions to 
show that such comparisons, though not without 
interest, are very largely valueless. The real 
lesson that can be learnt from Colonel Edgcumbe’s 
statistics is that both in industry and in the home 
there is an increasing tendency to take advantage 
of the benefits of electrification, and that with 
reviving trade, that tendency will be accelerated. 
This is true throughout the world. The rate of that 
acceleration will depend primarily on those respon- 
sible for the management of the supply under- 
takings, but it is to the interest not only of the 
electrical industry as a whole, but of those engaged 
in a variety of other trades to see that it is at 
least maintained at the present figure and, if 
possible, increased. For interconnection is the 
solution of many economic, as well as of technical 
problems. 

The questions raised in the first part of Colonel 
Edgcumbe’s address cannot be discussed in the 
space at our disposal. They would, indeed, require 
a treatise. One or two general considerations may 
however, be mentioned. We are not among those 
who consider “ averaging” immoral, but Colonel 
Edgcumbe does not seem to realise that if it were 
applied, as he suggests, it might be met by a more 
drastic use of the tariff weapon. As he points out, 
too, where price is the sole consideration, the cost 
of competition soon becomes greater than the 
economy of competition. It would therefore be 
wiser for us to continue to compete on the basis 
of quality, and to strive to maintain the lead which 
we already possess when comparisons are made on 
that basis. This, it is true, would mean selling 
at a higher price than our foreign competitors, but 
it would also mean that we could pay for our 
necessary imports with a less volume of goods. 
This, in turn, would assist us to supply the home 
market with home products. 

Colonel Edgcumbe has, in fact, done a service by 
calling attention to the importance of the home 
market and by suggesting a means of stimulating it 
which, in theory at least, possesses the advantage of 
novelty. Whether it can be carried into practice 
sufficiently quickly, and sufficiently cheaply, to 
achieve the results he has in view is a matter upon 
which we do not care to speculate. The habit of 
buying in the cheapest market is too deep seated 
to be easy to eradicate, especially when it 18 4 
policy which is widely held to be the cause of our 
past wealth and the guarantee of our future pros- 
perity. At the same time, there are reasons for 
supposing that it is a more fundamental remedy 
than the tariffs and safeguarding to which some 





pin their faith, for these possess the inherent 
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disadvantage of requiring great care in application. 
The difference of opinion on these subjects is so 
great, and the foundation on which the whole 
economic structure is built is so shifting, that this 
portion of the address may receive an amount of 
attention which is disproportionate to its merits. 
We wish therefore that Colonel Edgcumbe had 
concentrated more on electrical subjects, and even 
told us something about the great advances that 
are being made in his own branch of the profession. 








REGIONAL WATER COMMITTEES. 

Water is a necessary of life, which is distinguished 
from most other necessaries by the fact that it can- 
not be imported at a reasonable price. Its consump- 
tion is growing not merely by reason of increase in 
population, but by a general tendency for each person 
to use a larger amount. Cheaper and more con- 
venient means of heating it, too, and the steadily 
increasing use of baths, give reason for expecting that, 
except in so far as it may be checked by a heightened 
sense of the iniquity of waste, the consumption per 
head will continue to grow as modern appliances 
are installed. For the most part, however, the 
more readily accessible sources of water supplies 
have been already appropriated, and although there 
is no present occasion for panic, there are areas in 
the country where the assurance of adequate sup- 
plies in the future demands present consideration. 
The Ministry of Health has now issued to all parties 
concerned an appeal for the formation of Regional 
Water Committees, long advocated in many quarters, 
to consider the present and prospective needs of 
water areas for a long period ahead, and to arrive 
at programmes for meeting them which would 
express a policy common to all parties interested. 

There exists already a large number of authorities 
concerned with the administration of water, and the 
suggested committees differ from them in the fact 
that they would have no authority or executive 
power. Their function would be to collect infor- 
mation, and with the help of appropriate profes- 
sional advice, to arrive at a common decision as to 
what measures would be most advantageous both 
to individual areas within a region and to the region 
as a whole. The intention in forming them would 
be to constitute a body representative of all interests 
in the water supply of the region, and to arrive by 
mutual agreement at a programme which will not 
only provide for the needs of the areas concerned, 
but deal fairly with their several separate interests. 
It is proposed that the committees should be formed 
by representatives of local authorities concerned, 
including the water undertakers and any companies 
furnishing water supplies within the area, and that 
between them they should defray the relatively 
small expenses of the committee. The formulation 
of a programme for a long period may take some 
time, but meanwhile it is thought that a committee 
would be able to help its constituent authori- 
ties, should they need additional supplies for earlier 
use, as to how these might be best obtained, 
and in encouraging friendly arrangements between 
neighbouring bodies. It is stated also that the 
Ministry of Health will always be glad to have the 
advice of any committee on proposals submitted 
to it—presumably, though the wording of the 
statement might have been clearer, on proposals 
submitted to the Ministry by third parties. 

The memorandum in which these proposals are 
made, makes numerous suggestions for the pro- 
cedure on which the committees might work and the 
matters proper to their consideration. The manner 
in which such a committee could best conduct its 
business would doubtless vary with its circum- 
stances, and notably with its size, which, in its turn, 
must depend on the size of the area and the number 
of the authorities concerned. Each case must, in 
fact, be considered separately both as to the number 
of sub-committees among which they can best 
distribute their work, the nature of the subjects to 
be delegated to them, and similar matters. The 
Primary object is stated as being to formulate a 
Programme for an extended future, the period of 
which is suggested as 20 years for detailed measures 
and 50 years for broad policy, the programmes to 
be revised periodically every five or ten years, or 
More often. The necessity for periodical revision 
arises not only in order to check original forecasts, 





but also because progress in matters of water supply’ 
such, for example, as improved means of purifica- 
tion, may make it possible to use sources previously 
regarded as unsuitable for drinking purposes. It is 
gratifying to observe that the Ministry does not 
seem to anticipate any progress in methods of pollu- 
tion, such as was not unknown in earlier years. 
This programme is to be drawn up on the basis of 
the ascertained present consumption and the best 
obtainable estimate of future demands. When these 
figures have been determined, it will become neces- 
sary to consider the source, or more usually the 
sources, from which the supplies can be obtained, 
and how they can be allocated to the best advantage 
of the areas concerned. In particular, it should be 
considered how good local supplies can be utilised 
most fully, even if for reason of hardness or other 
qualities they need some treatment before use. 
The best information has to be obtained as to the 
probable composition of proposed supplies, and the 
existence of a suitable site for any impounding 
reservoir that may have to be built. Estimates of 
cost, moreover, though not necessarily detailed, 
must be sufficiently accurate to serve as a safe basis 
of comparison between alternative schemes. Finally, 
it is necessary, in the light of all the facts so ascer- 
tained, to consider what mechanism would be most 
convenient for furnishing these supplies; whether, 
for instance, it would be best to leave this to the 
existing water undertakers, or to extend the sup- 
plies of a large undertaker to its neighbours, or to 
merge into one a number of small undertakings. 
The essential point is to have a definite programme 
firmly agreed upon by all, to which all will work. 
As far as they go, the Ministry’s proposals have 
much to recommend them. In some parts of the 
country questions such as those which it is proposed 
to refer to the committees, will undoubtedly have 
to be determined without great delay, and agreed 
proposals formulated locally are more likely to be 
satisfactory and acceptable than measures imposed 
on the area compulsorily from outside. It must 
be admitted that in their present form the suggested 
mechanism is unusually elastic, and it may well be 
found that some better definition of the interests 
which should be represented will prove to be desir- 
able. Itis probably a good fault that a movement of 
this sort should be started with too little definition 
rather than with too much, and if effect is given 
to the present recommendations of the Ministry, 
the constitution of the early committees and the 
extent to which their working is successful will be 
watched with considerable interest, not only for 
the intrinsic importance of their proceedings, but 
also for any indications they may give of the 
extent to which the constitution of the committee 
might with safety be defined more closely. Mean- 
while the proposals in their present form suggest 
two observations. The memorandum remarks that 
the committees’ recommendations must be decided 
by the lay representatives, though professional 
advice will be essential, and could be obtained from 
sub-committees, formed among the professional 
officers of constituent bodies with or without lay 
representatives. It is eminently desirable that the 
professional officers of the authorities concerned 
should be consulted; but in dealing with the radical 
changes which the committees may have to con- 
sider, it seems possible that external professional 
opinion might often be necessary to arrive at the 
best results. While, moreover, it is doubtless true 
that the responsibility for the final decisions of 
the committees must lie with its lay representatives, 
the grounds for that decision must be largely 
professional, and though doubtless this is realised 
by the Ministry, it may be questioned whether the 
present appeal expresses clearly enough the fact 
that, on the professional aspect of the question, lay 
representatives could not safely discard the advice 
of their professional advisers. The memorandum, 
again, draws attention to the demands which are 
made from time to time for a national allocation of 
water resources, and suggests that the findings of 
a number of regional committees, in regard to 
local needs, brought together and where necessary 
modified, would serve to provide a basis of fact 
instead of surmise for such national measures as might 
be desirable. This, however, presents a difficulty, 
for, if the conclusions at which the committees may 





arrive are to be used for other purposes than those 
for which they were formed, the other purposes 
should be presented to them before they reach 
their decision; and probably the constitution of 
the committees should be defined more expressly 
with a view to securing their competence to deal 
with the broader questions. It is difficult, for in- 
stance, to imagine a national policy of dealing with 
water supplies which did not also take account of 
questions relating to drainage and effluents, and the 
consideration of these is likely to reach further than 
those which the Ministry suggests should be left to 
the committees. 








NOTES. 
MunicipaL AERODROMES. 


The steady progress made in civil aviation by the 
development of the regular air services by Messrs. 
Imperial Airways, Limited, has been referred to in 
our columns on numerous occasions, and mention 
has also been made of various forms of inland flying, 
including the operations of flying clubs, private 
aviation concerns and firms engaged in aerial photo- 
graphy and surveying, which operations, it is 
anticipated, will be considerably extended in the 
future. So far, however, there has been but little 
progress to record in inland flying, and further 
advance, it has been stated by the Air Ministry, is 
being hampered by the lack of aerodromes and 
landing grounds. With the object of remedying 
the present state of affairs, the Air Ministry has 
therefore addressed a letter to the Town Clerks of the 
chief provincial cities and towns, and also to a 
number of the more important Urban District 
Councils and Rural District Councils, inviting them 
to consider the advisability of establishing municipal 
aerodromes within the areas for which they are 
responsible. It is pointed out, correctly, that such 
aerodromes exist on the Continent, particularly in 
Germany, and that their provision in this country 
would enable merchants and others to make better 
use of aircraft in sending samples, documents or 
representatives to the Continent, either directly or 
through the established services starting from Croy - 
don. All this is true and, doubtless, the suggested 
aerodromes would hasten the development of inland 
flying. As with many other proposals made in con- 
nection with aviation, however, the practicability 
of the suggestion turns mainly on the question of 
cost. It is pointed out in the letter that the pro- 
vision of aerodromes and ancillary services by the 
State must be confined to the terminal points of 
trunk routes, on the grounds of capital cost, and 
with this we fully agree, but why the expenditure 
on the suggested network of aerodromes, which is 
admittedly not justified on the part of the Govern- 
ment, should be borne by local authorities is by no 
means clear. The latter generally find it no easy 
matter to raise the funds required for works of 
immediate necessity, since ratepayers, who are also 
tax payers, already find the combined burden at 
least as much as they can bear. It is hardly likely, 
therefore, that local authorities will receive the Air 
Ministry’s letter with very great enthusiasm. The 
aggregate cost of providing the suggested aerodromes, 
even if confined to the purchase of the necessary 
land would be very considerable, and the revenue 
to be derived from them directly would certainly be 
negligible for many years to come. Even the 
ultimate benefit to the municipalities from the 
traffic and commerce which the letter suggests 
may follow the provision of the aerodromes, is 
largely conjectural. Our own view is that, at the 
present time particularly, industry and commerce 
are more likely to benefit from any action on the 
part of municipalities and government departments 
which may tend to reduce the expenditure of public 
money than they are from improved facilities for 
inland flying, the provision of which can, in the 
majority of cases at least, be well left till the future. 


Ture Top River Water ScHEME. 


In 1916, owing to a critical situation having arisen 
in connection with the development of the Eyre 
Peninsula in South Australia, due to the lack of 
water, a Royal Commission was appointed to inquire 
into this subject. Situated between Spencer’s Gulf 
and the Great Australian Bight, the Eyre Peninsula 
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covers an area of approximately 23,000 square 
miles, the greater part of which consists of agri- 
cultural land. As the total average rainfall during 
the year varies from 20 in. at Port Lincoln, 
down to 10 in. at Cape Thevenard, and the only 
means of water supply for settlers in the extreme 
western areas has been small retention tanks, and 
the difficulties hitherto in the way of any general 
development, may be easily realised. The exis- 
tence of the River Tod has been known since 
1839, when it was discovered by a party under 
the leadership of Robert Tod, and the Royal 
Commission of 1916, anxious to avoid any con- 
siderable delay, recommended a project now known 
as the Tod River Scheme, which was formally 
put into service, in the middle of June this year. 
The work was commenced in 1918, by the Hydraulic 
Engineer’s Department of the State, under Mr. 
Herbert E. Bellamy, chief of the department from 
whom we have received the following particulars. 
The main reservoir, known as the Tod River 
Reservoir, is situated in a neighbouring valley to 
that through which the Tod River actually flows, 
and is fed by means of a concrete lined channel, some 
54 miles long, having a maximum flow capacity of 
12,460,000 gallons per hour. This taps both the Tod 
River and the Pillaworta tributary, at points where 
concrete weirs have been built to control the flow. 
This main reservoir has a capacity of 2,400,000,000 
gallons, the water being impounded by an earthen 
embankment 1,153 ft. long at the top, which is 
82 ft. above the creek bed ; the actual waterspread 
is 335 acres, while the catchment area is about 
68 square miles. Port Lincoln, the principal town 
on the Eyre Peninsula, with a population of some 
2,000, is supplied directly from the Tod River 
Reservoir by gravitation, a 500,000 gallon, circular, 
reinforced concrete tank having been constructed 
in the case of emergency, and to assist in meeting 
the peak demand. The main outlet from the reser- 
voir is taken to a pumping station, situated close 
to the barrage, and the water is pumped through a 
rising main, approximately 24 miles in length, to a 
second but smaller reservoir, situated in the hills 
382 ft. above the Tod River Reservoir. From this 
high-level reservoir, known as Knott’s Hill, the 
trunk main supplies water by gravity to Cape 
Thevenard, some 240 miles distant. This trunk 
main consists of double and single lock bar steel 
pipes, 21 in. to 16 in. diameter, and approxi- 
mately 110 miles of Hume cement mortar-lined, 
welded steel pipes, with diameters ranging from 
16 in. to 10 in. ; while further branch and reticula- 
tion mains are to be constructed, which will 
approximate 1,000 miles in length. A storage tank 
has been built at Minnipa, a point 128 miles from 
and 259 ft. below Knott’s Hill, of reinforced con- 
crete, approximately 238 ft. in diameter and 18 ft. 
deep, having a capacity of 5,000,000 gallons. 
Similar tanks are proposed at Pimbaacla and Maltee. 
The total cost of the scheme when completed will 
exceed 3,000,0001., the expenditure up till now 
having been 2,500,000/. It is confidently expected 
that, although the estimated assured revenue will 
not return more than § per cent. interest on the total 
capital outlay, the indirect benefits to the State, 
resulting from the enhanced productivity of the 
country, &c., will very largely compensate for the 
loss involved in the undertaking. 








THE BRITISH ASSOCIATION AT 
GLASGOW. 


SECTION A.—MATHEMATICAL AND 
PHYSICA. SCIENCES. 
(Continued from page 496.) 


PROPAGATION OF ATR WAVES AND THE UPPER 
ATMOSPHERE. 

In the absence of Mr. F. J. W. Whipple, Director 
of Kew Observatory, Dr. W. 8. Tucker, of the Signals 
Experimental Establishment, Woolwich, presented a 
paper on ‘‘ The Propagation of Air Waves to Great 
Distances in Relation to the Constitution of the 
Upper Atmosphere.’ The sound of a great explosion 
could generally be heard at distances exceeding 
200 km., but there was, beyond the inner zone of 
audibility, a zone of silence and, further, a usually 
incomplete and irregular outer zone of audibility. 





ENGINEERING. 


By means of apparatus sensitive to inaudible air 
waves, the times taken to reach distant points 
and the direction of the arriving sound waves had 
been determined, and these observations suggested 
that sound waves travelled by curved paths through 
the layers of the atmosphere, rising to heights of 
40 km. and 50 km., at which the velocity of sound 
seemed to be greater than near the ground. This 
would be in accord with the assumption of Linde- 
mann and Dobson, that, above 60 km. and far 
above the isothermal layer, the air was as warm as 
near the surface. The audibility investigations, 
vigorously carried on in Germany, had, in 1927 
and 1928, been taken up systematically in 
England ; the air waves were produced by a 
16-in. gun at Shoeburyness, and Tucker hot-wire 
microphones were used as receivers. The best 
data had been obtained at Birmingham and Bristol, 
213 km. and 230 km. distant ; other stations were at 
Sheffield and Southampton. The time of passage 
of the air waves to Birmingham ranged from 11 
minutes 48 seconds to 12 minutes 18 seconds; at 
Bristol the average time of 12 minutes 53 seconds 
showed little variation. At Bristol, the angle 
of descent of the waves was 20 deg., but at 
Birmingham the trajectory appeared to be much 
flatter. Owing to the impossibility of allowing for 
wind effects, the interpretation of the results 
was uncertain; disregarding wind, however, the 
uniform temperature of the stratosphere seemed to 
have extended up to 30 km. above the ground on 
May 11, 1928. 
Winp-StructuRE RESEARCH AT THE RoyAL 
AIRSHIP WORKS, CARDINGTON. 

Mr. M. A. Giblett described the full-scale investiga- 
tion of the gustiness and rapid changes of the wind 
carried on by the Meteorological Office of the Air 
Ministry, on behalf of the Aeronautical Research 
Committee, at Cardington, Bedfordshire. The prim- 
ary object of the research was the study of the factors 
affecting the mooring of large airships, but observa- 
tions of this detailed character have never before 
been attempted, and the researches, which Mr. 
Giblett is directing, are of the highest theoretical 
interest. The apparatus in use, Mr. Giblett stated, 
consisted of four sets of instruments (Dines pressure 
anemometers) installed in four huts in very open posi- 
tions, three situated at the corners of an equilateral 
triangle with sides of 700 ft., approximately the 
length of an airship, and the fourth at the middle 
point of one side. Each hut had a mast 50 ft. high, 
and the wind recorded by the anemometers was 
that at the level of the vanes on the top of the 
masts. The instruments were specially designed to 
show, on a very open scale, individual gusts, even 
those which took only a few seconds to pass any 
of the huts; these were interconnected by an 
electric system timing every fluctuation down to a 
second and admitting of accurate inter-comparisons 
of the records obtained. 

The basis of the analysis of the records was the 
calculation of the wind speed and direction at each 
hut at intervals of 5 seconds. The process admitted 
of sorting out eddies of different magnitude for the 
further study of the horizontal extent in different 
directions, rate of movement, and persistence. The 
results exhibited revealed some very striking and, 
so far, undemonstrated features in wind variations 
over short distances. When the wind was flowing 
along one side CD of the triangle, the two graphs 
obtained at C and D diverged considerably. When, 
however, graphs were drawn for 5 seconds and 
10 seconds mean wind velocities, the correlation 
improved and became good when the time scale was 
shifted by 8 seconds. The interval of 8 seconds 
was just the time taken by the wind to pass from 
C to D, indicating that the variations of the wind 
velocity were maintained over that distance. When 
the wind direction made a small angle with C D, 
the correlation became negative, showing that the 
transverse distance involved in this case was greater 
than that over which the divergence from the mean 
velocity extended. Such divergencies had not been 
observed on the Tower Bridge, over a length of 
250 ft., probably because this distance was insuffi- 
cient. Special observations had been obtained of 
the extremely rapid changes in the wind direction 
occurring with passing line squalls, about which 





accurate data were not, so far, available. A fifth 
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anemometer, with its vanes 150 ft. above the ground, 
was employed for the study of gustiness at higher 
levels. 


SECTION B.—CHEMISTRY. 


The programme of the chemical section consisted 
merely of a presidential address followed by a general 
discussion, two other discussions, demonstrations. 
exhibition of films, and special visits to works and 
institutions. The attendances were good, the dis- 
cussions instructive and well sustained, and the visits 
to works of considerable interest. The officers of the 
section were: President, Professor E. C. C. Baly, of 
Liverpool ; and secretaries, Professor C. S. Gibson 
(London, Recorder), Professor J. C. Drummond 
(London), and Dr. E. K. Rideal (Cambridge). 


PHOSPHORESCENCE, FLUORESCENCE AND CHEMICAL 
REACTION. 

Observations in the fields of phosphorescence, 
fluorescence and absorption spectra, Professor 
Baly stated in introducing his presidential address, 
were concerned with the physical properties of 
molecules, in contradistinction to those of atoms, 
while the phenomena of chemical reaction were 
essentially associated with the absorption and 
radiation of energy. Little attempt had, however, 
been made to consider the mechanism of chemical 
reaction in connection with the phenomena of 
phosphorescence, &c. The radiation hypothesis of 
Perrin and of McC. Lewis postulated that molecules 
had, in general, no chemical reactivity, but became 
reactive after having absorbed energy. The basis 
of this hypothesis was the extension of Einstein’s 
photochemical-equivalent law that, in a photo- 
chemical reaction, energy was absorbed in the form 
of quanta, and that each molecule required for its 
activation a single quantum hy, where v, was the 
characteristic absorption frequency of the molecule 
in the visible or ultra-violet spectrum. McC. Lewis 
extended this rule so as to include thermal or 
infra-red radiation into the form E/N = hv, where 
E was the energy necessary to bring one gramme- 
molecule into the reactive state and N was Avo- 
gadro’s number. The critical energy increment 
of a reaction and the critical frequency v should be 
deducible from determinations of the change in 
the velocity constant of a reaction with temperature. 
But molecules, in their inactive states, did not show 
any evidence of being characterised by the fre- 
quency thus calculated, and Lindemann and G. N. 
Lewis showed that molecules did not react when 
exposed to radiations of that frequency, or of a 
large range of frequencies in the infra-red. The 
radiation hypothesis thus seemed to be disproved. 
Opinion had then swung round to activation by col- 
lision. Photochemical reactions, however, certainly 
appeared to be produced by the absorption of energy, 
and the present position was therefore unsatisfactory. 
Yet the phenomena of phosphorescence and fluo- 
rescence, and of the absorption spectra of compounds, 
were important sources of independent information. 

The term phosphorescence was a broad one, and 
included photo-luminescence and cathodo-lumin- 
escence. Professor Baly limited himself to some 
aspects of photo-luminescence. The molecules of 
a phosphore, i.e., a substance containing some 
phosphorogen in solid solution,* were activated 
by the absorption of radiant energy, and emitted 
another radiation while returning to their original 
state. The length and intensity of the phosphor- 
escent period depended upon the stability of the 
activated state, the concentration of the phos- 
phorogen and the temperature. High stability was 
observed at low concentration and at low tem- 
perature ; above a certain upper temperature limit, 
and below a lower limit, no phosphorescence was 
perceptible. The emitted radiation consisted of 
several bands, each of its own frequency and 
temperature limits, and these laws, worked out by 
Lenard and Klatt, since 1889, were in general 
agreement with the law of Stokes (1852), that the 
activation frequency of the absorption band was 
always higher than that of the emission band. 





* The phosphorogen is, for example, a little salt of a 
heavy metal, such as copper, bismuth, ete., which is fused 
with a ground mass of calcium sulphide, sometimes with 
the addition of an alkali salt as flux. The bluish phos- 
phorescence of Balmain’s paint was ascribed, as early as 
1886, to the presence of. very small proportions of bismuth 
in calcium sulphide. 
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Experimentally, however, molecules appeared to be 
incapable of acquiring the critical quantum of 
activation, deduced from the measured lumin- 
escence, by a singular absorption process. 

Professor Baly suggested that activation was 
achieved by exposing the inactive molecule (at 
energy level A) to radiant energy of a frequency v9, 
equal to that of a characteristic absorption band of 
the inactive molecule, this frequency being greater 
than that calculated from the quantum of activation 
lv,. Thus the absorption of ») raised the energy 
to the level B; the level then fell almost instan- 
taneously to C, intermediate between A and B, 
and from C back to A. The radiation during 
the stage BC, at frequency v, = vy — »,, greater 
than that corresponding to the critical quantum of 
activation, was the origin of fluorescence. Fluor- 
escence should, therefore, always be exhibited dur- 
ing the photo-activation of a phosphore, and Lenard 
and Klatt had actually observed that the lumin- 
escence diminished suddenly as soon as the exciting 
radiation was removed. Professor Baly did not 
give any distinctive definition of phosphorescence 
and fluorescence. The raising of a molecule to a 
higher level, he said, was accompanied by a shift of 
the characteristic absorption band from the ultra- 
violet or visible region towards the red. 

He proceeded to examine a number of photo- 
chemical reactions, including the photo-synthesis 
of carbohydrates from carbon dioxide which takes 
place in the living plant cell, and has for long 
been studied in Liverpool by Professor Baly and his 
collaborators. In the laboratory, a stream of carbon 
dioxide flowing through pure water in a quartz tube, 
had been converted synthetically into carbohydrates 
by the light of a tungsten lamp when the water 
contained a suspension of pure nickel carbonate. 
The reaction did not take place in the absence of the 
adsorbing green-coloured surface of nickel carbon- 
ate, or in the dark, and was a two-stage process 
requiring, as did some sulphonation processes dis- 
cussed, the formation of complex compounds, in 
this case between the carbonic acid and the nickel 
carbonate. Such complexes might be stabilised by 
temperature in two ways: in the usual case, heat 
had to be supplied to make up for the energy lost 
during, and for, the formation of the complex. In 
the special case, the carbon dioxide only gained 
rotational energy from the nickel carbonate to 
raise it to the intermediate level, and it required 
heat, in addition to light, to set free the activated 
carbon dioxide from the complex. The difference 
between photo-luminescence and chemical reaction 
was that the former was not possible above a certain 
temperature, at which chemical reactions proceeded 
at a maximum rate. Photo-luminescence was a 
two-stage phenomenon, the second stage of which 
was only possible as long as the complex was in 
being ; the carbohydrate photo-synthesis mentioned 
dropped off at 31 deg. C. and stopped at 48 deg. C. 
As a complex formation seemed to occur in all 
thermal-chemical reactions, one might conclude 
that they all depended upon the presence of some 
catalyst. To say that no chemical reaction could 
take place in the complete absence of a catalyst 
might be too sweeping a statement, but in all 
thoroughly investigated reactions the reaction velo- 
city went down to zero as all impurities were 
removed. In inorganic chemistry, water was the 
most effective catalyst, perhaps owing to its great 
ionising power towards inorganic salts; ionisation 
itself might be the result of a complex between 
solvent and solute. The catalyst molecule, by 
forming a complex with the reactant molecule, 
would be capable of raising it to the proper energy 
level of the respective reaction. ; 


Licut REACTIONS. 
_ The subject was further considered, and the 
importance of the energy transfer between mole- 
cules—somewhat neglected in the recent studies of 
essentially atomic reactions—was elucidated by the 
demonstrations of light reactions given by Dr. 
E. K. Rideal and Mr. F. E. Smith, of Cambridge. 
Light emission, Dr. Rideal demonstrated, could 
be excited by various chemical, physical and 
physico-chemical processes; for example, by ex- 
Posing phosphores to the light of magnesium flashes, 
or by bombarding certain minerals with electrons. 
Arsenious acid crystallising from a super-saturated 
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solution, or a crystal of that acid broken up while 
in the solution, emitted light flashes. The phos- 
phore luminescence was different from the glow 
of slowly oxidising phosphorus, which had given 
rise to the term phosphorescence, but which was 
now classed as chemi-luminescence. The chemistry 
of that glow, which seemed to require an oxygen 
pressure above a certain minimum, was still contro- 
versial. It was shown by dissolving phosphorus 
in acetic acid and adding hydrogen peroxide ; the 
addition of benzene destroyed the greenish glow. 
A minimum pressure was also necessary for the 
luminous combination of chlorine and acetylene. 
When liquid ammonia was dropped into a cylinder 
containing chlorine gas, each drop flashed up in 
combining with the chlorine. The luminescence of 
siloxene was particularly interesting. Siloxene 
was one of the peculiar organic silicon com- 
pounds of Stock. It was prepared from silicon 
carbide, and might be described as an oxidised 
benzene, the carbon atoms of which had been 
replaced by silicon. It formed hexagonal scales, 
built up of very thin films, of metallic appearance, 
and had the structure of the benzene ring. Irra- 
diated while in liquid air, siloxene, like most other 
fluorescent bodies, did not fluoresce until it was taken 
out of the liquid air, and became warmer; when 
oxidised in alcohol, it transferred the oxidation 
to the alcohol. The cold-vapour glow of ether, 
tongues of cold flame, were demonstrated by holding 
a hot plate of iron over an open dish containing 
ether. 

Another case of light without heat, biolumines- 
cence of fireflies, certain fish, &c., was demonstrated 
by Professor J. C. Drummond. The luminescence 
was ascribed to the oxidation of a comparatively 
stable compound, luciferin, in the presence of a com- 
plex of the enzyme type, which was called luciferase. 
The extracts of these two compounds, obtained 
from the animal, looked darkish, but became 
luminescent on being mixed, owing to an oxidation, 
as in the case of siloxene. 


FERMENTATION. 


That the general discussion on fermentation 
was to have a direct bearing on _ practical 
matters was indicated by the title of the opening 
address by Dr. J. Vargas Eyre, on ‘ Industrial 
Development in the Biochemistry of Fermentation.” 
Dr. Eyre said that the feeding of micro-organisms 
was now chemically controlled for two purposes : 
for stimulating the development of the cell and 
for modifying the products. Referring to the 
history of the manufacture of yeast for bread- 
making by the air-yeast process, he showed that 
this manufacture of yeast on a commercial scale 
had become a question of scientific feeding, and 
that both the preparation of the mash and the 
control of the process were largely matters for 
the chemist. For the production of glycerin by 
fermentation, the micro-organism had been trained 
to acclimatise itself to what had been pathogenic 
conditions. The nutrition of the micro-organism, 
which produced mixtures of butyl and ethyl-alcohol 
and acetone from fermenting starch, could be 
modified so as to vary the ratio of these products. 

The fermentation of pentoses, on which Dr. A. C. 
Thaysen, of the Holton Heath Cordite Works, 
discoursed, concerned power alcohol. The pentoses 
are sugars (arabinose, &c.) of a sweetish taste, but 
unsuitable as human foods, and, as they cannot be 
fermented by ordinary yeasts, they were chiefly of 
theoretical interest until it was discovered that 
certain bacteria would convert them into liquid 
motor fuels. It had taken a long time to work 
out these processes and to train the bacteria for 
the work. Many precautions had to be observed, 
and if the pentoses had not been of wide occur- 
rence, though not plentiful, in gums and berries, 
and in various plant wastes, the technical study 
might not have been continued. Dr. Thaysen 
said that his small plant produced 20 gallons of 
power alcohol, equal to that obtainable from 
potatoes, per ton of waste. One of the great 
difficulties was the collection of the raw material. 


STEREO-CHEMISTRY. 


The discussion on “* Recent Advances in Stereo- 
Chemistry ’’ was introduced by Sir William J. Pope, 








of Cambridge. The first problem discussed by 





Sir William was whether the old view, which 
ascribed to methane a tetrahedral structure, could 
be maintained, or whether the model was more 
likely a pyramid with one axis longer than the 
others. The persistence of optical stability through 
a series of derivatives favoured the old view, and 
it had to be considered that the introduction of 
heavy groups of atoms would crowd and deform the 
tetrahedron. On the other hand, the racemisation 
of certain active compounds was more compatible 
with a pyramidal structure. Professor J. Kenner 
submitted that chemical methods were incapable of 
deciding the question, and Dr. N. V. Sidgwick thought 
that the determination of the electric moments 
pointed to the pyramidal structure, although the 
evidence was not sufficiently concordant. 


Tue ARDEER EXPLosives Factory. 


The Ardeer Factory of Messrs. Nobel Industries, 
Limited, now a constituent company of Messrs. 
Imperial Chemical Industries, Limited, was visited 
on Saturday, September 8. The factory at Ardeer 
was established fifty years ago, in the sand dunes 
near the shore, by Alfred Nobel. Though not the 
discoverer of nitroglycerin—the discovery is some- 
times attributed to his father Emanuel, but more 
generally to Sobrero—Nobel certainly found rela- 
tively safe means of manufacturing this explosive, 
and of its absorption by kieselguhr to form dyna- 
mite ; he also invented nitrogelatin, and initiated 
and developed the whole nitroglycerin industry 
to an extent which enabled him to endow the 
Nobel Prizes at his death in 1896. The Ardeer Works 
now employ:about 2,700 people and a staff of 500, 
including a research staff of 200 trained chemists and 
assistants. Sulphuric acid is made in four Tentelew 
plants, erected in 1914, and nitric acid from sodium 
nitrate and sulphuric acid, but the oxidation of 
synthetic ammonia, obtained from Billingham, into 
nitric acid, is to be adopted. Among the new pro- 
ducts taken up, as very little trinitrotoluene is now 
required, are artificial leathers and varnishes for 
motor cars and furniture; they are made from 
nitrocellulose and sprayed or painted. The demon- 
strations comprised tests of permitted explosives in 
the safety explosive gallery, charged with mixtures 
of air and methane, in which coal dust can be 
stirred up by the discharge of the explosive from a 
gun. The methane is made in the factory by the 
fermentation of cellulose with the aid of micro- 
organisms, as glycerin is made from molasses. A 
striking demonstration was the explosion of a 
cartridge lowered into the water filling an acid pot, 
7 ft. in diameter, open at the top, with walls 2 in. 
and 3 in. thick in different portions. The iron 
vessel was broken up into large and small pieces, 
of which none was blown to a distance exceeding 
a few yards. 

(To be continued.) 








THE LATE MR. H. T. NEWBIGIN. 


THE news of the death of Mr. Henry Thornton New- 
bigin, a director of Messrs. Michell Bearings, Limited, 
which occurred suddenly at Newcastle-on-Tyne on 
Friday last, the 26th ultimo, will be received with 
deep regret by many engineers in addition to those in 
his immediate circle. Mr. Newbigin, although he 
served his apprenticeship in marine-engineering shops, 
did not renew his connection with this branch of engi- 
neering until he assumed the unexpectedly arduous 
task of introducing the Michell bearing on shipboard. 
Born in 1864, he received his general education by 
private tuition and at Alnwick Grammar School. At 
the age of 17, he commenced a pupilage, of four 
years’ duration, with the now extinct firm of Black, 
Hawthorn and Company, Gateshead-on-Tyne, and 
passed through the erecting and pattern shops and 
the drawing office. During this period he attended 
the evening classes held at what was then the Ruther- 
ford College, Newcastle-on-Tyne, and subsequently 
extended his knowledge of theory by private study 
under the guidance of the late Professor A. Jamieson. 
In 1885, he became works manager to the Alnwick 
Foundry and Engineering Company, Alnwick, which 
firm specialised in colliery and agricultural machinery. 
This position he retained until 1890, when he became 
general manager to Messrs. M. Coulson and Company, 
Spennymoor. Here again his experience lay with 
colliery work, as coal-cleaning plant was a leading 
product of the firm, though it also had a rolling mill, 
of which Mr. Newbigin was superintendent engineer. 





In 1894, he made another change, becoming local 
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manager for the Ranen Iron Ore Company, Hemness, 


Norway and Newcastle, and then, in 1896, he was 


appointed manager of the engineering department of | 
Messrs. Vaughan and Dymond, Limited, where his | 


work was in connection with steel framing of large 
public and other buildings. In 1900, Mr. Newbigin 
commenced independent practice as a structural and 
mechanical engineer, being responsible for such 
structures as the Newcastle Corporation tramway 
car sheds, Emerson Chambers, and Milburn House, 
Newcastle-on-Tyne. In 1919 he formed this business 
into a company of which he was chairman. 

To Mr. Newbigin is pre-eminently due the introduc- 
tion of the Michell thrust bearing. This was brought 
to his notice by his brother, who had gone out to 
Australia to erect the first Parsons’ turbo-generators 
imported there, and who subsequently engaged in 
consulting practice at Melbourne. It proved, however, 
an extremely difficult task to persuade marine 
engineers to realise the sufficiency of a single thrust 
collar. Mr. Newbigin had models prepared which 
showed very definitely that the new type could carry, 
with little friction and no heating, loads far in excess 
of what had previously been considered safe; but, 
not unnaturally perhaps, marine superintendents 
preferred to adhere to the known ills of the multi- 
collar type rather than to take the responsibility 
of making such a radical departure from traditional 
practice. Mr. Newbigin had somewhat greater success 
with steam turbine builders, but here again, when, 
as is practically always the case with novel con- 
structions, troubles arose from unsuitable minor 
details, the defect was by some firms attributed to 
the principle, and the whole system condemned. 
Others, however, proved more farsighted and some 
small progress was made. With the introduction of 
the marine steam turbine, however, prospects improved. 
The varying torque characteristic of the standard 
marine engine led to a corresponding variation in the 
propeller thrust. There was thus a sort of breathing 
action at the thrust block which favoured the flow of 
the lubricant to the loaded surfaces. The turbine 
gave a uniform torque, and the lubrication of the 
usual multi-collar blocks became a _ very serious 
problem. Almost as a counsel of despair appeal 
was made to Mr. Newbigin, who designed new blocks 
on the Michell principle, and these proved so successful 
that the system became general on cross-Channel 
turbine steamers. The block was still, however, 
distrusted by the engineers of ocean-going steamers, 
and when during the war a new liner was at length 
fitted with Michell blocks, the chief engineer insisted 
on a multi-collar block being also provided to serve 
as a stand-by in case the single-collar block failed. 
The very first run, however, effected a conversion, 
and the stand-by was removed. In the Navy there 
was, for some time, reluctance to adopt Michell blocks 
pivoted behind their centre of area. In place of this 


the wedge shape necessary to ensure good lubrication 
was obtained by the clumsy device of *‘* washing 
away” by hand the bearing surfaces near the leading 
edges. Ultimately, however, the system was definitely 
adopted, and, in fact, in the trial, which resulted in 
the extension of the Michell patents, evidence was 
given that the construction of the Hood would have 
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Fie. 1. Boat on TRIAL. 








Fic. 2. Main GENERATOR 


been impossible had it been necessary to use multi- 
collar thrust blocks, and it was also stated that during 
the war the saving in friction due to the use of the 
Michell block on almost every class of warship had 
led to a saving of about half a million sterling. 
Mr. Newbigin’s evidence at the trial in question may 
be considered a model of fair statement. 

As with all novel developments, the “ prac- 
ticalisation’’ of the Michell block was not free from 
minor troubles, and it was fortunate that the device 
had in these the benefit of Mr. Newbigin’s excellent 
judgment and courageous perseverance. Some of the 
difficulties encountered were mentioned by him last 
February in a discussion on the crankless engine 
at the North-East Coast Institution of Engineers and 
Shipbuilders. They were mostly due to inadequate 
lubrication. With rubbing speeds up to 30 ft. per 
second it was sufficient to supply the oil from a | 
number of jets. When speeds rose to 40 ft. per second 
this proved inadequate, and the bearing concerned 
was scrapped. An oil bath was then introduced 
and proved satisfactory up to speeds of 80 ft. per 





second. Subsequently, however, under still more 
arduous conditions it was found necessary to supply 
the oil in quantity sufficient to cool the bearing as 
well as lubricate it. All these difficulties were met | 
by Mr. Newbigin with characteristic courage and 
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resourcefulness. It is largely due to his persistence 
and insight that the true principles of lubrication 
are now so widely appreciated by mechanical engineers 
the world over. In 1920 he was appointed technical 
director to Messrs. Michell Bearings, Limited, New- 
castle-on-Tyne. He resigned this office in 1925, but 
retained a seat on the board which he still held at 
the time of his death. Mr. Newbigin became an 
Associate Member of the Institution of Civil Engineers 
in 1907, and a Member of the Institution of Mechanical 
Engineers in 1923. He was also a member of the 
North-East Coast Institution of Engineers and Ship- 
builders, and of the North of England Institute of 
Mining and Mechanical Engineers, as well as belonging 
to some other societies. 








DIESEL-ELECTRIC FERRY BOAT FOR 
THE ARGENTINE GOVERNMENT. 


An excellent opportunity of demonstrating the 
flexibility of the electric drive for ships has been 
afforded by the completion of the vessel illustrated 
on this and on the opposite pages. This is a double- 
ended, shallow-draught, Diesel-electric ferry boat 
built by Messrs. Yarrow and Company, Limited, 
Scotstoun, Glasgow, to the order of the Argentine 
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DIESEL-ELECTRIC FERRY BOAT FOR THE ARGENTINE GOVERNMENT. 





Fia. 3. Prorvutsion Motor. 


Government. The appearance of the vessel, which 
bears the designation M.O.P., 5 B.A., is well shown 
by the photograph reproduced in Fig. 1. She will 
be used for carrying motor vehicles, passengers, &c., 
on the River Parana, and has a length of 145 ft., 
with a beam of 39 ft. 6 in., while the draught, when 
fully loaded, is 4 ft. 5in., the displacement then being 
340 tons. As exceptionally good manceuvring qualities 
were required for the vessel, it was decided to employ 
twin screws at each end, and, to obtain the highest 
propulsive efficiency, tests were carried out for 
Messrs. Yarrow in the William Froude Experimental 
Tank at the National Physical Laboratory to ascertain 
the best position for the propellers and the power 
required under various conditions, as well as to 
determine the best form of hull. It is claimed that the 
arrangement of the screws adopted, in conjunction 
with the electric drive, enables the vessel to be handled 
with greater facility than is possible with any other 
method of propulsion, and that, in consequence, a 
notable increase in speed is obtained when navigating 
difficult and crowded waterways. The guaranteed 
speed of the vessel was 17 km. (10} miles) per hour ; 
but, on the six hours’ official trial, carried out recently, 
a speed of over 18 km. (11-2 miles) per hour was 
obtained. As will be clear from Fig. 1, there are 
two decks, two pilot houses being located on the 
upper or bridge deck, on which accommodation for 
150 passengers is provided. The main deck is designed 
to carry 20 motor vehicles, and the clear height between 
this deck and the upper deck is about 12 ft. The 
service for which the vessel will be employed involves 
trips of about 95 miles, but that she is capable of 
very much longer journeys can be gathered from the 
fact that she will shortly make the voyage from the 
Clyde to Buenos Ayres under her own power and 
unaccompanied. 

To the engineer, however, the chief interest centres 
round the electrical propelling equipment, which, 
together with the whole of the auxiliary electrical 
Machinery and fittings, was constructed by Messrs. 
Metropolitan-Vickers Electrical Company, Limited, 
Trafford Park, Manchester. Each of the four screws 
18 directly driven by a continuous-current motor 
developing 200 h.p. at 250 volts and 350 r.p.m. The 
two motors for the twin screws at each end of the 
vessel can be controlled together or independently, 
although only one pair can be used at one time. 











Fie. 4. CHANGE-OVER SwitcH ON Deck. 


of which consists of a six-cylinder M.A.N. Diesel 
jengine, developing 300 h.p. at 350 r.p.m., direct 
coupled to a 170-kw. continuous-current generator, 
and also driving a 35-kw. auxiliary generator. The 
latter. provides continuous current for exciting the 
fields of the main generators and propulsion motors, 
as well as for operating various auxiliary services on 
the ship. The main and auxiliary generators are shown 
on the left in Fig. 2, while, on the right, one of the 
propulsion motors is partly visible; the latter, how- 
ever, is more clearly shown in Fig. 3. Both illustrations 
show the trunking employed in connection with the 
ventilation of the electrical machinery, special venti- 
lating arrangements having been provided owing to 
the fact that the vessel is to operate in a semi-tropical 
climate. Fresh air is drawn through trunking to 
each machine from the ’tween-decks space, the heated 
air, after passing through the windings, being led 
through separate trunking to the funnel, in order 
to avoid unnecessary heating of the engine room. 
In manceuvring the main motors, speed regulation 
and reversal are carried out by alterations of the 
field circuits, the main circuits, carrying heavy cur- 
rents, not being interrupted or altered in any way. 
Three control stations are provided, one in each of 
the two pilot houses on the opposite ends of the bridge 
deck, and the other in the engine room. The pilot- 
house controllers, only one of which can be in use at any 
time, each control the motors at the opposite end of the 
ship from that at which the pilot house is situated, 
but that in the engine room is arranged to control 
which ever pair of motors is in operation, or has been 
selected for operation by the pilot-house control gear. 
At each of the control stations, two hand levers are 
provided on opposite sides of the control head, for 
regulating the port and starboard motors, respectively, 
and a special delay device is included in the system to 
prevent the engines from being overloaded by accelerat- 
ing the motors too rapidly. No instruments need 
therefore be provided at the pilot-house control stations, 
other than revolution indicators, which are electrically 
connected to transmitters driven by chain from the 
motor shafts, as shown in Fig. 3; in fact no special 
knowledge of the electrical plant is required for the 
operation of the navigating controls. The motors, 
however, cannot be started up without the co-operation 
of the navigating officer, and he alone can decide from 
which end the vessel shall be driven. This provision is 





Power is supplied by two main generating sets, each 


essential to avoid the division of responsibility between 





the navigating officer and the engineer, and is rendered 
possible by the employment of a multi-point change- 
over switch, a photograph of which is reproduced in 
Fig. 4. This switch, through which all the control 
circuits are taken, is located on the bridge deck amid- 
ships, and is operated by a removable control handle, 
shown in place in Fig. 4. In the “ off” position, all 
the controls are disconnected, but, when the handle is 
turned to either side of the “ off ” position, the control 
circuits for one or the other of the two pairs of motors 
are put into service. The key used for the change-over 
switch is also employed to free the controllers in the 
pilot houses. These controllers are locked in the “* off ” 
position unless the key is inserted, and, when in place, 
the key can only be removed from the controller by 
again bringing it to the “ off’ position. The arrange- 
ments described render any unauthorised interference 
with the controls impossible, although the engineer, 
if necessary, can signal to the pilot houses and take 
control instantly in an emergency, the necessary orders 
then being transmitted to the engine room by tele- 
graph. In this case also, the position of the change-over 
switch still determines which pair of propeller motors 
will respond to the engine-room controller. It should, 
perhaps, be pointed out here that, although the safe- 
guards just described may appear to be of a somewhat 
complex character, they are operated quite simply in 
practice. The navigating officer, when moving from 
one pilot house to the other, merely takes the key from 
the controller he has been using, turns the change- 
over switch as he passes, and then inserts the key in 
the controller he is about to employ. 

The working of the machinery is, of course, supervised 
entirely by the engineer, the switches and instruments 
necessary for this purpose beng mounted on a switch- 
board in the engine room, shown in the background in 
Fig. 2. Provision is made on the board for the fine 
adjustment of the propeller speed, so that the load on 
each of the motors can be accurately balanced, and it 
is also possible to adjust the torque ratio between the 
propellers and engines so that the full output of the 
latter is utilised under varying propulsion conditions 
arising from weather, tide and hull resistance. If 
only one generating set is in operation, the speed of the 
motors is automatically limited to prevent the generator 
from being overloaded, but, in any case, prolonged 
overloads cannot occur as the motors have the same 
rating as the engines ; it is only necessary therefore to 
protect the electrical circuits against actual faults. A 
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special type of “inert ’”’ overload circuit-breaker has, 
however, been provided, and this is set to trip at 
current values considerably higher than those attained 
in service overloads. Its design is such that it cannot 
be opened accidentally, by vibration or similar causes, 
so that there is no risk of the manceuvring power being 
lost at a critical moment. 

The auxiliary machinery of the ship is all electrically 
driven, and includes fuel and fresh-water pumps, 
salvage pump, fire and bilge pump, winch windlasses, 
and fans. These are normally operated from the 
auxiliary generators driven by the main engines, as 
already stated, but an emergency auxiliary generator, 
driven by a paraffin engine and connected to a separate 
switchboard, is installed, so that current is available for 
maintaining the essential services of the ship when the 
main engines are shut down. Navigating searchlights 
and a 3-kw. wireless installation are also provided. 

We understand that, in the trials above referred to, 
the electrical equipment was subjected to a number of 
exhaustive tests which fully demonstrated its safety 
and effectivenes, even when operated by inexperienced 
persons, a series of emergency control movements 
having been carried out satisfactorily by an operator 
who had not previously handled the equipment. In 
the course of the trials, the propellers were reversed 
from full-speed ahead to full-speed astern in 3 seconds. 
In view of the fact that the vessel is the first of its 
class to be constructed in this country, the results 
obtained are highly creditable, both to the builders and 
to the manufacturers of the electrical equipment, and 
are also evidence of the close co-operation that has 
been maintained between them during the whole course 
of the work. 








LABOUR NOTES. 

AN article dealing with the relative levels of rates of 
wages in August, 1914 and September, 1928, appears 
in the October issue of The Ministry of Labour Gazette. 
In the engineering industry, the general advance over 
pre-war rates for men on time work now amounts to 
19s., except in certain districts where the men are 
paid at hourly rates, in which it is 19s. 104d. a week. 
In the shipbuiiding industry, the general advance on 
time rates amounts to 17s, or 17s. 104d. a week. 
In some cases, however, further advances have been 
granted to particular classes in both industries. A 
table is given showing the unweighted averages of the 
district weekly time rates of wages of men in certain 
representative occupations, in sixteen of the principal 
engineering centres and nine of the principal ship- 
building centres on August 4, 1914, and September 30, 
1928. In the case of engine fitters and turners, the 
increase is from 38s. 1ld. to 58s. 9d., or 51 per cent. ; 
in the case of ironmoulders from 41s. 8d. to 62s. 1d. 
or 49 per cent., in the case of patternmakers from 42s. 1d. 
to 63s. 2d. or 50 per cent., and in the case of labourers 
from 22s. 10d. to 41s. 1ld., or 83 per cent. The increase 
in the case of shipwrights is from 41s. 4d. to 58s. 7d., 
or 42 per cent.; in the case of shipjoiners from 40s. 
to 57s. 9d. or 44 per cent., and in the case of shipyard 
labourers from 22s. 10d. to 39s. 1ld. or 75 per cent. 
For semi-skilled men, the percentages range between 
those shown for skilled men and those shown for 
labourers. 


These figures, it is pointed out, relate to a full ordinary 
week of 53 hours in some districts and 54 in others in 
1914, and of 47 hours generally in September, 1928. 
The percentage increase in hourly rates is thus nearly 
70 per cent. for skilled workers, to about 105 per cent. 
for labourers in the engineering trade, and from about 
60 per cent to 65 per cent. for skilled men, to about 
100 per cent. for labourers in the shipbuilding trade. 
In the case of pieceworkers, the general advance over 
pre-war rates in the engineering industry amounts to 
10 per cent. on basis piece rates, plus a flat rate advance 
of 10s. a week. In the shipbuilding industry, the 
general advance is 10 per cent. on basis piece rates, 
plus a flat rate advance of 7s. a week; in addition, a 
portion of certain special advances, granted during the 
war under the “ Standard Ship Cycle ” of awards and 
consequential extension:, is still paid to some classes 
of men. The information at the disposal of the Depart- 
ment is not sufficient to enable a reliable calculation to 
be made of the percentage increase in the wages of 
piece-workers, 


The average of the recognised time rates of wages 
of wiremen employed by electrical contractors in twelve 
of the largest towns at the end of September, 1928, 
was 74s. 5d. a week, compared with 39s. 4d. a week in 
August, 1914, showing an average increase of 89 per 
cent. As the normal weekly hours of labour, which 
were usually 53 or 54 in 1914, were reduced to 47 in 1919, 
without any reduction in weekly wages, the increase 
in hourly rates since 1914 is greater, being about 110 
per cent 
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In the heavy iron and steel trades (smelting, puddling, 
rolling, forging, &c.), in which wages fluctuate in corre- 
spondence with the selling price of the finished products, 
the increases over pre-war rates vary very widely, 
being, in some cases (e.g., with certain blastfurnace 
labourers) equivalent to over 70 per cent. over the pre- 
war weekly rates, while at the other extreme the rates 
for iron and steel workers in South Wales show increases 
of less than 20 per cent. on pre-war weekly wages. In 
the tinplate and steel sheet trade in South Wales, the 
increase over pre-war rates amounts to from 25 per 
cent. to 35 per cent., and in addition special advances 
have been granted to particular classes of workpeople. 
Among other metalworking industries, the general 
increases over pre-war rates of wages at the end of 
September (for male timeworkers) were 19s. a week in 
the sheet-metal working trade, 19s. 6d. a week in the 
spring, tube and various other industries in the Midlands, 
and 20s, to 20s. 6d. a week in the light castings industry. 
In the iron and steel and tinplate industries a uniform 
shift of 8 hours was adopted for shift-workers in 1919, 
in place of 8 hours or 12 hours previously, and for day- 
workers the hours were reduced from about 53 per 
week to 47 per week. In the other metal trades the 
hours were reduced from 53 or 54 hours per week to 
47 per week. 





Addressing a meeting at Newcastle last week-end, 
Mr. J. H. Clynes, M.P., expressed the opinion that, 
given peace in industry, we were quite capable of 
maintaining our position as leaders of the world. The 
common desire of British industry was, he said, for 
peace. As to the manner of maintaining peace, 
arbitration could not be forced upon anybody, but 
both sides found it would pay if they decided to accept 
arbitration. To do this it would be necessary to 
establish, either by law or agreement, the principle 
of a standard minimum wage, and that there should be 
a limit of profits or yield enjoyed by invested capital 
in non-speculative industry. 


What is known as the ‘“ Government Workers’ 
Charter”? was further discussed on Saturday last 
at a conference between the Trades Union Congress 
General Council, the National Union of General and 
Municipal Workers and the Workers’ Union. The 
conference agreed on the principle of a minimum wage 
for all labourers employed in H.M. arsenals, dock- 
yards and similar establishments, and decided to 
request the General Council to call a conference of all 
the other affiliated unions having members employed 
in such places. 





The Daily Telegraph's correspondent at Rome states 
that in a letter to the Prime Minister a proposal for 
a decree to increase workmen’s old age pensions was 
made last week by the Minister of National Economy, 
Signor Martelli. Without increasing workmen’s annual 
contributions, which are only one-fifth of the actual 
sums provided, workmen, who to-day may draw a 
minimum pension of 720 lire per year, will draw 1,036 
lire after five years’ assurance. The graduation 
increases until a workman may draw after thirty years 
a minimum annual pension of 2,116 lire, or a maximum, 
if he has five minor children, of 3,177 lire. Signor 
Mussolini has replied adopting the suggestion, and a 
decree will be issued. 


Replying to a Trade Union deputation which inter- 
viewed him last week, on the subject of the Govern- 
ment’s Factories Bill, Sir William Joynson Hicks, the 
Home Secretary, said that he fully appreciated the 
need for an Act to amend and consolidate the Factories 
Acts, but he felt sure the deputation would realise that 
the prospects of legislation on so important a subject 
must now be determined entirely by considerations 
of the Parliamentary time available. He was afraid 
that he could hold out no hope of there being time to 
deal with the Factory Bill before the election, but 
he could say with the authority of the Prime Minister 
that if the present Government were returned, after 
the election one of the first measures which the new 
Parliament would be asked to consider would be an 
amending Factories Bill. 


Dealing with some of the points raised by members 
of the deputation, Sir William Joynson Hicks said 
that the proposal that there should be a weekly rest 
period involved the exercise of a control on the hours 
of adult male labour which had never hitherto been 
attempted in factory legislation. With regard to the 
overtime proposals in the Government’s Bill, he 
pointed out that the Labour Party Bill also provided 
for the working of overtime, though to a smaller extent. 
The Government's Bill allowed a maximum of 100 hours’ 
overtime in a year, and he assured them that he would 
not use the powers provided in the Bill to extend the 
maximum amount of overtime unless he were con- 
vinced that the circumstances fully justified an exten- 
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sion in the class of case contemplated by the Bill. He 
had no evidence, he said, that the two-shift system 
was doing any harm. He had, however, called fora 
full report to be made on its working, and he promised 
to make a statement to the House of Commons 
when the Expiring Laws Bill, which would contain a 
provision for the temporary continuance of the powers, 
came up for discussion this year. 





On October 22, 1928, the number of unemployed 
persons on the registers of Employment Exchanges in 
Great Britain was 1,344,200. Of these, 926,300 were 
wholly unemployed, 337,900 were temporarily stopped, 
and 80,000 were persons normally in casual employ- 
ment; 1,062,300 were men, 38,300 boys, 210,600 
women, and 33,000 yirls. Of 1,321,154 persons on the 
registers on October 15, 1928, 924,972 were wholly 
unemployed, 317,068 were temporarily stopped, and 
79,114 were persons normally in casual employment ; 
1,036,849 were men, 38,658 boys, 211,857 women, and 
33,790 girls. The number of unemployed persons on 
October 24, 1927, was 1,074,032, of whom 858,918 were 
men, 31,112 boys, 154,092 women, and 29,910 girls. 





After considering the interim report of the Joint 
Industrial Conference, the board of the Flour Milling 
Employers’ Federation passed a resolution welcoming 
the recommendations—particularly the proposal to 
establish a National Industrial Council. The resolution 
noted ‘‘ that there is no intention ‘ to trespass in any 
way upon the sphere and functions of existing organisa- 
tions of employers and trade unions in the individual 
industries.’ ” esha 

The case of Mr. Percy Glading, the member of the 
Amalgamated Engineering Union, who was dismissed 
from Woolwich Arsenal because he is a Communist, 
was considered by the General Council of the Trades 
Union Congress at a meeting last week. According 
to an official account of the proceedings, a report was 
received from the A.E.U. Executive, who stated that 
they had already met Lord Stanhope at the Admiralty. 
His information was to the effect that the Government 
had decided not to employ Communists unless they 
renounced their Communism, as the Government felt 
that the employment of such men was incompatible 
with loyalty to the State. The General Council decided 
to communicate with the Government and to ask them 
for a copy of any orders which may have been issued in 
relation to Communist activities and the grounds upon 
which such orders have been made. After the position 
of the Government has been clarified, the Council 
propose to go into the matter further. In the mean- 
time, the General Purposes Committee will consider 
any reply from the Government. 





A committee has been recently set up to report upon 
the factory inspectorate and consider what additions, 
if any, are necessary to enable the Factory Department 
of the Home Office adequately to discharge its existing 
duties. The General Council of the Trades Union 
Congress is considering the advisability of submitting 
evidence to the committee on behalf of the Trade 
Union movement, and has decided to obtain informa- 
tion on factory inspection from the affiliated unions, to 
enable it to co-ordinate the work of the movement on 
this question. fp ot tae 

A circular has, accordingly, been issued to the 
affiliated unions asking them to furnish statements on 
the general question of the factory inspectorate and to 
give information specifically on the following points: 
(1) Is there a shortage of inspectors, and, if so, can 
any instances be given where this shortage has resulted 
in slackness ? (2) What is the view of the Union 
regarding the general arrangements for visits by factory 
inspectors ? (3) Is it desirable that inspectors should 
have specialised knowledge of particular industries, 
and should their duties be confined to those industries ? 
(4) Has the technical knowledge of inspectors been 
found to be at fault, and, if so, in what respect : 
(5) Should actual workshop experience be part of the 
inspector’s training ? (6) What is the Union's exper! 
ence of women factory inspectors ?_ (7) Does the Union 
favour the extension of the powers and duties of factory 
inspectors, and, if so, in what respect ? The replies to 
these questions are to be in the hands of the General 
Council not later than November 17. 








Conrracts.—The Great Western Railway Company 
have placed with Messrs. Vickers-Armstrong, Limitee, 
an order for a pair of steel lock-gates for Penarth 
Docks.—Amongst further orders received by Messrs. 
W. Crockatt & Sons, Ltd., 62 and 64, Darnley-street. 
Glasgow, E.1, for their Simplex patent electric agra 
meters are complete outfits for Argentine, Chilean am 
Dutch destroyers, two outfits for use at the Edinburgh 
Corporation power station at Portobello, and a multi- 
point installation for the Dutch liner Statendam. 
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STEAM TABLES AND EQUATIONS. 


EXTENDED BY DrrEecT EXPERIMENT TO 4,000 Le. 
PER SQUARE INcH AND 400 Dea. C.* 


By Prof. H. L. Cantenpar, F.R.S. 
(Concluded from page 532.) 


Equation of Saturation Pressure—This is obtained 
in the usual way by equating the value of G/T found 
for the vapour to that similarly obtained for the liquid 
from equation (2), page 530, ante. Using common 
logarithms and collecting the terms, we thus obtain 
the numerical formula for the logarithm of the satura- 
tion pressure p, on the Centigrade scale, 

log p = const. — 2903:4/T — 4°7174 log T 

+ 020956 log {(1 + Z)/(1 — Z)} + 0°001138 p/T, (8) 
in which the constant is found from the standard value 
p = 760 mm. at 100 deg. C. This equation is easily 
solved by trial and interpolation, taking the experi- 
mental values of p as a first approximation in the 
small terms. But the values found at each point 
agreed so closely with the experimental values that a 
second approximation was seldom required. Equation 
(8) also agreed within 0-3 deg. C., on the average, 
over the whole range from 0 deg. to 374 deg. C. with 
the observations of Henning and of Holborn and 
Baumann, though it would not have been surprising 
if the steady-flow method had shown larger systematic 
differences from their static methods. The closeness 
of this agreement affords independent confirmation 
of the whole system of equations based on the adiabatic 
(1), because all the coefficients in (8) are obtained from 
direct observations of H, / and V, and are not deduced 
from the saturation pressures themselves. 

Thus the value of the first coefficient in (8) is deduced 
from the experimental value of the latent heat at 
100 deg. C., and remains unaltered, since none of the 
fundamental constants has been changed. The coeffti- 
cient of log T in the next term represents (s — S,)/R, 
and is also the same as in the original equation for p. 
The next term represents the effect of the coaggrega- 
tion on the value of G/T for the vapour, and the last 
term represents the effect of the small constant b. 
The value of b could not be determined experimentally 
in the original equations, because it was so small as 
compared with V at low pressures. It was therefore 
estimated on the lines of the van der Waals theory, 
in which it plays a very important part. It has now 
been determined in accordance with equation (4) from 
the observed value of V, namely, 3-79 c.c./gm. at 
374 deg. C., and found to be only — 0-175 c.c./gm., 
which is much smaller than the value 1 c.c./gm. 
originally assumed. It could also be determined from 
equation (8) by assuming p to be 3,222 Ib. at 374 deg. C., 
but this gave the same value. The exact theoretical 
interpretation of this constant remains doubtful, and is 
of little importance in the coaggregation theory, but it 
was most satisfactory to find that the old experimental 
values of V agreed so well with the new equation of 
saturation pressure based on observations of H and h. 

It would not have been very surprising if equation (8) 
had failed to represent the saturation pressures observed 
beyond 374 deg. C. It was found, however, that the 
agreement with experiment continued up to 380 -5 deg. 
C., at which point the saturation line became tangential 
to the isothermal, and the equation automatically 
ceased to give any further solution for p at higher 
temperatures. The somewhat abrupt flattening of the 
isothermal of 380 -5 deg. C. beyond this point, indicating 
that all the single molecules of the type H,O are con- 
densed, and that the mixture has acquired the properties 
of water, was verified by measurements of h at higher 
pressures. But since water, according to equation 
(2), contains its own volume of steam, this is the 
most natural way in which the conditions, H = h, 
V = v, and L = 0 ean be satisfied. The complete 
interpretation of these equations raises many other 
points of interest, which must be reserved for some 
future occasion. Many other substances, when suffic- 
lently stable and capable of adequate purification, 
show similar phenomena, but the difficulties of accurate 
Measurement are very great, and such cases are beyond 
the scope of this paper. There are many possible 
modes of coaggregation, and it is doubtful whether an 
equally simple form of adiabatic would apply to other 
substances, : 

The van der Waals Equation.—To compare the 
results with an equation of the van der Waals type, 
an equation for P, as a cubic function of 1/V, has 
been constructed in such a way as to be consistent 
with the adiabatic (1). If P (V—6)/T is constant 
along any adiabatic, as in (4), it follows, by divid- 
ing it by P/T33, that (V—b) T!9? will also be con- 

aoe Thus the adiabatic condition will be satisfied 
¥ equating P(V—b)/T to any function of (V—b) T° 3, 
48 In the following example :— 


___P(V—6)/RT = 1-e/(V—b) + 2/3 (V—)%, (9) 
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cubic function of 1/(V—b), and gives a critical point 
of the usual type defined by the conditions, 
V—6=¢=ERTSP.- 

If the critical pressure is 3,200 Ib. at 374 deg. C., 
the value of c at the critical point differs little from 
that given by (4), and the values of H and V show a 
rough agreement with those of the vapour. But no 
equation of the van der Waals type is capable of 
representing the properties of the liquid satisfactorily, 
as assumed in the van der Waals theory, and (9) gives 
hopeless results for the saturation pressure if Maxwell’s 
theorem is assumed. When, however, (9) is combined 
with equation (2) for the liquid, it gives the saturation 
line shown dotted in Fig. 2, page 531, ante. The agree- 
ment with observation could be improved by taking a 
higher value, such as 3,400, for the critical pressure, 
and a lower value, such as 2 -5, for the index of T in the 
expression for c. But this would upset the agreement 
with the adiabatic, and the equation would in any 
case be most inconvenient for practical calculations. 
It could never show the many coincidences in points 
of detail which appear to follow with such effortless 
precision from the coaggregation theory. 

The H—P diagram is employed in these comparisons, 
in preference to the H—# diagram, which is more 
familiar to engineers, for the following reasons :— 
(1) All the temperature and pressure lines run together 
near the critical point on the H—® diagram so that 
no detail can be shown in this region; (2) the H—P 
diagram, on the other hand, permits the observed 
quantities H, P, and ¢ to be very easily and clearly 
plotted ; (3) the entropy & cannot be observed directly, 
but is merely calculated from H and V ; (4) in virtue 
of equation (3), the H—P diagram shows a very close 
correspondence with the PV—P diagram employed 
by Amagat and other observers in this region, and 
facilitates comparison with their observations and with 
the van der Waals theory. 


PRACTICAL APPLICATIONS. 


The chief interest of these results for steam engineers 
is that the properties of steam can be represented by 
comparatively simple equations which are exactly 
consistent with the adiabatic equation (1), even at the 
critical point, which has previously been considered to 
be impossible according to the universally accepted 
theory of the critical state. It follows that the formule 
previously given for the adiabatic heat-drop and for the 
discharge through a nozzle, which are so important 
in the theory of the turbine, can be applied with 
confidence in all cases for dry steam ; and that equa- 
tion (3), giving a most useful expression for V in 
terms of H and P at any point, is equally valid. 
All these relations are considerably simplified in 
practice by the discovery that the small constant b 
is actually more than five times smaller than was 
previous supposed, so that it may safely be neglected 
in almost all cases. 

Since equation (4) satisfies the condition that 
P(V—b)/T is constant along any adiabatic, equation (1) 
may be put in either of the equivalent forms : 


(V — b) T1°/3 = const., or P (V — b)!*3 = const, (10) 


which remain valid and are useful for many purposes. 

The verification of equations (2) and (5) for water 
and wet steam up to and beyond the critical point 
confirms all the previous expressions for wet steam, 
including those for the entropy of water and the Gibbs’ 
function G, as well as those for the volume in terms of 
H and p, and for the reheat factor. 

One of the chief experimental difficulties found in 
dealing with steam at high pressures near saturation 
was the comparative sluggishness of the complex 
molecules in reaching a state of equilibrium. Steam, 
when rapidly heated up to a given temperature and 
pressure, showed lower values of H than when rapidly 
cooled to same point. These effects were accentuated 
by the presence of impurities, such as air, and great 
pains were taken to avoid them. The results now pub- 
lished represent equilibrium states, as nearly as possible, 
and are applicable to initial states in which the steam 
is maintained at a steady temperature for a sufficient 
time. It appears that, in very rapid expansion from 
a high superheat, the more complex molecules included 
in the series c/(1 — Z?) would have no time to form. 
The Enlarged Steam Tables (1924) were designed for 
the case of rapid expansion, and are probably more 
accurate for this purpose than the new extension, 
though they would not apply satisfactorily to initial 
states. 

Extended tables for the equilibrium states of steam 
up to 4,000 lb. pressure have been calculated on the 
basis of the new expression for the coaggregation, 
and have been forwarded to the British Electrical and 
Allied Industries Research Association, as being the 
body primarily interested in the research, and mainly 
responsible for its successful completion. 

A special debt of gratitude is due to the members 


provided that ¢ varies as 1/T'/*, This makes P a|their support and encouragement in the face of 


difficulties which appeared, at first, insurmountable. 
I have also to thank the Governors of the Imperial 
College for providing accommodation and workshop 
facilities, with free use of all the valuable apparatus 
in the Physics Department. Many essential parts of 
the apparatus were constructed entirely in the Physics 
Workshop, and owe much to the experience of the 
superintendent, Mr. W. J. Colebrook, and the skill of 
the assistant, Mr. E. White, who constructed the 
electric boilers and most of the accessories. My 
thanks are due to Dr. H. Moss for assistance in some of 
the intricate calculations, and to my son, G. S. 
Callendar, who acted as research assistant throughout 
the investigation, and acquired an almost uncanny 
facility in running the apparatus without a hitch, and 
in reproducing any desired conditions. 








HIGH-PRECISION SCREW-CORRECT- 
ING LATHE. 


WE have previously referred on two occasions* to 
the admirable precision screw-correcting lathes manu- 
factured by Messrs. Bryant Symons and Company, 
320, St. John-street, E.C.1. The machines then described 
were, however, of the bench type and, though highly 
accurate in operation, were limited in capacity. The 
lathe of which we propose to give an account, and illus- 
trate by Figs. 1 to 4, page 568, is, on the contrary, capable 
of cutting screws up to 8 in. in diameter, either external 
or internal, of a length of 18 in., with external threads, 
and of 8 in. with internal threads. It is guaranteed 
to produce work accurate to within a total length pitch 
error of 0-0004 in., and periodic and progressive errors 
within 0-00015 in. and 0-00015 in. per inch, respectively. 
It has been made for the Admiralty, and, as will be seen 
from Fig. 1, is constructed with a heavy bed, which 
has an overall length of 6 ft., this being supported on 
two substantial legs. It is of the all-geared headstock 
type with two speeds and a reverse. Thelead screw is 
fitted with a corrector bar, which is housed in a recess 
inthe bed. All the principal castings and forgings were 
thoroughly matured after rough cutting, and again after 
the first finish cut before being finally finished, with 
a view to relieving internal stresses and so guarding 
against any subsequent changes of form. 

Dealing first with the headstock, it will be seen 
from Fig. 4, that it is completely enclosed and is fitted 
with a portable cover. Ordinary hand lubrication is 
adopted, but the casing is oil-tight and the gear may, 
therefore, be run in an oil bath, if desired. The drive 
is taken from a shrouded pulley 73 in. in diameter by 
3} in. wide, which can be given two speeds by a counter- 
shaft. These speeds are 86 r.p.m. and 254 r.p.m., and 
are transmitted to the secondary shaft carrying the 
reverse clutch seen in Fig. 4. The lever operating this 
clutch, which lever is vertical in the ‘‘ stop” position, 
has a disc at its lower end, by which it is coupled to the 
automatic stop rod actuated by the movement of the 
saddle when screw cutting. For a right-hand thread 
the coupling pin is at the top of the disc, as seen in the 
figures, the bottom hole is used when a left-hand thread 
is being cut. The secondary shaft also carries a pair of 
sliding pinions which are put into mesh, as required, 
with the large spur wheels seen on the spindle in Fig. 4, 
by means of the lever at the left hand of the figure. 
This lever will, in conjunction with the two speeds of 
the driving pulley, give cutting speeds to the spindle 
of 93, 14, 28, and 42 r.p.m. for plain turning. The 
left-hand position is for slow cutting, the right-hand 
for fast cutting. 

Reference should be made at this point to Fig. 2. 
There are two distinct methods of driving the spindle 
and lead screw when screw cutting. In Fig. 2 is shown 
the end of the headstock with the gear arranged so 
that the spindle is driven in the ordinary manner 
already described, and the lead screw is driven from it 
by the change gears on the right of the figure. The 
gears on the left of the centre line are not in use at all. 

This method is used when cutting screws with pitches 
of four threads per inch or finer, either right or left hand. 

But, if coarser pitches than the above are required, or 

multiple threads, then the second method is adopted. 

In this method the speed lever is put into the vertical 

position, which is neutral, that is, the pinions on the 

secondary shaft are not meshed with the spindle spur 
wheels and the spindle must be rotated by other means. 

These consist of the employment of the double train of 
pinions on the left-hand side of Fig. 2, near the driving 

pulley. In that figure, which shows the method of 

driving when forming fine threads, two of the pinions 

are removed, but when right-handed coarse or multiple 

screwing is to be done, the pinion nearest to the 

centre line is inserted, with the result that there is a 

train of four wheels between those on the secondary 

shaft and the lead screw, or six in all. The secondary 

shaft thus drives the lead screw, which, by change 





* ENGINEERING, vol. cv, page 578, and vol. cxii, 








A, Vol. 120, page 460. 





of the Committee on the Properties of Steam for 





page 216. 








568 


ENGINEERING. 


[Nov. 2, 1928. 





HIGH PRECISION SCREW-CORRECTING LATHE. 


CONSTRUCTED BY MESSRS. BRYANT SYMONDS AND COMPANY, 


ENGINEERS, LONDON. 














ENcinEERING 


Fie. 1. MACHINE ARRANGED FOR INTERNAL SCREWING. 











Fig. 2. Leap Screw GEAR. 

















Fie. 3. SADDLE ARRANGED FOR EXTERNAL SCREWING. 


wheels arranged somewhat similarly to those on the 
right of Fig. 2, in turn drives the spindle. 

For cutting a left-hand thread by this method the 
pinion nearest to the centre line is removed, and that 
nearest to the driving pulley is inserted. There are 
then three wheels between the secondary shaft and the 
lead screw, é.e., five in all. The spindle is driven from 
the leadscrew, as with right-hand screwing. For 
cutting multiple threads, a very useful device is fitted 
in the form of a dividing disc by which the lathe may 
be set to ensure the correct point of circumferential 
entry of the several threads. This disc is seen close to 
the outside spur wheel on the spindle in Fig. 4. The 
long bearing for the spindle, shown in this figure, should 
be noted. It is of the plain bushed type. The spindle 
is screwed to take either a chuck for internal screwing, 
as shown in Fig. 1, or a plain face-plate as shown in 
Fig. 3. Both these figures show very well the position 
of the corrector bar for the lead screw. 

The function of the corrector bar may be thus 
described. The lead screw is cut with a thread having 
an angle of face of 30 deg., and having a square top and 
bottom, the result of this form being that there is a 
considerable clearance over the crests of the thread. 


In the case of the nut this clearance space has parallel 
sides. The nut is made in halves, and this feature, with 
the clearance just mentioned, enables it to be properly 
bedded, and also to be readjusted in case of wear. 
The halves are bolted together into what is practically 
a solid nut which is never disengaged from the screw. 
There is no end play, but at the same time the nut can 
be rotated through a small angle in either direction. 
It is this rotation which permits any necessary correc- 
tion to be made for any variation in the pitch of the 
screw, the travel of the nut being accelerated or retarded 
by rotating it one way or the other according to whether 
that particular portion of the thread is under pitch 
or over it. The rotation of the nut is effected by a pin 
which projects from it and travels in a slot cut in the 
corrector bar. 

The lead screw for a new machine of this pattern is 
subjected to a searching test for the measurement of 
errors, made at the National Physical Laboratory. 
The results of the test are embodied in the contour of 
the slot cut in the corrector bar, the slot being more or 
less sinuous according to the errors existing. This 
sinuosity gives a transverse motion to the pin on 
the nut as it travels along the slot, and so effects the 





Fic. 4. Herapstock Gear Box. 


desired amount of rotation both in direction and degree. 
As a matter of fact, in the particular lathe now described 
the lead screw is so free from local or periodic error that 
a straight slot without any correction is all that is 
necessary. The corrector can, however, be used in 
another way. It is pivoted centrally so as to move In 4 
horizontal plane, and the slot can thus be set at a slight 
angle to the axis of the lead screw. This deflection 1s 
effected by the knurled screws visible at each side of 
the corrector bar recess, and is determined by a scale 
and pointer in the centre of it. The deflection ot! the 
slot has the effect of either increasing or decreasing 
the effective lead of the screw, should such a proceeding 
be necessary through dealing with, say, a case of 


; : Hea 
shrinkage. The total amount of alteration which can 


be made to the standard pitch of the lead screw 18 

from + 0-001 in. to — 0-001 in. by increments ‘ f one 

ten-thousandth of an inch per inch of screw length. 
The saddle is of stiff construction and is made 


-aring 


with extensions at each side so as to give a long be 
and yet permit it to be brought close up to the tailstock. 
which slides on the same ways, or vice versa. The 
lead screw is covered under the tool by a sheet steel 
sliding top attached to the saddle. As shown } 
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Fig. 1, a circular tool is used for internal screw cutting. 
This has two complete threads, with a cutting edge 
formed by a single groove somewhat in the style of a 
tap. The exact setting of the cutting edge is effected 
by mounting the shank of the tool in an eccentric 
sleeve. Longitudinal adjustment is provided for by 
a micrometer screw, the tool holder being arranged to 
slide on the upper part of the saddle, the latter 
providing the necessary cross motion. The degree 
of this cross movement is also determined by a micro- 
meter screw but with this difference: The actual setting 
is done by the handwheel and spindle bracketed from 
the saddle, the micrometer being used to adjust an 
independent spindle, the end of which is then brought 
up to a small block solidly bolted to the saddle. This 
block is clearly seen in Fig. 1, and is first set up against 
the micrometer spindle when the micrometer dial reads 
zero. It is then bolted down. The upper part of the 
saddle is traversed a little way from the block, and 
the correct position in which it has to be placed is set 
on the micrometer dial. It is then brought back to 
the block by the handwheel, the exact moment of 
contact between the spindle and the block being readily 
determined by the change of pressure required on 
the hand wheel. When cutting internal threads, an 
adjustable spring catch stop is provided to limit the 
backward movement of the slide, upon withdrawal of 
the tool from the thread. This prevents damage to 
the thread as the tool cannot then inadvertently be 
moved across to the other side of the hole. 

In Fig. 3 this stop block is shown on the far side of 
the saddle, this naturally being its position when ex- 
ternal screwing is done. The operation of locating the 
tool is, however, the same, the micrometer spindle 
being carried right through the upper part of the 
saddle. The tool holder shown in Fig. 3 is of special 
design. It has two overhanging lugs, the under faces 
of which are finished exactly at centre level. They 
have also vertical faces perfectly square with the 
central axis of the lathe. The tool, which is finished 
quite true on the top and sides, is carried in a cradle 
which is put between the lugs of the holder. When 
the two screws securing the cradle are tightened up, 
the top of the tool is pulled up to the under faces 
of the lugs and one side of it up against the trued 
vertical faces, the result being that the point of the 
tool is then not only exactly on the centre but is 
square with the axis, and is also correct as regards 
thread angle. A magnifier is provided over the tool 
point to facilitate setting and observation. The tail- 
stock does not require comment beyond pointing 
out that it can be fitted with a spring centre during 
internal screwing operations, for supporting test 
plug gauges when inserting them in work in the chuck. 
Having inspected the machine at the works of Messrs. 
Bryant Symonds & Company, it only remains for us to 
say that the workmanship deserves the highest praise, 
and that, both in this particular and in design, the 
lathe provides an excellent example of the best class of 
British machine-tool manufacture. 








THE ROCKWELL HARDNESS TEST.* 


By J. E. Matam. 


THE increasing use of the Rockwell test, due mainly 
to the ease and rapidity with which it can be applied, 
indicates that this method of testing is likely to estab- 
lish itself permanently in the metallurgical laboratory. 
It hence becomes of importance to ascertain first, what 
relationships exist between the results obtained by the 
test and those yielded by other well-established hard- 
hess tests; and, secondly, how far such relationships 
can be predicted from purely theoretical considerations. 
In addition, some estimate must be made as to the 
suitability of the test for the purpose for which it is 
intended, namely, for the measurement of “‘ hardness.” 
The investigations described in this paper were under- 
taken with the object of throwing some light on these 
points, especially in relation to the testing of copper, 
brass, and cupro-nickel, in which cases a hardened 
steel ball is used as the indenting tool. 

The present investigations are dealt with under 
two main headings, the first being, experimental work 
with the object of determining conversion curves 
between Rockwell, Brinell, and scleroscope numbers 
for copper, 95 : 5, 70: 30, and 63 : 37 copper-zinc, and 
80: 20 cupro-nickel. The second portion of the investi- 
gation aimed at obtaining an estimate of the value of 
the test for the measurement of the ‘‘ hardness” of 
non-ferrous metals and alloys. 

_ Specimens of the various metals were prepared in 
mMcreasing degrees of hardness by cold-rolling from 
annealed strips, the chemical analyses of which are 
given in Table I. All strips were of initial thickness 
0-240 in. ; those which were cold-worked being rolled 
with reductions 10, 20, 30, 40, 50 and 60 per cent. on 
this thickness. The hardnesses of the specimens were 
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measured on a Rockwell testing machine (model 3B), 
a hydraulic Brinell machine, and a model Cl _sclero- 
scope. In connection with the tests on the Rockwell 
machine, the ;-in. ball under loads of 100 kg. and 60 kg., 
and the }-in. ball under 100 kg., were used. For the 
Brinell test a 10-mm. ball was employed under loads 
of 1,000 and 500 kg., and for the scleroscope test the 
magnifier hammer. The latter was modified by fitting 
at the nose a 3-mm. hardened steel ball. It has been 
shown by Genders* that hammers modified in this 
manner give results practically identical with those 
obtained with a hammer of standard contour. The 
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TABLE I. 
H.C. 95:5 | 70:30 | 63:37 | 80:20 | 
Copper. |Copper- | Copper | Copper- | Cupro- 
Zine. Zinc. Zine. | Nickel. | 
| 
Per Per | Per Per Per | 
cent. cent cent cent cent 
Copper .-| 99-90 95-0 71:3 63°5 80-3 
i ae és Nil Nil Nil Nil Nil 
Lead .. eo} 0-01 0-01 0-02 0-03 0-01 
Iron .. --| 0-01 0-02 0-02 0-02 0-06 
Manganese... Nil Nil Nil Nil 0-12 
1 





ball-fitted hammer has a perfectly definite contour in 
the form of a portion of a sphere of 1 -5-mm. radius, 
which is capable of reproduction to a high degree of 
accuracy. The weight of the hammer as modified 
was 2-47 grm. 








* Jour. Inst. Metals, vol. xxix, p. 445 (1928). | 


The effect of the rolling treatment on the hardnesses 
of the various specimens is shown graphically in Figs. 3 
and 5, which are typical of the series. For the sake of 
clearness, the Brinell numbers obtained using the 500-kg. 
load and 10-mm. ball are not plotted, as they differ 
by only a few units from those obtained using the 
1,000-kg. load and 10-mm. ball. It will be noted that 
while the rate of increase of Brinell hardness number 
with percentage reduction in rolling is in general 
appreciable, the rate of increase of the Rockwell number 





falls off considerably after the first 10 per cent. or 20 per 
cent. reduction in thickness, so that the Rockwell test 
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indicates only a small difference in hardness between 
material in the half-hard and hard-rolled conditions. 
This point will be dealt with in a later section of 
the report. 

If, following the example of Petrenko, the reciprocals 
of the Brinell numbers are plotted against the Rockwell 
numbers, it will be found that foreach alloy the relation- 
ship between the Rockwell number and the reciprocal 
of the Brinell number can be represented to a fair 
degree of accuracy by a straight line. The positions 
of these straight lines differ, but only slightly, according 
to the alloy and according to the load and ball used in 
obtaining the numbers. In Figs. 6 and 7, the Rockwell 
numbers for all measurements taken with the 100-kg. 
load and the };-in. and }-in. balls, respectively, are 
plotted against the reciprocals of the Brinell numbers. 
To avoid confusion, the Rockwell results obtained 
using the 60-kg. load and 4,-in. ball are omitted, since 
they differ only by little from the results obtained using 
the 100-kg. load and the }-in. ball. It will be seen 
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that the average results can be represented very closely 
by straight lines. 

In Fig. 9, scleroscope numbers are plotted against the 
Rockwell numbers obtained using the 100-kg. load and 
the j;-in. and }-in. balls. It will be seen later that 
since a straight-line relationship exists between sclero- 
scope and Brinell numbers, and also between the 
Rockwell numbers and the reciprocals of the Brinell 
numbers, a comparatively simple relationship can be 
established between scleroscope numbers and Rockwell 
numbers. 

The graphs given in the various figures may be used 
for obtaining conversions from Rockwell to Brinell, 
Rockwell to scleroscope, and scleroscope to Brinell, for 
the cases of the particular metals under consideration. 
For reasons which will become apparent later, it is not 
proposed to consider these conversions in detail, the 
object of the second portion of the present paper being 
to show that the Rockwell ball test in its present form 
cannot be considered suitable for the measurement of the 
hardness of non-ferrous alloys. 

Suitability of Rockwell Ball Test.—It has been seen 
from Figs. 6 and 7 that, if Rockwell numbers are plotted 
against the reciprocals of Brinell numbers, the average 
results can be represented very closely by straight lines. 
It can be shown by differentiating the equations of these 
straight lines that for corresponding small increases in 
the respective hardness numbers, the percentage rate of 
increase of the Rockwell number is equal to that of the 
Brinell number only for certain critical values of the 
Rockwell number. Taking the Brinell numbers obtained 
with the 1,000-kg. load and 10-mm. ball, the critical 
values are found to be 199;R ,', in. = 70, and 499;R 1 in. 
= 67, which correspond to the Brinell numbers 118 
(1,000 kg., 10 mm.) and 62 (1,000 kg., 10 mm). For 
hardnesses above these values, the rate of increase in 
hardness of the various alloys consequent upon progres- 
sive cold-rolling is indicated as less by the Rockwell ball 
test than by the Brinell test, while for hardnesses below 
these values, the position is reversed, the Rockwell test 
showing a greater rate of increase than does the Brinell 
test. For example, the Rockwell test gives—(a) 100 
(100 kg., }in.) and 110 (100 kg., 4 in.) ; and (6) 75 (100 kg. 
ty in.) and 92 (100 kg., 4; in.) as the hardnesses of two 
samples of 70 : 30 brass, one of which has had a reduction 
of 20 per cent. in cold-rolling, and the other a reduction 
of 60 per cent. The corresponding Brineil figures are 
125 (1,000 kg., 10 mm.) and 174 (1,000 kg., 10 mm.). 
The Rockwell tests thus indicate increases in hardness of 
10 and 22-7 per cent. respectively on rolling from a 20 
per cent. to a 60 per cent. reduction, while the Brinell 
test shows an increase of 39 per cent. 

Which test, if either, is correct in the sense that it 
furnishes us with reliable quantitative data as to the 
increase of hardness of the specimens on cold-rolling ? 
The answer to this question depends on our definition of 
hardness. If by this latter property we actually mean 
resistance to penetration, it may be assumed that, 
within the range of numbers under consideration, the 
Brinell number gives a quantitative measure of hardness 
which is roughly correct in the above sense. Assum- 
ing a smooth and rigid ball, the quotient 


: Load 
Projected (or flat) area of impression 
is preferable to the Brinell quotient, 
Load 
Area of (spherical) surface of impression 


as a measure of the maximum pressure at which penetra- 
tion is resisted. It can be shown, however, that over 
the range in question the correction is small. If this be 
conceded, it is clear that, in view of the wide divergence 
between the Brinell and Rockwell results, we are forced to 
consider the numbers obtained by the Rockwell ball test 
as entirely misleading trom the quantitative point of view. 
This is indeed to be expected, in view of the arbitrary 
nature of the Rockwell ** B” scale. 

No one will be inclined to underrate the practical value 
of the Rockwell test. It can be carried out in a fraction 
of the time occupied by the Brinell test, while such data 
as are available indicate that from the point of view of 
reproducibility of results it is not inferior to the Brinell 
test. At the same time, the increasing use of so-called 
hardness numbers, which are purely arbitrary and 
quantitatively misleading, must be regarded with disquiet. 
As regards a remedy, it might be suggested that the balls 
be loaded proportionally in the two tests, and that the 
Rockwell * B”’ scale be regraduated so as to read Brinell 
results direct. It is clear, however, from the above data, 
that a slightly different calibration would be needed for 
each different alloy, and that hence only an approximate 
or average graduation could be effected. This is prob- 
ably due to the fact that the percentage decrease of the 
depth of indentation on release of the major load is 
greater than the percentage decrease of diameter of 
impression. On the basis of the average relationship 
between Brinell (1,000 kg., 10 mm.) and Rockwell (100 kg., 
$ in.) given in Fig. 6, the recalibration of the dial is 
shown in Fig. 10. It should be noted that the Rockwell 
yy-in. ball under 100 kg. load is proportionately loaded 





more heavily than the Brinell 10-mm. ball under a 
load of 1,000 kg. If the 100-kg. Rockwell load is 
retained, the correct size of ball for proportional loading 


is ,/ 10 mm. or 3-17 mm., or approximately } in. 
Relationship between (a) Scleroscope and Brinell, and 
(6) Scleroscope and Rotkwell Numbers.—It has been 
established that there is, for each of the metals examined, 
a straight-line relationship between the scleroscope and 
Brinell numbers obtained. 
Hence we have, 

a 
where K, and c are constants for a particular alloy, and 
S and B the scleroscope and Brinell numbers respectively. 
The various values of K, and c can be calculated, and it 
is found that they vary from 0-36 to 0-47 in the case of 
K,, and from 6 -3 to 14 -2 in the case of c. 

The above equation may be written in the form, 

S +c=K,B, 
which indicates that if a constant number is added to the 
scleroscope scale numbers, the corrected readings obtained 
will be directly proportional to the Brinell readings. The 
scleroscope test would then indicate the same ratio 
between the hardness of two specimens, as is given by 
the Brinell test. For example, in the case of 70:30 
brass, the equation connecting the scleroscope and 
Brinell numbers is, 
S = 0-356B — 7. 

The scleroscope gives a figure of 14 (3-mm. ball) as 
the hardness of annealed 70:30 brass, and 55 as the 
hardness after a reduction by cold-rolling of 60 per cent., 
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the ratio between these two numbers being approximately 
4. The corresponding Brinell numbers are 59 (1,000 kg., 
10 mm.) and 174, the ratio between these being approxi- 
mately 3. If, however, 7 is added to each of the sclero- 
scope numbers, they become respectively 21 and 62, in 
which case the ratio of the corrected numbers is approxi- 
mately the same as the ratio of the Brinell numbers. 
These considerations indicate the probability that, as in 
the case of the Rockwell numbers, the scleroscope data 
obtained are quantitatively misleading. In order to 
regraduate the scleroscope scale directly to Brinell 
numbers for a particular alloy, it would be necessary to 
replace each graduation S on the scleroscope scale by the 

S+ec 


number - K This regraduation would apply only 


to the particular alloy in question, and consequently 
for general purposes only an average graduation could be 
given. It is probable, however, that even a compromise 
of this nature would be preferable to the existing scale, 
which itself has to serve for all alloys, and is in addition 
entirely arbitrary. 

The equations connecting Brinell and Rockwell num- 
bers are of the form :— 

as 
b — R’ 

where K, and 6 are constants. 

Hence from (1) above : 

K,K, a 

ge SS ee Sd SE ea 
where a is a constant replacing the product KjK.. The 


Ss 


above equation gives the form of the relationship between | 


scleroscope and Rockwell numbers. For example, in 
the case of 70: 30 brass we have 


S = 0-356B — 7 


where B is measured, using the 1,000-kg. load and 10-mm. 
ball. 

In addition, the relationship between Brinell and 
Rockwell numbers for this alloy is represented fairly 
closely by the straight line whose equation is— 

7317 
™ 134-2 —R 
where R is measured, using the 100-kg. load and 4: -in. 
ball. 


Hence 


B 


2605 
°ma-n-* 
and similarly for the other alloys, the equations obtained 
being those of the graphs in Fig. 9. 





General Considerations Relating to Hardness Testing. 
| —It has been seen above that both the Rockwell and 
scleroscope instruments yield figures which give 
different, and probably incorrect, results for the com- 
| parative hardness of two specimens, whilst each gives 
|a ratio between the hardnesses different from that 
| indicated by the Brinell test. We have hence to ask 
| by what means, if any, the various tests may be put 
| on a common basis in order to avoid these discrepancies. 
| It has been shown that a step which would improve 
matters to a certain extent might be taken in the form 
| of recalibrating both the Rockwell and scleroscope 
| scales. 

| In the case of the scleroscope, the recalibration 
| would involve the retention, but the renumbering, 
| of equal intervals to indicate equal increments of 
j hardness. On the other hand, the equal intervals of 


Fg .10. REGRADUATION OF ROCKWELL DIAL, 
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the present graduation of the Rockwell dial would be 
replaced by intervals diminishing with increase of 
hardness number. Nothing is to be lost by such 
recalibrations, while the identity of the tests could 
be preserved by still designating the results obtained 
as Rockwell or scleroscope numbers. 

We have to ask, however, what justification there 
would be for referring other tests to the Brinell test, 
and whether this test itself is suitable as a standard 
for reference. Defects in the Brinell test in its present 
form have been pointed out by several authors. 
Unwin* considered that the Brinell number should be 
corrected by adopting the “ flat”’ or projected area 
of impression as divisor in place of the spherical area. 
He indicated that, by the use of a similar correction 
in the case of the Ludwig cone test, the Brinell and 
Ludwig methods give, neglecting secondary causes of 
error, the same hardness numbers. Unwin also 
pointed out} that, for small indentations, the Brinell 
number is identical with the Martel number, and can 
be defined either as (a) the work required to indent 
unit volume, or (b) the intensity of pressure at which 
the material yields or flows under the conditions of an 
indentation test. ; 

Hankins,t following the suggestion put forward 
| by Unwin, adopted the projected area of impression 
| as divisor, but in addition gave a tentative correction 
|for adhesion between the ball and the surface of 
'the indentation. By these means he obtained 4 
| corrected contact pressure in kg. per square milli- 
| metres, which within certain limits was found to be 
| independent of the method of test, and which he con- 
| sidered represents “a more rational value of the in- 
| tensity of pressure than the usual ball and cone hard- 
|ness number.” In addition, he states that “the 
| hardness, expressed in this way, can be regarded 
| with greater certainty than has hitherto been the case 
|as a definite property of the material.” Hankins 

stresses the importance of the original condition of 
lubrication of the indenting tool. The elastic recovery 
| of the Brinell indentation has been studied by 








* ENGINEERING, vol. evi, page 478 (1918). 
+ Ibid., vol. ev, page 525 (1918). : 
| + ENGINEERING, vol. cxix, page 556 (1925). 
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30-CWT. 


CONSTRUCTED BY MESSRS. JOHN M. 


LEVEL-LUFFING WHARF CRANE. 


HENDERSON AND COMPANY, LIMITED, ABERDEEN. 








Heathcote, Batson, and Honda and Takahasi, the effect 
being that the radius of curvature of the impression 
measured with the load released is always greater 
than that of the ball. 

Lieber showed that the Brinell hardness numbers 








| projected area of impression under load as divisor ; 


| and (3) the reduction of the friction between the ball 


and the material tested, to a minimum. In addition, 
| the correction for such friction as is unavoidable. The 
more closely these conditions are realised, the more 


determined (a) under load, and (b) with the load/|closely should the resultant number represent the 


removed, differed. 
greater than the latter, and in other cases the reverse 
was true. 
up or sinking in of the material round the impression 
and relative to the original surface. The diameter of 


In some cases the former were | 
jis resisted. Even under present conditions it is 
These effects were attributed to the piling | probable that, since (1) the depth of indentation is in 


maximum pressure at which penetration of the material 


general small compared with the radius of the ball, 
(2) the division by the projected area involves only 


the circle of boundary of contact between the ball | small corrections in the case of hardness numbers not 


and the material did not, however, change appreciably | 
on removing the load. Honda and Takahasi* con-| on release of load is small, and (4) polished and well- 


sidered that the diameter of impression should be | 


less than 50*, (3) the change of diameter of impression 


lubricated balls are used, the Brinell numbers obtained 


measured during the application of the load. In a|do not differ very widely from the theoretical values 
further contributiont they state that it is plain that | of the indentation pressure in kg. per square millimetre, 


“in every case the Brinell number measured during 


| or alternatively in accordance with the suggestion 


loading must be taken instead of the usual number | of Unwin} from the work required to indent unit 


after unloading.”” The diameters of impression under | 


load in the plane of the original surface were deduced | 


volume. 
From the above points of view it is to be hoped 


from measurements of depth of impression measured | that, on the adoption of refinements which may ulti- 
from the original surface level. It had, however,| mately be agreed upon, the Brinell test may be 


been pointed out by Hankins that since the inner | 
part of the piled-up ridge helps to support the load | 
it is incorrect to neglect it,” and it would appear | 
more rational to adopt as divisor the area of the 
circle of boundary contact between ball and indenta- 
tion under load, which, except perhaps in the case of 
very hard materials, does not change appreciably on 
release of load. Honda and Takahasi suggest as an 
amended definition of hardness “the ratio of the applied 
load to the surface of impression under load.” It 
should be noted, however, that in the definition of 
Honda and Takahasi the spherical area of indentation 
1s retained as divisor. 
_ The tendency of development of the Brinell test is 
in the direction of identifying the number obtained 
with a definite physical property of the material. 
The principal conditions necessary for the approxi- 
mate realisation of this ideal are: (1) The limitation 
of the depth of impression ; (2) the adoption of the 





: Journ. Iron and Steel Inst., vol. cix, page 323 (1924). 
ENGINEERING, Vol. cxxiii, page 719 (1927). 





considered as suitable for a standard to which other 
tests may be referred, the number obtained having a 
physical significance capable of exact definition. It is 
perhaps not too much to say that the present state of 
complexity at which the theory of hardness testing 
has arrived, the increasing use of methods of testing 
which yield results having no rational quantitative 
significance, and even the building up of technical 
literature around such results, are matters which must 
be regarded with disquiet, and it appears worthy of 
consideration as to whether a standing committee 
might not be set up consisting of representatives of the 
various scientific societies interested, and whose duty 
it would be to consider the whole question of hardness 
testing. 





* For example, over the range of hardness considered 
in the present paper, the correction amounts to roughly 
4 units only for the 1,000-kg. load and 10-mm. ball, 
and 3 units only for the 500-kg. load and 10-mm. ball. 
The correction decreases slightly as the hardness number 
increases from 50 to 200. 

t ENGINEERING, vol. cv, page 525 (1918). 





39-CWT. LEVEL-LUFFING WHARF 
CRANE. 


AN interesting level-luffing wharf crane recently 
constructed and erected by Messrs. John M. Henderson 
and Company, Limited, of King’s Works, Aberdeen, 
for Messrs. Colonial Wharves, Limited, Wapping, is 
illustrated in the annexed figure. The crane handles 
loads of 30 cwt. up to 35-ft. radius and 20 cwt. up to 
60-ft. radius, both on a single part rope. The height of 
lift at the maximum radius is 55 ft. above quay level. 
The crane was required to have the small minimum 
radius of 12 ft. and the design adopted readily secures 
this while the nature of the luffing motion reduces 
swinging of the load and so enables loads to be handled 
when required at this radius with safety and rapidity. 

The luffing gear is of the Mitchell type, which was 

described in EnainrerING of May 9, 1913. The 
cantilever jib is supported at a point a quarter of its 
length from its lower end by links equal to a quarter 
of its length. To the lower end of the jib are fitted 
rollers which run on a vertical path at the front of the 
crane mast. The hoisting rope passes over a pulley 
at the jib head, over another at the heel of the jib and 
thence to the hoisting winch which is placed at the 
bottom of the mast. With this simple arrangement 
the jib is self-balanced in all positions and accurate 
level luffing is secured. A considerable number of 
these cranes have been made, but this is the first of the 
type to be erected on the Thames, fitted with crank- 
operated luffing gear. The luffing gear is operated by 
a separate motor driving a crank through high effi- 
ciency worm-gear and spur-reduction gear. The crank 
in turn, works connecting rods fixed to suitable points 
of the suspension links of the jib. This arrangement, 
which works very smoothly with a small expenditure 
of power, definitely limits the luffing range, indepen- 
dently of limit switches. A valuable feature from the 
point of viéw of safety and cost of maintenance is that 
no ropes are used either for luffing or balancing the jib, 
and there are only two rope pulleys on the crane. 
The speeds of working are as follows :—Hoisting 
20 ewt., 150 ft. per minute; hoisting 30 cwt., 100 ft. 
per minute; lowering, creeping speeds up to 250-ft. 
per minute; luffing, 150 ft. per minute; slewing, 
1 revolution in 40 seconds. A change speed, worked 
from the operator’s platform at the top of the mast, 
is provided for hoisting loads above 1 ton. The motors 
are: For hoisting, 15 brake horse-power ; luffing, 5 brake 
horse-power; and slewing, 74 brake horse-power. The 
electric supply is direct current at 480 volts. Dynamic 
and potentiometer braking is provided on the lowering 
side of the hoisting controller. The automatic magnetic 
brakes for hoisting and luffing are of the disc type fitted 
on the motor spindles. The crane replaced an old 
hydraulic crane, the pedestal of which was retained and 
strengthened for the new crane. Its duty is to unload 
various goods from barges and discharge them into the 
warehouses. 




















Tue INstTITUTE OF LiNeuIsts.—Originally founded 
in 1910, the Institute of Linguists lapsed at the outbreak 
of the European War. It was re-established in 1923, 
and now has a membership roll containing the names 
of many hundreds of British linguists. The main object 
of the Institute is to assist our national foreign trade 
by increasing the number of efficient linguists of British 


birth. A public appeal for support, signed by the 
president, Dr. Lloyd Storr-Best, M.A., was issued 
recently. This stated that the governing body of the 


Institute is anxious to establish headquarters in London 
with reading rooms and other facilities, to open branches 
for foreign lectures and causeries in every important 
centre, to extend the examination schemes, and to 
establish a prize and scholarship fund. Full particulars 
regarding this latest activity of the Institute may be 
obtained from the secretary, 105, Loughborough-road, 
West Bridgford, Nottingham. 





Tue Institute or TRANSPORT.—At the first ordinary 
meeting of the 1928-29 session, in the lecture theatre 
of the Institution of Electrical Engineers, Victoria 
Embankment, London, W.C.2, on October 8, before 
inducting his successor, Air Vice-Marshal Sir W. Sefton 
Brancker, the retiring president, Mr. R. T. Smith, pre- 
sented the following premiums :—Railway (Operating) 
Gold Medal to Mr. E. C. Cox, for a paper on “ Southern 
Railway Electrification”; Railway (Engineering) Gold 
Medal to Mr. R. Carpmael, for a paper on “Safety and 
Speed on Railways”’; Road Transport Gold Medal to 
Major C. H. Kuhne, for a paper on “ Military Transport 
Vehicles, Recent Developments and their Commercial 
Significance” Road Transport (Passenger) Gold Medal to 
Mr. L. G. Wyndham Shire, for a paper on “ The Use and 
Maintenance of Pneumatic Tyres as Applied to Commer- 
cial Vehicles ’?; Water Transport Gold Medal to Mr. W. A. 
Flere, for a thesis on ‘‘ Reasons for and against the Com- 
bination of Conservancy, Dock Owning and Dock Work- 
ing in a Single Authority” ; Modern Transport Premium 
to Mr. G. H. Scarle, for an essay on ‘‘ Some Observations 
of Traffic Conditions in Paris.’”” The incoming president 
took ‘Commercial Aviation in Relation to Other 
Forms of Transport,” as the subject of his inaugural 
address; this we referred to at length in the issue of 
ENGINEERING for October 12 (page 462 ante). 
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‘* ENGINEERING ’’ ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 


The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned, the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office Sales 
Branch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform price of 18. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word ‘‘ Sealed” is appended. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, | 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 





ELECTRICAL APPARATUS. 


| 
290,006. R. C. Graseby, Westminster, London. | 
Electric}]Motors. (5 Figs.) March 19, 1927.—The 
invention relates to electrical motors of the kind in which | 
a spring-controlled armature swings in relation to the | 
poles of an electro-magnet and drives a spindle in a rotary 
sense in a step-by-step manner. An electric motor of the | 
kind referred to, in accordance with this invention, has a | 
| 
| 
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member 6, containing recesses 7, 8 in its opposite faces, 
mounted on the spindle 4. Clutch members 9, 10 are 
contained in the recesses 7, 8, respectively. The clutch 
member 9 is actuated by the armature 18 and causes the 
spindle 4 to rotate in one direction in a step-by-step 
manner. Rotation of the spindle in the other direction 
is prevented by the clutch member 10. (Sealed.) 


290,738. G. F. Shotter, Friern Barnet, and) 
Crompton and Company, Limited, Chelmsford. | 
Electrical-Measuring Instruments. (6 Figs.) Febru- 
ary 21, 1927.—The invention relates to electrical-measur- 
ing instruments of the kind comprising a solenoid coil | 
and a member 35 of magnetic material arranged in 
relation thereto, so that the one is movable in relation to 
the other when current is passed through the coil. | 
According to the invention, an electrical-measuring instru- 














ment of the kind described has a second member 30, of | 
magnetic material, arranged within the solenoid coil and | 
extending round a portion of its circumference, and a 
third member 33, of magnetic material, arranged on the 
outside of the solenoid coil and in a position correspond- | 
ing to the gap between the ends of the second member 30. 
Preferably, the second and third members of magnetic 
material are tapered, and their ends of like dimensions are 
adjacent. (Sealed.) 


291,625. Callender’s Cable and Construction 
Company, Limited, London, and S. J. Bryce, 
Leigh, Lancashire. Electric Cables. (2 Figs.) 
June 24, 1927.—The invention relates to flexible trailing 
cables, of the kind in which each of the insulated phase 
cores is enclosed in an outer metal sheath or wrapping 
laid up around a centrally-disposed earth core com- 
prising a series of flexible strands. According to the 
invention, the earth core comprises a pliable centre Al 
of some such materiel as vulcanised or unvulcanised 
rubber, bitumen or the like, enclosed in a wrapping of 
metal, preferably in the form of braided-copper wires A, 
the whole core having imparted to it such a shape in | 





cross-section that, when the phase cores B are laid up 
around it, not only will the earthing core embrace a con- 
siderable arc of each of the phase cores, but, in addition, 
this main earthing core will be capable of stretching to 
substantially the same extent as the other cores, so that 
the tensile strength of the cable will be the sum of all its 
cores. When an insulated pilot core is required—as for 
example for use in connection with a protective device 
of the kind requiring a completed earth circuit inde- 
pendent of, and insulated from, the power system—a 
second conductor or pilot C may be laid up around the 
pliable central core A!, and all these cores are finally 
embedded in a rubber, or like sheath, D in the known 
manner. (Sealed.) 





GAS ENGINES, PRODUCERS, HOLDERS, &c. 


289,224. Triumph Cycle Company, Limited, 
Coventry, and J. A. Phillips, Coventry. Valve- 
Operating Gear. (1 Fig.) March 14, 1927.—The 
invention relates to camshaft-driving gear for internal- 
combustion engines of the kind in which the camshaft 
is arranged over the cylinder heads and is driven through 
a shaft in three portions, two end portions, each of which 
carries a gear, and a connecting intermediate one. 
According to the invention, one or both end portions are 
supported by a ball bearing close to its gear, and by a 
roller bearing spaced therefrom. 2 is an overhead 
camshaft supported above the cylinder 3 by a ball bearing 


| 4, and, at the other end, by a roller bearing 5. The 
| i 








camshaft carries a bevel gear 7 engaged by a bevel 
pinion 8 on an intermediate shaft, the axis of which is 


| parallel with that of the cylinder. This intermediate 


shaft is driven through bevel, or other, gears 9 and 10 from 
the crankshaft 11. The intermediate shaft is divided into 
three parts 12, 13 and 14, each end part 12 and 14 
carrying a ball bearing 15 and 16 close to the bevel gears 
8 and 9. Bearing against the inner race of each ball 
bearing is a sleeve, which extends along the end shaft 


{and is thickened at its outer end to form a cage or 


separator for the bearing rollers. These rollers run on 
the shaft on the one hand, and in the housing on the 


| other hand, so that they require no races. (Sealed.) 


SHIPS AND NAUTICAL APPLIANCES. 


284,057. W. J. Paulin, Newcastle-on-Tyne, 
J. Y. M. Kennedy, Newcastle-on-Tyne, and T. C. 
Fortune, Newcastle-on-Tyne. Watertight Doors. 


| (2 Figs.) December 1, 1926.—The invention has refer- 


ence to slidable watertight doors for ships’ bulkheads. 
According to the invention, a retaining means for ships’ 
slidable bulkhead doors 3 consists of a spring catch 8, 9, 
the co-operative members of which are mounted one, 9, 
on the door 3 and the other, 8, on the bulkhead, and 
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engage when the door is fully opened, the catch being 
adapted, in the case of a horizontal door, to retain the 
door open and prevent it from being closed or sliding 
to and fro under rolling of the vessel and to yield to 
applied force or traction to allow the door to be closed. 
In the case of a vertical door of the kind specified, the 
device will retain the door raised, with the assistance of 
sustaining fluid pressure, until the latter is reduced to a 
predetermined extent and will then yield under the weight 
of the door and allow the same to descend. If desired, 
it may retain the door raised notwithstanding the com- 
| plete failure of the normal sustaining pressure. (Sealed.) 








STEAM ENGINES, BOILERS, 
EVAPORATORS, &c. 


284,383. Cockburns, Limited, Cardonald, near 
Glasgow, and D. MacWNicoll, Cardonald, near 
Glasgow. Feed-Water Regulators. (3 Figs.) Octo- 
ber 25, 1926.—The invention relates to a feed-water 
regulator of the type comprising a double-beat valve 19 
actuated by a float 1 movable vertically in a chamber 3 
having connections 4, 5 to the steam and water spaces, 
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respectively, of a boiler, and an auxiliary device, including 
a piston 24 movable in a cylinder 25, having a fluid 
passage controlled by a pilot valve 21 connected to the 
float. According to the invention, the piston 24 functions 
as a balancing piston, being fixed to the double-beat valve 
19 and being movable in a cylindrical recess in the 
regulating-valve chamber, the piston area being chosen 
to compensate for the difference between the areas of the 
beats of the double-beat valve. (Sealed.) 


284,873. E. Green and Son, Limited, Wakefield, 
and D. C. L. Green, Wakefield. Fuel Economiser. 
(2 Figs.) February 26, 1927.—A fuel economiser for 
steam boilers, according to the invention, comprises a 
number of sections built up in a column or columns. 
Each section is formed from a number of tubes A, 
connected together at their ends by headers B. Vertical 


Fig.t Fig.2, 
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supports or frames D carry the sections with the 
headers horizontal, the bottom sections of each column 
being connected separately to the feed pipe F and the 
sections separately to the boiler pipe K, Each section 
is positioned at a slope upwardly from the feed end, 
and is connected, in single or multiple alternately, by 
bends E, so as to provide for two or more streams of 
water through the economiser in each column. (Sealed.) 


290,703. Cockburns, Limited, Cardonald, near 
Glasgow, and D. MacWNicoll, Cardonald, near 
Glasgow. SteamSeparators. (3 Figs.) October 10, 
1927.—The invention relates to an improved separator 
to be fitted inasteam passage. The separator includes an 
outer conical cage 1, surrounding an inner skeleton cage 2 
of like conicity, the cages being located centrally in a 
through passage 3 presented by a casing 3’. Formed on 
the outer periphery of the inner cage 2, is @ continuous 














helical groove, in which is received a helically-wound wire 
7, of round section, serving as a spacing member between 
the outer and inner cages 1 and 2, the convolutions ol 
the wire helix being so pitched as to present between adja- 
cent convolutions openings forming, in effect, convergent- 
divergent nozzles for the flow of steam in either direction 
along the through passage 3. The cages 1 and 2 are 
connected near the apex by a bolt 9. The base of the 
outer cage 1 is formed with a flange 10 engaging an 
annular recess 11 formed partly in the casing 3 and 
partly in the cover 5. (Sealed.) 
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THE CONSTRUCTION OF THE DELA- 
WARE RIVER SUSPENSION BRIDGE. 
(Continued from page 512.) 


In our first article on the Delaware River Bridge 
we reviewed the general features of the work. 
Passing now to the work itself, we propose to deal 
first with the foundation of the main piers, this 
section of the subject being illustrated by Figs. 7 to 
19, on this and succeeding pages and on page 588. 

The piers support the main towers, and through 
them the cables and the weight of practically the 
entire suspended structure. They are designed as 
shafts of masonry resting upon bed rock, of sufficient 


site of each pier, to determine both the depth and 
the contour of the rock surface. Data relating to 
foundation conditions are given in Figs. 7 and 8. 
Each caisson consisted of an all-steel working 
chamber, 69 ft. 8 in. by 143 ft. in plan, surmounted 
by timber walls to the height of 40 ft. above the 
cutting edge, where the pier section changes, and 
then by a permanent cofferdam 10 ft. high for the 
Philadelphia pier, and 33 ft. high for the Camden 
pier. An additional cofferdam 15 ft. high was used 
to extend the walls above high water to permit 
sealing the caissons on rock before the setting of 
the granite masonry was begun. This section was 
removable, and the one was used for both piers. 





PHILADELPHIA APPROACH. 


Fig.7. 








secure watertightness. Above the trusses, the 
caisson and cofferdam were braced with timber 
cribbing. 

Four timber bulkheads were provided in the 
working chamber, dividing it into five sections, 
‘as shown in Figs. 15 and 19. These bulkheads 
were not connected with the cutting edges, and 
they did not contribute to their strength. They 
were designed to support the caisson during 
sinking, to relieve the cutting edge of the weight 
and to facilitate control of the caisson. The cutting 
edges were entirely self-supporting, and the work- 
ing chamber was free of any cross-ties or braces. 
The cutting edge as thus designed was more 
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size to distribute the pressures and to resist the 
bending induced in them by the towers. The 
width of the piers was of particular importance in 
making for economy of design in the bridge as a 
whole. The piers had to be kept within the pier- 
head lines of the river, and every foot of additional 
width therefore would mean increase of main span 
length with resultant increase of costs. The adopted 
design provides a width of 69 ft. 8 in. at the bottom 
of the pier caissons, and for a height of 40 ft. above 
the cutting edges. The shaft is then 60 ft. wide 
up to a point below extreme low water, where the 
construction as granite masonry backed by concrete 
begins, with a width of 56 ft., reducing gradually 
to 54 ft. just below the coping courses. The centre 
line of the towers is approximately 30 ft. back from 
the pierhead line, and the width of shaft of 60 ft. 
thus brings the piers within the required limits. 
The tower columns are 89 ft. centre to centre, and 
the piers are 143 ft. long, and 48 ft. and 72 ft. high, 
respectively, from rock up to the granite masonry. 
One of the main piers is illustrated by Fig. 12, 
page 575. 

Design of Caissons.—Studies were made for the 
construction of the piers by the use of two small 
caissons, but such design was found unsuitable 
because of the expense and difficulty of properly 
tying together two separate shafts. A single large 
caisson of the type illustrated in Figs. 15 to 19, 
page 588, was adopted as the most practicable and 
suitable means of construction. It was considered 


desirable that the caissons should be constructed to 
final height before sinking was commenced, in order 
to avoid delays for extension of the caisson structure, 
or the necessity for cutting the caisson under water, 
after it was founded. Borings by diamond drills 
were therefore made in considerable detail at the 
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Figs. 15 and 18 show the difference in height of the 
two piers. 

The design of the all-steel working chamber 
marked an advance in American caisson practice. 
It was developed through a series of studies, 


beginning with all-timber caissons using close 
timber cribbing for interior bracing and stiffening, 
as in the caissons for the Quebec Bridge. Combina- 
tion trusses with steel tension rods, cast-iron blocks 
and timber chords and posts were later studied. 
Analysis showed that good design of this type 
required enough metal for steel trusses, and the 
design was changed accordingly. The trusses are 
shown in Figs. 15 and 18, page 588. The use of 
a steel roof for the working chamber followed 
naturally upon adoption of steel trusses; and, 
finaliy, it was found possible to design the cutting 
edges of steel, filled with concrete, so that they 
became self-supporting and made unnecessary the 
use of cross-ties and braces, which obstruct the 
space inside the working chamber. A detail of the 
cutting edge is given in Fig. 19, page 588. 

The trusses were 15 ft. deep, arranged trans- 
versely and longitudinally as shown on the 
drawing. The transverse trusses were designed to 
furnish the stiffening of the roof, and the longi- 
tudinal trusses were considered as distributing 
members. The timber side walls above the working 
chamber were relied upon to provide the strength 
of the caisson longitudinally during launching and 
handling up to the time the concrete was placed. 
The timber walls were vertical and were composed 
of horizontal courses of 12-in. by 12-in. timbers 
bolted to vertical channel posts which were connected 
with the roof trusses. The walls were sheathed 
outside with two layers of 3-in. boards, the first 





diagonal and the outer vertical, and caulked to 
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accessible, and possessed greater strength, than the 
cutting edges of large caissons used for previous 
bridges, as indicated in the following table :— 











| 

Outward Thrust | Inward Thrust 

| Ib. per ft. Ib. per ft. 

| 
Quebec Bridge ‘ | 2,000 26,000 
Manhattan Bridge .. | 5,000 36,000 
Metropolis Bridge .. mal 7,000 87,000 
Delaware River Bridge .. | 55,000 70,000 





The Delaware caissons are the only examples 
nearly as strong.against outward as against inward 
thrust. Resistance to outward thrustis required if the 
cutting edge rests upon projecting rocks or boulders 
during sinking, and is therefore of importance to 
the security of a caisson. The inside faces of the 
cutting edges were “stepped” to provide bearing 
and to permit the use of blocking during sinking, 
and to secure direct bearing on the concrete 
filling of the working chamber. 

Special provisions for the safety of the workmen 
were made in the design. A refuge chamber was 
provided in the concrete of the pier shaft, just 
above the roof of the working chamber. This 
chamber was accessible from each of the five 
compartments of the caisson, by manholes through 
the roof, provided with ladders. The refuge cham- 
ber was large enough to accommodate an entire 
shift of workmen, and it was provided with an 
independent compressed-air supply line, although 
it would have served as a refuge chamber on the 
principle of the diving bell, without air supply. 
No emergency developed during the sinking to 
require use of the chamber for refuge, but it served 
the useful purpose of providing a communicating 
gallery through which workmen could enter from 
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the air lock directly to the compartment in which 
they were to work, and as a retreat where men 
could stay when blasting was being done, without 
the necessity of locking out. 

Two horizontal tunnel-type air locks were 
provided in each caisson at the level of the refuge 
chamber. The locks were each 8} ft. in diameter 
and 15 ft. long, and could hold 40 men at one 
time, or seat 30 men in comfort. They were 
reached from outside by a stairway in an open 
shaft leading to the top of the caisson. This 
stair shaft was constructed in advance of the 
concreting of the pier, to protect the lock from 
flooding in case of damage to the caisson or coffer- 
dam. At the other side the locks opened on the 
refuge chamber. 

The locks were designed as emergency locks in 
connection with the refuge chamber, and a vertical 
lock opening to a 4-ft. man shaft equipped with 
an elevator bucket was installed at the centre of 
the caisson as the service lock for workmen. The 
tunnel locks and the stairway proved more con- 
venient in going to and from the working chamber, 
however, and were used as the service locks. The 
man-shafts and elevators were never used. 

In addition to the special provisions made in 
the design, safety facilities were furnished in 
accordance with State laws and approved practice, 
including special hospital rooms equipped with 
air locks for treatment of men affected by com- 
pressed-air disease, constant medical attention and 
the like. 

Construction and Sinking of Caissons.—The 
caissons were built under unusually favourable 
conditions. A sub-contract for them was secured 
by the New York Shipbuilding Corporation (now 
American Brown-Boveri Company), and the caissons 
were built on the covered slipways of their Camden 
plant, located about two miles down river from 
the bridge site. The employment of experienced 
shipbuilders on the work, together with the ample 
shop facilities and equipment, resulted in particu- 
larly good workmanship. They were built upright 
and launched endwise, a false bottom of timber 
being installed beneath the working chamber to 
break the force of the water in launching and 
protect the cutting edges and bulkheads from 
damage. Fig. 9 shows one of the caissons in the 
builders’ yard, under construction. When launched, 
the caissons weighed about 1,800 tons and drew 
about 12} ft. of water. The sites were dredged to 
the depth of 40 ft., and the caissons were towed 
into place and sunk 27} ft. before the edge reached 
river-bottom. Fig. 11, page 575, shows the Camden 
caisson in position, prior to sinking. The load 
required to sink to the depth named was 12 ft. of 
concrete over the roof of the chamber, and the 
concrete was brought to the top chords of the 
trusses before air pressure was applied, thus increas- 
ing greatly the rigidity of the caisson before it was 
subjected to strain. 

The Philadelphia caisson was sunk first, and 
during sinking the placing of the concrete was 
regulated just to balance flotation. There was no 
warping or distortion of the cutting edges or side 
walls, and, with the assurance gained in handling 
this caisson, considerably more load was used for 
the Camden pier, resulting in greater speed of 
sinking. Nearly all excavated material was hoisted 
from the working chamber in buckets and disposed 
of by barges. The usual procedure for sinking was 
to support the weight of the caisson on pillars of 
unexcavated material left beneath the bulkheads 
until excavation was extended below the level of the 
cutting edge. The pillars were then robbed until 
they crushed. The average rate of sinking under 
compressed air was 6} in. a day for the Philadelphia 
caisson and 15 in. a day for the Camden caisson. 

Each of the caissons was landed extremely close 
to the proposed location. The centre of the Phila- 
delphia caisson (Fig. 13) is 4 in. upstream from the 
bridge centre line ; the caisson has a skew of 8 in. 
in its length of 143 ft., and the cutting edge is 
8 in. out of level on the diagonal, with average 
elevation of the cutting edge —60-65 ft. The 
Camden caisson (Fig. 14) is 1 in. upstream, with a 
skew of 3} in.; its cutting edge is 4 in. out of 
level on the diagonal and at average elevation 

84-83 ft. 





THE DELAWARE RIVER SUSPENSION BRIDGE. 





























Fic. 10. CampEN Matn Pier CatssON BEING SEATED ON BED Rock. 


At the time compressed-air work was started 
on the Philadelphia pier caisson it had a skew of 


the east side of the caisson the surface was practi- 
cally level, but on the west side the rock sloped 


10} in.; when the cutting edge reached elevation | down from 1 ft. below the cutting edge at the south- 


—48 ft., the skew had increased to 12 in. Rotation 
to the final position was effected by the use of 
timber rakers placed under the cutting edge at an 
angle of 45 deg., and later by the use of seven 
100-ton jacks, bearing against the cutting edges. 
The rock on which the Philadelphia pier is 
founded is mica schist with strata upset at an 
angle of about 60 deg. with the horizontal. Along 





west corner to 11 ft. at the north-west corner. 
Soundings showed that rock was not deeper than 
11 ft. at any point, and in order to avoid the greater 
volume of rock excavation that would have been 
required to sink the caisson further, the expedient 
was adopted of underpinning the west cutting 
edge. The underpinning was done by trenching 10 
alternate sections 10 ft. long and 3 ft. deep, so that 
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Fie. 11. CamMpEN CAISSON IN POSITION PRIOR TO SINKING. Fig. 12. ComPLETING THE SURFACING OF SEATING FOR TOWER ON MAIN PiER. 
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Sealing of the caissons was accomplished by | pumped through the air lines to complete the seal 
blow-out was at no time over 3 ft. In the extreme | locking in concrete through special concrete locks, | and block all pipes. The grouting operations indi- 
comer of the caisson four stages of underpinning | attached to the top of the spoil shafts, and letting | cated that the sealing with concrete was entirely 
were required, although for the remainder one or|the concrete drop through the shafts instead of | successful. 
two stages were sufficient. As a precaution against | sending it down in buckets. The concrete locks were | 
blow-out, plastic clay was plastered over the face of | installed by removing the top ring of the material 
the trench as rapidly as the sand was exposed. | locks, which carried the hoisting sheave and packing | 
The air pressure during the operation was 28 |b. | gland, and bolting the concrete lock in place through | LITERATURE. 
per square inch. After the underpinning was | the same holes that had been used to bolt the top|, at A 
completed, the remaining rock surface was cleaned | ring. The doors of the concrete lock were hinged, _ ye ety: yg _ 7 grabbing yap ry re E. 
off and the working chamber filled with concrete. | forming clap valves. Fig. 10 shows the concrete) 4.A4.1.E.E. London: Chapman and Hall, Limited. 
The Camden caisson passed through a stratum of | locks employed for the Camden caisson. In opera-| [Price 21s. net.] 
blue clay, extending from elevation —52 ft. to/tion, a labourer was stationed inside the regular |THE rapid growth in the use of electrical energy and 
elevation —63 ft. This clay formed a seal, reducing | material lock to handle the bottom door of the / the stimulus imparted to this growth by the recent 
the amount of air that passed under the cutting | concrete lock. He cleaned off the packing gasket | inauguration of supply on a national basis, are 
edge and lowering the air-pressure below normal | after each batch of concrete had been dropped, and attributable to the advantages which electric power 
hydrostatic pressure. In passing from elevation | then swung the door up into place and signalled for | possesses over other forms of power in many appli- 
—52 ft. to elevation —55} ft., the required air | the lock to be filled with concrete. cations. As regards transmission, these advan- 
pressure dropped from 21} lb. to 17} 1b. Throughout; After the concrete had been brought within 4 ft. | tages in favour of electricity are very great. It is 
the remainder of the sinking the pressure was from | of the roof of the working chamber, it was dumped | possible to carry electric power in bulk over great 
3 to 5 lb. less than the hydrostatic pressure, and the | simultaneously through both shafts of each compart- | distances at high efficiencies, while its flexibility is 
quantity of air passing under the cutting edges was | ment, in order to make sure of thorough and uniform | such that after transmission it is readily convertible 
so small that blowing out through the spoil shafts filling. All pipes entering through the roof were cut | to practically every other form of energy, including 
and blow pipes was necessary to secure ventilation. | off flush to avoid air pockets along the ceiling, | heat, light, motive power or chemical action, that 
The air pressure at time of sealing, with the cutting and as the concrete approached the ceiling these | the consumer requires. 
edge at —82 ft., was 34 lb. per square inch. pipes were blown occasionally to relieve any air| At the present day, controversy about the system 
The temperature inside the Philadelphia caisson | pockets and permit the concrete to flow toward | of electrical power transmission has been generally 
ranged from 85 to 90 deg., except during sealing, | the pipes located in the corners of each compart-| decided in favour of the constant-voltage, three- 
when it averaged 99 to 103 deg. As a measure of |ment. It was found impossible, however, to get | phase system, whatever may be the system of dis- 
Telief at this period, a grid of 160 ft. of 4-in. pipe | pressure against the roof of the chamber even with | tribution to the individual consumer. The obstacles 
was inserted in the 4-in. supply line of the refuge | a 20-ft. head of wet concrete in the spoil shafts. | to the use of continuous current for transmission 
chamber, and lowered into the river. This grid | This difficulty was overcome by sending labourers | have been the difficulty in producing the necessarily 
cooled the blast from 105 to 85 deg. It did not ‘into the chamber, who, lying prone, raked the very high voltage and the utilisation of the current 
alter the temperature in the chamber, where the/| concrete from the shafts towards the low corners|in converting apparatus at the receiving end. 
Sin. supply line furnished uncooled air, but it | until there was no longer space to work. Then, as|}The Thury constant continuous-current system, 
afforded two relief spots for the men. The air/long as hoes could be worked between the concrete | however, is employed in several long-distance 
Supply lines for the Camden caisson ran under | and the roof, concrete was raked toward the refuge | transmission schemes in Europe, while the more 
Water for about 400 ft., and the air was therefore | chamber openings and churned up through the/ recent invention of the transverter by Highfield 
cooler, the temperature in the chamber ranging | openings. Final sealing was accomplished with| and Calverley has served to remind electrical 
engineers of the merits of a direct-current trans- 


le A ”~ . . ° 
from 71 to 97 deg., with the average for the entire | mortar, under a pressure head from the spoil shafts. 
time of sinki "7 = - | miant T : : 
€ of sinking at 79 deg. | After the air pressure was released, grout was | mission system. There are not wanting prophets, 


the height exposed to air leakage and danger of | 


(To be continued.) 
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who foresee, in the development of the mercury-arc 
rectifier, the direct-current system re-introduced, 
not as the vehicle for distribution but for long- 
distance transmission work. For a given maximum 
voltage, the greatest economy of conductor material 
is possible by the adoption of direct current, an eco- 
nomy which becomes greater when consideration 
of power-factor in the alternating current system 
is taken into account. The case is different when 
the problem of distribution has to be solved, and 
the three-phase four-conductor system appears 
likely to take the premier position when all the 
factors are fully considered. 

The economic and electrical principles relating to 
the copper efficiencies of different systems of trans- 
mission are worked out in the opening chapter of 
Mr. Waddicor’s book. The relative weight of copper 
required depends upon the basis of comparison 
adopted, i.e., whether the basis be the same maxi- 
mum potential difference between conductor and 
earth or between any two conductors, the former 
being applicable to overhead transmission lines and 
the latter to insulated cables. It might be noted, 
in passing, that for distribution, with which this 
book is not concerned, the basis of comparison is 
neither of the above, but the virtual voltage at the 
ordinary consumer’s terminals. This leads to 
different relative copper efficiencies for the several 
systems from that obtained from consideration of 
the maximum potential difference. 

The study of overhead transmission lines is intro- 
duced by a useful section on the calculation of induc- 
tance and capacitance and the potential gradient 
between parallel conductors. By the simple appli- 
cation of Kelvin’s Theory of Electric Images, the 
expression for inductance and capacity of a single 
conductor to earth is obtained. The effect of earth 
on the capacitance of a transmission line consisting 
of outgoing and return wires is shown to be, in an 
average case, a change of only about 0-2 per cent. 
Three-phase lines with symmetrical and with irre- 
gular spacing of conductors receive consideration. 

Passing to the performance of transmission lines, 
those lines not exceeding 50 miles in length and operat- 
ing on a frequency of 50 cycles, exhibit a negligible 
capacitance effect. Since the latter may be neglec- 
ted, a very simple calculation or a graphical method 
taking into account only resistance, inductance and 
load power-factor is sufficient for the determination 
of the voltage regulation. This regulation is defined 
as the change of voltage at the receiving end when 
full load is switched off, the sending-end voltage 
being kept constant. Typical calculations ‘for 
short lines are worked out for several conditions, 
including the effect of transformers. With overhead 
lines having a length greater than 50 miles, and with 
nearly all high-voltage underground cables, capacity 
current is appreciable, and its effects must be taken 
into account. The rigorous methods of solution 
demand exact mathematical treatment. Such a 
line must be imagined as divided up into an infinite 
number of sections possessing resistance, inductance, 
capacitance and conductance. These four electrical 
properties are then evenly distributed throughout 
the whole length of the line as in actual practice. 
The fundamental equations of voltage and current 
are then obtainable. These differential equations 
may be applied directly for the calculation of line 
performance if the necessary tables or charts of 
hyperbolic functions be available, or the problem 
may be solved by the convergent series method. 

In this section of the book, these methods 
are established, and very fully illustrated by worked- 
out examples of voltage regulation and current and 
voltage distribution of a three-phase, 40,000 kv.-a., 
154,000-volt, 50-cycle line. The effect of a non- 
sinusoidal sending-eid voltage is also investi- 
gated, and it is made clear how a high-voltage 
harmonic of small value may give rise to line charg- 
ing currents comparable in magnitude to those 
produced by the fundamental when the line is 
open-circuited. In a worked numerical example, 
the effect of harmonics cause, at the receiving end, 
an increase of nearly 50 per cent. over the impressed 
voltage, which affects both the safety of the 
insulation and the corona losses of the line. It is 

interesting to compare the performance of this 
line as predicted by the rigorous method, by the 


| dangerous currents. 


developed in a preceding chapter. Line conductors 
and supporting structures receive shorter treatment, 
but the sections devoted to the insulation of over- 
head lines and corona effect, voltage control by 
synchronous phase modifiers, and particularly the 
chapters on underground cables and economic 
principles and calculations, are extremely well 
written and embrace the most recent thought and 
experience. So well deserving of praise are all 
these divisions of the book, that disappointment 
must be expressed with that part which treats of 
the apparatus and methods for prevention of 
With this one reservation, the 
book may be judged to be one of the best on the 
subject of electric power transmission, valuable 
and interesting alike to the student and the respons- 
ible engineer. 





Britain’s Fuel Problems. Edited by SypNEy H. Norts, 

London: The Fuel Economist. [Price 63s. net.] 
TuIs is a volume of 580 large pages, including some 
of illustrations, which contain 68 essays on most 
of the important aspects of fuel problems. The 
subjects have not been chosen haphazard, but are 
grouped in eleven sections under the editorship of a 
known specialist in each subject, and the contribu- 
tors include a number of persons eminent in the 
branch of industry with which they deal. In spite 
of the diversity of authors, however, the large 
majority of the essays approach their subject from 
the same point of view, each seeking to indicate the 
principles and methods by which fuel can be used 
most efficiently in the application with which it deals, 
and including systems which are even too recent 
to have yet become established practice. At one 
point or another, the book will be stimulating and 
suggestive to most readers, and it will be of particular 
value to those users of fuel who, without having a 
special knowledge of the subject, wish to learn the 
present state of the art in one or other of its applica- 
tions. 

A foreword by Lord Melchett, the Chairman of 
the Board of Trade Standing Committee on Fuel 
Economy, sums up the need for increased atten- 
tion to the efficiency with which fuel is being 
used in this country. British coal deposits are 
estimated to form some 23 per cent. of the de- 
posits of the world, but out of this slender provi- 
sion the country is producing a fifth of the world’s 
present output. Thrift in the use of coal would 
thus, in any circumstances, be a matter of national 
importance, but the fact that fuel forms an essential 
factor in the cost of many basic industries makes 
the need for economising more important in its 
effect on industrial revenue even than as a means 
of conserving a capital asset. It is probably by 
no accident that the first article in the volume deals 
with fuel economy in America. The United States 
is not only the least troubled of all nations by 
shortness of income; they are also by far the 
richest in fuel. Practically half the known deposits 
of bituminous coal and lignite lie in the United 
States, which, in addition, has large supplies of 
oil and natural gas. It provides three-fourths 
of the world’s present consumption of petroleum, 
and though its water power is often regarded 
with envy, it provides little over 5 per cent. of the 
total energy generated. Yet in every direction 
the United States is endeavouring to improve the 
economy with which it is using its fuel. The same, 
indeed, may be said of France, Germany and 
Belgium, with whose activities in that direction 
three other chapters deal. It is interesting tolearn, 
from the contribution of Professor P. Erculisse, of 
Belgium, that the active measures contemplated 
in that country to economise fuel will be facilitated 
greatly by the research work which has been 
accomplished in Great Britain in the course of the 
last few years. Gratifying though it is to know 
that our Belgian neighbours are profiting by this 
work, it is to be hoped no less that our own industries 
may also find benefit from it. In some directions, 
indeed, there is no doubt of the considerable advance 
which has already been made. In the conversion 
of iron into steel, for instance, only 4 cwt. to 5 cwt. 
of coal are now necessary per ton of steel, as against 
10 ewt. to 12 cwt. required earlier in the century. 
In one works, the use of surplus gas and the increased 





nominal T method, and by the nominal 7 method, 


output of the steel furnaces reduced the coal con- 


sumption per ton of steel to less than half that 
used before coke-oven gas was first: employed at 
the works in 1916. 

While, as Lord Melchett remarks, the process 
of introducing new plant and new equipment in 
this country must inevitably be slow, it is indis- 
pensable that in every practicable way fuel should 
be economised. The present volume first deals, 
under the editorship of Professor Douglas Hay and 
Mr. Arthur Grounds, respectively, with the produc- 
tion and the preparation of coal. The use of fuel 
in steam raising and power production is discussed 
in 15 chapters or sections, under the editorship 
of Mr. W. N. Selvey, by a number of well-known 
authorities. Mr. E. C. Evans edits the section on 
iron and steel practice, and contributes an important 
general discussion of the subject. Under coal 
carbonisation, edited by Dr. E. W. Smith, the pro- 
duction of metallurgical coke, coal gas and gasworks 
coke are discussed separately, each of them in 
several chapters, by well-known authorities, and 
the section on low-temperature distillation, which 
Dr. C. H. Lander edits, gives a useful account of the 
position of these processes both in this country and 
on the Continent, as well as an account of the special 
characteristics of low-temperature tars. Producers, 
cleaning, and by-products plant are dealt with under 
the editorship of Mr. A.H. Lymn. A section edited 
by Professor J. W. Hinchley on various aspects of the 
complete utilisation of fuel energy gives an account 
of the scientific and empirical bases on which heat is 
usually regarded as being transmitted, the recovery 
of waste heat by recuperators, regenerators, waste- 
heat boilers and otherwise, thermal storage, the 
recovery of waste heat from internal-combustion 
engines, and instruments for measuring heat. A 
section of three chapters is devoted to the sources 
and properties of refractory materials and their 
relation to the thermal insulation of furnaces and 
kilns, while three chapters are also given on oil 
firing, Diesel engines, and submerged combustion, 
this completing the volume. If it is reprinted, a 
little more attention to proof reading would not be 
thrown away. For instance, two equations on 
page 138 are incorrect, and, on page 294, a figure of 
60 per cent. is given when 6 per cent. appears to be 
meant. A writer, on page 404, uses the word data 
in the singular, an error which American literature, 
where it first originated, seems to be beginning to 
discard. 





Factory Organization. By Ctarence H. Norrscort, 
M.A., OLIvER SHELDON, B.A., J. W. WARDROPPER, 
B.Sc. and L. Urwicx, M.A. London: Sir Isaac Pitman 
and Sons, Limited. [Price 7s. 6d. net.] 

THE important effect of good organisation on 
results is being recognised in almost every walk 
of lifeto-day. Almost any person, who is prepared 
to talk or write on the subject is sure of at least 
some attention, and many books, of more or less 
merit, have been written on one or another of its 
phases. In some of these, a system in a particular 
factory is described; in others, the organisation 
of a works engaged in some special industry 1s 
treated. Both of these types may be good in 
themselves and yet, having special reference to 
some particular works or industry, may fail, to 
some extent, to be as useful as might be desired 
to the student of organisation as a subject. 

In Factory Organization, the joint work of a group 
of four authors engaged in the same organisation, 
the prospective reader is given a really exhaustive 
treatment. The book has seven chapters, and a 
foreword by Professor Jones, Professor of Econo- 
mics at Leeds University. In the foreword it 1s 
stated that ‘“ business men have yet to be con- 
vinced of the value of economic study as part 
of the training of a business man,” but that 
“ economics is rapidly coming into its own.” 

The authors, in their preface, say “ At the same 
time, business has become an essay in applied 
economics.” The first and last quotations made are 
undoubtedly true, as is probably Professor Jones 
optimistic statement, but many students of econo- 
mics in industry realise only too well how long }s 
the row which has to be hoed before the subject 
really comes into its own. 

Each of the authors, who are actively engaged 
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word, deals with his own particular subject, 
and with pr'nciples rather than systems, in a 
clear. dispassionate and convincing manner. Mr. 
Sheldon deals with the organisation of business 
control—really administration. He considers the 
problem of organisation, and then gives its 
definition. Under this head he says that 
“organisation is not, and cannot be, an end in 
itself.’ ‘“‘ An organisation is a means to an end,” 
and “ organising is the devising of the best means 
for achieving that end.” “It follows, therefore, 
that the end must be definite and known to all 
concerned if it is to be the criterion by which the 
efficiency of the means is to be judged.’’ These 
words deserve the serious thought of all people 
responsible for the running of businesses. Too 
often, while the end is the not unimportant one 
of profits, the means to that end are but indifferently 
considered, and then unfortunately in a piecemeal 
manner only—as foolish really as a man who sets 
out to cross the Atlantic without a compass. Follow- 
ing this, the need for co-ordination is considered, 
and then policy and the tasks of administration, 
and of management. Under “ Degrees of Super- 
vision,” referring to the responsibilities of directors, 
managers, foremen, &c., a statement is made which 
is well worth the attention of people coming under 
those heads. The chapter is well summarised at 
the end, and altogether will prove useful reading. 

The organisation of production is handled by 
Mr. Wardropper. Under this head he deals with 
factors in production, which he states to be 
the economical use of materials, machinery, men 
and methods. He advocates the use of planning, 
and the adoption of standards of output and of 
quality. An interesting table is given in which the 
relative value of materials, wages and capital in 
different industries are compared. It is shown that 
the costs of materials in different industries vary 
from 36-9 per cent. to 81-3 per cent.; wages 
from 5-8 per cent. to 53-7 per cent.; while the 
capital employed ranges from 37-1 per cent. to 
129-4 per cent. Such variations call for vastly 
different treatment. Where the cost of material 
forms 81-3 per cent. of the total value, efficient 
buying is obviously the most important consider- 
ation, while wages which represent but 5-8 per cent. 
become almost negligible; the capital required is 
also small. On the other hand, where wages form 
53-7 per cent., the efficient use of labour becomes 
the principal factor, material being but a little less 
important at 40-4 per cent. In connection with 
capital requirements, the success of the industry 
to which the highest figure applied would probably 
depend upon the choice of plant and effective lay- 
out. All of these points are usefully considered in 
the book. 

The philosophy of industry is discussed by Mr. 
Northcott, who covers the question of industrial rela- 
tions. He considers that “‘ justice, fairness, honesty 
and equity are fundamental principles in indus- 
trial relations,” and deals with “‘ the social point of 
view and the psychological and ethical aspects.”’ 
Under wages, trade boards and forms of wage 
payments are treated, the discussion on the latter, 
covering time rates, piecework, and bonus systems, 
being well written. Many other factors are touched 
upon, including working hours and overtime, lunch 
breaks, working conditions, vocational tests, rest 
pauses, human relations and security of employ- 
ment. At the end of the chapter it is stated that 
“labour relations can be understood, only after a 
study of human nature and conduct.” 

Next, marketing and advertising, selling and 
transport, are dealt with by Mr. L. Urwick. In each 
case, the administrative and management problems 
are outlined, while all of the terms in use are de- 
fined. The definitions of marketing and merchan- 
dising are of interest. Marketing is defined as 
“reviewing the established methods of distribution 
by which goods or services are supplied to the 
consumer and initiating improvements therein ” ; 
merchandising as “ establishing a method by which 
future markets for goods or services may be pre- 
scribed.” This, perhaps, is putting a special meaning 
to the word merchandising. At the same time, there 
18 a difference between the two functions, both of 
Which are necessary and, although related, are yet, 
to some extent, distinct. It would be preferable, 





perhaps, if the author had used a term that would 


be more indicative of his actual meaning, which is 
in the nature*of “sales research.” Both chapters, 
however, are interesting, and the treatment is in 
accord with the remainder of the book. 

Finally, Mr. J. W. Wardropper writes upon 
records and costing, and emphasises their value, not 
only from the standpoint of accounting, but as aids 
in the effective control of a factory. On the ques- 
tion of overheads, the writer’s views are sound, and 
he exposes the fallacy of the percentage method of 
apportionment, as most other well-informed authors 
do at the present time. Altogether the book is one 
which is well worth reading, and it should find a 
place on the shelves of all persons interested in 
works management. 


Etudes sur la Tréfilerie. Part I. Fabrication du Fil d’Acier 
Doux. Part Il. Fabrication des Pointes, Clous, Rivets. 
By R. Parrer. Paris: L’Usine. [Price 18 francs 
each part. ] 

THESE two small booklets form items in a series of 
technical works published by L’Usine, and may be 
recommended to all interested in the industries 
concerned. The first part is a second edition of a 
treatise by the author, also published by L’Usine 
a year or so ago, with which it is practically 
identical. It is, as intended, a summary of French 
practice in the drawing of steel wire. The first 
six chapters are devoted to the de-scaling or 
pickling process, which is dealt with very fully, 
and details are given of methods of testing the acid 
baths, the material and lay-out of the pickling shop, 
and some notes on the recovery of iron sulphate. 
The second section considers the wire drawing 
process itself, commencing with details of dies 
and particulars of steels suitable for these; in this 
connection it is interesting to note that dies of 
German manufacture are recommended, and that 
English dies are stated to be inconveniently heavy. 
This appears to apply to the die plates with a number 
of holes, as, of course, light single-hole dies of chilled 
cast iron are increasingly used in this country, 
especially for continuous machines. The shape of 
the conical hole is considered, and some general 
notes on the setting and calibration of dies are 
given, together with detailed particulars of reamers, 
punches and accessories. 

The Second Chapter in this section, includes some 
interesting comparative data on lubricants for wire 
drawing, and the succeeding chapter deals with the 
essential features of the wire bench itself, diameters 
of wire blocks usually employed for drawing various 
gauges, power required, and drawing speeds. It is 
stated that a speed of 104 m. per minute is con- 
sidered to be the practical maximum, but that 
wire of 6 mm. diameter has been drawn at 140 m. 
per minute. These speeds refer to drawing through 
dies lubricated by soap. Diagrams given illus- 
trating the correct profile of wire blocks are especi- 
ally interesting. Details of pointing rolls, and of 
wire benches generally, are included. The book 
concludes with chapters on the annealing of wire, 
galvanising, &c., with some particulars regarding 
labour and piece-work rates, wastage in pickling, 
and cost of production. 

The gauge tables at the commencement of the 
book will surprise the English reader unfamiliar 
with the several French gauge systems in use. 
English and American gauges are given, including 
Birmingham wire gauge, Brown & Sharpe and 
Stubs gauges. Fortunately some of the tables in 
the book itself give the wire sizes in ,’,; mm., which 
is more universally understood than the French 
gauge numbers. Nothing particularly novel in 
regard to practice or machinery is described, 
but in spite of this, giving as it does a concise 
and fairly complete summary of French practice, 
the volume is worthy of study by readers in this 
country interested in wire drawing, if only to com- 
pare the methods described with those in vogue 
here. 

The second volume has not, we believe, been 
published previously, and deals, to the extent of 
several chapters, with the varied shapes and pro- 
portions of nails, brads and rivets, of which many 
illustrations are given, together with much useful 
information to makers of such articles from wire. 
Tables giving standardised proportions for rivet 
heads, the length of rivet required to suit any 





thickness of plate, &c., are in metric dimensions, 
and are consequently of more value to Continental 
than to British or American readers. The second 
section is confined to tools and dies for heading 
and pointing machines, as required for rivet and 
nail making, and the third to descriptions and 
illustrations of machines of various types, both 
for wire drawing and nail and rivet making. 
With regard to wire-drawing machinery, both 
single-hole and multiple-die machines are con- 
sidered. Details with illustrations are given of 
machinery made by several French firms specialising 
in plant of this class, including some fairly modern 
continuous wire-drawing machines of the tandem 
vertical-spindle type, such as are also very generally 
employed in this country for drawing copper wire, 
and are similar to British and American machines 
of the same class. Some interesting examples of 
up-to-date driving gear for single-block wire benches 
are also given. One chapter contains some inter- 
esting notes on the theory of wire drawing, 
and a table of reductions per draft for various 
gauges shows what is termed the “‘ coefficient of 


pass,” s, where S and s are the areas before 


and after drawing. This is, of course, equivalent 
to our percentage reduction of area, and it is 
stated that the average reductions on soft steel 
wire do not exceed 30 per cent. 

These two books together, although they do not 
in any way claim to be a comprehensive text books 
on their subjects, form a useful collection of in- 
formation for practical men in the steel-wire draw- 
ing, and the nail and rivet-making industries. The 
fact that they are in French, however, will neces- 
sarily restrict their study in this country. 








THE GOVAN REFUSE POWER PLANT. 


TuE efficient and sanitary disposal of house and 
other refuse is a problem for which the governing 
bodies of our large towns do not find it altogether 
easy to discover a satisfactory solution. Since a great 
deal of this refuse, unlike that-produced in engineering 
works, has little scrap value, some local authorities 
adopt the course, after a minimum of preliminary 
sorting, of loading it into barges and taking it out to sea. 
Others subject it to mechanical treatment and, as the 
resulting product has a certain manurial value, it can 
then be disposed of to farmers. Others again follow 
the ancient practice of dumping it, generally outside 
their own areas, a system which has little to recommend 
it either from the sanitary or the esthetic points of 
view. Probably the best way, however, is to incinerate 
it in special furnaces, for though it is not always 
possible to make much use of the steam raised, the 
resulting clinker can be satisfactorily employed in the 
manufacture of concrete slabs or for road making, 
while the process has the advantages of being highly 
sanitary and showing better financial results than most 
of the other methods of treatment. 

What is stated to be the largest installation in the 
British Isles for treating refuse in this way is that 
which has recently been opened at Govan by the 
Glasgow Corporation. A short account of the plant 
installed at these works was given in ENGINEERING at 
the time of its formal inauguration by H.R.H. Prince 
George’ in April last,* but since it contains a number 
of novel and interesting engineering features we now 
propose to give a more extended description of it. The 
main object of the works, apart from the collection and 
disposal of the refuse of the greater part of Glasgow, is 
the generation of electricity. The plant installed for 
this purpose is designed to supply three-phase current 
at 50 cycles and, in conjunction with the frequency- 
changer sets which are also provided, will facilitate 
the work of conversion from the present 25-cycle 
system, which is shortly to be commenced in the area. 
In addition, the clinker produced is used as the basis of 
the manufacture of concrete slabs and curbs. 

The question of new refuse disposal worksfor that part 
of the city of Glasgow which lies to the south of the river 
Clyde was first investigated in 1912, and was taken 
up again after the end of the war. The sub-committee 
appointed for the purpose visited a number of large 
works on the Continent, and as a result recommended 
the erection of a large-scale plant on a site in Govan. 
The Electricity Department of the Corporation having 
agreed to take the electricity produced in these works 
at a fixed price, detailed designs, based on a general 
specification, were invited, and subsequently the tender 
submitted by Messrs. Heenan and Froude, Limited, 
of Worcester, was accepted. Mr. W. M. Selvey acted 
as consulting engineer for the electrical portion of the 
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work. The scheme was put in hand in the autumn 
of 1924, and took rather over three years to complete. 

The general layout of the works will be clear from 
the elevations and plan which are given in Figs. 1, A and 
B, and 2, annexed. The area occupied is about 15 
acres, and the contract originally included its excavation 
and clearing down to a level of + 55 ft. O.D. froma 
maximum level of about + 70 ft. O.D., it being assumed 
that normal foundations would be sufficient for the 
various buildings. During the preliminary excavation it 
was, however, discovered that the site comprised a 
series of worked-out stone quarries filled with spoil. 
The sites for the screen house building and approach 
roads, the position of which will be clear from 
Fig. 2, were partly on solid rock at a little below 
ground level, but mainly overhung the face of an old 
quarry about 50 ft. deep. This portion of the site was, 
therefore, piled with 191 reinforced concrete piles 
varying from 40 ft. to 50 ft. long, each of which was 
driven to an average depth of 35 ft., making a 
total penetration of 6,700 ft. These piles were of 
octagonal section, and were reinforced with eight longi- 
tudinal rods and spiral hooping. The heads of the 
piles were bound together by a reinforced concrete 
capping beam, but the ground was so soft that a sub- 
stantial thickness of mass concrete had to be deposited 
in the bottom of the trench to provide a satisfactory 
base for the commencement of the reinforced concrete 
work, ; 

The screen house building is a steel framed structure 
with brick walls, and contains a reinforced concrete 
floor 30 ft. above the ground, from which the refuse 
collecting vehicles tip into hoppers. This floor is 
reached by two inclined trestle roadways, which are 
also constructed of reinforced concrete. The gradient 
of these roads is 1 in 15, and, in addition to giving 
access to the tipping floor, they also provide high 
level communication through the works. A trench 
was formed in the basement of the screen house to 
accommodate the belt conveyors for carrying the 
refuse to the incinerator house. Portions of this 
trench had also to be driven through soft ground, and 
it is therefore supported on piles, as well as having 
substantial retaining walls. . 

The preparation of the site of the incinerator house 
was even more difficult than that of the screen house. 
After extensive boring operations it was decided to 
remove all the material down to the solid rock. 
When this was done abandoned coal workings were 
uncovered, and the foundations, therefore, consist of 
mass concrete walls from the rock to ground level, 
these walls in places being over 30 ft. high. The total 
quantity of material excavated on the site of the 
incinerator house was about 40,000 cubic yards, and 
10,000 cubic yards of mass concrete were used in its 
foundations. 

The foundations of the power house were carried 
out in the same way, but were made heavier than those 
of the incinerator house, owing to the extra weight of 
the machinery. The cooling tower pond is built of 
reinforced concrete carried on mass concrete rafting 
slabs, while the foundations for the clinker crushing 
plant and storage bins consist of a mass concrete slab 
reinforced with heavy bars, from which rise piers to 
carry the stanchions supporting the bunkers. The 
sides of the cutting, through which the railway siding 
runs diagonally across the site, are also supported by 
mass concrete walls, and, in addition, reinforced con- 
crete was used for the low-level bridge which spans it. 
In fact, the building work, which in the first instance 
appeared quite simple, was transformed into an exten- 
sive civil engineering undertaking, owing to the diffi- 
culties mentioned above. The contractors for this 
portion of the work were Messrs. Melville, Dundas and 
Whitson, of Glasgow. 

Before proceeding to a description of the plant 
installed for treating and incinerating the refuse and 
generating electricity, it will be convenient to say 
something about the electric vehicles by which the 
refuse is collected and brought into the depot. These 
vehicles, a view of one of which is given in Fig. 3, 
were specially built for the Cleansing Department of 
the Corporation by Messrs. Richard Garrett and Sons, 
Limited, of Leiston, Suffolk. As will be seen, they 
have an exceptionally low loading line, the actual 
height of the top of the body sides from the ground 
level being only 4 ft. 6 in. These vehicles, of which 
thirty-six are at present in use, are capable of carrying 
14 cubic yards of refuse weighing from 4 tons to 5 tons, 
and can travel 40 miles per battery charge, when loaded, 
at a speed of 12 m.p.h. on the level. The chassis is a 
pressed-steel frame with the cross-members arched 
over each axle, and is carried on under-slung springs. 
The rear axle is driven by a worm through a Hardy 
flexible coupling from a single motor. The latter was 
supplied by Messrs. Bull Motors, Limited, of Ipswich, 
and has an output of 1l-h.p. It is operated by an 
8-speed foot controller, which is interconnected with 
the brakes, so that it cannot be moved until the brakes 
are released. The body is of steel, and is arranged to 
tip either way, this operation being effected by an 


overhead runway, supplied by Messrs. John Deas and 
Company, Limited, of Glasgow, which is carried on a 
tipping beam above the receiving hoppers as indicated 
in Fig. 4, on Plate LX VIII. Sectional roller blinds are 
used, so that the contents of the vehicle are completely 
covered when it is running along the road. 

The position of the screen house in relation to the 
rest of the plant will be clear from Figs. 1 and 2, while 
the arrangement of the equipment it contains is shown 


Fig. 4, travel at a speed of about 1 ft. per minute. They 
are 8 ft. wide, the distance between the driving shaft 
and tension shaft centres being 33 ft. The overlapping 
plates forming the conveyor are fitted with knuckle 
joints to prevent the refuse being “nipped” as the 
plates pass over the octagonal-shaped end drums. 
The plates are secured to three strands of a chain 
with large diameter joint pins, so as to ensure long 
life. Intermediate supports for the chains on both 





in cross section and transverse section in Fig. 4 and| the loaded and return sides are provided by cast- 
Fig. 5 on Plate LXVIII. The general appearance of| iron idler rollers, which are mounted on flexible type 
this plant will be clear from Fig. 6, while closer views | roller bearings. A steel plate chute at the delivery 
of the screens, pulverisers, and magnetic separators| end of each conveyor diverts the refuse to the cylin- 
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are given in Fig. 7. The diagrammatic plan given | drical screens, which can be seen in Figs. 4 to 7 on 
in Fig. 8 on page 579 shows, at the left-hand side, the | Plate LX VIII, and are indicated at Q in the diagram- 
screen house, with the hoppers, screens, and pulverisers | matic sketches of the gear given in Figs 9 and 10 on 
and the conveyors working in conjunction with them. | page 579. These screens are 7 ft. 6 in. internal 
This house contains four mild steel receiving hoppers, | diameter by 12 ft. long, half of which length con- 
P, each of which is 30 ft. long, 7 ft. deep and has a |sists of mesh plates with 2}-in. square perforations. 
mean width of 9 ft., giving a flush capacity of 26 tons |The barrels forming the screen are constructed of 
of refuse on the basis of 7-5 cwt. per cubic yard. lriveted mild steel plates and sections, the delivery 
The length and width of these hoppers were chosen, | end being fitted with a sheet brass extension plate 
so that a vehicle could tip into them simultaneously | which is enveloped by the magnetic separator. The 
from either side. | screens are inclined at an angle of 6 deg. to the horizontal. 
The crude refuse which is received in these hoppers is | On the outside of the barrel are two machined semi-steel 
screened, magnetically separated, picked and pulverised | tyre rings, to one of which a cast-iron machine moulded 
in the screen house, the machinery for these purposes | toothed ring is spigotted and bolted for driving purposes. 
being arranged in four self-contained units, which can | Four cast-iron idler supporting rollers, on roller bearings, 
deliver on to one or both of the two conveyors between | are provided for each screen. The spindles carrying 
it and the overhead storage bunkers in the incinerator them are supported on adjustable frames from the 
house which are indicated in Fig. 8. By means of | structure. The position of the idlers can be adjusted 
two-way chutes between the tailings conveyors and | by screws working in fixed guides. 
pulverisers, it is, however, possible for the tailings| Both the conveyor and screen are driven by a 10 h.p. 
from two opposite conveyors to be concentrated in one | squirrel-cage motor. The spindle of this motor is 
or other of a pair of pulverisers. | connected to the first reduction gear through a centri- 
The bottom of each hopper is formed by a steel plate | fugal clutch. This gear is of the worm type with a 
conveyor, which delivers the refuse to chutes leading | reduction of 24 to 1, and the drive to the screen is taken 
to the screens. The conveyors, which can be seen in! off immediately after it. At this point a dog clutch 





—- ees Se, 


Nov. 9, 1928.] 


ENGINEERING. 











is also provided, so that the conveyor can, if necessary, 
be isolated and the motor started up on light load. 
Between this clutch and the conveyor there are three 
sets of cast-iron machine-cut and cast-steel machine- 
moulded spur gearing, the total speed reduction between 
the motor and the conveyor being 4,500 to 1. The 
countershaft, carrying the bevel pinion, which gears 
with the bevel ring fixed on the screen barrel, is 
mounted horizontally on the vertical axis of the 
screen, the drive to this shaft being by a roller chain 
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tioned above, both in the horizontal and vertical 
directions. To enable this adjustment to be made, 
the separator is suspended from an angle iron frame- 
work, and is made in two separate portions. It 
should be noted that the separator itself is stationary, 
the radial clearance between it and the revolving 
extension cylinder being of the order of $ in. The 
separator and its windings are not therefore exposed to 
mechanical stresses. 





The separators are designed for a loading of approxi- 


into a diverting chute, whence it is carried away to the 
side, as clearly shown in Fig. 5 and in the lower left- 
hand corner of Fig. 6. The arrangement is also 
indicated in Fig. 14. 

The diverting chute just mentioned forms part of the 
tailings chute. The material that is too large to pass 
through the perforations of the screen is discharged 
by way of this chute on to a tailings conveyor, which 
is indicated at T in Figs. 8 and 9. This conveyor is 
36 in. wide by 15 ft. long, and runs at 50 ft. per min. 
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from the driving gear of the conveyor. The peripheral 
speed of the screen barrel is 142 ft. per minute. 

The function of the magnetic separators, one of which 
is fitted at the delivery end of each screen barrel, is 
to remove all magnetic material from the tailings. 
These separators are of the fixed horseshoe type, and 
their general arrangement is shown in Figs. 14 and 15, 
while one is visible in the top left-hand corner of Fig. 7. 
They are fitted with high permeability steel cores and 
side cheeks, the coils being separate self-contained units, 
which are connected in series. Each coil is wound on 
an insulated metal spool, the copper being insulated 
with asbestos, which is impregnated with a non- 
hygroscopic varnish. The separators themselves are 
of arcuate shape, and are supported on non-magnetic 
brackets. This facilitates the adjutment of the radial 
clearance relative to the brass extension cylinder, men- 
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mately 16 amps. at 250 volts and are controlled by a 
potentiometer pattern control gear, which is combined 
with a small series resistance, so that full advantage can 
be taken of the retentivity of the steel. The operation 
of these separators depends on the creation of an intense 
magnetic field in the cylinder on the inner surface of 
which are a number of non-magnetic slats. These 
slats lie parallel with the axis of the screen and carry 
a number of magnetic feelers, whose retentivity is 
low. These feelers become magnets themselves when 
they are in the magnetic field, and thus comb out the 
iron in the material through which they pass and carry 
it along with them to the top of the cylinder. Here it 
is attracted in turn by stronger magnetic throw-off 
feelers, whose position can be adjusted, so that the 
place of discharge can be regulated. When these 
feelers are de-energised the iron is released and falls 
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The screenings in turn are delivered through another 
chute direct on to a screenings conveyor, indicated 
at S in Figs. 8 and 10, which is also visible near 
the centre of Fig. 4. This conveyor runs at 100 ft. 
per minute and is operated by a 4-h.p. squirrel cage 
motor, which also drives the tailings conveyor with 
which it is associated. A gangway is placed along 
side each of the latter conveyors, from which an atten- 
dant keeps the tailings under observation and recovers 
anything which might injure the pulverisers. 

The pulverisers, to which the tailings are supplied 
by picking conveyors, are of the swing hammer type, 
and are driven through a centrifugal clutch by a 35-h.p. 
squirrel cage motor running at 960r.p.m. They reduce 
the tailings to a size not exceeding the size of the 
screenings, which pass through the 2}-in. square meshes 
on the screen barrels. This reduction of all the crude 
refuse to a uniform size has the effect not only of 
facilitating the handling, storage and burning of the 
refuse, but of greatly adding to the efficiency of the 
plant from the steam-raising point of view. The 
pulverisers, indicated by R in Fig. 8, discharge their 
contents on to one or other of the main belt conveyors 
A and B, which are indicated in Figs. 8 to 10, and 
can also be seen at the bottom of Figs. 4 and 5. These 
conveyors form the first units of the conveyor system 
between the screen and the incinerator houses. 

The magnetic material is delivered through the chutes, 
of which mention has already been made, into containers 
of the bottom discharge type. These containers are 
handled by a $-ton electric overhead transporter, which 
runs ona single rail suspended from the underside of the 
tipping floor, as shown in Figs. 4 and 5. A hand-operated 
lifting truck is provided to move the loaded containers 
the short distance between the filling chutes and the 
place where they are picked up by the overhead trans- 
porter, the same lifting truck being used for handling 
the empty containers in the reverse direction. The 
transporter discharges the containers on to a sorting 
wharf, where the tins are separated into black-iron, 
galvanised, enamelled and bright, the first three grades 
being placed in storage bins, while the bright tins 
are passed through a burning furnace to remove the 
tin coating. This furnace is fired with refuse. All 
classes of tins are baled in two presses, each of which 
produces a bale measuring 14 ft. by 1 ft. by 1 ft. and 
weighing about 90 lb. 

Returning to the main conveying system between the 
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TELFER PLANT BETWEEN SCREENING AND INCINERATOR HOUSES, 


screen house and the incinerator house, the general | which are shown in Figs. § and 13, are 110 ft. long | there were at least 3,000 miles of good roads in exist- 


run of this is shown in Fig. 1, and diagrammatically in | and are driven independently by 12-h.p. squirrel-cage | ence. 
These conveyors are inclined at an angle | of those days classified those roads, but most of them 


Figs. 8 and 11 to 13. It consists of two lines of trunk 


{ 
} motors. 


It is not known how the Ministry of Transport 


belt conveyors, with wing belt conveyors for the side | of 10 deg. to the horizontal, and are housed in a| would come under Class I. To-day, we have about 
deliveries. A view of the structure containing the main | lattice steel gallery above the roof of the incinerator- | 180,000 mniles, of which 25,000 miles are Class 1 roads. 
conveyors is given in Fig. 16, on this page. The belts | house. These two conveyors terminate in a second | Road capacity cannot be judged simply by mileage. 


forming these conveyors are 36 in. wide, and run at a 
speed of 300ft. per minute. Their capacity is sufficient 
to allow the full output of the screen house, both present 
and future, to be dealt with by one line of conveyors. 
The present capacity of the plant is 480 tons per day, 
and this quantity can be collected and conveyed in one 
eight-hour shift, while its incineration occupies 24 hours. 

The first pair of main belt conveyors, A and B, 
are fixed horizontally on the floor of the trench in the 
screen-house as indicated in Figs. 4, 8,9,and 10. They 


| reversible shuttle belt conveyors, O and N. The delivery 
| chute from the E and F conveyors is arranged, so that 
| it can be extended to enable a forward delivery of 
| material to be made to the next pair of trunk-line 
conveyors, shown dotted in Fig. 8, when the present 
| plant is extended. 
The eight main storage bunkers above the incinerator 


| units are sub-divided by bulkheads into five compart- 


are 127 ft. long between centres, and are independently | ments, each of which holds from 16 tons to 18 tons of 


driven through machine-cut reduction gearing by a| refuse. 


The reversible travelling shuttle conveyors, 


74-h.p. squirrel-cage motor. These conveyors deliver on | of which there are four, each serve two storage bunkers, 
to conveyors Cand D at the points X and Xj, the latter | i.e., 10 compartments, as shown in Figs. 8, 11 and 13, 


being at first inclined at an angle of about 19 deg. to 
the horizontal, and flattening down to 12 deg. near the | 
centre of their length. They are 278 ft. long and are | 
driven independently by a 30-h.p. motor. The lattice | 
steel gallery, shown in Fig. 16, which houses these 
conveyors above the ground level, is 16 ft. wide, and 
is covered on two sides and roofed with asbestos- 
cement corrugated sheeting. It is floored with timber. 

At the delivery end of the C and D conveyors there 
is a distributing station indicated by W in Fig. 8, where 
two side-wing conveyors, G and H, are fitted. Each 
of these conveyors is 18 ft. long and is inclined at an 
angle of 17 deg. to the horizontal. At the other end 
of these wing conveyors, connection is made with 
two reversible travelling shuttle conveyors L and M, 
each of which is 33 it. long. The latter are mounted 
on power-propelled carriages which travel over the 
tops of the main storage bunkers in the incinerator- 
house to facilitate the trimming of the refuse in the | 
bunkers. The arrangement is indicated in Figs. 11 | 
to 13. 

Each wing conveyor is independently driven through | 
gearing by a 4-h.p. squirrel-cage motor, the chute | 


between them and conveyors C and D being fitted with 


throw-over type doors, so that it is possible to feed | ancient roads were of very substantial construction, | ! ’ 
| instances, successful, ind many people consider that 


either wing conveyor from either main conveyor, or to | 
arrange for the forward delivery of material from the | 
main conveyors to conveyors E and F for the second | 
pair of storage bunkers. 


| : : . 
the maximum travel of the shuttle conveyors in either 


direction being 30 ft. From these bunkers the refuse is 
delivered into the cells through the transfer hoppers Z 
shown in Figs. 11 and 13. 

(To be continued.) 








THE INSTITUTION OF CIVIL 
ENGINEERS. 


Presidential Address* by Str BroprE HALDANE 
HENDERSON, K.C.M.G., C.B. 


PROGRESS in almost all branches of engineering has 
been so rapid that it seems advisable to pause for a 
moment and reflect on the strides made in the past, the 
happenings of the day, and the road along which we are 
likely to travel in the future. 


on transport ; it is difficult to conceive how the world 
population, distributed as it is, and living as it does, 
could exist without very efficient means of transport. 
On land, roads were the most ancient aids to transport, 
the loads being carried on the backs of men or animals, 
or on sledges or wheeled vehicles. Some of these 


the road surfaces being of stone slabs, forerunners, on 
a large scale, of the stone setts still used in this and 
other countries. 

It isevident that great power must have been required 


| struction was the gauge to be adopted. 


| side-wing conveyors, J and K, and two travelling | 





distributing station U, which is provided with two | Alignment, width, condition of surface, and, amongst 


other factors, the type of vehicle, all contribute to the 
capacity. We are aware of the enormous road traffic 
existing and ever increasing ; whether we have arrived 
at the maximum permissible weights is doubtful, and 
it is certain that the number of vehicles using the roads 
will go on increasing. The heavy loads and high speeds 
cause damage to the foundations and great wear on the 
road surfaces, and one of the serious problems to be 
solved by road engineers is how to make a safe road 
surface at an economical cost, which will effectively 
meet the conditions. 

Railways all the world over, in spite of competition, 
are still the greatest instruments for the movement of 
passengers and goods on land. It is interesting to note 
the position to which the railways of the world have 
attained in recent years. The total mileage varies 
from year to year, but may be taken approximately at 
762,000 route miles ; the track mileage cannot be given, 
as statistics are incomplete. The proportion between 
the two varies greatly in different countries. One of 
the first questions confronting pioneers in railway con- 
Many reasons 


| can be adduced to prove that a certain gauge should be 
|employed, such as nature of country, first cost, class 


| and quantity of traffic, speeds desired, &c. 


| 


It will be agreed that | 


civilisation, as we generally understand it, is dependent | ae , 
| many advantages: it is broad enough for high speeds 


It is not 
necessary to argue these points, as in most countries 
the gauges have now been fixed. Railways of 4-ft. 
84-in. gauge are in excess of half of the total—probably 
because that gauge was first adopted in this country, 
which, as we all know, was the pioneer country for 
railway construction. Apart from this, it possesses 


and gives good opportunities for the design of suitable 
locomotives and rolling-stock, and, at the same time, 
is not too wide to preclude the employment of reason- 
ably sharp curves. Gauges up to 5 ft. 6 in. are used, 
generally speaking, in countries where the construction 
is of a fairly simple nature; they have been, in most 


these wide gauges are quite suitable for the countries in 


| which they are employed. 


The next most important gauge is that of 1 m. 


| . . . 
Each reversible shuttle-belt conveyor is indepen- | to move vehicles along these roads, especially when it | (3 ft. 3% in.), which, undoubtedly, is a very useful 


dently driven by 


a 4-h.p. squirrel-cage motor, | is remembered that the loads sometimes exceeded those | 


which is mounted on the travelling carriage, a | now prescribed by the Ministry of Transport for new | 


friction clutch of the expanding-band type being | 


incorporated in the gearing of the motor for driving the 


carriage. The chutes connecting the delivery ends | hy means of water or oil was practised, as is sometimes | 


of the wing conveyors with the shuttle conveyors are of | 
the two-way type and are fitted with throw-over doors, 
so as to direct the stream of material in the direction of 
travel of the shuttle conveyor, as shown in Fig. 12. 
The last pair of trunk-belt conveyors, E and F | 


| 
| 
| 


roads and bridges in this country. 
road surfaces and ruts was considerable, but lubric 


done to-day on railways. 
Coming to more recent times, it has been computed 
that, during the Roman occupation of this country, 





* Delivered on November 6, 1928. Abridged. 


Friction on the | Ober : : ly 
ation | despised, as in many countries they can be very cheaply 


gauge where first cost is an important consideration 
and where a broken country has to be traversed. The 
ther and smaller gauges for feeder lines are not to be 


constructed ; they are often run alongside an existing 
highway, and they have been laid in certain countries 


| where paucity of traffic would undoubtedly have 


|delayed the building of more expensive tracks. As 


long as high speeds are not demanded, these narrow- 


| gauge lines are able to give good service. For instance, 
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on some railways of only 2 ft. 6 in. gauge, dining cars, 
sleeping cars, and extremely comfortable carriages are 
provided. 

Except in Great Britain, practically all the railways 
of the world are laid with flat-bottom rails spiked to 
timber sleepers, or fastened by various devices to 
traverse steel sleepers. The flat-bottom rail has proved 
quite able to do any work demanded of it ; for instance, 
it is in general use in the United States of America, 
where high speeds and heavy axle-loads are common. 
There is great variation between different countries as 
regards the mileage in proportion to area and popula- 
tion. For instance, in Belgium, a very thickly-popu- 
lated country, there is one mile of railway to every 
1:88 square mile of area, and to every 1,252 of the 
population; in Great Britain and Ireland, including 
the Irish Free State, the figures are one mile of railway 
to every 4-86 square miles of area and every 1,897 
persons. The figures for Australia, China, and various 
other countries, show what a small railway mileage there 
is compared with the area or population. It is not 
suggested that figures such as these give any indication 
of the requisite railway mileage, but they show that 
there is still a vast field for railway construction in 
various parts of the world. 

| have been interested in work in various parts of 
the world, and would like to draw your attention 
to some of the engineering undertakings carried out 
by British engineers and contractors. [ do not 
propose to refer to works in the British Empire, as 
such works are generally better known to most of 
you than those undertaken in foreign countries. 

I should like first to direct your attention to that 
great city of the Southern Hemisphere, namely, 
Buenos Ayres, the capital of the Argentine Republic, 
South America. Well within the memory of many still 
living, this city, which is situated at the mouth of 
the Rio de la Plata, was practically inaccessible to 
ordinary ships, and passengers had to be landed in 
small rowing boats and frequently carried ashore in 
carts or even on men’s backs. It is now a city of over 
2,000,000 inhabitants, bigger than any city in Great 
Britain except London. One of the first needs was 
shipping facilities, the chief difficulty in connection 
with the provision of a good harbour being the shallow- 
ness of the water for a number of miles from the 
shore. In 1885, Messrs. Hawkshaw, Hayter and 
Dobson sent out a staff of engineers to design and 
superintend the construction of up-to-date docks, the 
contract for the construction being placed, at a 
later date, with Messrs. C. H. Walker and Company, 
Limited. The docks were constructed on the foreshore 
of the city, parallel with the main streets. They 
consist of four docks and a large basin to the north and 
another to the south of the four docks, giving a total 
quayage of 27,800 ft., equipped with warehouses, 
grain elevators, and other usual appliances. About 
920 acres of land were reclaimed, which are now built 
over to such an extent that it is difficult to ascertain 
where the original sea-frontran. To the south of these 
docks is a river, which is utilised for shipping and 
contains numerous wharves, many privately owned ; 
again, on the south of this river, there is what is called 
the Southern Dock, constructed for the Buenos Ayres 
Great Southern Railway. This dock has a quayage of 
10,000 ft., and its construction was chiefly interesting 
owing to the nature of the foundations which, in 
some places, were so bad that an ordinary dock wall 
was impossible and a wharf with raking piles and 
platform and a masonry wall on top had to be con- 
structed. In addition to ordinary services, the land 
adjacent to the dock is used as a site for a very big 
electric generating station, having an output of 
286,000 kw. There are likewise numerous oil-storage 
tanks, with a total capacity of over 250,000 tons 
and, quite recently, a large freezing establishment 
for the export of meat has been constructed, with a 
capacity of 4,000 cattle and 10,000 sheep a day. To 
the north of the original dock is the Port Extension. 
The work of construction is hardly finished yet, having 
been delayed by the war, but certain sections of it 
are in service and the remainder will shortly be com- 
pleted. One interesting feature in connection with 
the docks are the approach channels, called the North 
and South Approaches. These had to be dredged, 
and they still require continuous dredging to keep 
them to the required depth. Each channel is about 
6 miles long, and then the two form a joint channel 
for a further 6 miles to the roads. 

Some 400 miles south of Buenos Ayres is the port 
of Bahia Blanca, chiefly used for the export of grain. 
The total quayage amounts to 13,000 ft., and, in 
addition to general imports and exports, last year over 
2,000,000 tons of grain were exported, all of it being 
brought to the port in railway wagons. 

To the north of Buenos Ayres, about 180 miles 
up the Parand River, is the port of Rosario, which 
might be described as the Liverpool of the Argentine 
Republic. The port works in the neighbourhood of 
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of view, they call for no particular comment. In 
some cases, the railways deliver the grain to the top 
of a cliff, from which it is loaded through big chutes 
into vessels moored in the river at the foot of the cliff, 
a most convenient and economical method of shipment. 
The Central Argentine Railway alone shipped, from 
this port, over 4,600,000 tons of grain during last year. 

Travelling northwards from Buenos Ayres by sea to 
the Republic of Brazil, we find the Port of Santos, 
which only calls for mention because about three- 
quarters of the world’s supply of coffee is shipped 
from it. Some 250 miles further north is Rio de 
Janeiro, the capital of Brazil. The harbour improve- 
ments, which were carried out by Messrs. C. H. Walker 
and Company, consisted chiefly of a quay wall 11,500 ft. 
long, founded on steel caissons, and an extension of 
400 ft. of concrete blocks. The depth of water along 
the greater part of the wall is 33 ft. The caissons were 
of steel, and of eight different sizes, but all of a similar 
type. They were 80 ft. long and 22 ft. wide at the 
top, with widths at the bottom varying from 22 ft. 
to 33 ft., and heights varying from 8 ft. to 32 ft. They 
were floated into position and were then weighted 
until they had a freeboard of 2 ft. 6 in., when, by means 
of two floating pontoons connected by an overhead 
gantry, a steel cofferdam 82 ft. long and 33 ft. high 
was placed on them. The caissons were founded on 
rock and the maximum depth of the foundations was 
72 ft. below high water. Following the east coast 
line northwards, we come to numerous harbours, many 
of which have been constructed by English engineers, 
and the same remark applies to what may be described 
as the north coast of South America. 

I would ask you for one moment to return to the 
southern part of this great continent, but this time 
on the west coast, where also there are numerous port 
and harbour works in which British engineers have been 
interested. Of these I will only refer to Valparaiso, 
which is situated in Chile, in the southern part of the 
continent and in nearly exactly the same latitude as 
Rosario in Argentine, referred to previously. It is not 
possible, in a few words, to indicate the geographical 
features of a continent like South America, but the 
west coast differs from the east coast in one particular 
feature, namely, in most parts the great mountain 
range of the Andes runs down to the sea, whereas on 
the east coast the hills and mountains are generally 
farther back. This makes harbour-construction work 
more difficult on the west coast ; in fact, there are not 
many places suitable for large harbours, but there are 
innumerable small ports. Valparaiso is the port for 
Santiago, the capital of Chile. It is situated in a bay 
exposed to northerly winds, and the hills rise practic- 
ally from the water’s edge to a considerable height. 
There was no proper shipping accommodation until 
about 45 years ago, when a customs-house mole was 
built. This, as time went on, proved inadequate, and, 
in 1912, acontract was made by the Chilean Government 
with Messrs. S. Pearson and Son, Limited, to construct 
a breakwater and quays of a length of about 8,200 ft. 
The work has already been described in a paper read 
before this Institution, its chief feature being the 
depth of water in which the breakwater and quays 
were constructed. 

I do not wish to weary you by recounting all the 
engineering works carried out in South America, but 
reference must be made to some of the large railways 
built with British capital, largely with British material, 
and under the orders of British engineers. South 
America is a country requiring every class of railway. 
For instance, on the vast plains in the Argentine. 
railway construction is fairly simple, but elsewhere it 
presents difficulties as great as those in any other part 
of the world. There are the broad-gauge (5 ft. 6 in.) 
railways crossing the great plains above-mentioned, 
and others which climb the slopes of the Andes, attain- 
ing, in one or two instances, a height just under 
16,000 ft. In some cases, the gradients are so steep 
that the employment of a rack is necessary, and the 
gradients on one adhesion railway are so continuous 
that it is possible to run on a hand-car from a height 
of 15,800 ft. down to sea-level without any mechanical 
propulsion. 

The engineering work on the Argentine railways is, 
to a large extent, concentrated on their terminal 
facilities, reference to which has already been made, 
but there are some other interesting features. For 
instance, on the Central Argentine Railway there are 
two bridges which, as regards length, must be counted 
among the first half-dozen in the world. They measure 
6,703 ft. and 5,866 ft., respectively, abutment to abut- 
ment. Argentina is not a manufacturing country, 
and, as it is so far from Europe-and the United States. 
the railways have found it necessary to erect large and 
very fully equipped workshops. They compare very 
favourably with those nearer home, and are, in fact, 
more up to date, in many respects, than those in the 
older countries. 

The broad-gauge railways have adopted 100-lb. 





Rosario are scattered and, from an engineering point 


rails as their standard for main lines and 85.-lb. rails 


for their secondary lines; these are laid on hardwood 
sleepers. On some of the dense traffic sections, and on 
the electrified sections, the 100-Ib. rails are supported 
on chairs. One of the difficulties of railway maintenance 
in Argentina is that, in a great part of the country, no 
good ballast is available, and selected earth has to be 
used for the purpose. During dry weather, this gives 
a very fair running surface, but in wet weather it 
naturally causes trouble, so much so that in recent 
years a great deal of stone ballasting, at a rather high 
cost, has been undertaken on heavy traffic sections, 
and on the electrified sections of the Central Argentine 
Railway and Buenos Ayres Western Railway. These 
are the only lines which have, to date, adopted electric 
traction. The terminal passenger traffic is very con- 
siderable; for instance, on the Buenos Ayres Great 
Southern Railway, the number of passengers dealt with 
each day at the terminal station at Buenos Ayres is only 
slightly less than the number handled daily at Waterloo. 
The metre-gauge railways are managed on similar 
lines to the broad-gauge railways, and need no special 
comment, with the exception of the line which crosses 
the Andes and connects Argentina with Chile. This 
railway has been described in the Proceedings of the 
Institution. It is partly rack and partly adhesion, 
with the summit tunnel situated at 10,521 ft. elevation. 
The total length of the railway is 155 miles. This is a 
most important link between the two countries, but, 
as it was constructed to metre-gauge, there is a break 
of gauge at each end, with the consequent inconvenience 
due to transfer of traffic. On the Chilean side this rail- 
way has recently been electrified. 

To the north-east of Argentina there is the small state 
of Uruguay between Argentina and Brazil. It has 
some 1,840 miles of railway of 4-ft. 84-in. gauge. The 
railwaysrun through a good deal of rough country, with 
frequent curves and fairly steep gradients and numerous 
large bridges. Still farther to the north is that vast 
country Brazil, having some 38,400 miles of railway, 
chiefly metre-gauge. 

Leaving the east coast and turning again to the west 
coast of the continent, there are many railways of 
great interest, but I will only refer to three of them. 
The Antofagasta Railway, with a length of 1,254 miles, 
originally started as a mule line a few miles long of 
2-ft. 6-in. gauge; it was gradually extended, and, 
although this narrow gauge worked admirably, it has 
now been widened to metre-gauge, in order to link it 
up with other railways. It extends from the Port of 
Antofagasta, Chile, to Bolivia, where it traverses the 
great plateau 12,000 ft. to 13,000 ft. above sea-level 
and then descends to La Paz, the capital of Bolivia, 
which is situated at the bottom of a valley and at a 
height of 12,000 ft. The line down the side of this 
valley is a wonderful piece of location and construction, 
and reflects great credit on the British engineers who 
carried it out. From the coast the railway traverses 
a waterless country, as do most of the railways in that 
region. but this difficulty has been overcome by bring- 
ing water a distance of about 200 miles through pipes, 
laid in duplicate, serving the various railway stations 
and nitrate works en route, and also the town of Anto- 
fagasta, the terminus of the railway, with water for 
domestic purposes. 

In Peru there are two most interesting lines, the 
Southern and Central Railways, both 4-ft. 84-in. gauge, 
and running from the Pacific coast up the Andes. The 
Southern line, after passing through country where mov- 
ing sand hills give a good deal of trouble and skirting 
the craters of various volcanoes, reaches the Lake of 
Titicaca. This lake, the largest in South America, is 
138 miles long by 60 miles wide, and the railway 
company runs steamers on it, picking up cargo at 
various points; the lake is 12,500 ft. above sea-level. 
The Central Railway is one of the most remarkable 
railways in the world. It starts from the Port of Callao 
and rises continuously to a height of 15,806 ft. in a 
distance of 1094 miles. At the summit it pierces the 
Andes in a tunnel 1,286 yards long, and not far away 
is a river, one of the many sources of the Amazon, which, 
even at this point, some 3,000 miles from the mouth of 
the Amazon, is about the size of the Thames at Rich- 
mond. On this line there are sixty-five tunnels and 
numerous wide and deep ravines; to mention one, an 
existing bridge has to be renewed owing to present-day 
rolling loads, and for this a truss girder of over 600 ft. 
single span is to be constructed. 

I have given you this outline of engineering works in 
South America because I am in close personal touch 
with many of them, and because I am desirous of 
exciting your interest inthem. I could give you similar 
statements about work carried out by British engineers 
in other quarters of the globe, such as China, Africa, 
and various countries in Europe. So long as such 
countries continue to develop with the aid of British 
capital we may look to them to afford a field of work 
for British engineers, particularly the younger members 
of the profession. This country, as is so frequently 


states, lives on its overseas trade, and it is only by the . 





free flow of capital into undertakings overseas that this 
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trade can be stimulated and kept in the country. 
For various reasons during the last few years, capital 
has been somewhat deflected into other directions, but 
the direction of the flow will change, and when it does, 
the members of this Institution will, I am sure, be 
ready and able to play their part, and uphold the 
prestige of the British engineer. 

Many problems of great interest still face the engineer 
on existing railways. In these days of severe competi- 
tion, every effort must be made to carry freight as 
cheaply as possible. The permanent way has been 
improved, but it seems a great pity that, in this country, 
foreign timber sleepers are employed; if prejudice 
could be overcome and steel sleepers employed, a very 
safe road would be provided and many tons of steel 
would be used per annum, giving much-needed work to 
our steel manufacturers. Engineers have produced a 
quality of rail able to stand upto the severe requirements 
of present-day traffic; the cost of bridge maintenance 
has been reduced, and in many directions economies, 
without loss of efficiency, have been introduced ; but 
a good deal remains to be done. 

Railway engineers now give greater attention than 
ever to the permanent way, and there is a strong 
tendency to adopt a heavy rail. Many railways, which 
a few years back were content with a 75-lb. rail, now 
require rails weighing 100 lb., and, in one country at 
least, rails up to and over 1301b. per yard are being laid. 
To some extent this is due to greater axle loads, but 
it is also claimed that the heavy rail requires less 
maintenance and gives a smooth running track, with 
resultant reductions in the rolling-stock repairs. The 
weak point in connection with permanent way is, 
as always, the rail joint. Many devices have been 
tried to obtain a better joint than that afforded by the 
ordinary fishplate, but so far the old method is generally 
adhered to, although hopes are still entertained that 
improvement may be effected. Manganese steel is now 
employed in track construction, with excellent results. 
Its high cost, however, restricts its use. 

With regard to steam power on railways, the trend 
is towards heavier locomotives. In this country arti- 
culated locomotives, with a tractive effort of 64,350 Ib. 
at 75 per cent. of the boiler pressure, are being used. 
On one of the South American railways, a similar type 
of engine with a tractive effort of 69,150 lb. is giving 
good results, and engines with a tractive effort of 
71,660 lb. are now being built for a colonial railway. 
These powerful engines present certain difficulties in 
connection with the stoking of the firebox, but they are 
very suitable for countries where oil fuel is employed. 
The old difficulties, such as burnt plates and fused fire- 
bricks, have now been overcome, and, where it is 
available, oil is undoubtedly a particularly suitable fuel. 
Pulverised coal is being experimented with and for 
this country it offers advantages over oil fuel; these 
experiments are being watched with great interest. 
Compound locomotives still claim many adherents, 
and three- or four-cylinder engines are increasing in 
number. Perhaps the most popular invention in 
connection with locomotives is the superheater. Very 
few engines are now built without being equipped with 
this device. Members of this Institution have con- 
tributed largely to the development and success of the 
superheater in its most up-to-date form. Locomotives 
with high-pressure steam and _ internal-combustion 
engines are all being tried. Special steels of high 
tensile strength are now frequently used in locomotive 
design ; new valve gears, from which good results are 
claimed, are coming into use, and in every way efforts 
are being continued to make the modern locomotive 
still more efficient. 

Last year the President informed us that the report 
of the Bridge Stress Committee would shortly be 
published. It has not yet seen the light of day, but 
its birth is now near. I am informed that we can 
really expect it at a very early date, when we hope 
that the investigations and trials made may enable 
engineers to pass as safe existing bridges which might 
otherwise be condemned, and that new bridges may be 
designed on more economical lines. 

In one aspect of bridge design we seem, in this 
country, to lag behind the practice of other countries. 
Large bridges and roofs are still generally made of 
ordinary mild steel, whereas in other countries what 
may be called special steels have been used for many 
years. British manufacturers are able to produce 
silicon, nickel, and other varieties of steel giving a 
high yield point, which have been taken advantage of 
by ship designers, but have not been utilised to any 
great extent in the design of bridges and other steel 
structures. This is probably owing to lack of know- 
ledge regarding the behaviour of such steels under the 
various conditions which they have to meet. I venture 
to think that there exists a field for inquiry in connec- 
tion with the use of these steels which would probably 
give valuable results. 

All these are interesting questions to be solved, and 
which must be solved if the railways of this and other 
countries are to continue to prosper. I have said 





sufficient to show that engineers are alive to the) 
requirements of modern transport and are striving in | 
all directions for greater efficiency, but the managerial | 
side of railway enterprise must also look to its laurels. | 
When the railway groups were formed great hopes | 
were entertained that economies on a large scale 
would be obtained ; it is for others to say if these hopes 
have been fulfilled. This country has been going 
through a period of trade depression which has affected 
many important classes of engineering, but we are 
informed that there are indications of better times to 
come. The Members of this Institution will be ready 
and able to fulfil their duties in connection with such a 
revival with, I trust, advantage to themselves and 
benefit to others. 








NOTES ON NEW BOOKS. 


In Cost Accounts, by W. Strachan, published by 
Sweet and Maxwell, Limited, London, price 10s. net, 
is added another to the already large number of books 
on this subject. It differs from many others, however, 
in that principles rather than systems are dealt with, 
and no attempt is made to lay down any particular 
system as being especially desirable; really, the book 
might be described as a treatise on the desirability 
of costing and an introduction to the subject. It was 
published originally in 1902, but has now been revised 
and enlarged. It is divided into four parts, preceded 
by an introduction in which the practical value of 
cost accounts and the classification and method of 
treatment are discussed, this being concluded by a 
chapter of definitions. In this it is noted that the 
misnomer “‘ unproductive labour”’ is still used. The 
term “‘ secondary” or “‘indirect labour” is not only 
more desirable, but is also more suitable. Three of 
the four parts mentioned cover different.classes of 
manufacture. In the first of these the question of 
overhead charges is discussed, the treatment generally 
being on sound lines. On page 44, the author would 
have been better advised, perhaps, if, under “1,” he 
had stated that it would be more convenient, rather 
than more correct, to apportion the departmental 
charges according to wages paid when “‘ the whole of 
the work done in a department is of such a character 
that it is unimportant how it is distributed amongst 
the men.” Wages rates having no definite relation 
to output; obviously to use them as a basis for any 
calculations which affect production costs, cannot give 
greater accuracy than, say, a time basis, more particu- 
larly when one of the objects of a costing system is to 
show ‘‘ where he is gaining and where he is working 
at a loss, and where he is using unsuitable labour.” 
In Part IV., the use of cards is discussed, while a 
number of forms are reproduced for the purpose of 
supplementing the letterpress references to such 
throughout the book. While the book gives nothing 
that is new, it is free from most of the objections to 
which so many books on costs are open, in that, as 
stated, the author considers costs rather than systems. 





A lawyer, it has been said, is not a man who knows 
more about law than other people, but simply one who 
knows in what books the necessary information upon a 
particular matter is to be found. The engineer cannot 
depend to the same extent on the written word, for 
he may be called upon to make a decision when books 
are unavailable, or to take a course which is as much 
guided by instinct as by formal knowledge. Never- 
theless, he becomes, year by year, more dependent on 
book learning, and especially on those compilations 
which either tell him in succinct form what he wants 
to know or direct him to fuller sources of information. 
Among the most useful of these productions is Kempe’s 
Engineers’ Year-Book (thirty-fifth edition, London : 
Crosby Lockwood and Son:; price 30s. net), which, since 
1894, when it was first issued, has grown both in quality 
and quantity with the development of engineering. This 
is indicated by the fact that, while the first edition con- 
sisted of 570 pages, the issue now under review makes 
nearly 3,000 pages, and, on the whole, the value of the 
contents has risen in similar proportion, principally, 
no doubt, because specialists, duly controlled by able 
editors, have been calledin to dothe work. The book, it 
is, perhaps, hardly necessary tosay, covers all branches of 
engineering, using that term in its widest sense, and also 
touches on the correlated subjects of physics, metal- 
lurgy, chemistry, patents, finance and law. Not the least 
useful of its features, to complete our list, is a glossary 
of trade terms in French, Italian, Spanish and Russian, 
though we hope another year it will be thought fit to add 
German to the number. The system of references to 
original work is not always as complete as it might 
be, and occasionally the drawings suffer either from 
lack of clearness, or because sufficient space has not 
been allowed for their reproduction. Apart from these 
somewhat minor criticisms, we have nothing but 
praise for the year-book, which, it is not too much to 
say, every engineer will find indispensable as a work of 





reference. The section on fuel is particularly well 


done, the ground being covered in an adequate manner 
with a conciseness and up-to-dateness which is quite 
satisfactory. The same applies to the electrical section, 
which is refreshingly unencumbered by matter which 
is little more than of historic interest, such as too 
often finds a place in publications of this kind. This 
is more worthy of remark since revision is a diffi- 
cult and costly business, and it indicates that those 
responsible are determined to make this book of real 
value to the user. Even the weak-current applica- 
tions are not forgotten, and there are well-written 
sections on telephonic transmission and thermionic 
valves. The same applies to the section on aircraft, 
which, besides technical data, gives much interesting 
information on notable flights. The difficulties of 
arrangement of the subject-matter in a field so inter. 
connected as engineering have been overcome by the 
provision of a complete index. 





The latest volume of the Handbuch der Anorganischen 
Chemie—originally known as Abegg’s Anorganische 
Chemie, after its editor, the late Professor R. Abegg, 
of Breslau—deals with the Edelgase der Achten Gruppe 
des Periodischen Systems. The editors are, or were, Dr. 
Fr. Auerbach who died while the new book was in the 
press, and Professor I. Koppel of Berlin. The author 
of this volume of 522 pages (Leipzig: S. Hirzel; 
price 45 marks) is Dr. Eugen Rabinowitsch. The 
elements included in the eighth group are the inert 
gases, which are first introduced in the historical order: 
argon, helium, krypton, neon, xenon, and emanation, 
and subsequently treated more or less together. In 
all of these gases the physical properties are far more 
striking than their faint chemical properties and 
reactivity. In the neutral, unexcited state, the inert 
gases show no valency. Stable compounds might 
possibly exist, but it is unlikely in view of the com- 
pact closed electronic grouping. The possibility of the 
formation of endothermous compounds (oxides and 
halides) seems to be excluded, as it would demand 
the supply of great amounts of heat. Yet the gases 
disappear from discharge tubes ; they are removable 
by so-called getters or adsorbed by the electrodes in 
clean-up operations; there might be gaseous com- 
pounds with hydrogen, and spectroscopic studies of 
the helium bands suggest the existence of helium 
molecules. Much more work has been done on these 
problems than one might think, and all those researches, 
as well as the general properties of the inert gases, which 
have acquired so great and so singular a theoretical 
importance, are very ably and thoroughly summarised 
by Dr. Rabinowitsch. The practical applications, we 
need hardly mention, are not overlooked. 





Whatever justification there may be for the criticism 
which, from time to time, is levelled at the British coal 
industry, one might expect such criticism to have a 
salutary effect, inasmuch as it should tend towards 
increased efficiency. Suggestions for remedying the 
unsatisfactory state of the industry vary from schemes 
for complete electrification to schemes for State control. 
From this chaos of suggestions it is natural that one 
should turn to foreign practice to see if anything can 
be learnt from the experience of successful competitors. 
It is true that the number of factors and conditions 
with which the British coal industry has to contend 
is extraordinarily large and diverse, so that com- 
parisons with foreign practice are not readily made. 
In the matter of organisation, the Germans have 
gained a certain reputation which it would be foolish 
to ignore. Hence a study of their methods should 
not be without value. The subject of scientific mine 
management is dealt with very ably in a recently- 
published volume entitled Grundplan der wissen- 
schaftlichen Betriebsfiihrung im Bergbau, by Dr. Kurt 
Sieben (Berlin: VDI Verlag, G.m.b.H.), which, how- 
ever, as the author states in his preface, makes no 
claim to provide a new system in the academical sense, 
but is an attempt to collect in practical form the rules 
which have been formulated in many separate publica- 
tions, thus providing a basis or framework on which 
the experienced practical manager may build up 4 
system of scientific management in works practice. 
The use of the word “scientific” is perhaps a trifle 
misleading, but is merely intended here to signify 
known factors in contradistinction to guesswork and 
rule-of-thumb methods. The system advocated is 
based on a complete series of reports which must be 
made periodically according to the section or depart- 
ment of work under control, every shift, day or week, 
&c. Dr. Sieben provides examples of forms for these 
reports and discusses their object and value in detail, 
quoting examples from practice where they have been 
employed. Wherever possible, results of statistics 
obtained are shown diagrammatically in various ways 
so as to give a clear and convincing picture, which 
impresses the mind much more effectively than mere 
figurescando. These diagrams can be used for demon- 
stration purposes to the foremen and workers con- 
cerned. Tests and investigations of all kinds should be 
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undertaken by a special research department, which 
would also receive and tabulate the reports, control 
supervision, and calculate premium prices ; as a neutral 
party it would be specially suited to do this, in conjunc- 
tion with its research activities. Dr. Sieben has obvi- 
ously made a close study of his subject, and whatever 
drawbacks the methods which he advocates may have 
in introducing them in practice—particularly perhaps 
in Great Britain—his book certainly does not lack 
conviction, and further contains a large amount of 
sound reasoning and valuable conclusions. 








LABOUR NOTES. 


Tue trouble in the German metal industry is on 
so gigantic a scale that the community clearly cannot 
afford to allow it to be indefinitely prolonged. It 
began with an application by the workers in the 
Rhineland area for a wages increase of about 13d. 
per hour. The employers replied by offering to 
maintain rates of wages for a year at their existing 
level and to increase the minimum of the lowest-paid 
time workers to about 8d. per hour. The trade unions 
declined the offer, and the employers thereupon gave 
notice of their intention to terminate the employment 
of all workers on November 1. A mediator in the 
person of Dr. Jotten was appointed by the Ministry 
of Labour, but conferences presided over by him 
were abortive. On October 26, Dr. Jotten, as arbitrator, 
issued the following award :—‘‘ Basis wage rates to 
remain unchanged, but a bonus of 6 pfennig per hour 
is to be paid to all unskilled workers over 21 years 
of age, with smaller bonuses to younger workers. 
Piece workers will receive a bonus of 2 pfennig per 
hour. The wages and bonuses to be fixed until 
March 1, 1930, and thereafter to be reviewed 
bi-monthly.” 





Eventually, the trade unions agreed to accept the 
award, but the employers declined to do so. The 
Minister of Labour accordingly exercised his right 
to declare the arbitrator’s award binding; but, 
claiming that the industry could not possibly bear 
the increased wages cost involved, the employers 
locked out the workers on the appointed date. About 
200,000 workers were almost immediately involved, 
and later in the week a wages movement developed 
in an adjoining Westphalian area, which may have 
the effect of adding 100,000 to the total. As has 
been suggested, the trouble is so widespread that 
the community cannot possibly afford to allow it 
to drag on. If it is prolonged, other national units 
of the International Metal Workers’ Federation will 
necessarily be, to some extent, involved. Levies in 
aid of strikers or locked-out men are not obligatory, 
but the national organisations affiliated to the inter- 
national organisation, as a rule, voluntarily levy 
themselves. 





Telegraphing at the week-end, the Berlin corre- 
spondent of the Times stated that the employers had 
submitted to the Labour Court their application for 
the arbitration award to be declared void on the 
ground that it was illegal. ‘‘In the meantime,” he 
went on to say, “ the legality of their lock-out, after 
the award had been declared binding, remains uncer- 
tain. The unemployment insurance office has decided 
that the men are not entitled to relief, whether the 
legality of the award is upheld or not, as the lock-out 
is a temporary measure in a labour struggle under the 
terms of the Unemployment Insurance Act, and not 
an authorised closing down of works. If, however, 
the award is held to be legal, the employers would be 
liable to the payment of compensation for defying the 
State. The liability falls, not on the individual 
works, but on the employers’ organisations, and, as 
the finances of the employers’ organisations are on a 
different basis from those of the trade unions, there 
might be some difficulty in getting the money.” 





On October 29, 1928, the number of unemployed 
persons on the registers of Employment Exchanges 
in Great Britain was 1,374,700. Of these, 940,800 
Were wholly unemployed, 355,200 were temporarily 
stopped, and 78,700 were persons normally in casual 
employment ; 1,091,400 were men, 40,100 boys, 
209,400 women, and 33,800 girls. Of 1,344,187 on 
the registers on October 22, 1928, 926,280 were 
wholly unemployed, 337,937 were temporarily stopped 
and 79,970 were persons normally in casual employ- 
ment; 1,062,298 were men, 38,335 boys, 210,582 
Women, and 32,972 girls. Of 1,106,057 persons on 
the registers on October 31, 1927, 884,984 were men, 
33,371 boys, 156,617 women, and 31,085 girls. 





‘ At a meeting in London of members of the Civil 
Service Clerical Association, the following resolution 
Was carried unanimously :—‘‘ This mass meeting 


The meeting having considered the programme put 
forward by the national staff side for the amendment 
of the present cost-of-living agreement to secure the 
following results:—(a) No September drop for any 
civil servant; (b) No subsequent drop below the 
bonus appropriate to an index figure of 70 for any 
civil servant receiving 3/. 10s. a week inclusive, or less ; 
(c) An improvement in the proportion of compensation 
given in respect of salary above 91/. 5s. basic; (d) The 
restoration of the supercut ; (e) Guarantees against loss 
under any new agreement as compared with the present 
—warmly endorses this programme, and assures the 
national staff side of its wholehearted support in any 
steps that may be necessary to secure the just treat- 
ment of civil servants in regard to the rise in the cost 
of living as compared with pre-war levels.” 





In Newcastle-on-Tyne County Court last week, 
Judge Greenwall found in favour of two Chopwell 
(Durham) miners who sued the Consett Iron Company 
claiming that they were entitled to a declaration that 
their basic wage was ls. 10d. per ton hewed by them, 
and not ls. 44d., as paid to them since January. They 
also claimed back money on the higher basis. Mr. 
C. B. Fenwick, for the men, said that after the coal 
stoppage, the colliery management entered into a 
revised agreement with representatives of the non- 
political union. That union was not acting for the 
majority of the men employed, and, consequently, 
he argued the agreement could not be enforced. When 
the agreement was made there were 855 men employed 
at the colliery, 663 of whom were members of the Dur- 
ham Miners’ Association. Mr. Lowenthal, for the 
defence, argued that plaintiffs had assented to the new 
agreement by accepting the reduced scale without 
protest. Mr. Fenwick replied that the members of 
the Durham Miners’ Association did not protest because 
of their fear of dismissal. It is understood that the case 
will be carried to the High Court. 





The members of the Cotton Card and Blowing Room 
Amalgamation have decided, by a substantial majority, 
to reaffiliate to the Trades Union Congress. One of 
the earliest organisations to support the T.U.C., the 
Cardroom Amalgamation withdrew from membership 
when an increased levy to provide funds for the taking 
over of the Daily Herald was decided upon. ‘‘ We have 
felt, for some time,” a member of the Executive stated, 
‘‘ that any differences we have with the General Council 
of the T.U.C. should be fought out inside the move- 
ment. The Executive recommended that members 
should vote in favour of rejoining.” 





At their meeting on October 24, the General Council 
of the Trades Union Congress approved a suggestion 
put forward by the Standing Advisory Committee on 
Social Insurance for the holding of area conferences 
‘in view of the extreme importance of keeping the 
Movement in line with the rapidly developing schemes 
of Social insurance, and of the need for a common 
policy on the part of the trade unions to enable them 
to control these developments in the interest of their 
members.” In a circular addressed to the affiliated 
unions, it is stated that powerful outside influences 
are actively at work in an attempt to secure complete 
control of social insurance schemes and manipulate 
them to their own advantage. ‘If they succeed,” 
says the circular, “‘in capturing the administration of 
these vital social services, the effect is bound to be 
detrimental to the workers as a whole, apart from 
the very important consideration that further vested 
interests will be created and strengthened. With a 
view to using the full strength of the movement, it is 
essential that steps should be taken to ensure that every 
Trade Unionist is a member of the Trade Union 
Approved Society, and that provision is made for 
the enrolment of young persons in Trade Unions and 
Trade Union Approved Societies. The General Council 
is satisfied that, as a matter of policy, every Trade Union 
Approved Society should be affiliated to, and actively 
associated with, the work of the National Association 
of Trade Union Approved Societies, and that all Trade 
Unions whether administering State Unemployment 
benefit or not, should be affiliated to the National 
Joint Standing Advisory Committee on Unemployment 
Insurance.” Conferences have, so far, been definitely 
arranged for London, Exeter, Newcastle-on-Tyne, 
Manchester, and Glasgow, and others are projected 


for Leeds, Birmingham and Cardiff. 





The Trades Councils Joint Consultative Committee, 
which represents equally the General Council of the 
Trades Union Congress and the Trades Councils, has 
given consideration to the possibility of extending the 
annual conference of Trades Councils to cover at least 
two days—a point raised at the last annual conference. 
Objections urged against the proposal are that delegates 





Spproves the action taken by the Association so far. 


would be involved in considerable axtra expense, and 


that the representative character of the conferences 
might, therefore, be impaired. The Joint Consultative 
Committee are of the opinion that the step is one to 
be avoided, and point out that it has hitherto been 
found possible to transact the business of the con- 
ference in one day. They are, however, prepared to 
be guided by Trades Councils, and these bodies have 
been circularised asking for their views. 





At its meeting in Warsaw, the Governing Body of 
the International Labour Office discussed at some 
length the resolution relating to the prevention of 
accidents due to coupling on railways, passed by the 
International Labour Conference at its 1928 session. 
The resolution requested the Governing Body to set up 
a joint committee of 21 persons representing Govern- 
ments, employers and workers, to study the question 
of automatic coupling as a whole, and to avail itself of 
the experience obtained by the International Railway 
Union, and report as soon as possible. The Governing 
Body had to decide whether it should proceed at onte 
to set up the joint committee, or whether it should 
wait until the researches of the International Railway 
Union were further advanced. After discussion, the 
Governing Body instructed the Director to get into 
touch with the International Railway Union, to draw 
its attention to the resolution adopted by the Con- 
ference concerning the prevention of coupling accidents, 
and to inform it of the Governing Body’s intention to 
set up the committee, for which that resolution pro- 
vided, at an early session, and in any case before the 
end of 1929. 





Discussing the question of piecework in railway 
shops, the Railway Review, the organ of the National 
Union of Railwaymen, mentions a scheme in operation 
in one large establishment which appears to it to 
possess some merit as a basis for examinations of the 
subject of fair prices. It is as follows :— 

(1) General conditions to be observed :— 

(a) The time set for a piecework job is to be 
based on the time taken by the average man, work- 
ing industriously, to perform the operation, and 
not on the time of the most expert man. 

(b) The time should be set when normal workshop 
conditions prevail, and not when conditions are 
specially prepared for the purpose of time-setting. 
(2) No new piecework price shall be fixed or existing 

price altered without consultation between the repre- 
sentatives of the management and one of the men who 
will actually perform the work to be priced, the latter 
to be accompanied, if so desired, by another man 
employed in the same shop. 

(3) In the event of agreement not being arrived at 
between the management and the employees, when the 
procedure set out in Clause 2 has been followed, 
arrangements shall be made for the operation to be 
“timed,” and the price will be fixed on the result by 
adding the normal piecework bonus. 

(4) When an operation is “timed” by a repre- 

sentative of the management, a representative of the 
employees shall, if so desired by them, also be present, 
who will check the time taken by the operator, and 
satisfy himself that the general conditions set out in 
Clause 1 of this memorandum are complied with. 
(5) It is optional for the management or the 
employees to ask for any piecework operation to be 
‘“‘timed”’ under the procedure set out in Clauses 3 
and 4 of this memorandum, and prices fixed as the result 
of such timing shall not be altered, unless the material 
or the conditions or method of production are changed. 
(6) Any employee will, on application to his foreman, 
be permitted to inspect the register of piecework prices 
relating to the work on which he is engaged. 








CANADIAN ARTIFICIAL ABRASIVES.—The output for 
1927 of eleven Canadian establishments manufacturing 
artificial abrasives is reported to have been valued at 
upwards of six million dollars. 





Contracts.—The four 20,000-kw. steam turbines, 
with condensing plant and auxiliaries, required for the 
Schaerbeek Power Station, Brussels, are to be con- 
structed by Messrs. Brown-Boveri, Limited.—Messrs. 
Alfred Herbert, Limited, Coventry, inform us that their 
American licensees, the Riley Stoker Corporation, have 
recently secured orders for Atritors for boiler firing, or 
for lime kilns, from the E-Z Opener Bag Company, 
Braithwaite, La. ; the Imperial Laundry, Newark, N.J. ; 
the Marine Barracks, Quantico, Va. ; the Towanda Paper 
Company, N.J.: and the Marblehead Lime Company, 
Chicago.—The Central Electricity Board have placed 
contracts, amounting in all to more than 600,000/, for 
the supply and erection of the 132,000-volt outdoor 
switchgear included in the South East England Electricity 
Scheme, 1927, as follows:—For Part 1, covering the 
northern portion of the area, with Messrs. A. Reyrolle 
and Company, Limited, Hebburn-on-Tyne; and for 
Part 2, covering the southern portion of the area, with 





Messrs. The English Electric Company, Limited. 





584 ENGINEERING. [Nov. 9, 1928. 


PETROL-DRIVEN MOBILE CRANE. 

In the discussion following the paper on “‘ The PETROL-DRIVEN MOBILE CRANE. 
Port of Southampton,” read before the Institution of ; 
Mechanical Engineers at its recent summer meeting, CONSTRUCTED BY MESSRS. CARRICK AND RITCHIE, LIMITED, EDINBURGH. 
and referred to on page 808 of our 125th volume, ry 
the subject of petrol-driven trucks as a means of 
collecting and distributing light goods in dock ware- 
houses, railway goods yards, and so forth aroused 
some interest. These appliances are now made in small 
units just sufticiently powerful to deal with their own 
loads or in larger ones which can also haul a loaded 
trailer. For the heavier goods which need something 
more than man power to lift them on tothe truck, a handy 
petrol-driven mobile crane has been designed by Messrs. 
Carrick and Ritchie, Limited, Waverley Engineering 
Works, Edinburgh. This we illustrate by Figs. 1 to 3, 
on this page. It has a capacity of 10 cwt. at a radius 
of 10 ft., and the jib can be slewed through an angle 
of 45 deg. on each side of the centre line. This enables 
goods to be picked up from a position alongside a 
trailer attached to the crane and to be deposited on 
the trailer, which is then hauled to the desired site. 
A single load, up to the lifting capacity of the crane, 
can, of course, be carried suspended from the jib 
without the use of a trailer. The trailer is attached 
to the rear of the machine—that is, under the jib, 
and the winch, situated at the front, can also be used 
for haulage, the machine being anchored if the pull 
required renders this necessary. 

The general appearance of the crane is well shown in 
Fig. 1, but it must be pointed out that the photo- 
graph reproduced in it shows an earlier type in which 
the jib is at a fixed angle vertically. The later type, 
shown in Figs. 2 and 3, has a luffing jib, which can 
be lowered by a handwheel, operating through a 
worm and wheel, to a position such that the total 
height is not more than 7 ft. 8 in. from the ground. 
The crane, in this condition, can be run through 
doorways and under low roofs. The base of the crane 
does not call for special remark, as it consists of a 
standard Fordson tractor, with a driver’s seat and 
the various controls at the rear. The propelling 
unit, a petrol engine, is used for hoisting, hauling, &c., 
by means of a roller-chain drive from the power-shaft 
pinion to a large wheel on the first-motion shaft of 
the winch. The change-over is made by a clutch 
actuated by the lever shown at the right hand of the 
driver’s position. A second-motion shaft is also 
provided with a clutch, which can be operated either 
by a lever at the front, or by one at the back to the 
left of the driver’s position. The function of this 
clutch is to disengage the winch barrel. The second- 
motion shaft can then be used to supply power to 
machinery, such as saw benches, mortar mills, stone 
breakers, &c. This it does through the belt pulley 
attached to its shaft on the right side of the frame, as 
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shown in Fig. 3. The shaft rotates at about 300 r.p.m. ic) Highest Part of Jib WhenLowaed : = 
and, in addition to the possible use of the crane for tS r \ . od) aoe so fe 
general contractor’s appliances, as indicated above, te ; : : SS = P Mess 
this source of power may also be employed in driving ™’ - one) | a6 > ye g Sout 
agricultural machinery. ———~-|_._ Derricking Hand Wheel S& ne Ps ‘iii : Euro 
When the winch is used for haulage purposes, the | Sa ney a Dri g necti 
rope may be led off the barrel, towards either side, Slewing Handle A == : os light: 
over the vertical rollers seen at the end of the frame | \ para ee $3 from 
in all the figures. At the same time, although the 5 200 « 
pull may be made at an angle, it is clearly advisable | Steering Wheel BAA # with 
to manceuvre the tractor into such a position that » Clutch Lever ’ 2 It is 
a direct pull is secured; its mobility makes this si esd : ee * hig 
an easy matter. The rope can either be withdrawn | / (7 ge and | 
from the jib and taken from the underside of the | Clutch Lever for / AT ec 
barrel, or the jib rope can be unwound from the \Changing from ey arc. 
barrel and its end stowed out of the way and a separate | Hoisting n 6: ae bead eithe 
one used for hauling. The course of the rope from the | all \ = rep 
barrel, over the guide pulley on the first-motion \ Y Ground Lere hag 
shaft to the guide pulleys at the slewing centre, can (8978) eEEe ey 
be traced in Fig. 2. The winch barrel is fitted with = 
a band brake, the lever for which is at the right-hand NY elow 
of the driver. The jib is slewed by a hand wheel facing + Be 
the driver. The whole of the gearing employed in the ’ ; - 
crane is machine cut, and the bearings are gunmetal Fig. 3. / : back 
bushed. Ball bearings are fitted for the high-speed / Ry — al near 
shafts. In addition to the 10 ewt. size, above des- ! / = purpe 
cribed, Messrs. Carrick and Ritchie are now manu- | ; C= — = &e. | 
facturing a very similar, but heavier, pattern to deal ! re — = 
e : | an ‘ 
with loads up to 25 ewt. a a i | Whe, 
ee = - < < —j— - ee < a — 7 = + ; from 
Tur CONVEYANCE BY Roap oF CAKBON BISULPHIDE. : ., oe i! 1 ft drive: 
—The Bisulphide of Cerbon (Conveyance) Regulations, \ = 4 the § 
1928, to which reference has been made on several | \ ; . rent 
occasions in these columns, have now been issued in their \ ; = | adjus 





final form. The Regulations, which are designated 4 \ 
Statutory Rules and Orders, 1928, No. 597, contain \ a se ENGINEERIN 80 th 
detailed instructions regarding the conveyance of carbon ; Opera 
bisulphide by road, and deal with the carriage of the ‘ ‘ ‘ vi be » 
liquid in iron containers, bottles, and tank wagons. \ ‘ \ J ment: 
General precautions to be taken, specifications for the \ i ae ; it ma 
drums and barrels used, and instructions relating to the \ , ¥ fan 
mechanically-propelled and horse-drawn wagons em- ~ . ot , 
ployed, are losinded. The Regulations may be obtained x ee ove Position a0 in 
from H.M. Stationery Office, Adastral House, Kingsway, 89701 N. 7 sis visi] 
London, W.C.2, price 2d. net. 47% for o} 
also | 
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200-CM. COAST-DEFENCE 
SEARCHLIGHT. 

Two searchlights, which we believe are the largest 
so far constructed, have recently been completed by 
Messrs. The London Electric Firm, Brighton-road, 
South Croydon, Surrey, to the order of one of the newer 
European States, where they will be employed in con- 
nection with coast-defence work. One of the search- 
lights is illustrated in the accompanying figure, and 
from this it will be seen that the projector, which is 
200 cm. in diameter, is mounted on a trolley provided 
with cast-steel flanged wheels for running on rails. 
It is fitted with a parabolic mirror of silvered glass, 
a high-intensity are lamp, a plain front-closing glass, 
and a louvre shutter, which enables the light to be 
cut off instantaneously without extinguishing the 
are. The movements of the projector can be controlled 
either locally or from a distance, the local control 
being effected either by handwheels and gearing, or 
by a long pan-handle inserted in a socket provided for 
the purpose. The distance control is operated elec- 
Ne nota and the arrangements employed are described 
LOW . 

The lantern barrel is a cylinder formed from stout 
sheet steel with angle stiffening rings at the front and 
back ends, a large internally-sliding door being provided 
hear the rear end to enable a man to enter for the 
purpose of trimming the lamp, cleaning the mirror, 
&c.; a horizontal foot plate is fitted in a convenient 
position at the bottom of the barrel so that the man 
can stand comfortably while carrying out the work. 
When the projecter is in use, the hot air and fumes 
from the lamp are exhausted by an electrically- 
driven fan mounted on top of the. barrel, as shown in 
the figure, the fan motor being switched on simul- 
taneously with the lamp. The latter is carried by an 
adjustable frame with machined runner bars, arranged 
so that the lamp can be accurately centred, worm- 
Operated gear being also provided to enable it to 
be moved longitudinally for focussing; both move- 
ments are effected by external hand wheels. Focussing, 
\t may be mentioned, is facilitated by the provision 
of an optical device, known as a Focuscope, which forms 
42 image of the arc on a small ground-glass screen 
Visible from the exterior. A coloured-glass window 


for observing the arc and the usual sighting tube are 
also provided. The louvre shutter, previously men- 
is fitted on to the front end of the lantern 


tioned 
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barrel in the square casing shown in the illustration, 
and tests have proved that it is practically light-tight. 
In front of the shutter is the closing glass, which, as 
will be clear from the figure, is made up of a number 
of segmental panes of plate glass carried at their 
outer edges by an Alpax ring, and secured near the 
centre by another ring designed to permit any one of 
the segments to be removed without disturbing the 
remainder. The plate-glass segments are ground on 
their edges, and all are exactly similar, so that it is 
only necessary to stock a few to replace breakages. 

To the rear end of the lantern body a cast-Alpax 
ring with a domed steel back is secured by captive 
bolts, the steel back having a ventilating cap and an 
internal baffle, which allow air to circulate while 
preventing the admission of draughts. The ring and 
back, which are provided with handles and eyes for 
lifting, form a cover for the rear end of the lantern 
body, but do not actually carry the mirror. The latter 
is fitted in a separate ring of Alpax, which is secured to 
the rear angle ring of the body, a number of machined 
carriers being fitted to the Alpax ring for centreing the 
mirror. The weight of the latter is transmitted to 
the carriers through a series of stiff leaf springs arranged 
horizontally round the periphery, and similar leaf 
springs, placed radially, are provided to prevent 
longitudinal displacement. The two sets of springs, 
while holding the mirror firmly in position, permit it 
to expand and contract freely, and also provide suffi- 
cient resilience to absorb shocks. 

The lantern body is mounted in trunnion bearings, 
and the trunnions, which are steel castings, are fitted 
into a pair of tubular supports on each side of the body, 
to the ends of which the tubes are attached by means 
of gunmetal brackets, as shown in ourillustration. The 
trunnions can slide longitudinally on the tubular 
supports for balancing the body, and can be clamped 
in any position. They work in ball-bearing plummer 
blocks fitted in the upper ends of the crutch, which is 
built up from mild-steel plates and angles riveted 
together. By removing the caps of the plummer 
blocks, the lantern body can be lifted off the crutch 
with the ball bearings in position on the trunnion pins. 
The elevating gear, by which the lantern body is tilted 
in the vertical plane, comprises a toothed quadrant 
cast integrally with the right-hand trunnion and 
clearly shown in the figure. A pinion, driven through 
a totally-enclosed worm-reduction gear-box fitted on 
the right-hand crutch arm, engages with the toothed 
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quadrant, the worm gear-box being driven by a shaft 
with universal joints from a bevel gear-box fitted 
lower down the crutch arm, and having a handwheel 
for the local elevating motion, as shown. The same 
bevel gear-box is also coupled by worm-reduction 
gearing and universally-jointed shafts to a small motor 
mounted in the horizontal portion of the crutch, this 
motor being used to operate the elevating gear from a 
distant point. 

The crutch itself is securely bolted to the turntable, 
which is a steel casting with a stalk projecting down- 
wards, and on it is mounted a gear box with a hand- 
wheel for operating the training gear by which the 
projector is rotated in the horizontal plane. A pinion, 
driven through the gear-box, engages with a large spur 
wheel fixed to the cast-steel crown forming the top 
of the pedestal. On the under side of the crown 
casting is mounted the training motor for distant 
control, the motor driving a pinion engaging with the 
above-mentioned spur wheel through totally-enclosed 
double-reduction worm gearing. The pedestal is 
constructed of steel plates with a machined angle ring 
at the bottom for holding-down purposes and a crown 
casting at the top, as already mentioned. Hinged 
doors are provided to give access to the interior, where 
the slip rings and brushes for conveying current to 
the lamp and motors are fitted, as well as an ammeter 
and voltmeter for the lamp circuit ; the latter is 
controlled by a double-pole switch on the crutch arm. 
The turntable runs on the crown on a large ball bearing, 
the balls of which are 31 mm. in diameter. A brass 
scale, graduated in degrees, is fitted on the upper 
portion of the pedestal, and a pointer, attached to the 
turntable and illuminated by a small electric lamp, 
moves over the scale so that the direction of the beam 
in azimuth can be noted. A similar scale, pointer 
and lamp provided on the elevating quadrant, give 
corresponding readings in altitude. A bucket-seat 
and foot rests are fitted on to the rotating part of 
the searchlight for the convenience of the operator who 
can reach the whole of the controls, including the lever 
operating the louvre shutter, from this position. 

The pan handle, referred to at the outset, is a tele- 
scopic tubular arm, about 10 ft. long, which, as already 
stated, can be inserted in the socket, shown to the right 
of the seat in the illustration, for turning the projector 
about the vertical axis. An important feature of 
this gear, however, is that the operator standing at 
the outer end of the arm can also control the elevating 
gear from this position. This is accomplished by 
providing a second tube running on ball bearings, 
inside the outer fixed tube, and fitted at its outer end 
with a cast-Alpax handwheel. At the socket end, 
this inner tube engages with a square shaft extending 
from the gear box of the elevating gear, which can 
thus be operated by the handwheel at the outer end 
of the pan handle. It should be mentioned that 
interlocking gear is provided on the socket to prevent 
the pan handle from being inserted until the local 
hand gearing has been de-clutched, the same clutch 
also rendering the distant control inoperative when 
the pan handle is in place. The distant controller is 
constructed of Alpax castings mounted on collapsible 
tripod legs, and is visible on the left of the illustration. 
Two speed-control switches are fitted, with the necessary 
resistances, for the training and elevating gear, res- 
pectively, and a separate switch controls the louvre 
shutter. The controller is connected to the projector 
by a multi-core cable which is wound on a steel drum 
fitted on one end of the trolley, and partly visible on 
the left of the figure, the two similar drums shown in 
the foreground being used to accommodate the positive 
and negative cables supplying current to the arc. Slip 
rings and brush gear are, of course, fitted inside the 
drums, one set of brushes on each slip ring being 
connected to those inside the pedestal. Doors are 
provided in the ends of the drums for access to the 
slip rings. 

In conclusion, we may give a few particulars of the 
arc lamp employed in this projector, although the lamp 
has been designed and constructed in accordance with 
the standard practice of Messrs. The London Electric 
Firm. It is of the high-intensity type, with a hori- 
zontal positive carbon 16 mm. in diameter and an 
inclined negative carbon 14 mm. in diameter ;_ the 
current consumption is about 200 amperes, and the 
lamp will burn for approximately 2 hours between 
trimming operations. The positive carbon is rotated 
practically continuously by ratchet gear, in order to 
produce a well-formed and uniform crater, which is, 
of course, the principal source of light. The crater 
formed is quite small and, in comparison with the 
dimensions of the mirror, may be regarded as a point, 
so that a parallel beam of high penetrating power 
can be produced. The motor used for rotating the 
positive carbon also operates the mechanism for 
feeding both carbons forward at the correct speed in 
order to maintain a constant length of arc as the 
carbons are consumed. The feed, it may be men- 
tioned, is of the positive type and does not depend 
upon the action of clutches, so that all possibility of 
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slipping is eliminated. An adjustable resistance is 
provided to vary the speed of the motor, which is of the 
low-speed, high-torque type, designed and constructed 
by the firm for this particular duty. The current is 
conveyed to the carbons near the ends between which 
the arc is formed through specially-designed heads 
fitted with heavy split bushes of copper in which the 
carbons are held. Finally, we may mention an interest- 
ing point in connection with the design of the lamp 
which we noticed when inspecting it recently, viz., 
that all the separate moving parts which do not 
require to be insulated from each other are definitely 
connected through flexible braiding of bare copper 
wires, the object being to prevent burning, or actual 
fusing, from the flow of heavy currents through im- 
perfect contacts. Without this provision, metal parts 
of powerful arc lamps at the same polarity, and appar- 
ently in direct contact, are sometimes severely damaged 
or even destroyed. 








THE LATE MR. A. T. SIMPSON. 


WE regret to note the death, on October 25 last, at 
his home, The Temple, Goring, Oxfordshire, of Mr. 
Arthur Telford Simpson, for many years a director of 
Messrs. Worthington-Simpson, Limited, Messrs. Bab- 
cock and Wilcox, Limited, and several other companies. 
The youngest son of the late Mr. James Simpson, who 
was elected president of the Institution of Civil Engi- 
neers in December, 1853, Mr. A. T. Simpson was born 
at Chelsea, on October 24, 1842. His engineering train- 
ing began in 1860, at the age of eighteen, in which year 
he entered Messrs. Simpson’s engine works, in Gros- 
venor-road, Pimlico. The following year was spent on 
the works of the Deptford pumping-station contract. 
He then entered upon a pupilage of four years under his 
father, during which time he was principally engaged 
on works in connection with pumping installations and 
water-supply undertakings. The young engineer was 
taken into partnership by his father in 1866, and 
was soon after employed in the construction of the 
Aberdeen waterworks and in carrying out extensions at 
the Lambeth and Chelsea Water Works Companies’ 
installations. Subsequently he was engaged upon 
the construction of various improvement works in 
connection with the water supply undertakings of 
Bristol, Cambridge, and Folkestone. In March, 1869, 
he was appointed engineer to the Chelsea Water Works 
Company, and, while occupying this position, he 
designed and supervised the construction of a series of 
filters, a new pumping main, a service reservoir, and a 
number of other works. In 1869, he also became a 
director of the West Surrey Water Company and was 
elected chairman in 1893; he continued to hold this 
position until his death. 
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In addition to his other activities, he carried on a 
consulting practice in London, confining himself to 
works connected with the water supply of towns, in | 
which branch of engineering his main interests have | 
centred during practically the whole of his lifetime. On 
the death of his elder brother James, in 1889, he took 
control of the family interests in the well-known 
pumping machinery and engineering firm of Messrs. 
James Simpson and Company, Limited, who, it will 
be recalled, changed their name to that of Messrs. 
Worthington-Simpson, Limited, in 1917. He was ap- 
pointed chairman of the company, which position 
he occupied until recently, when he resigned owing 
to advancing years, but still remained a director until 
his end. His activities, since 1889, were identical with 
those of the firm, and the many successful waterworks 
and sewage-pumping plants installed by the company, 
not only in this country but in all parts of the world, 
must always be associated with his name. 

Mr. Simpson was appointed a director of Messrs. 
Babcock and Wilcox, Limited, upon the formation of 
the British company in 1890. He was also called to 
the directorate of the Herne Bay Water Works Com- 
pany in 1892, and was elected chairman of the company 
immediately. He continued to hold both of these 
offices until his death. He was for some time a director 
of the Province of Bueno \yres Waterworks Company, 
Limited, but relinquisheu this position recently. Mr. 





Simpson became an associate member of the Institution ing the successful operation of Worthington two-cycle, 
of Civil Engineers on February 4, 1868, and was elected | double-acting marine Diesel engines in the United States 
Shipping Board vessels, the Société d’Electricité et de 


to full membership on April 14, 1874. He was appointed | 
a member of the Institution of Mechanical Engineers | 
in 1876, and a fellow of the Royal Geographical Society 
in 1879. For many years he sat on the board of the 


for the County of Oxford at the time of his death. 





MARKET FOR CycLe INFLATORS AND BRAKE LININGS 
tN CANADA.—His Majesty’s Senior Trade Commissioner 
in Canada has furnished reports to the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1, 


brake linings for motor vehicles. 


firms can obtain copies of these reports on application | this station will include two of these large Carels- 
to the Department at the above address, quoting | Worthington engines, the first of which will be shipped 
reference number C.X. 2901. 





a for the manufacture of these engines at the Carels Works 
Thames Conservancy, and was a Justice of the Peace | at Ghent. The firm now has in hand a Carels-Worthing- 
| ton four-cylinder engine of 4,000 b.h.p. for central station 
| service, and a series of large two-cycle, double-acting en- 
| gines of this type are being introduced. The 4,000-h.p. 
engine referred to is being supplied to the Argentine 
through the General Electric S.A., Buenos Ayres, Messrs. 
Carel’s agents. 
Electric (U.S.A.) alternator, and installed in the Cordoba 
on the market in the Dominion for cycle inflators and | power plant, which is one of the central stations of the 
United Kingdom | Herlitzka Group in the Argentine. The extension of 


'as soon as its tests are completed at Ghent. 
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THE CARELS-WORTHINGTON DIESEL ENGINE.—Follow- 


Mécanique, Procédés Thomson-Houston et Carels, of 
Belgium, arranged, some time ago, with the Worthington 
Pump and Machinery Corporation of the United States, 


It will be direct-coupled to a General 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesd2v. 

The Cleveland Iron Trade.—Very little of the restricied 
make of Cleveland pig is available for the market, the 
bulk of the output being required for ironmasters’ own 
consuming plant. Most of the small parcels offered for 
sale are stated to be taken up, despite the comparative 
cheapness of Midland iron which is enabling that com. 
modity to sell fairly freely in districts hitherto supplied 
chiefly from this area. Producers of Cleveland pig 
refuse to alter the fixed figures that have ruled for 
several months. No. 1 grade of iron is 68s. 6d.; No. 3 
g.m.b., 66s.; No. 4 foundry, 65s.; and No. 4, forge, 
64s. 6d. 

Hematite.—Stocks of East Coast hematite have been 
reduced to a very low ebb, and the restricted make is 
hardly sufficient to satisfy the moderate combined needs 
of home and Continental consumers, so that values, 
while unremunerative, are maintained at the equivalent 
of 70s. for good ordinary qualities, notwithstanding the 
keen competition of West Coast makers. 

Foreign Ore.—New business in foreign ore is extremely 
quiet, but merchants have rather heavy arrears of 
delivery to overtake, and they hold firmly to quotations 
that have ruled for some time past on the basis of best 
rubio at 22s. 6d., c.i.f. Tees. 

Blast-Furnace Coke.—Durham blast-furnace coke is 
slow of sale for local consumption, but sellers still name 
17s. 9d. for good average qualities delivered here. 


Manufactured Iron and Steel.—Finished-iron manufac- 
turers have fairly good contracts to execute, and steel- 
works are generally well employed. In one or two 
departments of the latter industry, however, orders are 
much needed. Business in semi-finished steel is quite 
brisk, and firms have a lot of work on hand. Quotations, 
all round, are steady. Common iron bars are 10. 5s. ; 
best bars, 101. 15s.; double best bars, 11. 5s.; treble 
best bars, 111. 15s. ; packing (parallel), 7/7. 10s. ; packing 
(tapered), 10/.; iron rivets, 11/. 5s.; steel billets (soft), 
61. 15s. ; steel billets (medium), 7/. 2s. 6d. ; steel billets 
(hard), 71. 12s. 6d.; steel rivets, I1/.; steel ship 
plates, 81. 7s. 6d.; steel angles, 7/. 17s. 6d.; steel 
joists, 71. 17s. 6d. ; heavy sections of steel rails, 8/. 10s. ; 
black sheets (No. 24 gauge), 10/.; and galvanised 
corrugated sheets (No. 24 gauge), 131. 12s. 6d. 

Imports of Iron and Steel.—Returns issued this week 
show imports of iron and steel to the River Tees from 
Holland, Belgium, France, Norway, Sweden, Finland, 
India, Germany, and coastwise, as compared with the 
figures for the same month a year ago, and for the 
corresponding pre-war period of 1913-1914. The 
statistics reveal further gratifying reductions in the 
quantities of foreign material arriving for consumption 
in this country. Pig-iron unshipped to the end of last 
month dropped to 7,082 tons, as against 105,567 tons 
a year ago, and 1,427 tons in the pre-war period. Crude 
sheet bars, billets, blooms and slabs imported in the past 
12 months reached 167,758 tons, as against 220,837 
tons a year ago, and 33,655 tons in the pre-war period. 
Plates, bars, angles, rails, sheets and joists unloaded to 
the end of October last totalled 47,590 tons, as against 
56,110 tons in the same months a year ago, and 19,482 
tons in the pre-war period. 

Shipments of Iron and Steel.—Tees October exports of 
iron were small, but steel shipments were on a substantial 
scale. Of the 16,774 tons of pig-iron cleared, 7,863 tons 
went coastwise, and 8,911 tons went to foreign parts; 
of the 4,757 tons of manufactured iron despatched, 1,662 
tons went coastwise, and 3,095 tons went abroad ; and 
of the 63,839 tons of steel shipped, 9,133 tons went 
coastwise, and 54,706 tons went overseas. The largest 
customers for pig-iron were: Scotland, 6,838 tons; 
Italy, 2,830 tons; and Norway, 995 tons. The chiet 
purchasers of manufactured iron were the Strait Settle- 
ments, with an import of 1,820 tons. Among the 
principal receivers of steel were: India, 18,948 tons; 
Argentina, 9,317 tons; Natal, 6,084 tons; Australia, 
3,394 tons; Cape of Good Hope, 2,867 tons; Ceylon, 
2,173 tons; Japan, 1,566 tons; Kenya, 1,253 tons : and 
China, 1,052 tons. 








NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—Though an improvement occurred 
in the shipping position in the past week, the volume of 
tonnage available for the transport of Welsh coal was 
still insufficient to keep the collieries or the docks busy. 
At the same time business was handicapped by a 
scarcity of shipping offered for chartering, and the high 
rates demanded by shipowners also caused merchants, 
wherever possible, to postpone fixing, in the hope o! 
eventually obtaining their requirements on more tavour- 
able terms. As a result, expected stems did not 
materialise, and collieries were in many cases unable to 
avoid temporary stoppages. Supplies of coal remained 
excessive to the demand. Prices were, however, main- 
tained on the basis of the minima schedule. The executive 
committee of the marketing scheme is giving serious 
consideration to means for regulating output in conjune- 
tion with the schedule of limitation prices. Though 
details of the scheme have not yet been worked out, :t 1s 
understood that the idea is to agree on a quota which Is 
to be allowed the different collieries. By this means 1 
is hoped to adjust production to the demand, ond 
possibly to increase prices above the minima levels. 
With regard to the enquiry of the Algerian State Kail- 
ways for 210,000 tons of patent fuel and 30,000 tons of 
coal to be delivered during the 13 months commenc!ng 
December, it is understood that the fuel business /1#5 








been secured by Silesian makers, and that the order for 
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the coal has gone to Poland. The Brazilian Central 
Railways order for 200,000 tons of coal, consisting of 
two-thirds large and one-third small, has nm awarded 
to Messrs. Cory Brothers, Cardiff, at a c.if. price of 
27s. 10d. Rio de Janeiro, delivery over the four months 
commencing December. South American Railways are 
also inviting prices for 200,000 tons of patent fuel to be 
delivered during next year, while the Spanish Norte Rail- 
way want prices for 30,000 tons of large to be delivered 
over December and January. The Bristol Corporation 
Electricity Works are also in the market for 46,000 tons 
of unwashed steam smalls to be delivered in equal 
monthly quantities during the four months commencing 
December. The British Admiralty are also inviting offers 
for their 1929 requirements. No quantities are stated, 
but the Admiralty usually require about 250,000 tons in 
the aggregate. 

The Weeks’ Shipments.—Delay to arrivals of shipping 
caused by stormy weather are reflected in the coal ship- 
ments for the past week. Clearances totalled only 
371,760 tons, which was 13,000 tons less than during the 
preceding week and 48,000 tons less than the quantity 
dealt with a fortnight ago. Shipments from Cardiff at 
191,700 tons were the smallest for any week of the year. 
Clearances from Swansea were also lowered to 59,730 tons, 
but at Newport raised to 80,050 tons, at Port Talbot to 
32,280 tons, and at Llanelly to 8,000 tons. Shipments 
to the United States were raised from 7,650 tons to 20,400 
tons, representing the highest weekly total this year, 
and to Canada from 9,300 tons to 12,500 tons, while 
France also took 96,290 tons, compared with 66,270 
tons a week earlier. Clearances to the Argentine were, 
however, lowered from 56,750 tons to 27,650 tons, to 
Brazil from 37,050 tons to 28,400 tons, to Egypt from 
39,900 tons to 23,600 tons, and to Italy from 66,970 tons 
to 43,950 tons. 


NOTES FROM THE NORTH. 


GLascow, Wednesday. 

Scottish Steel Trade.—A slightly better tone prevails 
in the steel trade of Scotland this week, but neverthe- 
less there has been little or no improvement in the 
demand. Orders from the shipyards are very limited, 
and other consumers are not placing important orders 
in the way of tonnage. The labour trouble in Germany, 
if prolonged, may cause some business to be diverted to 
local producers, but it is too early yet to anticipate 
any increase on that account. From export sources 
there has been a better inquiry. The firmness of Con- 
tinental prices has made the outlook for home makers 
a little brighter. In the black-sheet trade light gauges 
and galvanised sorts continue in good demand, but there 
has not been much change in the heavier gauges. Prices 
are nominally unchanged and are as follow :—Boiler 
plates, 107. 10s. per ton; ship plates, 8/. 7s. 6d. per ton ; 
sections, 71. 17s. 6d. per ton; sheets, }-in., 8/. 15s. per 
ton; and galvanised corrugated sheets (No. 24 gauge), 
131. 7s. 6d. to 131. 12s. 6d. per ton, all delivered Glasgow 
stations. 

Malleable Iron Trade.—A depressed state still pre- 
vails in the West of Scotland malleable-iron trade and 
makers are very short of orders. In the steel re- 
rolling branch, however, there is a larger amount of 
business passing, on account of the shortage of supplies 
from the Continent. Prices have been raised by 5s. per 
ton, and the current quotations are :—‘‘ Crown ”’ bars, 
10]. 5s. per ton for home delivery and 9/. 15s. per ton 
for export ; and re-rolled steel bars, 7/. 15s. per ton for 
home delivery, and from 71. 12s. 6d. to 7. 15s. per ton 
for export. 

Scottish Pig-Iron Trade.—Very little change has taken 
place in the Scottish pig-iron trade during the week, except 
perhaps that two more furnaces have been re-kindled at 
Summerlee. Buyers continue few, both on home and 
export account, but a fairly firm tone prevails. The 
following are the current market quotations :—Hema- 
tite, 74s. per ton, delivered at the steel works ; foundry 
iron, No. 1, 75s. to 76s. per ton, and No. 3, 70s. to 71s. 
per ton, both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending Satur- 
day last, November 3, amounted to 579 tons. Of that. 
total, 553 tons went overseas and 26 tons coastwise. 
For the corresponding week of last year the figures were 
1,012 tons overseas and 39 tons coastwise, making a 
total shipment of 1,051 tons. 

Contract—An improvement has taken place in th® 
outlook in the Coatbridge district, as two blast-furnaces 
have been re-kindled at Summerlee, and a large contract 
has been secured by Messrs. William Bain and Company; 
Lochrin Iron Works, Coatbridge. The order is in 
connection with the Scottish electricity scheme to erect 
towers over the Clyde and Forth. 

Shipbuilding.—Messrs. Bow, M’Lachlan and Company, 
Limited, Paisley, have received from the Anglo-Saxon 
Petroleum Company, Limited, London, an order for two 
steel barges, each of 270 tons, intended for the carriage 
ot fuel oil in bulk.—Messrs. Lithgows, Limited, Port 
Glasgow, have booked an order for two general cargo 
Steamers, each of 9,500 tons deadweight, for the Donald- 
son Line, Limited.—Messrs. The Burntisland Ship- 








building Company, Limited, have secured an order from 
Messrs. Glen and Company, Glasgow, for two general 
cargo-carrying steamers. These vessels will each be 


270 ft. in length, 40 ft. in breadth, and of 3,000 tons 
dea iweight. Triple-expansion reciprocating engines, 
obtaining steam from two Scotch boilers, will be supplied 
by Messrs. David Rowan and Company, Limited, Glasgow. 
—*everal other orders have been under consideration 
recently, but confirmation is lacking. Quite a number of 
iresh inquiries are in the market, and shipbuilders are 
hopeful that many of these may be placed in the near 
iture, 





NOTICES OF MEETINGS. 





Farapay Socrety.—To-night, 3.30 p.m., Royal Insti- 
tution, Albemarle-street, W.1. Spiers Memorial Lecture. 
““Some Debatable Problems in Physies,’”’ by Sir Oliver 
Lodge. 


INSTITUTION OF MECHANICAL ‘ENGINEERS.—To-night, 
7 p.m., Storey’s-gate, S.W.1. Informal Meeting 
“* Marketing Engineering Products Overseas,” introduced 
by Mr. E. T. Elbourne. Glasgow and West of Scotland 
Branch: Saturday, November 10, 3.45 p.m., Royal 
Technical College, Glasgow. Joint Meeting with Insti- 
tute of British Foundrymen. Scottish Branch. Sym- 
posium of Papers on “ Steel Castings.” Yorkshire Branch : 
Wednesday, November 14, 7.30 p.m. Grand Hotel, 
Sheffield. ‘‘ Corrosion of Metals and its Prevention,” 
by Mr. H. E. Yerbury ; also on Thursday, November 15, 
7.30 p.m. Hotel Metropole, Leeds. 


JuNIoR INSTITUTION OF ENGINEERS.—To-night, 7.30 
p-m., 39, Victoria-street, S.W.1. Annual General 
Meeting. Friday, November 16, 7.30 p.m., “Some 
Applications of Time and Remote Control Switches,” 
by Mr. A. H. Croucher. 


Institute oF British FoUNDRYMEN.—Birmingham 
Branch, Junior Section: Saturday, November 10, 
6.30 p.m., Engineers’ Club, Waterloo-street, Birmingham. 
“Patterns: Good and Bad,” by Mr. W. J. Flavell. 
Wales and Monmouth Branch : Saturday, November 10, 
6.30 p.m., Technical College, Newport. ‘Talk on 
Cylinder Iron,” by Mr. F. J. Cook. Lancashire Branch, 
Burnley Section: Tuesday, November 13, 7.15 p.m., 
Technical College, Ormerod-road, Burnley. Lecture: 
‘Mould Gases,” by Mr. E. Flower. Middlesbrough 
Branch: Friday, November 16, 7.45 p.m., Cleveland 
Technical Institute, Corporation-road, Middlesbrough, 
‘** Pattern Making.’ Scottish Branch, Falkirk Section : 
Saturday, November 17, 6 p.m., Falkirk Iron Company, 
Limited, Falkirk. ‘“‘ Blacking, Coal Dust and Light 
Castings,” by Mr. J. M. Primrose. Lancashire Branch, 
Junior Section: Saturday, November 17, 7 p.m., 
College of Technology, Sackville-street, Manchester. 
‘‘Shrinkage Holes in Small Grey Iron Castings,’ by 
Mr. P. A. Russell. 


Hutt AssocraTION OF ENGINEERS.—Saturday, No- 
vember 10, 7.15 p.m., Technical College, Park-street, 
Hull. ‘ Heat Engine Cycles,”’ by Prof. G. E. Scholes. 


Société pes INGENrIEURS CIVILS DE FRANCE.—British 
Section : Monday, November 12, 5.30 p.m., Institution 
of Mechanical Engineers, Storey’s-gate, S.W.1. ‘‘ Twin- 
Gyro Stabiliser,”’ by Mr. Fieux. 


INSTITUTE OF TRANSPORT.—Monday, November 12, 
5.30 p.m., Institution of Electrical Engineers, Victoria- 
embankment, W.C.2. Annual General Meeting. ‘“‘ Motor 
Transport in the British Postal Service,” by Mr. F. Lane. 
Scottish Section: Tuesday, November 13, 7.30 p.m., 
Religious Institution Rooms, 200, Buchanan-street, 
Glasgow. ‘‘ High-Speed Transport,” by Mr. G. B. 
Howden. 

INSTITUTION OF ELEectTRIcAL ENGINEERS.—Monday, 
November 12, 7 p.m., Victoria-embankment, W.C.2. 
Informal Meeting. Discussion on ‘‘ Engineering Require- 
ments of a Modern Office Building,” by Mr. J. Coxon. 
South Midland Centre : Monday, November 12, 7 p.m., 
The University, Edmund-street, Birmingham. Lecture : 
“The Action of a Spark-Gap,” by Dr. J. D. Morgan. 
North-Eastern Centre: Monday, November 12, 7 p.m., 
Armstrong College, Newcastle-on-Tyne. Lecture : 
“Automobile Ignition Systems,” by Professor 8S. P. 
Smith. North Midland Centre : Tuesday, November 13, 
7 p.m., Philosophical Hall, Park Row, Leeds. ‘‘ Over- 
head Electric Lines,’”’ by Mr. W. B. Woodhouse. 

INSTITUTION OF AUTOMOBILE ENGINEERS.— Midland 
Centre : Monday, November 12, 7 p.m., Queen’s Hotel, 
Birmingham. Presidential Address: ‘‘ The Integrity 
of the Technical Man,” by Mr. L. H. Hounsfield. 
Coventry Centre: Tuesday, November 13, 7.30 p.m., 
Broadgate Café, Coventry. ‘“‘ The Comparative Merits 
of Road and Dynamometer Testing for Motor Vehicles,” 
by Dr. E. C. Wadlow. 

BRADFORD ENGINEERING Socrety.—Monday, No- 
vember 12, 7.30 p.m., Technical College, Great Horton- 
road, Bradford. ‘‘ The Atkinson Rotary Furnace and 
Inclined Chain Grate Stoker,”’ by Mr. J. 8. Atkinson. 


Institute oF MeETALS.—Scottish Local Section: 
Monday, November 12, 7.30 p.m., Institution of En- 
gineers and Shipbuilders in Scotland, 39, Elmbank- 
crescent, Glasgow. ‘‘ Nickel in the Non-Ferrous Foun- 
dry,” by Mr. A. C. Sturney. Birmingham Local Section : 
Thursday, November 15, 7 p.m., Engineers’ Club, 
Waterloo-street, Birmingham. Open Discussion on 
“* Standardisation.” 

Royat Socrery or Arts.—Monday, November 12, 
8 p.m., John-street, Adelphi, W.C.2. Cantor Lecture : 
“ Biology and Refrigeration” (Lecture I), by Dr. F. 
Kidd. Wednesday, November 14, 8 p.m., ‘ English 
Silver and its Future,” by Mr. O. Ramsden. 

Royat InstituTion.—Tuesday, November 13, 5.15 
p.m., Albemarle-street, W.1. “‘ The Change of State from 
Liquid to Vapour” (Lecture III), by Professor H. L. 
Callendar. 

INSTITUTION OF PETROLEUM TECHNOLOGISTS.—Tues- 
day, November 13, 5.30 p.m., Royal Society of Arts, 
John-street, Adelphi, W.C.2. “* Drilling and Production 
Methods in the Greater Seminole Field, Oklahoma, 
U.S.A.,”” by Mr. G. Heseldin. 

INSTITUTE OF MARINE ENGINEERS.—Tuesday, Novem- 
ber 13, 6.30 p.m., 85-88, The Minories, Tower Hill, E.1. 
Lecture: ‘ Air Transport,” by Major R. H. Mayo. 





MANCHESTER ASSOCIATION OF ENGINEERS.—Tuesday, 
November 13, 7 p.m., Engineers’ Club, Albert-square, 
Manchester. Joint Meeting with North-Western Centre, 
Institution of Electrical Engineers. “ The Electrification 
of the Pietermaritzburg-Glencoe Section of the South 
African Railways,”’ by Mr. F. Lydall. 

SHEFFIELD METALLURGICAL ASSsOcIATION.—Tuesday, 
November 13, 7.30 p.m., 198, West-street, Sheffield. 
**Some Factors in Fuel Economy,” by Mr. J. Cunning- 

m. 

InstituT1Ion or Civim ENGINEERS.—Wednesday, 
November 14, 6 p.m., Great George-street, S.W.1. 
Informal Meeting. ‘‘ Measurement of Noise and Vibra- 
tion and its Application to the Investigation of the 
Noise Nuizance,’’ by Mr. J. H. Hyde. Manchester and 
District Asso-iation: Wednesday, November 14, 6.45 
p-m., Manchester Literary and Philosophical Society, 
36, George-street, Manchester. ‘The Manufacture of 
Tron and Steel,”’ by Mr. J. H. Jameson. 

BELrast ASSOCIATION OF ENGINEERS.—Wednesday> 
November 14, 7.30 p.m., Municipal College of Techno- 
logy, Belfast. ‘‘ Low-Pressure Hot-Water Heating,” by 
Mr. A. W. Brown. 

INSTITUTION OF MINING AND METALLURGY.—Thursday, 
November 15, 5.30 p.m., Geological Society, Burlington 
House, Piccadilly, W.1. ‘‘ Description and Method of 
Working the Obuasi Reef of the Ashanti Goldfields Cor- 
poration, Limited,” by Mr. G. W. E. Turner. ‘‘ Notes on 
the Banket Reefs of the Gold Coast Colony,” by Mr. A. 
Bray. 

Norra-East Coast INstiruTION OF ENGINEERS AND 
SHIPBUILDERS.—Thursday, November 15, 6 p.m., 
Mining Institute, Newcastle-on-Tyne, ‘“‘ Losses of 
Efficiency in Steamship Operation,” by Mr. J. D. Young. 

Royat AERONAUTICAL SocreTy.—Thursday, Novem- 
ber 15, 7.45 p.m., Royal Society of Arts, John-street, 
Adelphi, W.C.2. Joint Meeting with the Institution of 
Automobile Engineers. ‘‘ Aero Engines in Flight, with 
Special Reference to Carburation,’”’ by Mr. R. J. Penn. 

InstTiITUTION oF Locomotive ENGINeEERS.—North- 
Eastern Centre: Friday, November 16, 7 p.m., Hotel 
Metropole, Leeds. ‘‘ The Locomotive Smokebox,”’ by 
Mr. E. Windle. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—Though a more hopeful tone prevails 
throughout the steel and engineering trades of this 
area, it has not been reflected in better-filled order 
books, but inquiries in circulation are more numerous. 
In the raw and semi-finished steel trades a better 
demand, both on home and foreign account, is reported. 
Output of basic steel is assuming bigger dimensions. 
Despite recent reductions in quotations, makers of 
acid steel still complain of the shortage of work. At 
present there is little hope of revival. Railway depart- 
ments are suffering from a lack of work from home 
railways, while the overseas requirements are not so 
substantial, though India and South America give 
every promise of placing contracts in the near future. 
A better state of affairs exists in shipbuilding circles. 
The current call for ship steel and marine forgings 
and castings is larger than for some time past. Whether 
present output will be maintained gives rise to a certain 
amount of speculation. Armament departments continue 
to receive a fair share of the limited amount of work in 
circulation. Machinery makers report a steady flow 
of orders. Electrical plant is active and likely to be 
so for some considerable time to come. Agricultural 
machinery is also in strong request on Colonial account, 
but mining equipment is very dull so far as the demand 
from British collieries is concerned. Makers are provided 
with a certain amount of relief owing to the steadily 
rising purchasing power of foreign mining enterprises. 
Tool-steel makers still complain of foreign competition, 
and are experiencing great difficulty in securing sufficient 
work to keep plants operating at present capacity. 
A brighter side is the manufacture of automobile steel 
and fittings, for which there is an expanding outlet. 
Rustless iron and stainless steel are similarly placed. 
The tool trades continue to make slow headway. 
Engineers’ tools are more active, but saws, files and 
plantation implements show not the slightest improve- 
ment. Agricultural and garden tools are progressive, 
while the light foundries are responsible for an increasing 
output of stoves, grates, and castings. 

South Yorkshire Coal Trade.—The general position 
shows little change. Export requirements tend to 
increase, while quotations continue firm. Industrial 
requirements are on muh the same level, but it is 
quite probable that improvement will be recorded in 
the near future. House coal is disappointing. The 
recent colder weather has had little effect on the demand, 
which at present is well below normal. There is a 
fairly strong call for various kinds of coke. Sorts used 
for central heating are in brisk demand, but steel-making 
varieties are not so prominent. Foundry and furnace 
sorts have maintained the recent improvement. Gas coke 
is firm. Quotations: Best hand-picked branch, 26s. 
to 27s. 6d.; Derbyshire best brights, 23s. to 24s. 6d. : 
Derbyshire best house, 20s. 6d. to 21s. 6d.; screened 
house coal, 17s. to 18s.; screened house nuts, 16s. 
to 18s.; Yorkshire hards, 14s, 6d. to 16s. ; Derbyshire 
hards, 14s. 6d. to 16s. ; rough slacks, 88. 6d. to 9s. 6d. ; 
nutty slacks, 4s. 6d. to 6s.; smalls, 3s. 6d. to 4s. 














THe Krrm-TuneHua Raitway, Mancuuria.—tThe 
progress made with the construction of the Kirin- 
Tunghua Railway, South Manchuria, has been referred to 
in our columns on several occasions. We now learn 
that the railway, which is some 130 miles in length, is 
completed and was opened to traffic on October 10 last. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 


We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
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CIVIL ENGINEERING ABROAD. 


Civ engineering is certainly amongst the oldest 
of the professions, and engineers of remarkable ability 
must have superintended the erection of the 
Pyramids, or, in still earlier times, of the great 
megalithic structures which are scattered through 
Mexico, and are also to be found in many other 
parts of the world. We have no means of ascer- 
taining the race of the builders of these structures, 
and, indeed, their wide distribution suggests that 
they must have been the work of many races ; 
but it is a matter of no small pride to those of 
British blood that among great modern structures, 
dedicated, in the classical phrase, to the use and 
service of man, the work of the British engineer 
is greatly in evidence. At one time, the plans of 
the majority of the important engineering works 
throughout the world could have been found in 
the archives of Westminster, but with the rapid 
development of the younger nations, we have had 
to be content to share our honours with other 
countries. It may be questioned, however, whether 
we have not been somewhat lacking in enterprise 
in recent years, and more particularly since the war, 
and allowed opportunities to slip of maintaining our 
prestige abroad, and, incidentally, of providing a pro- 
portion of that work of which many of our home 
manufacturers stand sorely in need. To take two 
rapidly-developing countries, Peru and Columbia, for 
example, we believe that contract after contract 
have been secured by the United States or Germany, 
with little or no competition on our part, and this in 
spite of the fact that these countries would welcome 
our competing for large public enterprises. The 
position is the more striking in that Canadian firms 
have been successful in securing an appreciable 
proportion of the work. It is a fact within our 
knowledge that British firms have been repeatedly 
circulated with particulars of valuable business 
abroad, and that the replies as a rule have been 
decidedly disappointing. In one particular instance, 








they were only prepared to consider work on a 
cost and commission basis, another that the work 
they had already done in the country was not 
sufficiently attractive to justify further activity, a 
third stated that they did not propose to take up 
any new contracts, while the reason given by a 
fourth was that they could not take up any new 
work until the position on their existing contracts 
was clarified. 

There are good grounds for believing that the 
hesitancy shown by some of our leading firms to 
take on work in certain countries abroad arises in 
great part from unfortunate past experience. 
Cases are not unknown in which a firm has been 
invited to submit a complete scheme, and having 
done so, finds at a later date that the contract has 
been secured by a foreign firm on the basis of their 
proposals, either as they were originally submitted, 
or modified by the inclusion of suggestions put 
forward by other competing firms. It is extremely 
difficult to see how this practice on the part of some 
authorities can be circumvented, but it is certain 
that nothing can be gained by a refusal to attempt 
further business. The question is entirely one of 
ethics, and it is likely that the authorities who indulge 
in such practices will ultimately be brought to 
book by public opinion in the country concerned. 
No doubt reform can be hastened by such action 
as our own Government can take, and we believe 
that this is not wanting. Apart from other consi- 
derations, it may be admitted that the atmosphere 
pervading British industry since the war has been 
somewhat inimical to enterprise, due to our having 
shouldered a large part of the burden of European 
debt ; but while this may well account for the 
position in such industries as steel and coal, it 
hardly seems to explain our failure to secure con- 
tracts for work abroad, in cases where a great part 
of the material, and the bulk of the labour, would 
be obtained locally. 

It is possible that one cause of the present posi- 
tion was touched on incidentally in the Presidential 
Address of Sir Brodie Henderson to the Institution 
of Civil Engineers on Tuesday last. In this address, 
which is reproduced elsewhere in this issue, Sir 
Brodie referred to the qualities required by an engi- 
neer for carrying out work in foreign countries, 
and very rightly stresses the importance of some 
experience abroad in a junior capacity. From our 
own observations, we incline to the opinion that 
the younger members of the profession are less 
willing than they were in the past to accept positions 
in which the pay is not always commensurate with 
the responsibility, and that there is a rather wide 
failure to realise that experience is the soundest 
investment that a young man can make. From 
the point of view of executive ability on work abroad, 
the increasing tendency to specialisation at home, 
which is an inevitable result of super-civilisation, 
is also a disadvantage. A glance week by week 
at the columns of the Press in which such events 
are made known will show that the applicant for 
any important position is almost invariably required 
to be a specialist in one direction or another, and 
it is therefore not surprising if the young man 
who is anxious to get on should draw the con- 
clusion that “it pays to specialise,” without having 
this doubtful piece of advice suggested to him by 
correspondence colleges. The great pioneers of 
the work of the civil engineer abroad were certainly 
not specialists in any narrow sense of the word, 
and although it need not be suggested that worthy 
followers in their footsteps are lacking at the present 
time, they are probably none too abundant, and 
present conditions appear likely to lead to a very 
real shortage in the future. 

Sir Brodie brought forward one point in his 
address on which we do not find ourselves to be in 
full agreement. He stated that in one aspect of 
bridge design, we seem to lag behind the prac- 
tice of other countries, and went on to mention 
that large bridges and roofs are still generally 
made of ordinary mild steel, whereas in other 
countries what may be called special steels have 
been used for many years. Finally, he stated that 
this was probably owing to lack of knowledge 
regarding theYbehaviour of such steels under the 
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cannot agree with the implication that the know- 
ledge of special steels is less advanced in this 
than in other countries, and would indeed go so 
far as to say that the reverse is the case, since 
several of the most useful alloy-steels in general 
use are due to the researches of British metallurgists. 
The employment of such steels in structural work 
is mainly an economic question, and it is doubtful 
whether their use is justified in the case, say, of 
bridges, unless the span is well over 500 ft. With the 
possible exception of the recently completed bridge 
over the Tyne at Newcastle, we are not aware 
that British firms have erected any bridges or 
roofs in which the employment of alloy-steel would 
have been economically justifiable, or the price of 
such steels rendered their employment possible. 
Sir Brodie himself mentioned that certain alloy steels 
have been taken advantage of by ship-designers, but 
their employment in such cases tends to support our 
view, since they are only used under quite special 
circumstances. 

Sir Brodie’s position and experience lend great 
weight to his word, and it is interesting to observe 
that he is of opinion that the countries of South 
America are relatively almost in a virgin state, 
and offer great opportunities for enterprise ; but 
that the continued flow of British capital into 
these countries is essential if they are to afford a 
field of work for British engineers. Unfortunately, 
all too much of this capital is flowing into unpro- 
ductive channels at home. 








THE PROGRESS OF JAPANESE 
INDUSTRY. 


In a recent issue we drew attention to the World 
Engineering Congress, to be held next autumn in 
Tokyo, simultaneously with a sectional meeting of 
the World Power Conference. We recalled the 
intimate part this country had been privileged to 
take in aiding the establishment of Japanese engi- 
neering and the fact that the foundation of modern 
Japanese civilisation has been based largely on 
British practice in engineering as well as many other 
factors. In considering the advantage of taking 
part in the first international meeting of engineers 
in Japan it should also be remembered that the 
language which is generally used for foreign com- 
mercial correspondence is English. In the same 
connection it may be opportune to refer to the 
useful and interesting report by Mr. G. B. Sansom, 
C.M.G., and Mr. H. A. Macrae, on “ Economic 
Conditions in Japan to the 30th June, 1928,” which 
has just been published by the Department of 
Overseas Trade (H.M. Stationery Office, 3s. net). 
It has the advantage over its predecessors of 
a survey of the steps by which Japanese trade and 
industry have been developed since they were first 
started on a modern basis, and the true value of the 
Japanese achievement can hardly be appreciated 
without such an account of its circumstances. 

The most remarkable feature of the performance, 
which would have been sufficiently remarkable 
without it, is the extraordinary and unprecedented 
speed with which it has been accomplished. It is 
now just sixty years since the revolution of 1868 
started, among other epoch-making institutions, the 
industrial development of the country on modern 
lines. Progress was slow at the outset. By 1885, 
for instance, less than 350 miles of railway had been 
laid, but by the end of the century this had increased 
to nearly 4,000 miles, and at the beginning of the 
present year about 11,500 miles were open to 
traffic, a further 1,300 miles were under construc- 
tion, and sanction has been given for the construc- 
tion of 2,000 miles mcre. Nearly 1,000 miles are 
electrified, and nearly 2,000 miles more may be so 
when the lines under construction and sanctioned 
have been completed. The textile industries, on 
which the country depends mainly not only for a 
large part of its home supply but also for the largest 
part of its material for export, and therefore, inci- 
dentally, of its purchasing power for other commo- 
dities, have shown remarkable growth. Between 
1914 and 1927 the production of raw silk in- 
creased sixfold, the number of cotton spindles was 
doubled, the production of woven fabrics more than 
doubled, and imports of raw wool have replaced 
those of part and wholly manufactured woollens to, 


a constantly increasing extent. In the same period 
the production of refined sugar and the amount of 
wheat milled have trebled, the production of cement 
has quadrupled, and of paper other than Japanese- 
style paper has increased fivefold, while the industry 
of heavy chemicals has expanded fivefold for some 
products, such as sulphuric acid, and has extended 
to others which in 1914 were produced in negligible 
quantities or not at all. The metal industries 
have not been growing at the same rate. The 
production of iron and steel has been limited by 
inadequate home supplies of ore and coke, and by 
lack of machinery and sufficient skilled work- 
men. As the report points out, Japan is only 
now in the third generation since the introduction of 
machinery, and only in the last few years has a 
generation grown up which has been familiar with 
machinery all its life. Nevertheless, a great variety 
of machinery has been made, and the volume in 
particular of electrical machines which has been 
produced is such as to have caused considerable 
decreases in imports, notwithstanding that at’ the 
same time the use of such machines was growing 
rapidly. The development of electrical power in 
the last few years has indeed been remarkable. 
From a generating capacity of a little over 
1,000,000 kw. at the beginning of 1920, there were 
over 3,000,000 kw. installed and operating at the 
end of 1926, and half as much again was under 
construction, two-thirds of the installed plant being 
driven by water power. 

These examples of the progress that has been 
made are remarkable enough in themselves, but 
they are still more striking when it is remembered 
that they have been made in a period during which 
the country had its full allowance of other diffi- 
culties. During most of 1877, for instance, it 
was occupied in the Satsuma insurrection. In 1894 
and 1895 another twelve months were spent in the 
war with China, and in 1904 to 1905 another year 
and a half in the war with Russia. Barely ten 
years afterwards they took their part in the world 
war, and in 1923, suffered the severe damage of the 
earthquake. In the last ten years, moreover, the 
banking system of the country was severely tested 
by the commercial depression of 1920, following on 
a period of great prosperity, which began while 
most other nations were at war. The history of 
the grave financial difficulties in which the trade of 
Japan was involved as a consequence of the failure 
of its banking organisation to adjust itself to these 
circumstances is related in the report in some detail, 
up to the period of the financial crisis which has 
been the chief event of the last two years. The 
situation appears now to have been set right, and 
with surprisingly little apparent effect on Japanese 
trade, industry, and even external credit. The 
progress of adjustment has been drastic, involving 
the elimination of many of the weaker institutions, 
but in some ways those that survived have become 
stronger, and in some directions have strengthened 
themselves further by combination with each other. 
Generally speaking, the reorganisation of industrial 
finance, though perhaps not altogether completed, 
seems to have proceeded so far as to furnish a 
sound foundation for the operation that the further 
development of industry will require. 

At the present time a chief anxiety of Japanese 
industry is to make itself as far as possible inde- 
pendent of the manufacture of other countries, 
though taking from them their raw material. The 
import tariff does not seem to be levied for the pur- 
pose of revenue. It works out at less than 6 per 
cent. on the total imports, and though entire total 
tax revenue is well under a pound per head of popu- 
lation, import duties form much less than a third 
of it. The reason is that they are levied on manu- 
factured or partly manufactured goods, ard on these 
are sufficient to restrict the amount of imports to 
an extent that tends constantly to decrease their 
proportion to total consumption. This policy is 
pursued not merely in respect to manufactures, 
such as that of aircraft, which are essential to 
national defence. It seems to be applied wherever 
there is a chance of supplying the demands of the 
home market by internal manufactures instead of 
by imports. The home consumer has no doubt to 
pay for the luxury. Japanese household coal, -for 








instance, though not even a manufacture, costs 


twice as much in Tokyo as it does in Shanghai. To 
what extent the non-manufacturing part of the 
community will be willing to keep on paying a 
heavy subvention in order to enable the Japanese 
manufacturer to sell it what it could buy cheaper 
abroad but for the duty, remains to be seen. A 
movement has already appeared in some parts of 
the commercial community for abolishing this tax 
upon commerce, but the report warns the reader 
that the industrial influence will probably prove to 
be stronger than the commercial. It seems, more- 
over, that the largest commercial houses are them- 
selves interested in a great variety of manufactur- 
ing industries. In the long run, doubtless, Japanese 
keenness will realise that national resources of men 
or money should be reserved for those purposes 
yielding most ample returns. 

In the meantime, it is unpleasantly notable that 
Great Britain is in almost all lines of engineering 
as well as other business retaining a continuously 
decreasing share of Japanese imports. Whatever 
course may be taken in regard to tariffs, there will 
always be a demand for imports, both for products 
which through their novelty or exceptional work- 
manship cannot be made in Japan for the time being, 
and for other products when the demand is too 
great for the manufacturing capacity of the country. 
Such business will go to the manufacturers who are 
informed most immediately of what is required, and 
can offer an adequate service most promptly. 
Whether the business is worth having at the cost of 
giving such service, it seems that it cannot be assured 
without it. Manufacturing engineers who attend 
next year’s congress should find a profitable as well 
as a delightful opportunity of discovering exactly 
what is wanted to regain their share of Japanese 
trade. The situation they will have to consider, 
is in a state of flux, and it is impossible to predict 
with any confidence how it may change in the future. 
Its most probable course is perhaps that the indus- 
trial policy of the country will continue to be strictly 
protective, and the field for engineering imports 
will be confined to products which native manufac- 
ture cannot produce for the time being, or cannot 
produce in sufficient quantity. Obviously, this sort 
of business will be constantly changing in character. 
The demand for each product included in it will 
last only for a limited time, and the business will 
be more profitable or less according to the prompt- 
ness with which it is undertaken, the consequent 
length of time for which it is enjoyed, and the readi- 
ness with which the supplier can take up the supply 
of a fresh commodity when native manufacture or 
reduced demand has stopped the import of the 
current lines. The same qualities will be no less 
valuable in dealing with international competition 
for any commodities which may be likely to be im- 
ported regularly, whether through insufficiency of 
manufacturing resources or a revision of the tariff 
policy. An aspect, too, of Japanese trade on which 
information would be valuable is the extent to which 
its engineering industries are likely to increase 
their exports, the products in which they can do so, 
and the methods of trading they will adopt. Those 
who believe that the world is large enough for its 
traders if they use such opportunities of co-operation 
as are possible, will feel the occasion of next year’s 
Congress a valuable opportunity for discussion. 








THE CYCLE AND MOTOR-CYCLE 
SHOW AT OLYMPIA. 


Ir might reasonably be supposed that the 
pronounced increase in the sales of ultra-light 
cars would have had an adverse effect on the 
motor-cycle market, but the official return of 
vehicles in use in Great Britain does not support 
this assumption. The number of motor cycles 
registered in 1927 was 681,000, an increase of 
‘44,000 on the previous year. The total is somewhat 
astonishing when it is realised that the number of 
private cars registered in the same year was only 
787,000, and it is pardonable to wonder what 
happens to a large proportion of the motor cycles. 
The great popularity of the latter type of machine 
is probably explained largely by the low rate of 
annual taxation as compared with even a small 
car, as it is difficult to believe that the superior 
acceleration and higher maximum. speed of the 
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cycle can, for the majority of users, offset the dis- | 
comfort, to which the driver is exposed. The light- | 
weight motor-cycle is no doubt purchased purely | 
on the grounds of its low first cost, but statistics | 
indicate that this type of machine is in a minority. | 
There is probably little to choose between the | 
running costs of a heavy motor-cycle, equipped 
with a side car, and a light four-wheeler. An| 
examination of the exhibits at the Cycle and | 
Motor-Cycle Show, which opened at Olympia on | 
Monday last, and _ closes to-morrow, shows 
that renewed efforts are being made to protect the 
driver in a more adequate manner, but it is 
doubtful whether these efforts will achieve any 
greater popularity than they have done in the 
past. Complete protection implies total enclosure, 
and we are not aware that the boldest designer 
has contemplated the fitting of a hood over the 
driver. The complete protection of the engine 
and transmission, which is all that is attempted 
at Olympia, unfortunately results in a very clumsy 
appearance in the majority of cases, and when all 
is said and done, those who prefer comfort to high 
acceleration and high maximum speed are likely 
to purchase a car rather than a cycle. 

We have previously referred to the prestige 
enjoyed by British motor-cycles throughout the 
world—a prestige which has an eminently satis- 
factory reflex in our overseas trade, as shown by 
the export figures. In 1925, Great Britain exported 
46,600 motor-cycles; in 1927, 52,800; and in 
the first nine months of this year the figure was 
just under 50,000. The time will undoubtedly 
come, however, when our supremacy will be seri- 
ously challenged by Continental makers, and signs 
are not wanting that this effort is not far distant. 
There is a distinct revival of interest in France in 
motor-cycle manufacture, culminating in a motor- 
cycle exhibition in Paris, and other countries such 
as Germany and Italy are also developing their 
own designs. Competition has undoubtedly become 
more dangerous since Continental countries began 
to imitate our machines closely, several of the 
motor-cycles at the Paris show being indistinguish- 
able from British makes at a casual glance. It is 
true that British engines are employed in many 
cases, but this is probably only a temporary 
measure, comparable to the extensive use of French 
engines by British makers in the early days of the 
car industry. If our export trade is to continue 
to expand, it is essential that home manufacturers 
should leave no stone unturned to improve design 
and manufacturing methods with a view to lowering 
the price to the public, and it is satisfactory to 
note from an examination of the exhibits at the 
Show, that the majority of makers are fully alive 
to these facts. The general tendency to price 
reduction is most marked in the cheaper models. 
Several small machines are priced below 301., the 
equipment including either a two- or three-speed 
year box, internal-expanding brakes, and electric 
lighting, the latter being usually obtained from 
a magneto of the flywheel type. The majority of 
these small machines are fitted with one or other 
of the proprietary two-stroke engines with a capacity 
varying between 150 ¢.c. and 200 c.c., but in one 
case an overhead-valve engine, forming a unit 
construction with the gear box, is fitted. 

On the whole, the improvements in evidence on 
the machines exhibited represent careful attention 


tion. The problem of cooling the rear cylinders of 
a straight-four, the type generally favoured, is also 
by no means easy of solution. One maker has gone 
the length of fitting a four-cylinder water-cooled 
engine, which appears quite out of place on a motor- 
cycle. The employment of spring frames hardly 
comes within the same category, as they are 
obviously desirable on theoretical grounds. Here 
again, however, past experience has by no means 
always been happy, and it remains to be seen whether 
makers who are again adopting this practice have 
succeeded in overcoming the inherent difficulties of 
the arrangement, of which the most important is the 
reduction in stability. 

As regards detail improvements, the most notice- 
able advances are in frame design. It can hardly 
be argued that the employment of tubes of circular 
section for the frame, which has been the general prac- 
tice of the industry since its inception, is ideal from 
a structural point of view, but the advantages are so 
obvious that great ingenuity has been expended in 
efforts to increase lateral rigidity, improve triangu- 
lation, and to arrange the members in such a way 
as to leave the various working units readily acces- 
sible. The pressed-steel frame, which, like the 
majority of other so-called innovations, is almost 
as old as the industry itself, appears to be definitely 
a sounder proposition from an engineering stand- 
point. It has been taken up by several Continental 
makers, and is also making headway in England. 
At present, its employment is practically confined to 
the smaller manufacturers, but should it be standard- 
ised by one of the large firms, it would probably 
rapidly become popular. Unless the design is very 
carefully carried out, the assembled machine is apt 
to look very clumsy, but as a matter of fact, one of 
the neatest machines at the show embodies a pressed- 
steel frame. What is perhaps more remarkable, 
this machine is also one of the cheapest, and is the 
product of a maker of repute. The two side press- 
ings are in one piece, evidently bent round to form 
the seating for the steering head after stamping. 
Wide openings are punched out of the sides to give 
access to the various components, and the whole 
frame is stiffened by welded-in head plates and cross- 
members. Some of the other firms employing pressed 
frames have not been so happy in their layout, the 
front forks, in particular, having a decidedly gauche 
appearance. Other minor improvements hardly call 
for comment. The practice of forming the engine 
and gear-box in one unit is on the increase, and more 
attention is now being given to the incorporation of 
such items as the instruments. The speedometer, in 
particular, is now frequently let in flush with the 
top of the tank, and is driven from the gear-box 
instead of one of the axles. There is one point to 
which attention may fittingly be drawn in conclu- 
sion. It is a very general practice to quote many of 
these fittings, and more particularly the lighting 
units, as extras, so that the prices marked on the 
machines seldom represent the real cost to the pur- 
chaser. The Exhibition authorities might well in- 
sist that the “ all-on ” price should be given without 
exception, and thus come into line with the car 
industry. We will leave unexpressed the views of 
the purchaser of a car who was asked to pay extra 
for his head lamps. 
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annual dinner of the London Iron and Steel Exchange, 
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to detail rather than attempts to evolve new types, 
but it is somewhat surprising to find an increase in | 
four-cylinder models, and a renewed tendency to | 
coquct with the spring frame. 
four evlinder motor-cycle presents more than one 


unhappy chapter, and although the advance in | 


automobile engineering in the last few years should 
ensure the avoidance of early mistakes, it appears 


somewhat open to question whether there can | 
of this | 


type. No difficulty is involved in obtaining ample | 


ever be a wide demand for machines 
Power from a two-cylinder engine, and that torque 
irregularity, which led to the supersession of two 
cylinder engines on cars, is not so important in the 
fa motor-cycle, is shown by the continued 
Popularity of single-cylinder models. The reduc- 
tion in the cylinder bore, associated with a larger 
number of cylinders, increases the difficulty of main- 


taining the pistons and valves in a gas-tight condi- 


Case 


The history of the | 


will be held at the Hotel Metropole, Northumberland- 
avenue, London, W.C.2, on the evening of November 27 
next. 


| Prrsonat.—Arrangements have, we understand, been 
arrived at between the Hevi-Duty Electric Company 
| of Milwaukee, Wisconsin, U.S.A, the Robert T. Pollock 
|Company of New York, and Messrs. Wild-Barfield 
| Electric Furnaces, Limited, North-road, Holloway, 
London, N.7, whereby the Hevi-Duty Electric Company 
acquire the sole manufacturing and selling rights of 
the Wild-Barfield electric furnaces in the United States 
of America and Canada.—Owing to the large increase 
in the production of their marine engines, Messrs. 
J. W. Brooke and Company, Limited, Adrian Works, 
Lowestoft, have ceased to manufacture standardised 
electric generating and pumping sets, fitted with petrol 
and paraffin engines, and are concentrating on commer- 
cial engines only suitable for proprietary made sets in a 
range of types from 3 h.p. to 65 h.p.—On and after 
Monday, November 12, the address of the head office of 
| the Mond Nickel Company, Limited, will be Imperial 
Chemical House, Millbank, London, S.W.1. 

















THE LATE SIR ALEXANDER B. W. 
KENNEDY. 


Every institution, every organisation, every 
newspaper, which has attained to a respectable 
age, has connections and memories linking it to 
what are now far gone years. Time and again a 
link, possibly a last link, with one or other of these 
memories, is broken, and from then the early years 
and early things seem dimmer in the past and to be 
less a part of the activities of to-day. Such events 
are of the order of being and must come with the 
passing of the years, but they carry with them a sense 
of severance which perhaps the breaking of more 
recent ties does not altogether share. In the year 
1873 the late Dr. Maw, or, at that date, Mr. Maw, 
asked a Mr. A. B. W. Kennedy to go to Vienna to 
assist in describing for our columns the engineering 
exhibits at the Vienna Universal Exhibition. The 
request was complied with, and from May to Decem- 
ber of that year, in our fifteenth and sixteen volumes, 
there will be found an extensive series of articles 
dealing with the event. The whole of that matter 
was not contributed by Mr. Kennedy, but he was 
largely concerned in it. This distant memory is an 
important one in the history of ENGINEERING. 
These articles in its columns, written in the main by 
Mr. Kennedy, Mr. Maw himself, and Mr. Dredge, 
constituted, at that time, a departure and a develop- 
ment in technical journalism passing far ahead of 
anything which had previously been attempted. 
The matter would now be taken more in the day’s 
work, but even by present standards, the articles 
form a remarkable account of a foreign engineering 
exhibition. In the following year they were 
reprinted in, and form a large part of, the Official 
Blue Book report of the British Royal Commission, 
which represented the British and Colonial ex- 
hibitors. 

These memories are revived and accentuated by 
the death of Sir Alexander Kennedy on Thursday 
of last week, at the age of 81. At the time of which 
we have written, Mr. Kennedy was twenty-six years 
of age and carrying on a consulting engineering 
practice in Edinburgh and Glasgow, in partnership 
with Mr. H. O. Bennet. This practice he started 
on January 1, 1871, having during the greater part 
of the previous year been chief draughtsman with 
Messrs. T. M. Tennant and Company, of Leith, 
working under Mr. Wilson Hartnell. For some 
two years before this he was a leading draughtsman 
in the engine department of Messrs. Palmers Ship- 
building and Iron Company of Jarrow-on-Tyne. 
Mr. Kennedy was a Londoner by birth and training, 
but with a strong northern connection, his mother 
being a sister of the well-known Professor Blackie, 
of Edinburgh. He was the eldest son of the Rev. 
John Kennedy, D.D., and was born at Stepney, on 
March 17, 1847, receiving the names of Alexander 
Blackie William. He became a City of London 
School boy and received the latter part of his educa- 
tion at the School of Mines, which in those days, 
was situated in Jermyn-street. Leaving the School 
of Mines, he served an apprenticeship of 43 years 
with Messrs. J. and W. Dudgeon, shipbuilders and 
marine engineers, of Millwall, from where he went 
direct to Messrs. Palmers. 

Mr. Kennedy’s training, which was on broad 
practical lines, no doubt helped in forming his 
very sound ideas on engineering education which 
he later put into practice so brilliantly. It will 
be seen that his apprenticeship and early work 
were concerned entirely with mechanical engineering, 
while in the consulting practice to which we have 
referred, he was, in his own words, “occupied in 
designing engines, boilers and machinery of all 
kinds and carrying out tests of engines.” It was 
also to describe steam engines, boilers and other 
machinery that Mr. Kennedy went to Vienna for 
ENGINEERING. With this early occupation with 
mechanical matters, it is perhaps curious that in 
material things, outside the educational sphere, 
the actual works which stand as his are in the 
sphere of what would normally be described as 
civil engineering, apart from his power station 
work, which, presumably, the electrical profession 
would claim. His career, however, illustrates but 
once again the advantage of a mechanical training 
as a basis and background. 
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The year after Mr. Kennedy worked for 
ENGINEERING in Vienna in 1874, he was appointed 
Professor of Engineering at University College, 
London, being at that time but twenty-seven years 
old. He held the post for fifteen years, retiring in 
1889, when the demands of the large consulting 
practice he had built up proved to require his 
whole time. This severance from University 
College practically coincided with a severance 
from ENGINEERING. From the time of the Vienna 
Exhibition articles, Mr. Kennedy was a regular 
contributor to our columns, but the exigencies 
of the consulting practice which left no*¥time for 
teaching also proved to 
leave no time for journal- 
istic work, and he ceased 
to contribute to our 
columns in about the 
year 1887. 

The life of Professor 
Kennedy, as he from this 
period may be called, 
contained much activity 
and much achievement in 
material things, but it is 
possible that it is by the 
educational work he car- 
ried out at University 
College from 1874 till 
1889, that he will be best 
remembered. He inaugu- 
rated there a regime and 
established a tradition, 
the effects of which were 
felt by students who went 
to the college many years 
after he had retired. The 
personal work of a pro- 
fessor and his relations 
with his pupils may, in 
the course of years, ex- 
tend over a wide field 
and bear abundant fruit, 
but none the less they 
are directly experienced 
by a comparatively small 
number of men. In esta- 
blishing an engineering 
laboratory at University 
College, however, Profes- 
sor Kennedy did a piece 
of work which in_ its 
ramifications influenced 
directly many thousands 
of engineering students. 
It is somewhat difficult 
to realise nowadays that 
when Professor Kennedy 
went to University Col- 
lege in 1874 there was 
not only no engineering 
laboratory there, but that 
there was no such estab- 
lishment for educational 
purposes anywhere else. 
It is perhaps stil! more 
difficult to realise that 
Professor Kennedy had 
not only to conceive the 
idea of an engineering 
laboratory, but, so novel 
was the suggestion, had 
to invent the name for it 
also. On October 5, 1875, the year after he took up 
his appointment, he de'ivered an Introductory Lec- 
ture to the Faculties of Arts and Laws and of Science 
at University College, taking for his subject ‘‘ The 
Place of Colleges in Engineering Training.” In 
that lecture he sketched a course of training for 
young engineers, the details of which are little 
likely to be quarrelled with even to-day. His 
scheme involved an engineering laboratory, and the 
idea put forward was then so unique that he found 
it necessary to refer to it as ‘‘a kind of engineering 
laboratory, if I may use the expression.” That the 
name has long ago permanently passed into the 
language one need hardly remark. 

This scheme for an engineering laboratory was 
very favourably received by many of the leading 
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engineers of the country, and was supported by 
the Presidents of the Institutions of Civil and 
Mechanical Engineers; this weight of professional 
opinion, backed by Professor Kennedy’s energy, 
was sufficient to enable the scheme to be carried 
out in the course of the next few years, and the 
laboratory was inaugurated in 1878. The reactions 
from its introduction has been such that to-day it 
is almost as impossible to think of an engineering 
college without an engineering laboratory, as without 
an engineering professor. The nature of the 
laboratory which Professor Kennedy was able to 
build up at University College, is fully described 
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in the paper on “The Use and Equipment of 
Engineering Laboratories,” which he read before 
the Institution of Civil Engineers on December 16, 
1886, and for which he was awarded the Telford 
Medal. It is interesting to note that in the dis- 
cussion following the reading of this paper Professor 
Osborne Reynolds referred to Professor Kennedy’s 
introduction of the name “‘ engineering laboratory.” 
He said that from 1872, or 1873, he had been 
endeavouring to induce the authorities of Owens 
College to increase the facilities of illustration, 
and work for the engineering students. He had 
had no success until Professor Kennedy set an 
example by establishing his laboratory, and believed 
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great shyness about establishing a workshop, but 
as soon as a laboratory was talked of, all opposition 
disappeared. The idea of an engineering laboratory 
was evidently in the air at the time Professor 
Kennedy established his, but to him belongs the 
honour of making the first practical start in the 
matter. Professor Watkinson, in presentiny 
Professor Kennedy for the Degree of Doctor of 
Engineering of the University of Liverpool many 
years later, in 1913, said that by founding the 
first laboratory for experimental work on an 
engineering scale, Professor Kennedy did for 
engineering education what Lord Kelvin had 
previously done for 
physics. 

During the period from 
1874 to 1889, which Pro- 
fessor Kennedy spent at 
University College, his 
activities extended far 
beyond those of the pro- 
fessional chair, which he 
held so brilliantly. In 
1879 he became a mem- 
ber of both the Institu- 
tions of Civil and Me- 
chanical Engineers, and 
played a_ considerable 
part in the activities of 
both bodies. He carried 
out an extensive series 
of experiments on the 
strength of riveted joints 
for the Committee of the 
Institution of Mechanical 
Engineers which was in- 
vestigating the matter. 
The results of this work 
were presented to the 
Institution by him in a 
series of reports in the 
years 188], 1882, 1885 
and 1888. He also did 
similar investigation work 
in conjunction with Dr. 
Hopkinson and Mr. Beau- 
champ Tower for the 
“Trials of Motors for 
Electric Lighting ” of the 
Society of Arts in 1887. 
These ‘“ motors” were 
small gas and steam en- 
gines. The judge’s report 
appears in the Journal of 
the Society of Arts for 
February 15, 1889, and 
a paper dealing with the 
trials, which was read by 
Professor Kennedy before 
the Society, appears in 
the journal for March 22 
of the same year. It is 
a reasonable speculation 
that his work on these 
trials aroused Professor 
Kennedy’s interest in the 
question of electric light- 
ing, certain it is that, 
within a few years, the 
whole of his activities 
were devoted to that 
subject. 

Other work outside his 
strictly professional duties which Professor Kennedy 
carried out at this time was in connection with 
the Research Committee on Marine-Engine Trials 
of the Institution of Mechanical Engineers, of 
which he was chairman. Reports of the work 
of this committee written by him appear in the 
Proceedings of the Institution in 1889, 1890, 1891 
and 1892. The methods of making marine trials 
recommended by this committee were not at first 
favourably received by marine people, but their 
essential soundness has long been recognised. 
Professor Kennedy’s early marine experience would 1 
certainly ensure that any of his recommendations 
would be of an entirely practical nature. 





that the term “laboratory” had as much as any- 
thing contributed to his success. There was 


In addition to work of this kind, Professor Kennedy 
‘carried on his consulting practice during the peri vcd 
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we are dealing with, some of his more striking work 
being of a structural nature. He designed the 
steel arch pier at Trouville and the steel and concrete 
structure of the Alhambra Theatre. This latter 
piece of work was a considerable development for its 
time. The old Alhambra Theatre was destroyed 
by fire in December, 1882, and in the new structure 
an absolute fireproof form of construction was 
required. Professor Kennedy utilised a_ steel 
frame structure with cast-iron columns. The 
particular point of novelty consisted in filling in the 
panels with concrete slabs made in situ. It was 
claimed that this was the first time that flat concrete 
slabs were used on a large scale under load. 
Professor Kennedy carried out a large number of 
experiments on concrete beams in his Engineering 
Laboratory at University College in connection with 
this work. A full description of the engineering 
features of the building will be found in our issue of 
June 20, 1884. The steel work for the Hotel Cecil 
was also designed by Professor Kennedy during this 
period. 

As we have already said, Professor Kennedy while 
at University College also contributed extensively to 
our columns. He did other literary work in the 
same period, publishing in 1876 a translation of 
teuleaux’s Kinematik under the title The Kinematics 
of Machinery. He took great interest in the 
treatment of mechanics elaborated in this volume, 
but the method is, we think, not utilised to any 
great extent to-day. This volume was followed up 
in 1886 by Professor Kennedy’s own work, The 
Mechanics of Machinery. It was towards the end 
of this period, in 1887, that he was elected a Fellow 
of the Royal Society for his work on elasticity and 
the strength of materials carried out in his University 
College Laboratory. As early as 1878 he had been 
made a Member of Council of the Physical Society 
of London. 

The resignation of his professorship in 1889 
introduced an entirely new phase into Professor 
Kennedy’s activities. Up till that time he had 
been a mechanical engineer, and the consulting 
practice he had built up was concerned entirely with 
mechanical, or possibly civil, engineering work. 
From 1889 or 1890, however, he turned over to 
electrical work, and in a few years built up one of 
the largest consulting electrical practices in this 
country. This practice claimed the main part of 
his activities until his death. It is not likely that 
any sudden similar conversion of a mechanical into 
an electrical consulting practice would be seen 
nowadays, but at the time Professor Kennedy inter- 
ested himself in electrical work matters were in an 
early stage of development, and no great amount of 
experience in power-station lay-out and operation 
was available in any quarter. Further, then as 
now, the amount of mechanical engineering in a 
power station at least equalled the amount of 
electrical engineering, while it is probable that in 
those early days a little mechanical experience 
applied to purely electrical matters did not come 
amiss. It cannot be said that from this period 
Professor Kennedy deliberately turned over to 
electrical work as his future career. There may 
have been something fortuitous in the matter, but 
it is likely that his sound judgment would enable 
him to foresee something of the remarkable future 
before this branch of engineering. A small piece of 
evidence is afforded by the fact that he became a 
member of the Institution of Electrical Engineers 
in 1890, although he never took the prominent part 
in that Institution which he did in the Civils and 
Mechanicals. 

The first important electrical work with which 
he was connected was for the Westminster Electric 
Supply Corporation, for which he planned the whole 
System and works, and remained the chief engineer 
throughout the remainder of his career. He gave 
an interesting and amusing account of the early 
experiences of this company at the Commemoration 
Meetings of the Institution of Electrical Engineers, 
in 1922. In his own words the “ undertaking started 
at a small shanty in Dacre street and another in 
Chapel-street, with some “‘ GG” engines in the Stone- 
yard of the Houses of Parliament, which were used 
specially to supply the Houses of Parliament.” He 


also planned the system, and was chief engineer 
from the start in 1899, of the Central Electrical 
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Company. Among the London companies, he 
was also engineer to the St. James’ and Pall Mall 
Electric Supply Company. The first electric 
generating stations built in many provincial towns 
were also due to him, while the total number of 
provincial stations for which he was responsible 
amounted to a remarkable figure, and no purpose 
would be served by attempting to give a complete 
list of them. They included stations at Edinburgh, 
Glasgow, Manchester, Belfast, Croydon, West 
Hartlepool, York, Rotterdam and many others. 

Any account of the other electrical appointments 
he held, or of the electrical work for which he was 
responsible, could be little more than a catalogue. 
It should be mentioned, however, that he was con- 
sultant to the London County Council in connection 
with the electrical working of their tramway 
system, and was largely responsible for the adoption 
of the present conduit working. The details which 
he designed for the trough, and the supports of the 
underground conductors, were adversely criticised 
at the time, but have proved entirely successful in 
practice. Professor Kennedy was also joint engi- 
neer for the Waterloo and City tube railway, and 
designed the whole of its electrical features. He was 
also consulting electrical engineer to the Great 
Western Railway, and prepared the plans for the 
electrification which that company has carried 
out in the West of London. In later years he 
was connected in one way or another with practically 
all important electric supply movements in London. 
He was consulted by the Southern Railway in 
connection with the electrification of their South 
Eastern Section, and was throughout closely 
concerned with the protracted negotiations which 
led up to the formation of the London and Home 
Counties Joint Electricity Authority and the London 
Power Company. 

It is difficult in a review of such an active and 
varied career to maintain a proper chronological 
arrangement, if a complete sketch of any particular 
sphere of work is to be given. In dealing with 
Professor Kennedy’s electrical practice and _ its 
development, we have carried our account down 
to the present day, but spread over the years with 
which we have been dealing were many activities 
and interests which should be recorded. In the 
early years of his electrical practice, in 1894, he 
became president of the Institution of Mechanical 
Engineers, and it is curious to remember that he 
devoted his presidential address entirely to a 
discussion of electric power generation and trans- 
mission. It is probable, however, that at that 
date a well-balanced consideration of electrical 
generation was of much value to an Institution 
many of whose members, in the years between then 
and now, must have found their mechanical work 
to be largely in electric power stations. In the 
same year he was president of Section G of the 
British Association at its Oxford meeting, and in 
his address on that occasion returned to his educa- 
tional interests, dealing with ‘‘ The Critical Side of 
Mechanical Training,” speaking of the necessity 
for all young engineers to develop a critical faculty 
and the power of choosing one from several ways 
of solving an engineering problem. 

In the next twelve years Professor Kennedy’s 
remarkable series of addresses and papers was 
added to by two important communications to 
the Institution of Civil Engineers. These were 
his James Forrest Lecture delivered in 1896 and 
his Presidential Address in 1906. In the former 
he revived his old interest in laboratory work, 
and spoke of “ Physical Experiment in Relation 
to Engineering,” while in the latter he spoke of 
the relation of the engineer to various aspects 
of modern life. In some of the facets of this address 
could be seen reflections of one or other of his 
many interests outside his profession. Speaking 
of engineering in relation to Nature, he referred 
to the desecration of beautiful places by ugly or 
unnecessary works. Particularly was he severe 
about what had been done in Switzerland in and 
around his beloved Alps. He saw no purpose in 
many of the mountain lines such as those from 
Grindenwald over the Scheidegg, from Visp to 
Zermatt, and to the Gorner Grat, and the host 
of ‘‘ miserable funiculars,” other than for “ carting 
trippers by the thousand,” without trouble, to 











places to which they “would not otherwise go 
and from which they never would be missed.’’ 
It is very clear that in this, perhaps a little 
immoderate diatribe, the true Alpinist spoke. He 
was an old member of the Alpine Club, and the 
Alps were one of the passions of his life. What 
was, we believe, his first publication on a non- 
engineering subject was his Moore’s Alps in 1864, 
which he edited in 1902. 

We have continued for convenience to speak of 
‘Professor Kennedy,” but actually when he 
became President of the Institution of Civil 
Engineers he was Sir Alexander Kennedy, having 
been knighted in 1905. His status in the engineering 
world by this time was such that he was continually 
called upon to take part in investigations and to 
sit on committees. In 1900, he was a member of 
the Belville Boiler Committee appointed by Lord 
Goschen, and later was appointed President of 
the Machinery Designs Committee of the Admiralty. 
The body remained in existence until the designs 
for the Dreadnought were settled. In 1909, he 
was an associate member of the Ordnance Com- 
mittee, and, in 1913, wasa member of Lord Parker’s 
Committee on Wireless Telegraphy. During the 
war his great experience and abilities were not 
overlooked. He was on the panel of the Munitions 
Inventions Department, was Chairman of the 
Committee on Gunsights and Range Finders, and 
Vice-Chairman of the Committees on Ordnance and 
Ammunition and Anti-Aircraft Equipment. The 
termination of the war brought another of his 
life interests prominently before his fellow 
engineers and the general public. He had long 
been an enthusiastic and competent photographer, ° 
and, deeply moved by the devastation and 
destruction on the Western Front, he gave a 
series of lectures at the Institution of Civil 
Engineers, illustrated by his own excellent photo- 
graphs, which brought home the condition of 
affairs to those who had had no opportunity of 
seeing them for themselves. These lectures and 
photographs form the basis of his book, Ypres to 
Verdun, published in 1921. 

With mounting years it might have been expected 
that some slackening would be seen in Sir Alexander 
Kennedy’s activities, but such was his vigour and 
so wide and keen were his interests that as recently 
as some seven years ago he undertook a journey to 
the ruins of Petra, in Trans-Jordania, to undertake 
an exploration. The expedition was a remarkable 
one for a man of 75 years of age, but it was entirely 
successful, the photographs which Sir Alexander 
took and which are reproduced in his book, Petra : 
its History and Monuments, published in 1925, 
being far superior to anything before produced. 
The book is the most complete work on its subject. 

It is difficult in a moderate space to do justice 
to the range of Sir Alexander Kennedy’s activities 
and interests, both of which remained so vigorous 
throughout his long life. We have mentioned a 
very large number both in the professional sphere 
and in the sphere of private interest, but the list is 
not complete. We cannot make it so, but should 
mention that quite recently he was Chairman of the 
Electric Railway Advisory Committee under the 
Ministry of Transport, while in the other connection 
something should be said about his musical interests. 
He was both enthusiastic and discriminating in 
musical matters, and was closely associated with 
many movements concerning them. He was from 
1902 one of the Guarantee Committee which brought 
Joachim and his quartet to London, and retained 
his interests in musical matters to the end, giving 
excellent private concerts in his rooms in the 
Albany in recent years. 

In the introductory lecture which Professor 
Kennedy delivered at University College in 1875, 
and to which we have already referred, he said, 
speaking to the students and telling the qualifications 
demanded for the best sort of success, “‘ Perse- 
verance and determination, capacity for dealing 
with men as well as metals, energy and decision, 
perhaps above all unlimited capacity for work, are 
required.”” Our short record of his life will show 
that he did not give advice that he did not follow 
for himself. Above everything, apart always from 
energy, which is the motive power, it is possible 
that Sir Alexander Kennedy’s success lay in his 
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capacity to comprehend and use all experience 
which came his way. In his introductory lecture 
he quoted Goethe’s phrase, Was man nicht versteht, 
besitaty man nicht—What is not understood is not 
possessed. In this sense Sir Alexander certainly 
“possessed” his great experience. He “ under- 
stood ” it and could always use its fruits and its 
lessons on new problems. 








THE CHANGE OF STATE FROM 
LIQUID TO VAPOUR. 

On Tuesday, October 30, Professor H. L. Callen- 
dar, F.R.S. delivered, at the Royal Institution, 
Albemarle-street, the first of a course of three 
lectures dealing with the above subject. 

As the result, he said, of very many experiments, 
he had been led to question the theory of the con- 
tinuity of the gaseous and liquid phases which had 
been first formulated over 50 years ago. The primary 
object of all research was to discover laws and to 
represent these by equations which must be simple, 
rational, and consistent with thermodynamic prin- 
ciples. The limits within which such equations held 
good must also be definitely determined. 

The simplest of all “ characteristic’ equations 
was the familiar gas equation PV = RT. With T 
eonstant, we got Boyle’s law. This equation con- 
tained no explicit reference to the heat content of 
the gas, but the laws of thermodynamics showed 
that, for it to hold good for any body, the 
difference of the specific heats at constant pressure 
and at constant volume must be constant and 
equal to R. This result might be written as 
S, — S, = R. It was also necessary that both 
S, and §, were independent of the pressure, 
but they might vary with the temperature. For 
example, the gas equation represented very well 
the behaviour of hydrogen between the absolute 
centigrade temperatures of 50 deg. and 300 deg., 
but the specific heats of this gas varied considerably 
within the same limits of temperature, increasing, 
in fact, by some 60 per cent. as the temperature 
rose from the lower to the higher limit. In the case 
of air, however, the specific heats remained nearly 
constant over a wide range of temperature, although 
near the liquefaction point the gas law ceased to be 
satisfied. With constant specific heats, we got the 
familiar equation for an adiabatic expansion, viz., 


PV’ = constant. This simple law was discovered 
by Laplace about 50 years before the foundation of 
the science of thermodynamics. It only held good 


if the ratio e were constant, and failed, there- 


v 
fore, in the case of hydrogen at low temperatures, 
though it remained nearly true for air. The adia- 
batic equation could also be expressed in the forms 


y- 
= constant, or T V = constant. 


"ie 
If the specific heat were constant, we got the 
following very simple expressions for the total heat 
and internal energy of the gas, viz :— 
H-B= 7’ 
y-—1 
E—- B= oo = 85 7. 
In each case, of course, the energies must be reckoned 
from the appropriate zero. 

These equations applied satisfactorily to the more 
stable vapours at low pressures, but failed if the 
pressure were raised to a point at which condensa- 
tion occurred. 

This pressure was known as the saturation pres- 
sure, and was a perfectly definite function of the 
temperature. Dalton was the first to make accurate 
measurements of saturation pressures, but he worked 
only over a small range cf temperature and failed to 
find a satisfactory formula. Cagniard de la Tour, 
in 1822, carried the matter farther and worked up 
to quite high pressures. He thus discovered the fact 
that, in each case, there was a limit of temperature, 
on reaching which the vapour and liquid mixed in 
all proportions, with no distinguishable boundary 
between the two. Faraday, during the years 1822-24, 
liquefied chlorine and other gases, and expressed the 
view that, at a sufficiently low temperature, the 
“permanent” gases could also be liquefied. 

Whilst there was no doubt that the saturation 


= Sp T 








pressure was a definite function of the temperature, 
it had been found very difficult to represent this 
satisfactorily by an equation. Some of the forms 
proposed were tabulated below :— 


log p = A + BT... Dalton, 1800. 
log p = C (A + BT) Young, 1820. 





AT 
log p = BuCT ; Roche, 1830. 
logp=A+Bbt+ Ce... Biot, 1844. 
logp=A+B log T+ 
C log (T + C)... ... Bertrand, 1887. 
nine 4 
log p = A — “ =- a oe Thiessen, 1900. 


log p = A — = —ClogT—DT 


+ET? + FT+GTtT* Goodenough, 1915. 





C. This expression, however, in the case of steam, 
only gave satisfactory results between 0 deg. C. and 
50 deg. C. 

The suggestion of a continuity between the liquid 
and vapour phases was formulated by Andrews in 
1869, as the result of experiments on CO, in which 
the pressure and volume of this compound were 
measured over a wide range of temperatures. His 
results are shown in Fig. 1. Starting with CO, 
in the form of gas, at, say, a temperature of 13-| 


| deg. C., the pressure was increased until condensation 


occurred. With a further diminution of the volume 
occupied, more and more of the gas condensed, and 
during this process the pressure remained nearly 
constant as shown. The slight slope was due to 


The great variety of the formulx was in part due | the fact that his gas contained about one part in 


to the fact that the experimental results were not 
very accurate. The Biot equation was of interest, 


Fig.1. 
B:ISOTHERMALS OF CO. A: JAMES THOMSON 
(ANDREWS ) ISOTHERMAL 
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1,000 of air. Finally, when the whole mass was 
condensed, a further diminution of the volume led 
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as it was adopted by Regnault to express the results 
of his experiments on steam. In spite of the fact 
that the formula contained five empirical con- 
stants, Regnault found it necessary to use different 
equations for the range between 0 and 100 deg. and 
between 100 deg. and 220 deg. 

In Goodenough’s equation the three initial terms 
had a rational basis, but the four succeeding terms 
were purely empirical. 

Sadi Carnot had noticed that his theorem fixing 
the limiting efficiency of heat engines, gave a 
rational basis for the calculation of saturation pres- 
sures. The matter was carried farther 10 years later 
by Clapeyron, whose formula was now expressed as 

L dp 

pV —%) ge 
where L represented the latent heat at absolute tem- 
perature T, p was the saturation pressure, and 
V and v the respective specific volumes of the liquid 
and vapour at the stated temperature. 

Rankine saw that a formula for p could be obtained 
by integrating the above expression. To do this, 
he assumed that L was a linear function of the tem- 
perature, and that V was given by the gas equa- 
tion. He also assumed that the specific heat of the 
liquid was constant. He thus got, in 1866, the 
formula 


log p = A — 2 — C log T, 
where 
L 
3 a U ML 4 
E R and C R 


Here S, denoted the specific heat of water at 0 deg. 
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to a very great increase in the pressure. Experi- 
menting at different temperatures, Andrews found 
that, as the temperature rose, the liquid and gas 
volumes became more and more nearly equal, and 
finally coincided at the temperature of 31-1 deg. C. 
The * border” curve thus obtained was represented 
by the dotted line in Fig. 1. Every point within 
this boundary corresponded to a mixture of gas and 
liquid, whilst, at all points outside it, but a single 
phase was present, and, as Andrews pointed out, 
by experimenting at such pressures and tempera- 
ture that the border curve was not crossed ; it was 
possible to pass from the gaseous to the liquid state 
without loss of homogeneity at any stage of the 
process, or, in other words, there was at no point 
a separation of the mass into liquid and vapour. 
This conclusion was considered very striking at the 
time. 

James Thomson was next led to suggest that this 
continuous process might be conceived as possible 
even below the critical point. It was, in fact, 
already known that, by putting water under tension, 
it could be prevented from evaporating in con- 
ditions at which part of it would normally pass 
into vapour, and he suggested, therefore, that 
the two branches of the isothermal outside of the 
boundary curve might be joined by a sinuous line 
as indicated in Fig. 2. The phase corresponding 
to the intermediate section of this line would, 
he pointed out, be unstable, since it represented 
the volume as increasing with increasing pressure. 
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That the supersaturation, represented by the 
sinuous line near the boundary curve on the right 
should occur had been predicted twelve months 
before by Lord Kelvin, and the existence of this was 
soon definitely demonstrated by Aitken’s experi- 
ments on dust-free air, which showed that water 
yapour could be cooled below the dew point without 
condensation. 

The most famous contribution to the theory 
of the continuity of the liquid and vapour phases 
was due to van der Waals in 1873. He assumed 
that the cohesion of a liquid was due to an internal 
pressure which varied as the square of the density, 
and he suggested that, if this persisted in the gaseous 
state, it would account for the condensation of 
vapours, and for the deviation of gases from Boyle’s 
law. He assumed, therefore, that the molecules of a 
vapour were identical with those of its liquid, 
so that the same cohesive force would apply to 
both. This assumption of molecular identity was 
going beyond Andrews, whose results could be 
interpreted equally well on the hypothesis that, in 
vapours, some of the molecules co-aggregated. 

In 1854, Rankine, using Regnault’s results, had 
framed a characteristic equation for CO, which 
might be put in the form 

RT A 
~—. oe 

This was simply the ordinary gas equation with 
a small corrective term added, more or less analogous 


A used by van der Waal’s to represent his 


v2 
internal pressure. It differed, however, in that it 


varied with the temperature. 
Rankine’s expression could also be written as 


¥ 


to the 


(vy + 4F = RT (PY), 


so that if, at constant temperature, P V were plotted 
against P we should get a parabola. 

If the gas equation were similarly plotted, we 
should have a straight line, so that Rankine’s 
parabola served to represent the deviation of a 
vapour from Boyle’s law. 

Jouleand Thomson found that Rankine’s expression 
represented, both qualitatively and quantitatively, 
the behaviour of CO., but found it inconvenient in 
use. They therefore transformed it to the form 


RT A 
t=) “se 
Here again the second term on the right might be 
regarded as due to molecular co-aggregation. If, 
however, the isothermal relation between PV and 
P were plotted from this expression, we got straight 
lines in place of Rankine’s parabola. 

Amagat had experimentally determined the 
actual relationship, and his results were shown in 
Fig. 3. In the neighbourhood of the critical point 
it would be seen that the curves presented some 
parabolic features, but to the left of the dotted line 
approximated to straight lines, so that for this region 
the Joule-Thomson form was the more reliable. 

A defect of Rankine’s expression was that, at 
high pressures, it led to imaginary values for the 
specific volume; but the Joule-Thomson equation 
was free from this fault. 

What was now known as the co-volume was omit- 
ted by Rankine, and this defect was remedied by 
van der Waals, who replaced Rankine’s V by V — 6, 
where 6 represented the aggregate volume of the 
molecules of the gas. He thus obtained his famous 
equation 

ee 
In this case, V never became zero, however great 
the pressure. He omitted T from his correcting 
term, and this proved to be a mistake. 

A cubic equation had always one real root and 
might have three. In the latter case, the smaller 
root was held to represent the specific volume of the 
liquid, and the largest the volume of the vapour, 
whilst the intermediate root represented some point 
on the unstable part of the James Thomson iso- 
thermal, The three roots became equal at the 
critical point, at which also the tangent to the 
border curve became horizontal. 

Actual isothermals, as determined from van der 
Waals’ equation for CO,, were plotted in Fig. 4. 
These represented marvellously well the general 








character of Andrews’ results, and it was not 
wonderful that bis paper took the scientific world 
by storm. In fact, qualitatively considered, the 
equation was extraordinarily perfect, but quantita- 
tively it was not so good, as could be seen on com- 
paring the dotted curves in Fig. 4, of which the outer 
represented the border curve as experimentally 
fixed and the inner that deduced from the equation 
of van der Waals. It would be seen that the actual 
volume of the liquid was only about one-half of that 
calculated, and the increase of pressure between 
10 deg. and 30 deg. was actually nearly twice the 
calculated value. There was also no close coinci- 
dence at the critical point, although, by suitably 
choosing 6, the calculated critical temperature had 
been made nearly right. 

It was, however, very difficult to make accurate 
experiments in this region. : 

Van der Waals’ paper contained no hint as t 
how the horizontal portions of the isothermal inside 
the border curve were to be drawn. In 1873, 
however, Maxwell pointed out that, by Carnot’s 
principle, the external work done in evaporating 
a liquid at constant temperature must be the same 
whether the change of state were effected along the 
James Thomson isothermal in a continuous process 
or whether it took place in the usual way, with 
the two distinct phases both present during the 
operation. Moreover, he also pointed out that the 
latent heat of evaporation must also be the same in 
both cases. It was thus possible to calculate satura- 
tion pressures from Carnot’s law. 

The external work done in evaporation was equal 
to (V — v) p, and this must be equal to J pay, 
where the relationship between p and V was given 
by the equation of van der Waals. This integration 
was easily effected, and we thus get 

7 V—b 3 

The above equation was simple, but difficult to 
apply to the calculation of the saturation pressure 
P,. This was first done by Clausius, who found it 
necessary, in the case of CO,, to modify van der 
Waal’s equation to 

A RT 
TW +o ~V—0 

The constant, b”, was introduced in order to get 
the liquid volumes right, and was selected so as to 
give the true value at 20 deg. C. This equation was 
accepted for many years as an accurate representa- 
tion of Andrew’s results. It will be seen that, in 
the correcting term, Clausius replaced the T dis- 
carded from Rankine’s formula by van der Waals. 
Actually, the equation of Clausius was reasonably 
satisfactory between 0 deg. and 30 deg. C., but 
modern work had shown that it was very erroneous 
at the low temperatures met with in refrigerating 
machinery. At — 50 deg. C., the saturation pres- 
sure given by the formula was 50 per cent. out, 
and the volume 35 per cent. wrong. These discrep- 
ancies made the formula useless for practical pur- 
poses. For long, however, these failures passed 
without notice. 

Clausius had also tried a formula of the same type 
for steam, for which he wrote 


1b 


a 


0 
VEUP V—s 

In this expression, @ denoted some function of 
the temperature chosen to fit the experimental 
results. 

At the time in question, the view appeared to be 
general that, if a formula gave the saturation 
pressure correctly, everything else fell automati- 
cally into line. From his equation, Clausius ob- 
tained 332 deg. C. as the critical temperature of 
water, and 134 atmospheres as the critical pressure. 
Both figures were much too low. Cagniard de la 
Tour had estimated the critical temperature of 
water as 362 deg. C., but his figure was discarded 
because in his experiments the water acted on the 
glass container and was thus not pure. Clausius 
chose b” so as to get the correct value for the specific 
volume of water at 20 deg. C., but the formula then 
gave twice the true value at 300 deg. C., and this 
would necessarily play havoc with the calculation 
of latent heats in this region. No one noticed the 


eer 


defect, however, partly because engineers had not 
found it necessary to consider liquid volumes in 
steam-engine work. 

Cailletet and Matthias tried to determine the 
critical temperature of water in 1891. They were, 
however, compelled to use steel containing vessels 
because, at high temperatures and pressures, water 
attacked glass. They could not, therefore, observe 
the vanishing of the meniscus, but in another way 
they estimated the critical temperature as 365 deg. C. 
and the critical pressure as 200 atmospheres. Both 
these values were much higher than those calculated 
by Clausius. 

Many other ingenious variants of the van der 
Waal equation had been proposed, all of which 
started from the assumption that when the surface 
tension of the liquid vanished so also did the latent 
heat of the vapour, and, further, that at the same 
point, the liquid and the vapour had the same 
density. Some experimentalists, however, got a 
different result, but they were overborne by the 
mathematicians, who strenuously maintained that 
the discrepancies observed were due to experimental 
errors. 

Amagat tried to verify, by precise experiments 
on CO,, the belief that when the meniscus vanished 
the specific volume of the liquid became equal to 
that of the vapour. He found himself, however, 
unable to get stable observations near the critical 
region, and was reduced therefore to obtaining the 
critical volume by an extrapolation. His observa- 
tions were plotted in Fig. 5. Similar difficulties 
were met with by Jenkin and Pye in their experi- 
ments on the latent heat of CO,, but they were 
unable to get reliable figures at temperatures higher 
than 20 deg. C. 








NOTES. 


Tue Royat Meta TRADES’ PENSION AND BENE- 
VOLENT SOCIETY. 


The main objects of The Royal Metal Trades’ 
Pension and Benevolent Society comprise the pro- 
vision of pensions, and the granting of tempor- 
ary financial assistance, and of convalescent-home 
treatment to men who have been engaged in the 
metal trades in the position of employer, manager, 
traveller, agent, clerk or salesman. The widows 
of such persons, and women who have been em- 
ployed in the metal trades in certain capacities, 
are also eligible. The amount of the pension 
granted usually varies from 20 to 50 guineas per 
annum, but.each case is dealt with strictly on its 
merits by the board of management of the society. 
The charity depends chiefly upon subscriptions and 
donations, and a number of social functions are 
held annually at which contributions to the funds 
are invited. The anniversary festival, which takes 
the form of a dinner, is one of the these functions 
and the donations made on these occasions are 
largely devoted to the pensions fund of the society. 
The eightieth anniversary festival was held at the 
Hotel Metropole, Northumberland-avenue, London, 
W.C.2, on October 26 last. The chairman, Mr. 
F. H. Crittall, who acted as deputy for his son, 
Mr. V. G. Crittall, who was to have presided, 
stated that the income of the Charity was about 
6,000/. per annum; another 2,000/. was, however, 
required to enable the board of management fully 
to meet the many calls made upon it. The only 
other speaker, Mr. A. K. Steven, chairman of the 
board of management, also appealed for greater 
support. An increase in the income at their dis- 
posal would enable them to extend their benevo- 
lence in respect of many necessitous cases which 
were brought before them. The joint appeal re- 
sulted in a total subscription, during the evening, 
of 2,010/. According to figures made available at 
the festival, the Society, since its formation in 
1483, has distributed 285,000/. to 2,272 persons ; 
the present pensioners on the books number 265, 
and the relief given during the past year exceeds 
7,0001. We were further informed that, as the 
expenses of conducting the charity were more than 
met by the dividends arising from investments, all 
contributions received were applied directly to the 
relief of aged and infirm persons connected with the 
metal trades. The head office of the Society, which 





is the only benevolent organisation of its kind 








operating throughout the whole of the United King- 
dom, is at 195, Upper Thames-street, London, E.C.1. 

FurEL-RESEARCH LABORATORIES AT OTTAWA, 

The Department of Mines of the Dominion of 
Canada is primarily a research organisation, and 
numerous geological, mineralogical, and metallur- 
gical investigations are conducted under its auspices. 
Such work as the testing of fuels, ores, and ceramic 
and road materials is carried out in the laboratories 
of the Department at Ottawa, while large-scale 
experiments and investigations are conducted in 
all parts of the Dominion. Of late years, questions 
relating to the production and utilisation of fuel 
have steadily grown in importance, and the re- 
searches undertaken on various Canadian fuels 
have increased to such an extent that the existing 
facilities have proved inadequate. A_ building 
which is to be entirely devoted to fuel-research 
questions has therefore been erected at Ottawa ; 
it is at present being equipped with apparatus for 
both large- and small-scale investigations, and will 
shortly be opened. One of the main objects in 
view is to increase the efficiency of the economic 
utilisation of the solid, liquid, and gaseous fuels 
produced in Canada. The laboratory building is 
divided into two main portions, one of which, con- 
sisting of a basement and two floors, contains the 
laboratories, offices, stores, and various staff rooms. 
The other portion of the building will house the 
machine shop and such equipment as the coal- 
washing, briquetting, grinding and sample-prepar- 
ing plants. A two-ton by-product-recovery coke 
oven is being constructed outside, at the rear of 
the building. Worked in conjunction with labora- 
tory tests, this plant will enable the coking proper- 
ties of coals and the quantity and nature of the 
by-products obtained to be studied in great detail. 
A pulverised-fuel steam-generating plant, on a 
commercial scale, will also be erected in order to 
determine the comparative values for steam-raising 
purposes of Canadian coals, when burned in powder 
form. Internally- and externally-heated retorts for 
the study of low-temperature carbonisation processes 
are to be constructed, as also are large pressure oil- 
cracking stills for the investigation of oils recovered 
in the carbonisation of coal, from oil shales, and from 
bituminous sands. 





CANADIAN RAILWAY AND Roap BripGe.—The Cana- 
dian Pacific Railway Company is proposing shortly to 
undertake the construction of a steel double-deck railway 
and road bridge, 1,840 ft. in length and about 150 ft. in 
height, spanning the Saskatchewan river at a point north 
of Nipawin. 





“THe New Coat Acr.”-—A new monthly periodical 
described as the Journal of Low-Temperature Carbonisa- 
tion and the Scientific Treatment of Coal, and entitled 
The New Coal Age, has recently made its appearance. 
It is stated, in the foreword of the first issue, that the 
periodical will record, from month to month, the progress 
made in all forms of low-temperature carbonisation and 
other similar processes. It will also deal with such 
by-products as smokeless fuel, powdered fuel, oil, motor 
spirit, fertilisers and acids, and gas. The first two 
issues contain a number of interesting articles upon the 
carbonisation and utilisation of fuels, and also deal fairly 
fully with the proceedings of the World Power Fuel Con- 
ference. The price of the journal is 6d., and the 
editorial and publishing offices are at 1, Buckingham- 
street, Strand, London, W.C.2. 

THE LAYING OF AN Or PIPELINE.--A demonstration 
film was shown last Monday, at Australia House, London, 
W.C., by the Asiatic Petroleum Company, Limited, St. 
Helens Court, Great St. Helens, London, E.C.3, of the 
laying of an oil pipeline from West Texas to Chicago, 
passing through the States of Oklahama, Missouri and 
Illinois, and feeding three of the Shell Group refineries, 
viz., those at Arkansas City, Woodriver and Chicago. 
The total length of the main line is 1,249 miles, one 
section of which, 481 miles in length, was completed in 
145 days from the commencement of construction, while 
the subsidiary lines from the various oil-fields amount to 
857 miles. The work wa; simplified by the fact that the 
joints were welded instead of screwed, thus allowing a 
softer steel to be employed and permitting less careful 
handling. The first 907 miles of the main line were 10 in. 
in diameter and the remainder 8 in, Thirty-one pumping 
stations, equipped with Diesel engines, were found neces- 
sary to pass the crude oil through the full length of the 
main pipe, the delivery pressure from the stations being 
about 1,000 lb. sq. in. The oil is finally delivered at the 
rate of 40,000 barrels a day, or 20 gallons a second. A 
further 26 subsidiary stations were required for ccllecting 
the oil from the various fields. The film illustrated the 
operations of digging and refilling the trench, raising and 
lowering the sections of piping, cleaning the pipe, and 
erecting posts to carry the telephone lines, of which 6,500 
miles were laid in connection with the pipeline, 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 
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Norr.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of 
the London Metal Exchange for “ fine foreign”’ and “‘ standard” metal, respectively. The prices shown for 
lead are for English metal, whilst those for spelter are for virgin metal. Middlesbrough prices are plotted 
for steel plates and rails, and also for hematite and Cleveland pig-iron. The prices given in the case of steel 


plates are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. 


The pig-iron 


prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price of quicksilver is per 
bottle, the contents of which vary from 70 lb. to 80 lb. The price of tin-plates is per standard box, but in 
other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 
lines represent 17. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each. 











Tue INSTITUTE OF MARINE ENGINEERS.—We have 
been asked by the Council of the Institute of Marine 
Engineers, 85-88, The Minories, London, E.1, to draw 
attention to the Herbert Akroyd Stuart Award, which is 
valued at approximately 56/., and is to be given for the best 
paper on “ The Origin and Development of Heavy-Oil 
Engines,’’ read at the Institute before April 30, 1930. 
Entries for the present competition, which is open to 
members of all grades and non-members, must be made by 
April 30, 1929. The selected paper will be read during 
the winter session, 1929-30, and the award will be 
presented at the annuai meeting in 1930. Papers will 
be marked on the following basis :—(a) Historical 
interest, 30 per cent. ; (b) technical interest, 50 per cent. 
and (c) literary merit, 20 per cent. Further informa- 
tion regarding this, or any other of the competitions of 
the Institute, may be obtained on application to the 
honorary secretary, Mr. J. Adamson, at the above address. 





TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
details and information relating to these may be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case :—The South African Railways and Harbours invite 
tenders, to be presented in Johannesburg by December 13, 
for the supply of an electrically-driven geared maximum- 
service double-housing planing machine. (Ref. No. 
A.X. 7064.)—The commercial secretary at Oslo reports 
that the use of petrol-driven cars on the Norwegian State 











Railways appears likely to increase. (Ref. No. A.X. 
7068.)}—It is reported from Bogota that the Colombian 
Ministry of Public Works is calling for tenders for the 
supply of metal bridges. Tenders to be received between 
December 28 and January 25, 1929. (Ref. No. A.X. 
7078.)—The New Zealand Government Railways are 
calling for tenders, to be presented in Wellington by 
February 18, 1929, for the supply of machine tools, 
autogenous-welding plant and freight elevators. (Ref. 
No. A.X. 7081.)—The acting British consul at Riga 
reports that the Steamship Administration of that city 
is calling for tenders for the construction of a passenger 
steamer suitable for fraffic in ice. Closing date, Decem- 


ber 1. (Ref. No. A.X. 7086.)—Tenders for the supply of * 


electrically-driven pumping plant are being invited by the 
Municipal Council of Salisbury, Rhodesia. Closing date. 
November 29. (Ref. No. A.X. 7089.)—It is reported from 
Constantinople that the Direction Générale des Chemins 
de Fer et Ports d’Etat is calling for tenders for the supply 
and delivery at Haidar Pacha of a steam-driven alternat- 
ing-current generator of 600 kw. Tenders to be pre- 
sented by November 28. (Ref. No. B.X. 4842.)— 
Tenders are being called for by the Siamese State Rail- 
ways for the supply of steel bridge superstructures. 
Closing date, in Bangkok, February 28, 1929. (Ref. No. 
A.X. 7098.)—The Physical Department, Ministry ©! 
Public Works, Cairo, is calling for tenders, to be presented 
in Egypt by December 3, for the supply and delivery of 
scientific and measuring instruments, &c. (Ref. No. 
B.X. 4854.)—It is reported from Budapest that a Rov- 
manian company is in the market for brick and tile- 
making machinery. (Ref. No. A.X. 7101.) 
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THE EFFECT OF THE VELOCITY OF 

TEST ON NOTCH BRITTLENESS.* 

By James Gray Docuerty, B.Sc. 

Ir has long been recognised that the results of ordinary 
tensile tests vary considerably with the rate of loading, 
both the yield point, ultimate tensile strength, and (in 
less degree) the elongation being affected. 

In the Journal of the West of Scotland Iron and Steel 
Institute for 1910, Professor Archibald Barr gave figures 
for tests on soft steel wire with rates of loading varying 
from 0-045 tons per sq. in. per minute to 18 tons 
per sq. in. per minute. In general, the ultimate tensile 
strength increases as the rate of loading increases. 
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to give comparable results. 


C.E., vol. ccxi, p. 127, 1920). 
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specimens of Ni-Cr. steel, and that absorbed in the | and striker, and for the indentation of the specimen 
standard Izod test, the span of the beam being chosen 
In general, the Izod 
figures were considerably higher, even when the 
material was brittle, owing to incorrect heat treatment. 

Directly opposite conclusions are reached in a paper 
by Sir Robert Hadfield and Mr. S. A. Main (Proc. Inst. 
Except in the case of 
tough mild steel, the energy values of the slower tests | interest and importance. 


by the striker, in the Izod test. There is no relative 
movement, or indentation, of the specimen and striker 
in the Humfrey machine. (3) The recording gear of 
the Humfrey machine is unsatisfactory for brittle 
specimens, as it goes out of action when the specimen 
cracks suddenly, and fails to record what happens 


This is a matter of considerable 


| during fracture. 


It will be seen from the above summary that there 
|is a considerable difference of opinion as to the relation 
| between slow bend and “impact” tests, especially 
‘for steel. 

While it seems now to be accepted that the Izod 
| test is not essentially an impact test, and that the 
| property revealed by the test is not resistance to 
|impact, but resistance to local stress concentrations 
| produced by discontinuities, it seemed desirable to 
| ascertain whether the differences between the results 
| of slow bend and standard Izod tests might be due, in 
| some degree, to the impactive nature of the latter. or 
| whether they were merely due to the increased rate of 
| bending. This point could be established by a series 
| of tests at different speeds, and, in view of the con- 
| flicting results already obtained, and the large and 
apparently inherent variation in the results of notched- 
bar tests under nominally similar conditions, the 
| author felt that the conclusions would be reliable only 
|if a large number of tests were made at each speed, 
|and a mean value taken. Hence the gear used had 
;to be simple in operation. Autographic records 
seemed to be essential, and these have had the addi- 
| tional advantage of throwing considerable light on 
the actual process of notched bar testing, and on the 
reasons for the variations observed. 

The machine uses the standard 10-mm. by 10-mm. 
Izod notched specimen, and is designed to carry out 
tests in which the rate of loading can be varied as 
desired, but which otherwise approximates, as closely 
as possible, to the standard test. No empirical correc- 
tions are necessary, and the variation between the 
results at different speeds can be due only to the varia- 
| tion in speed. 
| The machine used is illustrated by the drawing, 

Fig. 1, and the photograph reproduced in Fig. 2. 
The specimen A is held in a vice in the usual 
way. The striker B is carried by a slider C, 
which is guided on the back by rollers D, carried 
| in ball bearings, and jon the front and sides by 





P4 PS 





O-Sion 
-P2 
PI 





£. 
O35 Inch “A 

















| 





0-5Ton 


Fig.7. 





05Ton +0-5Toe 


Fig.8. 








| | 








05Inch 


(29: O5Inch 
The elongation increases at first to a maximum 
value at 2-26 tons per sq. in. per minute, and then 
decreases as the rate of loading increases. Referring 
to some tests by Privat, Dr. Barr suggests that the 
absence of local extension in the wire specimens is the 
cause of the anomalous extension figures, and that 
ordinary test pieces would show a progressive increase 
of extension with increased rates of loading. This was 
confirmed by Sankey, Blount and Kirkaldy (Proc. Inst. 
Mech. Eng., Parts 1 and 2, page 715, 1910), who showed 
that the energy absorbed in the tensile fracture of mild 
steel specimens is about 60 per cent. greater in impactive 
tests than in static tests. The specimens were broken by 
4 falling weight, the height of fall being 30 ft. to 40 ft., 
giving an initial velocity of test of about 48 ft. per sec. 

A certain amount of work has been done on notched 
bar bending tests at slow s . Ina paper on “ Some 
Experiments on Notched Bars,” by Capt. H. P. Philpot, 
tead before the Institution of Automobile Engineers, 
in 1918, a comparison was made between the energy 
absorbed in the slow bending of notched beam 








_* Paper read before Section G of the British Associa- 
tion, Glasgow, on Tuesday, September 11, 1928. 
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were higher than those at high speeds, the tests being 
carried out on the Frémont, Charpy and Izod machines 
with some additional figures for “‘ very slow tests.” Ina 
paper by Mr. S. N. Petrenko (Technologic Papers of the 
Bureau of Standards, No. 289) on ‘‘ Comparative Slow 
Bend and Impact Notched Bar Tests on Some Metals,” 
a comparison has been made of the energy absorbed in a 
slow bend test on the Humfrey machine, and in the 
standard Izod impact test. Bending was at the rate 
of 2 deg. per sec., corresponding to an initial speed of 
the Izod striker of 0-18 in. per min. A summary of his 
results will be found in The Metallurgist (supplement to 
The Engineer), vol. II, page 7, of January 29, 1926. For 
Armcoiron, wrought iron, and the non-ferrous metals, he 
found that the Izod figure was always higher than the 
slow bend, whereas for steels, including 0-25 per cent. C. 
boiler plate, it was, on the whole, lower. His results 


may be criticised for several reasons :—(1) The Hum- 
frey machine bends the specimen to a maximum angle 
of 35 deg., as compared with 60 deg. in the Izod. In 
the case of unbroken specimens, Petrenko estimated the 
amount which had to be added to make the results of 
the two tests comparable. (2) An estimated allowance 
had also to be made for the friction between specimen 
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carefully-fitted slides. During the test the outward 
thrust of the bent specimen is considerable, and is 
taken by the rollers, with practically no resulting 
friction, while the plain bearing surfaces are almost 
free from load. The distance of the line of motion of 
the striking edge from the notch is 22 mm., the Izod 
standard. 

The slider is pushed downwards at a predetermined 
rate by a hydraulic ram, screw and nut, or other con- 
venient arrangement. In the tests so far carried out 
the hydraulic ram of a Buckton testing machine has 
been found convenient, reasonably constant speeds 
ranging from 50 in. per min. to 0-05 in. per min. being 
readily maintained. Since the estimated average speed 
of the Izod test is about 7,000 in. per min. for tough 
specimens, higher speeds than 50 in. per min. would be 
desirable, and are well within the recording capacity of 
the gear. Means of providing such speeds were not 
readily available. The results obtained with the 
present range of speeds are reasonably conclusive, 
and it may be possible, in the future, to extend the 
range. 

It may be mentioned that the difference in the angle 
of bend of tough specimens tested in this machine 
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straight in one case and slightly curved in the other. 
Geometry indicates a difference of about 4 deg., 
which is less than the differences found between 
successive specimens on the standard machine. 

The work done in bending or fracturing a specimen is 


TABLE I.—ANALYsIS 


and in the Izod is negligible, although the path is|for increasing or decreasing loads was not more than 


the thickness of a fine pencil line. The duration of 
the test, before the piston reached the end of its 
stroke, was about forty minutes with ordinary speci- 
mens. 

The recording gear was calibrated on an ordinary 


oF SPECIMENS TESTED. 








Percentages. 











Metal. 
| | | | | j | 
| © | Mn | Ni | si | 8 | ae tes | zn | sn | Pb | Fe 
| | | } 
Mild stee! | 0-25 | 0-74 | — | 0-05 | 0-038] 0-081) — “ee | era Ce 
Nickel steel 0-38 | 0-64 | 3-8 | 0-23 | 0-034] 0-043; — Se = = = 
Naval brass —- |; — | Se = _— | 61-05 37-34 | 1°43 0-08 0-1 
| | y 


gear gently lowered till the striker is resting on the 
specimen. The travel available before the compression 
block of the top of the testing machine touches the 


TABLE II.—Results of Tensile Tests. 








| | 
MS. | ms. | Ni. | Naval 
Normal- ~ — , Brass 
_— Normal-| An- 
ised. Rolled. ised. nealed. 
Elastic limit. tons/in.2 9-5 17-5 12-5 3-7 
Yield point. do. ..| 20-0 24-0 37-38 — 
U-2.8, do. ..| 31-7 32-9 58-4 | 25-8 
Per cent. ext. on 8-in. | 
gauge length .. --| 28-4 24-0 9-7 35-0 
Per cent. reduction of are: 64-0 60-0 51-0 30-0 





























































































































| Izod. | | | | | 
| Inch.| _. Inch. Inch.) _. Inch.| Inch.| ., Inch. | Inch. Inch. 
3 vf — —| — — —_—| 2~—-| 0° ——| 0: ——— 
Rpeed. 7,000 sein. | °° sin. | °° Stin.| 2° Min.| ° itn. | ~ Min. 88 in. | 9° ina. 
| | | 
Number of tests Sod i a 14 | 10 =| 7 4 9 | 38 | 8 9 6 
Mean value of energy absorbed in ft.-Ib. | 71-2 62-1 | 62-9 | 60-9 | 60-0 58-7 55-5 51°9 
Mean difference from mean in ft.-Ib. + 4-4 + 1:3 | + 3-0 | + 1-9 | + 1°38 | + 2-1 + h-8 6 
Mean difference from mean, per cent. | Ore | + 2-1 | + 4°8 | + 3-1 | £30) +-S6 | + 2°5 + 3-1 
| | | | | 
Se a et a cee | 
Mean difference from mean of all slow bend tests =- + 3-1 per cent. | 
TABLE IV.—Tests or Miz> STEEL, AS ROLLED. 
- : | ee | iis | Inck = a Inch ; I | I ad Inch 
ia i Inch.} - nch. | neh. },. Inch. | neh.| , Inch.) neh.| ,_ ,, Inch. 
ee {72009 atin. | Min. |" Min. ‘ Min. | ° Min. | > ain. °° Min. | °°? atin. 
| ‘ ! ! | 
Pins ~ ie iia { | | 
Number of tests eee ae oa 16 | i¢ | 18 9 | 10 S|) sad 4 
Mean value of energy absorbed in ft.-lb. ..| 75:8 61-9 62 +6 61-6 59-6 59°8 | 57°2 52-3 
Mean difference from mean in ft.-lb. | & I? +14] 41-5] + 2:1 + 0-7 | + 2-6] + 2-0 + 1°1 | 
Mean difference from mean, per cent. oo] & 22 | + 2-3 | + 2-4] + 3-4] + 1-2] + 4:3 + 3°5 + 2-1 | 
| | 
Mean difference from mean of all slow bend tests= + 2-7 per cent. | 
TABLE V.—AVERAGES FoR TESTS ON MILD STEEL. | 
| 
——— i sage aia eae ar Saenaien a ———__—— | 
Izod. i | 
| Inch. Inch. Inch. Inch. Inch. Tnch. Inch. | 
Speed. B Inch. =| 15 i ae | eee | gsgg ees | OnOb ace 
ania |7,000 5 69 stn. | °° atin. |}? Min.| © Min. | > Min. | °°? atin. | °°? atin. 
= } | | 
Number of tests... 0 .. 20 we | 30 2 20 | 18 | 18 1 | 20 | 10 
Mean value of energy absorbed in ft.-Ib. 73°6 62-0 2°7 61-3 | 59-8 59-3. | 56-4 52 
Mean difference from mean in ft.-Ib. .. | + 38-7 + 2-4 | 22-0 | +20 |41-2 [42-4 | + 2-0 | 41:5 
Mean difference from mean, per cent. + 5-0 | + 2°3 + 3-2 | + 3°3 | + 2-0 Bek" 1 ESD | Fare 


obtained from the autographic record of the load | 
applied to the slider, which is recorded on a base | 
proportional to the distance moved by the slider. | 
Thus the area of the diagram is a direct measure of | 
the work done. The method of measuring the load, | 
which was adopted after a considerable amount of | 
preliminary experimenting, is as follows :—The load | 
is applied to a p'ston E, which is a good sliding fit in | 
a cylinder F, attached to the slider C. The cylinder 
is filled with oil, and the oil pressure (which is pro- | 
portional to the load on the specimen) is recorded | 
by an ordinary steam engine indicator. For higher | 
speeds of test some form of optical indicator would | 
be used. The motion of the slider is recorded by the 
rotation of the indicator drum by means of the cord G, 
giving a 2:1 ratio of drum motion to tool motion. 
The inevitable leakage of oil from the cylinder was 
one of the chief problems in the design of the recording 
gear. For quick response to sudden changes of load, 
and to ensure that the pressure in the cylinder really 
represents the load on the specimen, thin oil and ample 
clearance are desirable. The possible duration of the 
tests is therefore limited, owing to rapid emptying 
of the oil cylinder by leakage. Heavy oil and small 
clearance will result in sluggish movements and 
considerable viscous drag between the piston and the 
cylinder, so that the oil pressure will be less than the 
true value for an increasing load, and greater for a 
decreasing load, giving an effect equivalent to back- 
lash. Tests were made with different oils, and it was 


found that, even with comparatively heavy oil (u = 
4-6 c.g.s.) the quickness of response was very satis- 
factory, while the difference between the pencil position 





| adjustment is made, the ram is allowed to descend 
| until the specimen is bent or broken, when the striker 
| gear drops on to a rubber pad. 

| Materials Tested.—Particulars of the materials tested 
are given in Tables I and II. The most complete series 
was made on mild steel. Other metals are under in- 
vestigation, and the results for two—3} per cent. nickel 
steel (normalised) and naval brass (annealed)—are in- 
cluded in this paper. In all cases the material was in 
the form of $-in. square rolled rods. 

Results of Notched Bar Bending Tests.—The results of 
bending tests on mild steel normalised and as rolled 
are summarised in Tables III and IV. These are so 
similar that they have been combined, giving the mean 
figures of Table V for all the tests on mild steel. 

Comparison of the Results of Slow Bend and Izod 
Tests.—The results given in these tables are shown 
graphically in Fig. 12. A base of log. (velocity) has 
been chosen, to enable the Izod value to be shown in 
the same diagram. The thick vertical line drawn at 
each plotted point represents the mean difference from 
the mean of a particular set of tests. It will be seen 
that in most cases increase of velocity up to the 
highest ‘“‘ slow” bend rate is associated with an in 
crease of energy absorbed in the bending, the per- 
| centage increase being nearly the same in all cases. 
|In both series for mild steel (Curve 1), however, the 

value seems to decrease slightly with increase of speed 
| from 30 in. per min. to 50 in. per min. The decrease 
|is slight, and may be accidental, but further work is 

in hand to verify if there is, in fact, a maximum 
‘value. It has not been observed in other metals 5° 
| far tested. : 
| ‘The relation of the Izod results to the “ slow bend 
‘results is much more complex. In mild steel the Izod 





Mean difference from mean of all slow bend tests = + 3 per cent. 


weighing machine, and it was found that a load of 
1 ton gave a pencil movement of 1-16 in., the readings 
for intermediate loads being exactly proportional. 
Since 1-in. movement of the striker means 2-in. length 
of diagram, it follows that 1 sq. in. area of diagram 


represents 0-5 in. X —_ ton = 80-4 ft.-lb. of work 


done on the specimen. 

Typical diagrams ‘will be found in Figs. 3 to 8. 
Their characteristics are discussed later, but one 
further point in the calibration must be noted. The 
weight of the parts moving with the striker is 28 Ib., 
and the work done by this weight during the test must 
be added to that represented by the area of the 
diagram. The correction is small, and could be 
represented by displacing the base-line of the diagram 


9 
— x 1-16 in., 7.¢.,0-0145 in. 


downwards through = 340 ib 

Actually it is allowed for by adding to the energy 
recorded on the diagram an amount equal to 28 Ib. 
multiplied by the travel of the striker during the test, 
about 23 ft.-lb. in the case of a specimen which bends 
without breaking. If very high speed tests were made 
in this machine, an allowance would have to be made 
for the kinetic energy imparted to the sliding parts. 
For the test speeds actually used this correction is 
entirely negligible. 

No further corrections are necessary to make the 
results directly comparable with those given by the 
standard Izod test. In carrying out the tests, the 
gear is placed in the 100-ton Buckton vertical testing 
machine, arranged for compression. The specimen is 
clamped in the vice in the usual way, and the striker 
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| 
‘1 | recorder piston (about 6 in.) is sufficient for the adjust- 


ment of the valves to give the required speed, the time 


| for 1-in. travel being taken by stop-watch. When this 
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value lies well above any smooth curve which can 
be drawn through the slow-speed results. In nickel 
steel (Curve 2 and Table VI) the Izod values are dis- 
tinctly low. In naval brass (Curve 3 and Table VII) the 
Izod value lies very near a curve drawn through the 
slow-speed results. It is interesting to note that the 
slight cold work of the mild steel “‘ as rolled” (though 
apparent in the ordinary tensile test, giving higher 
elastic limit and yield point) has no appreciable effect 
in the bending tests. 

Description of the Diagrams obtained and various 
Phenomena observed during the Tests. Mild Steel.— 
Typical diagrams for low and high speed “ slow bend ” 
tests are shown in Figs. 3 and 4 and repay careful study. 


of the notch. The progress of a test has been followed, 
photographs being taken at various stages. These are 
shown in Figs. 13 to 20. Ofthese, Figs. 14and 15, 16and 
17, 18 and 19, represent respectively front and side 
views of the same specimen. No cracks were apparent 
in a photograph of the notch taken at Pl, in Fig. 4, 
just before the point B was reached. Fig. 15 shows 
the root of the notch at P2 just after the point B was 
passed. Cracks are apparent on both sides of the 
root of the notch. Fig. 17, taken at a later stage P3, 
shows the further development of these cracks, while 
Fig. 19, taken at point P4 on the diagram, shows that 
one crack has developed while the other remains 
more or less unchanged. The corresponding side views 





It should first be noted that the straight line portion, 


of the specimen at the various stages are shown in Figs. 
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and with similar bands of alternate structure on the 
fractured face—it is suggested that, even in these 
apparently continuous tests, fracture proceeds in a 
series of minute cracks, followed by tearing. The 
slow bend and Izod fractures were identical in 
appearance, the characteristic ‘wings’ of a tough 
specimen being found in each. 

Nickel Steel.—This metal has not been studied in the 
same detail as mild steel. Typical diagrams at slow 
and fast rates of bending are shown in Figs. 5 and 6. 
No photographic records of the development of the 
fracture have yet been made, but observation shows 
that the crack starts somewhere about the point D 
in the diagram (Fig. 5). The test is interrupted at 
point E by a very rapid, though not instantaneous, 














Fig. 14. 


Fia. 


AB is not, in the ordinary sense of the term, an 
elastic line. The slope of the elastic line for the 
cantilever can easily be calculated, if notch effects are 
neglected, and is found to be about 37 to 1. Even 


allowing for yielding of the vice and the very loca] | 


notch effect, the true elastic line would be nearly 
perpendicular. Further, with a reasonable estimate of 
the stress concentration at the notch (see Professor C. E. 
Inglis and Professor E. G. Coker, Proc. I.N.A., vol. lv, 
pages 219 and 207), the load which would cause a stress 
of 20 tons per square inch is 61 1b., corresponding to a 
height of 0-032 in. on the diagram. Finally, if the 
test be interrupted between A and B the permanent 
Set is easily apparent. 

Phe change of slope at B indicates, not the yield 
point, but the initiation of cracks or tears* at the root 





According to the notation introduced by Prof. B. P. 
Haigh, the word “ crack ’’ will be used to describe a brittle 
action, such as occurs under “triple tensile stress.’’ while 
“tear” will be used to describe fracture in a ductile 
manner, by shearing. 


Fio. 15. 


19. Fie. 20. 
| 13, 14, 
at the point P5. The diagrams for low and high 
speed tests, Figs. 3 and 4 respectively, will be seen 
to be similar, except that the height of the slow-speed 
diagram is everywhere less. 

The slight kink at C, Fig. 3, noticeable in all the 
slower speed tests, occurs when the striker leaves the 
indentation which it has formed. In doing so it has 
to ride over the ridge in front of the indentation. 
slight waviness of the line is not due to stickiness in 
the recording gear. In the slowest speed tests, where 
the speed was controlled by direct observation of the 
motion of the slider, it was noticed that the motion was 

| intermittent and that fracture seemed to proceed in a 
series of jerks. In a few specimens the jerks were 
large, as indicated in Fig. 9, and a photograph of the 
fracture of this specimen, Fig. 21, indicates a distinct 
band of different structure. From this—and from the 
results of tests on higher carbon steels, where the 
‘‘waviness’’ of the diagram develops into a series of 
sudden drops, each associated with an audible crack, 


&c., and Fig. 20 is a side view of the specimen 


The | 


Fie. 17. 


TABLE VI.—Tests on Nickel Steel, Normalised, 


Modified | 
Inch. Izod. | 


7,000 _.. Inch.| 
’ in. |3,500 —.. 
| Min. ae ute 


Izod. 
| _ Inch. 


ne 


Inch.| Inch. 


Sd | 
Min. | "™ 


Speed. 
an Min. 


| Number of 
tests ae 
Mean value of 
energy ab- 
sorbed in 
| ft.-Ib. ne 
| Mean differ- 
ence from 
mean in ft.- 
| Ib. as + 0-8 |+ O- 
Mean differ- 
ence from | 
mean, per | 
cent. 0+ 3-2 


+ 4°8 3-5 | 3-4/4 4: 


Mean difference from mean of all slow bend tests = + 3-5 per cent. 
TaBLeE VII.—Tests on Naval Brass, Annealed. 


| 

Inch. Inch. 
§ 0-05 
mr 


Izod. 
b. Inch. 50 
0 
[7000 atin. 


Inch. 
Min. 


Inch. 


Speed. = 
I Min. 





| Number 
tests me 

| Mean value of | 
energy ab- 

| sorbed in 

| ft.-lb. ae 

| Mean differ- 

ence from | 

mean in ft.- 

lb 


Mean differ- 
ence from 
mean, per 
cent. es 2-6 . “7 


| 
of | 


+0-8 +0°-¢ 





+ 2°5 


| 

| 

| 

Mean difference from mean of all slow bend tests = + 3-8 percent. 
| development of the fracture. In one or two speci- 
| mens definite cracking, with instantaneous fall of load, 
| was recorded, as shown in Fig. 10. This was always 
| associated with a band of bright granular appearance 
| across the fractured surface, as in Fig. 22. In slow 
| speed tests, the same intermittent motion was observed, 
| suggesting alternate cracking and tearing. The faster 
|the rate of loading, the higher, in general, are the 
| ordinates of the diagram. 

| Jt remains, therefore, to account for the lower Izod 
| value. In Fig. 11, showing a normal high speed 
| diagram, a vertical line has been drawn, enclosing 
| the shaded area, which represents the Izod value. It 








seems unlikely that the test is interrupted instant- 
aneously at the point F, nor is there any reason to 
believe that the maximum height of the diagram 
would be lowered by the increased rate of loading. A 
more likely explanation is that the profile of the 
diagram is as shown dotted; that is, the impactive 
nature of the Izod test, or the higher speed of the test 
(or both), causes a much more rapid, though not 
instantaneous, propagation of the crack or tear. This 
is borne out by the appearance of the fracture, Fig. 23, 
which shows strie, which are not apparent in the 
slower speed tests, Fig. 24. 

Naval Brass.—Typical diagrams at slow and fast 
rates of bending are shown in Figs. 7 and 8. The 
crack starts at the point G where the diagram changes 
slope suddenly. It develops gradually, without any 
noteworthy feature. The slow bend and Izod fractures 
are similar in appearance. 

Variation of Energy Absorbed with Speed of Test.— 
Within the range of slow speeds investigated, the tests 
so far carried out indicate that increase of speed is 
associated with an increase of energy absorbed. For 
mild steel and naval brass, this increase seems to be 
continuous up to the speed of the Izod test. The 
fact that the Izod value for mild steel lies above a 
smooth curve through the slow bend results, is probably 
due to a certain proportion of the energy taken from 
the pendulum being dissipated in vibrations and shock. 
These were much less apparent in the Izod tests on 
naval brass. The exceptional results in the case of 
nickel steel—taken in conjunction with some of Sir 
Robert Hadfield’s results for mild steel, which at 
very high speeds always showed a brittle fracture— 
may indicate that there is a critical speed, above 
which the “ cracking ”’ effect predominates, with con- 
sequent rapid propagation of the fracture, and diminu- 
tion of energy absorbed. It is suggested that this 
critical speed is lower in the case of nickel steel than 
in other metals. This suggestion is confirmed by the 
result of some tests on the standard Izod machine, 
arranged so that the available energy is reduced to 
30 ft.-lb. by reducing the height of fall. Thus the 
speed of the test is approximately one-half that of the 
normal test. The energy absorbed at this speed is 
appreciably higher than in the normal test (see Fig. 
12) and it appears possible that a more or less smooth 
curve may connect the Izod values and the slow speed 
test values. Further work is projected to confirm 
this point, not only for nickel steel, but for other 
metals. 

In conclusion, the author desires to express his 
thanks to Professor B. P. Haigh, D.Sc., for his encour- 
agement, advice, and criticism, during the work; to 
Mr. F. A. Ruddock, A.L.C., Lecturer in Metallurgy 
in the Royal Naval College, for the analysis of some 
of the metals; and to Mr. T. S. Robertson, B.Sc., for 
the photographic work. 


PULVERISED COAL INSTALLATION 
ON S.S. ‘*‘ MERCER.’’ 


In vol. exxiv of ENGINEERING, pages 788 and 810, we 
gave an account of the pulverised coal installation 
applied to the Scotch marine boilers of the 8.8. Mercer, 
and on pages 791 of the same volume we reproduced, 
in abridged form, a paper by Mr. C. E. Jefferson and 
Commander J. S. Evans, U.S.N., on the experiments at 
Philadelphia which had preceded the installation. 
Our account ended with the arrival of the ship at 
Rotterdam, which port she had at the time just reached 
after her first voyage across the Atlantic with the new 
firing system. The information then given can now be 
amplified from a further paper by Commander Evans 
and Mr. R.C. Brierly, read recently before the American 
Society of Naval Engineers. It may be remembered 
that there had been some deposit from the funnel upon 
the deck of the vessel which was attributed to changes 
connected with the navigational requirements of enter- 
ing the river. It appears, however, that the funnel 
was 20 ft. shorter than in sister vessels, and terminated 
as a matter of fact, at the level of the deck of the flying 
bridge. When the wind was dead ahead or slightly 
on either bow, any discharge from the funnel was 
caught by eddies and deposited on the deck. On the 
return of the vessel to ‘he United States, the funnel 
was increased in height by 16 ft., and on subsequent 
voyages there has been no trouble from deposit of ash 
or unburnt coal. 

Examination of the furnaces at Rotterdam showed 
an accumulation of ash and slag to a depth of 3 or 4 in. 
in them and in the bottom of the combustion chambers. 
This was removed from some of the furnaces, but allowed 
to remain in others so that some idea might be obtained 
as to the relative rapidity, if any, with which ash 
might accumulate in the cleaned and uncleaned fur- 
naces. After some minor repairs, the vessel started on 
her homeward voyage, on coal bunkered at Rotterdam. 
It is stated that no difficulty was experienced in the 











pulverisation and burning of this coal, but that steam 
was not kept so easily as it had been on the outward 
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voyage. This is scarcely to be wondered at seeing that 
the coal used on the first voyage had a calorific value 
of 14,200 B.Th.U., with an ash content of 7 per cent., 
whilst the corresponding figures for the Rotterdam coal 
were 12,400 B.Th.U., and 14 per cent. On completion 
of the round trip, the deposit in the cleaned furnaces 
was about 3 in. in depth and that in the uncleaned 
about 8 in. A considerable deposit of ash was found, 
at this examination, in the smoke-box of the centre 
boiler. This boiler had not been used at all, but, as all 
three boilers were connected with a common uptake, the 
smoke-box of the centre one had evidently acted some- 
what in the nature of a separating trap. Dampers 
were fitted, in order to isolate this boiler, at the same 
time as the height of the funnel was increased, but 
another voyage showed them to be somewhat defective, 
as ash leaked past them. The trouble was cured 
on a third voyage by firing with an oil burner in one 
furnace of the centre boiler. 

Some difficulties arose from foreign substances in 
the coal; thus, the screens at the discharge end of the 
pulverisers occasionally became choked with fibre 
from pieces of wood which had been ground with the 
coal, and even sometimes with paper. The choking of 
this exit resulted in an overflow at the mill, as well as 
interference with the coal supply. Lengths of wire, too, 
were sometimes troublesome as they became wrapped 
round the feeder shafts and stalled the motors. The 
screens were ultimately made accessible without the 
necessity of stopping the mills for removal and cleaning, 
an operation which can now be carried out in two 
minutes. The most persistent difficulties, however, 
seem to have occurred in connection with the distri- 
butor. These were, as originally fitted, chambers 
containing rotors with fan blades, driven by small 
steam turbines, and their function is to distribute the 
coal stream from the mill equally to the furnaces. The 
pulverized coal from the distributor found its way into 
the bearings of the turbine, and the resulting dis- 
organisation of the system affected the furnace supply. 
Air sealed glands were provided for the distributors in 
an attempt to prevent this leakage, and some changes 
were made in the pipe lines to the furnaces to make them 
of more nearly equal length. 

Experiments with distributors have been carried out 
ashore at the testing plant at Philadelphia, and those on 
the S.S. Mercer have been modified in accordance with 
the results obtained. Further development in this 
direction may be expected. The eleven types investi- 
gated may be classed as: (a) Eccentric orifice plate, 
(5) line configuration alone, (c) skeleton paddle, 
(d) eccentric orifice with paddle, (e) coal deflecting fins 
before distributor, (f) line configuration (second altera- 
tion), (g) two concentric orifices, (h) pneumatic distri- 
butor, (7) directional device with louvres, (j) rifled cone, 
(k) pneumatic distributor and rifled cone. Of these, 
(c), (h), (j) and (k) gave the best results, the require- 
ments being steady delivery of equal amounts of coal 
with equal amounts of primary air, at equal pressures, 
to the individual burners or boilers, regardless of the 
configuration, not size, of the primary air pipe lines 
before the distributor. These requirements should be 
met over the maximum range of coal rates to be run, 
but with a minimum pressure drop, with a minimum 
power expenditure and minimum adjustment. 

A drop in the speed of the primary air fan resulting 
in anything below a certain permissible air delivery 
pressure caused a settlement of the coal in the pipe 
lines, which finally became completely blocked. This 
deposited coal was most troublesome to remove as it 
involved taking down the pipes. The limit of fan 
pressure was determined by trial, and is evidently de- 
pendant upon the arrangement of pipes in any particular 
installation. 

The fact that the burners fitted were provided with 
oil atomisers also, is important, as this arrangement 
enabled small alterations and repairs to the pulverising 
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plant to be made, without affecting the steam supply, 
by merely changing over from one system to the other. 
At the completion of the second voyage, new primary 
air fans were installed. Three round voyages in all 
had been made at the time the paper under notice 
was being prepared. The results are considered 
sufficiently satisfactory to justify the Shipping Board 
taking steps for the conversion of further vessels. No 
running costs have yet been published. The Dominion 
Coal Company of Canada has recently made an instal- 
lation on the 8.S. Lingan, using burners and mills 
generally similar to those adopted for the S.S. Mercer, 
while the S.S. Mississippi Warrior of the Inland Water- 
ways Commission, also fired with pulverised coal, is 
plying on the Mississippi River. As the success of the 
installations on the Mercer is primarily based on the 
Peabody burner, it is of interest to record that the 
discussion on the paper elicited the fact that the 
burner was originally invented in 1922 by Rear 
Admiral C. W. Dyson, U.S.N. (Retired), and was 
further developed by Mr. E. H. Peabody, whose firm, 
the Peabody Engineering Corporation, purchased the 
patent. 


HEAVY-DUTY PLAIN GRINDING 
MACHINE. 


THE small plain grinding machine illustrated on 
page 601 is one of the recent productions of Messrs. 
The Churchill Machine Tool Company, Limited, 
Broadheath, near Manchester, and has been designed 
by them to meet the competition of American manu- 
facturers. The latter have been recently directing 
special attention to the advantages of using grinding 
wheels of large diameter, which result in considerable 
savings in wheel costs, but, of course, require com- 
paratively heavy bearings for the spindle. On the 
machine illustrated, which formed part of the firm’s 
exhibit at the recent Machine Tool and Engineering 
Exhibition at Olympia, the wheel head and spindle 
have been specially designed to give the rigidity 
necessary for carrying a large wheel, the wheel head, 
in fact, being as heavy as those used in some forms 
of roll-grinding machines. The machine is capable 
of grinding parallel or taper work up to 10 in. in 
diameter and up to 36 in. in length, and is particularly 
suitable for rapid production on the comparatively 
small parts used in motor-car manufacture. Double- 
wheel, form-wheel and wide-wheel grinding can also be 
done on the machine, in either large or small quantities. 

The machine, as illustrated, is driven by a motor 
bolted on to the back of the body, as shown in Fig. 2, 
but it can also be fitted with a direct-coupled motor, 
or with fast and loose pulleys for driving by belt 
from line shafting. The body is of box section, and the 
tank for the oil used in the hydraulic gear, which will 
be referred to later, is formed integrally with it. The 
guide ways for the table, which are visible in both 
Figs. 1 and 2, are fully protected for the whole of 
their length, and are automatically lubricated by a 
constant circulation of oil which is maintained as 
long as the table is in operation. As already mentioned, 
the wheel head is of particularly massive construction, 
as will be clear on reference to Fig. 2. It is supported 
and guided by double inverted “‘ vees,”’ which prevent 
any displacements under heavy cutting stresses. It is 
of enclosed-box form, with no running parts exposed, 
and the drive to the spindle is provided with means 
for maintaining a constant tension. Fine hand adjust- 
ment is fitted on the wheel head, quick withdrawal 
and return being effected by hydraulic power. The 
spindle is of high-tensile steel, heat treated and ground. 
It is of large diameter to reduce the pressure on the 
bearings, which can, however, be adjusted by screws 
provided outside the head in order to maintain 4 
correct running fit. The spindle, it should be mentioned, 
is free to expand longitudinally without affecting the 
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bearing adjustment, and is located by a thrust bearing. 
The main bearings are totally enclosed to prevent 
the escape of oil or the entrance of grit and dirt, and 
are lubricated by oil supplied by a force pump located 
under the head. The oil supply to each bearing is 
rendered visible by sight-feed fittings, and the oil, on 
its way to the bearings, passes through a strainer, 
which can be easily cleaned without disturbing any 
other parts. 

The diameter of the wheel normally employed is 
30 in., this size being suitable for grinding work up 
to 5 in. in diameter when the hydraulic withdrawal 
gear is in use. For dealing with larger work, or work 


of a greater width than 6 in., by in-feed grinding, | 


a 24-in. wheel is used ; two spindle speeds are provided 
to suit the different wheel diameters. The automatic 
feed to the grinding wheel is of the dual type, operating 
by hydraulic ratchet and pawl mechanism, with trip 
motion and dead stop, when the table traverse is in 
use. When, however, the table is stationary and 
grinding is being done by the direct in-feed method, 
the hydraulic feed is controlled by a sensitive valve 
placed within easy reach of the operator, the feed 


Operating up to a sizing dead stop. The work table | 


| 


| 





is of the swivelling type for taper work, which can be 
ground up to an included angle of 9 deg. A graduated 
scale, reading in degrees and in inches per foot, or in 
millimetres per metre, is provided. The working 
surface of the table is of the self-cleaning type, and 
is surrounded by channels to collect the cutting lubri- 
cant and return it to the pump. The traverse motion 
is operated hydraulically, and can be instantly varied 
from zero to a maximum by means of a control lever 
placed conveniently for the operator. The start and 
stop lever is independent of the speed-control lever 
and is interlocked with the hand motion to the table, 
so that when the power motion is engaged the hand 
motion is disengaged, and vice versa. The work head 
is of the dead-centre type and the driver plate runs on 
roller bearings. The drive to the work head is self- 
contained in the machine, and operates in any position 
of the head on the table, when grinding either parallel 
or taper work. A gear box mounted on the head, as 
shown on the left of Fig. 1, enables four work speeds 
to be obtained. All the gears used are hardened and 
ground to the correct tooth profile, and run in an 
enclosed oil bath. If preferred, a small constant-speed 
motor can be used for driving the work head. 





THE CERAMIC SOCIETY. 


REFRACTORY MATERIALS SECTION. 
(Concluded from page 508.) 


THE report of the autumn meeting of the Refractory 
Materials Section of the Ceramic Society, held in 
Glasgow on September 13 and 14, which appeared in 
our issue of October 19, carried the proceedings down 
to the end of the third paper presented. We now 
summarise the remaining contributions. 


JOINTING CEMENTS. 


The next paper, by Mr. Cyril Edwards, was entitled 
«“ Jointing Cement.” In it, the subject of jointing 
cements for use with silica bricks and firebricks was 
surveyed, mainly from the point of view of the user. 
The properties desirable in a cement were such that 
no material or mixture could possess them all in a high 
degree, some of them being only obtainable at the 
expense of others. The best combination for giving 
the most satisfactory results for the particular purpose 
was therefore sought. 

Without sufficient plasticity, neither thin nor well- 
filled joints could be obtained, especially in the case of 
vertical joints between tongued and grooved bricks, 
where it was not practicable to apply force during 
laying. Deficiency in plasticity also resulted in such 
rapid drying that the mobility and semi-fluid character 
were lost before the brick could be properly fixed, 
and a broken joint might follow. With “short” 


/cements, the hardening quickly followed the contact 


of the cement with the brick. Cements were generally 
used in the wet plastic condition, but some short 
cements were used in the semi-fluid state. Damping of 
the denser firebricks was scarcely necessary, but silica 
bricks, being more porous, were often damped, with 
good effect. 

As it was generally accepted that joints not thicker 
than } in. were desirable, the maximum size of grain 
was limited. Coarse grains were liable to cause a 
bridging effect, and, to prevent this trouble, ordinary 
jointing cements should contain practically no particles 
larger than ,), in., and should mostly pass a 40 cement 
mesh sieve. <A large proportion of the material should 
easily pass a 200 cement mesh sieve, or the cement was 
likely to be short in working. In practice, it had 
been found that cements showing anything from 
0 per cent. to 2 per cent. linear contraction on drying, 
and with an after expansion of 1 per cent. to 1-5 per 
cent. dry to fired, proved satisfactory in use. 

A cement was easily obtained which would adhere 
well to ordinary firebricks, both in the dry and in the 
fired states, but there was difficulty with silica bricks. 
Cements containing much converted quartz (silica brick 
itself, for example) adhered better to silica bricks than 
did those consisting mostly of raw ganister or quartzite. 
Damping the bricks also seemed to improve the 
adherence of the cement. The average cement used 
for high temperatures had no great strength in the 
raw state, but those destined for use at lower tempera- 
tures were fairly hard superficially, owing to the addition 
of a soluble salt such as sodium silicate (water-glass). 
Glue, and sulphite lye, had also been used for producing 
hardness in the dry state. The much more important 
hardness of a cement after firing depended on the 
maturing temperature, which generally depended 
directly on the refractoriness. Broadly speaking, the 
less refractory the cement the lower the maturing 
temperature, and the harder the cement became at a 
particular temperature. Insoluble materials, such as 
finely ground glass, were sometimes mixed with cements 
to produce uniform hardness throughout. 

The strength of cements was influenced by the fineness 
and shape of the particles (whether angular or rounded), 
and by the presence and amount of low-temperature 
fluxes. <A good refractory cement for use at tempera- 
tures up to 1,500 deg. C. should have a cold tensile 
strength of at least 80 lb. per square inch, after 
firing at 1,300 deg. C. for two hours. The refractori- 
ness should, as far as possible, equal that of the bricks 
to be jointed with it. It was largely influenced by 
the grading of the cement. Prolonged grinding gener- 
ally lowered decidedly the refractoriness of some 
cements, especially those containing clay. With 
cements consisting of silica rock bonded with lime, the 
refractoriness might actually be increased by finer 
grinding. The addition of sodium silicate had not 
always a serious effect on refractoriness; for example, 
a cement consisting mostly of fine silica, with about 
44 per cent. of sodium silicate, showed only negligible 
signs of fusion when tested for refractoriness at cone 
29. 

The more important raw materials were silica rock 
(including sand, ganister, and quartzite), silica brick, 
raw fireclay, and fireclay grog (from either burnt clay 
or waste bricks). The chief bonding agents were ball 
clay, lime, Portland cement, sodium silicate, and 
ground glass LEceptionally, carborundum, asbestos, 
chromite and barium sulphate were used in various 
mixtures. Ground fireclay in a cement gave plasticity 
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and good working qualities, but excess tended to form 
cracks on drying and on firing through high shrinkage. 
Cements containing 25 per. cent. of clay had proved 
satisfactory over long periods when exposed to tempera- 
tures as high as 1,420 deg. C. Ball clay served the same 
purpose as fireclay, but gave greater plasticity and 
greater shrinkage, whilst the maturing temperature 
was much lower than with most fireclays. Burnt 
fireclay grog, though more expensive, was generally 
preferable to ground firebrick grog, because it broke 
up into more angular particles, and so bonded better. 
Ground silica brick gave better adherence than raw 
silica rock to silica bricks. Good jointing cements were 
now being manufactured from raw quartzite or ganister 
rock and milk of lime alone; the rapid drying of the 
cement on the bricks could be overcome by damping the 
bricks. All bonding materials like lime, ball clay, &c., 
should be ground exceedingly fine for the best results. 
For cements required to mature at (say) 100 deg. to 
1,000 deg. C., the use of sodium silicate was a great 
advantage, and the addition of Portland cement had 
also been found good for these cements. 

The effect of long usage in a commercial plant was 
generally to introduce such impurities as fuel ash into 
the cement, the refractoriness being thus lowered. 
Local patches were sometimes exposed to excessively 
high temperatures, and rapid destruction of the joint 
took place there. The formation of ferrous compounds 
from ferric compounds often occurred when high 
temperatures were associated with reducing atmos- 
pheres, as in gas retorts. Even small proportions of 
such impurities as ferrous oxide, lime, and soda greatly 
increased the fluxidity of the molten matrix, and thus 
facilitated destructive action. 


INDUSTRIAL DURABILITY OF SILICA BRICKS. 

The next paper, entitled ** A Comparison of the 
Properties and Industrial Durability of Lime-Bonded 
and Clay-Bonded Silica Bricks,” was contributed by 
Messrs. W. J. Rees and W. Hugill. It was a digest of 
the report of the investigation which appeared as 
Bulletin No. 15 of the British Refractories Research 
Association. The general conclusions on the subject 
were (1) that clay-bonded silica bricks could be made 
by the same process of manufacture as ordinary lime- 
bonded bricks. Better and quicker spreading of the 
clay over the fragments of stone was obtained if the 
clay “slip” used was deflocculated with sodium 
silicate. With 3} per cent. of ball clay bond the 
mechanical properties of green and burned bricks were 
approximately equivalent to normal bricks with 2 per 
cent. lime bond. The general working properties of 
the clay-bond batch were similar to those of a lime-bond 
batch, except that the clay-bond batch was rather more 
sensitive to variations in water content. (2) Under 
commercial conditions of burning, there was very little 
difference in the rates of inversion of clay-bond and 
lime-bond bricks. (3) The refractoriness of bricks 
with 34 per cent. clay bond was approximately equiva- 
lent to that of 2 per cent. lime-bonded bricks of the 
same raw material and grading. Under-load subsidence 
commenced with 34 per cent. ball clay-bonded bricks 
at cone 27. The general behaviour under load did not 
appear to differ appreciably from that of 2 per cent. 
lime-bonded bricks of the same raw material and 
grading. (4) The spalling resistance of clay-bonded 
bricks was better than that of lime-bonded bricks of the 
same grading. (5) Where bricks were exposed to slag 
or corrosive dust, the durability of clay-bonded bricks 
was less than that of lime-bonded bricks. In the early 
stages of use under such conditions, the wear of lime- 
bonded bricks was faster than that of the clay-bonded 
bricks, but later the clay-bonded bricks were more 
rapidly corroded than lime-bonded bricks of the same 
raw material and grading. In the roof of the acid 
open-hearth furnace, there was no discernible difference 
in the durability of clay-bonded and lime-bonded 
bricks. In basic furnace roofs there was a slight 
difference in favour of the lime-bonded brick. In 
electric steel-melting furnaces the trials indicated 
increased durability of clay-bonded bricks as compared 
with normal lime-bonded bricks. (6) In coke ovens 
the durability of clay-bonded bricks was indistinguish- 
able from that of normal lime-bonded bricks. The 
trials indicated that the clay-bonded brick was as 
resistant to salt-corrosion and mechanical wear as 
lime-bonded bricks of the same grading and heat- 
treatment. (7) It could not be said that the clay- 
bonded silica brick was superior to the lime-bonded 
brick for metallurgical purposes, though for particular 
purposes, such as electric furnace roofs, they appeared to 
have advantages. The better spalling resistance of the 
clay-bonded bricks would make them more suitable 
for roof building in open-hearth furnaces and for use in 
positions where rapid heating or alternations in 
temperature were unavoidable. 

CaRBON MONOXIDE AND REFRACTORY MATERIALS. 

The next paper, contributed by Messrs. D. W. 
Hubbard and W. J. Rees, was entitled ‘* The Dissocia- 
tion of Carbon Monoxide in Contact with Fireclay and 
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Silica.” This paper dealt with a research carried out 


in order to investigate the dissociation of carbon 
monoxide under the influence of catalysts, and, in 
particular, of refractory materials. This has an impor- 
tant bearing on the question of the disintegration of 
blast-furnace linings. In some corroded bricks from 
the upper part of a blast furnace, where the tempera- 
ture was not above 500-600 deg. C., were found, several 
inches away from the hot face, depositions of carbon, 
which appeared to cause weakness in the bricks and 
thereby facilitate erosion and corrosion. Attempts 
were made to discover the probable causes of this car- 
bon disposition, assumed to be the result of the dissocia- 
tion of carbon monoxide. 

As a result on the investigation, it was shown that 
the following catalysts promoted dissociation of carbon 
monoxide at the temperatures or ranges of tempera- 
tures given :— 

Deg. C. 
450 and 470 to 495. 
520 to 570. 
260 and 350. 


Pure kaolin 
Pure silica 
Pure alumina 


Firebrick eee ... 410 and 430 and 500. 
Kaolin treated with aqua 
regia ... ee ... 480, 480, and 520 to 545. 


530 to 540. 

380 and 470. 

340 to 450 and 470 to 500. 
300 to 400. 

370 to 770. 

300 to 700. 


Silica brick ek 
Re-burned firebrick 
Scotch firebrick 
Caleined clay 
Calcined dolomite 
Pure ferric oxide 


Mellor’s theory of the decomposition of clay into 
silica and alumina at comparatively low temperatures 
was supported. It was found that the better a brick 
was burned, the less was the dissociation; the latter 
could also be reduced by decreasing the iron oxide 
content of the clay. The burning of a brick appeared 
to bring out the lower (alumina) and the higher (silica) 
temperature effects. 


Drytne Cracks. 


The final paper, by Mr. C. E. Moore, was entitled 
‘Drying Cracks.” It stated that drying cracks, as 
found in ordinary manufacture, might be roughly 
grouped in two classes, viz., those in which failure was 
due solely to uneven drying with consequent production 
of strain, and those in which the original cause was faulty 
mixing, extruding, moulding, or pressing—though 
in some of the latter class the drying treatment might 
have contributed materially to the failure. The maxi- 
mum safe rate of drying depended on the clay mixture 
used, and on the size and shape of brick, differing at 
different stages of the drying process. At the stage of 
‘* pressing hardness,” the safe rate was much reduced, 
the passage of water being less easy and the rate 
of contraction still considerable, whilst the mass had 
lost its flowing power which enabled it to accommodate 
itself to strains. 

When leather hardness was passed, the risk of cracking 
diminished again, for, though the water moved with 
difficulty, the rate of contraction was lowered so much 
that the uneven distribution of water caused no 
serious strain. The strength of the brick was also 
increased rapidly, owing to the drying plastic particles 
becoming cemented together. Thus the danger zone 
was that part of the drying process when the movement 
of water through the clay mass was rapidly becoming 
more difficult, when the rate of contraction with loss 
of water was decreasing, and when the strength was 
slowly increasing. The maximum safe rate of drying 
in this stage might be increased by facilitating the 
movement of water, and by hastening the decrease of 
contraction rate and the increase of strength. 








La Revue GENERALE DES CHEMINS DE FER,—This well- 
known French technical journal, was founded in 1878 and 
has thus been in existence for 50 years; a jubilee issue of 
the journal has therefore recently been published, and this 
issue contains a number of leading articles chiefly devoted 
to the progress made by French railways during the past 
fifty years. Other articles deal more particularly with the 
working of the railways during the recent war and, in this 
connection, it is interesting to note that, immediately 
following upon the outbreak of hostilities, 42 army corps 
on a war footing were transported to the front in the space 
of twenty days by means of 3,300 trains. The writer adds 
that the proceedings were carried out with the utmost 
regularity. The difficult task of rebuilding the railways 
in the invaded areas, and of overhauling, and reconstitut- 
ing, the track and rolling stock on lines in other parts of 
the country is related in several interesting articles. The 
position of the railways at the present time is fully dealt 
with, and such matters as the competition of road trans- 
port, the benefits of publicity, and the advisability of 
attracting tourists are touched upon. Several sections are 
devoted to Algerian, Tunisian, Moroccan and other 
colonial railways, and a brief outline of the various inter- 
national unions and commissions of railway engineers and 
economists conclude the jubilee issue. The number com- 
prises 190 pages and the only criticism which might be 
levelled against it is that the illustrations are not suffi- 
ciently numerous. The price of the issue is 8 fr., and 
the offices of the Journal are at 92, rue Bonaparte, Paris, 
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CATALOGUES. 


Compressors.—We have received a copy of a periodical 
issued by Messrs. A. Borsig, G.m.b.H., Berlin, in which 
the leading place is given to a description of compressors, 
mainly of large size. The text is in German. 

Welding.—The British Oxygen Company, Limited, 
Angel-road, Edmonton, London, N.18, have issued a 
new priced list of tools and supplies for cutting, welding, 
brazing, lead-burning and cylinder decarbonising. y 

Cranes.—The Demag Company, Duisberg, Germany, 
have sent us a copy of a quarterly publication which 
deals entirely with the cranes produced by them in all 
the usual forms for land, dock and marine work. The 
text is in English. 

Electrical Machinery.—Some descriptions of electric 
drives for textile mills and drop-bottom bucket chargers 
for iron and steel works, together with technical notes 
on the power required to drive cotton looms, appear in 
a recent issue of the Gazette issued by Messrs. Metro- 
politan-Vickers Electrical Company, Limited, Trafford- 
park, Manchester. 

Railway Signals.—A description of a new installation 
of power-operated points and signals at Temperley junc- 
tion on the Buenos Ayres Great Southern Railway, has 
been issued, in pamphlet form, by the makers of the 
apparatus, Messrs. The Westinghouse Brake and Saxby 
Signal Company, Limited, 82, York-road, King’s Cross, 
London, N.1. 

Worm Gear.—Fourteen sheets of technical data 
dealing with the design and mounting of over and under 
types of worm gears for the axle drives of motor cars 
are to hand from Messrs. David Brown and Sons 
(Huddersfield), Limited, Lockwood, Huddersfield. They 
are placed in a loose-leaf binding case and are supplied 
at a price of ls. 

Drop Forgings——A paper on forging manufacture 
by Mr. J. Fearn has been issued, in a revised form, by 
Messrs. Birmingham Small Arms Company, Limited, 
Small Heath, Birmingham. These parts are generally 
designed and finished by engineers who have no direct 
contact with the forging process, and the purpose of the 
pamphlet is to give them helpful information. 

Paraffin Engines.—A catalogue of Universal engines 
of 1} h.p., 3 h.p., and 5 h.p., for either petrol or paratiin 
fuel, and of the stationary or portable types, has come to 
hand from Messrs. Petters, Limited, Yeovil. The engines 
are of the two-stroke type and of simple and strong design, 
rendering them suitable for use on farms, in workshops, 
or for operating small lighting plants. 

Punching Machines.—A new catalogue of hand- 
operated machines for punching, shearing and similar 
operations, adapted for fixing to the bench or on the 
ground, and also in portable forms, is to hand from Mr. 
Henry Pels, 32, Osnaburgh-street, London, N.W.1. 
Leaf catalogues showing a number of heavy high-speed 
power-driven machines for similar work have also been 
received. 

Iron Casting.—Messrs. Krupp, of Essen, Germany, 
have printed, in one of the issues of their magazine, an 
article by Dr. Hans Jungbluth reviewing recent technical 
literature on iron casting. It is printed in German, but 
many English papers are referred to. A copy of the 
magazine has been received from Messrs. Leistikow. 
Allison and Lyon, 18, Southampton-buildings, Chancery- 
lane, London, W.C.2. 

Steels—Messrs. J. Beardshaw and Son, Limited, 
Sheffield, have issued a catalogue of the special steels 
made at their works, including a range of high-speed and 
crucible cast tool steels in all the forms usually required, 
spring steels for automobiles, bars and sheets for general 
purposes, die steels, and iron sections faced with high 
speed or carbon steel for tools, shears, &c. The firm also 
make a full range of saws and files. 

Locomotives.—A series of locomotives, built from 1867 
to 1927, by the firm of Schwartzkopff, Berlin, is illustrated 
in a book issued to commemorate the 75th year (1852- 
1927) of the firm, now the Berliner Maschinenbau-A.G. 
The book is handsomely printed and bound, and extends 
to 250 pp., with a profusion of excellent illustrations. 
Road engines, stationary engines and other heavy 
machinery are also well represented. 

Ciphering Machine-—The ‘“ Kryha” machine has 
opposed complements of characters which may be set 
to operate in an almost infinite variety of ways, 
producing as many codes. With a key to the setting, 
a message can be rapidly ciphered and deciphered. 
The selling agents, who have issued a descriptive 
catalogue, are Messrs. The Marconiphone Company, 
Limited, 210, Tottenham Court-road, London, W.C.2. 


Electrical Apparatus.—We have received from Messrs. 
The British Thomson-Houston Company, Limited, Rugby, 
a number of new issues of leaf catalogues dealing with 
truck-type switchgear, iron-clad draw-out switchgear. 
oil-immersed circuit-breakers, switch fuses, air-cooled and 
oil-immersed voltage transformers, and current trans- 
formers, alternating-current motor-control panels, brake 
magnets, and direct-current motor controllers tor 
tramcars. 

Road Rollers.—A new type of steam road roller, to suit 
tar macadam, asphalt and similar materials, has been 
designed by Messrs. Marshall, Sons and Company, 
Limited, Gainsborough, who have sent us a catalogue 
with specifications for seven sizes, ranging from 4 to 10 
tons nominal weight. The rollers, which run on dead 
axles, are of equal diameter and practically equal width. 
The boiler is vertical, and is placed between the rollers. 
giving an unusual! appearance to the machine as a whole. 
The ordinary type of steam roller is shown in a separate 
catalogue, these machines being made in six sizes, trom 





6e, France. 


6 to 16 tons nominal weight. 
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THE USE AND INTERPRETATION | 
OF THE TRANSVERSE TEST FOR 
CAST IRON.* 


By J. G. Pearce, M.Sc. (Eng.). | 


Tue transverse test remains by far the simplest 
and most generally used test for cast iron. It can 
be made with little expenditure of time on a simple 
unmachined bar on a cheap and easily manipulated 
machine. The breaking load and deflection figures 
obtained are readily understood. Square and rect- 
angular bars have hitherto been commonly used for 
this test, but the recent British Engineering Standards 
Specification for grey cast iron (No. 321, 1928) 
specifies, for the first time in this country, a cylindrical 
transverse bar. A greater degree of uniformity in 
results from similar bars of the same composition 
is assured if they are skin-machined, as minute 
skin fissures and cracks may induce premature 
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fracture in particular bars, and hence lead to erratic 
results, particularly from green-sand moulds. Since 
the outer layers of the bar are the strongest, the 
removal of more metal than is required to give a 
clean unbroken surface will, in ordinary irons, lead 
to a reduction in strength. Skin-machining, on the 
other hand, for the reason given, is generally found 
to increase rather than diminish the strength. 
Machining invariably results in improved deflection. 
Current methods of using the results of the transverse 
test do not yield the whole of the information that 
this test is capable of giving, and the object of this 
paper is to suggest an alternative method of treatment. 
A method frequently used in foundries and engineering 
shops is to report the actual breaking load, irrespective 
of the actual section, on the assumption either that 
the cast and nominal sizes are identical or that small 
variations between them do not cause appreciable 
error. Since it is virtually impossible accurately to 
cast a specified diameter, and since strength changes 
very rapidly with small dimensional changes, this 
method is open to grave errors, and may indeed give 
results which are contrary to the facts. This mode 
of expression also precludes comparison between 
transverse and other specific stresses, such as tensile, 
compression, shear and torsion, or between transverse 
bars of other shapes and sizes of the same material. 
The method more commonly used in general working 
and in technical literature, and usually recommended 
in text-books, is that of converting, by formula, the 
breaking load at the cast size into a breaking load 


at the nominal or specified size. This procedure 
cannot be justified, except for very small variations, 
and the nature of the error involved can be s¢en 





* Paper read before the Iron and Steel Institute, at 
Bilbao Spain, on September 25, 1928. Abridged. 





by a consideration of the rupture modulus as a 
criterion of transverse strength. 

Modulus of Rupture.—The formule for the strength 
of cast-iron transverse bars are based on the 
hypothetical case of the weightless, end-supported, 
centrally-loaded beam. For supports L in. apart, 
and a central load of W Ib., by beam theory, the 


bending moment at the centre is = . The resistance | 


offered by the beam depends upon its size and shape, 
and may be expressed as f Z, where f is the specific 
resisting stress set up in the beam and Z is a constant 
for a given bar (the section modulus), taking into 
account the size and shape of the section. Within 


the elastic limit, f Z = ws . The formula ceases to 


be strictly true when the elastic limit is passed, but 
it is convenient to measure the stress f at fracture 


L The stress f then be- 


by means of the value Ld s 
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comes the so-called modulus of rupture, although it | 
might preferably, if more clumsily, be termed the 
“ultimate bending strength”? (U.B.S., similar to 
ultimate tensile strength, U.T.S.) or ‘“‘ ultimate 
breaking strength by bending.” For a standard bar, 
= is constant, and then f = K W. 
cast bars, the conversion from breaking load to rupture 
modulus is thus simple, and a straight-line graph 
can be used. This conversion, of course, does not 
hold for bars not cast or machined accurately to 
specified size, for the modulus Z depends upon bar 
dimensions. Graphs can, however, be readily prepared 
covering variations in diameter of cylindrical bars, 
and the arithmetical objection is then removed. 
@The modulus of rupture may be regarded as a 
criterion of the bending strength of a particular bar, 
for it takes into account the dimensions of the bar 
itself. It affords a means of comparing the strengths 
of similar bars of different compositions, and of 
different bars of similar compositions. The rupture 
modulus has the greatest significance as a simple 
means of determining a change of strength with 
section. It is a useful index to the influence of rate 
of cooling. The conversion procedure usually recom- 
mended for obtaining the strength of a cast bar in 
terms of the dimensions of a standard bar, is based 
on the following reasoning :— 

Take, for example, the standard rectangular Dad 

2 


For accurately- 


of breadth b and depth d; the modulus Z = 
whence 
_3WL 
I= a 
Consider a cast bar of actual breadth 5; and actual 
depth d, breaking at W,. 





| of fracture. 





Then 
p= 3M 
26,d,* 
Hence 
3WL _ 3W,L 
Ihde 2b,d,v 


from which the required load W for the specified 
dimensions b and d becomes 

W, ba? 

b, a2 

Alternatively, for the new standard round bars 
(B.E.S.A. Specification No. 321, 1928) of diameter d, 

Z = 0-0982 d, and f = WL. 
0-39 a3 
If the cast diameter is in fact d, breaking at Wj, 
then 
_ WL 
f 0-39d,> 
Hence, the required breaking load W for a standard 
diameter d is 
W,@ 
as" 

The fallacy involved in the above reasoning lies 
in the assumption that f remains the same for the 
cast as for the specified diameters. This might be 
true for homogeneous materials, but is not true for 
cast iron. The closer the cast to the specified size, 
the smaller is the error involved, but, for ordinary 
casting tolerances, the variation is too great to be 
ignored. Fig. 1 shows an illustrative case in which 
the three diameters of standard cylindrical bars are 
plotted against actual rupture moduli for three series 
of bars, each series being cast in a different foundry. 
The analyses are given in Table I. It is generally 


TaBLe I.—Chemical Analyses of Bars. 





| Analysis. 

















| 
| 
Bar . 
Series. Tota as Man- Phos- 
Carbon. a. ganese. ee phorus. 
Per Cent. “| Per Cent. * | Per Cent. 
la | 3:87 1-90 0-68 0-10 0-76 
1b | 3-42 1-55 0-55 0-08 0-49 
le | 3-28 1-03 0-45 0-10 63 
2a Engineering iron of unknown composition. 
2b Engineering iron of unknown composition. 
2c _- 1-34 0-57 0-16 1-00 
4a 3-13 2-64 0-43 0-09 1-18 
4b 3°31 2-08 0-78 0-11 0-98 
4c 3-08 2-07 0-37 0-15 1-04 
5a 4-20 2-83 0-69 0-06 0-44 
5b 3-26 2-91 0-41 0-06 1°23 
5e 3-52 2-52 0-70 0-06 0-94 
5d 3-33 2-7 0-62 0-07 1-10 
5e 3°51 2-90 1:17 0-07 1-15 
6a 3°86 1-13 0-90 0-05 0-16 
6b 3-68 1-93 0-85 0-08 0-19 
6c 3-27 1-81 1-10 0-05 1-14 
6d 3-60 0-75 0-70 0-10 0-30 
6e 2°73 2°41 0-71 0-10 0-19 
8a and 8b 3-52 2-10 0-60 0-10 0-34 
8e 3-35 2-15 0-65 0-07 0-47 
8d 3-53 1-70 0-85 0-11 0-44 
8e | 3-29 1-10 0-95 0-06 0-11 
| ' 














understood among founders that the specific strength 
of a cast bar in a given mixture diminishes as the 
diameter of the cast bar increases. 

The actual nature of the variation for three typical 
irons is shown in Fig. 1. While these curves are fixed 
by no more than three points, corresponding with the 
standard bar diameters used, there is no reason to 
suppose that the variation is otherwise than continuous 
over the range shown. If, then, the rupture modulus 
varies continuously over the range 2-25 in. to 0-8 in. 
in diameter—that is, from A to B in curve Ja— 
then it must vary over an ordinary casting tolerance, 
say, from 1-3 in. to 1-1 in.—that is, from C to D— 
for a nominal 1-2 in. diameter bar. The ordinary 
conversion formulz assume that the modulus is constant 
over this range, i.e., that it follows the line EF for over- 
size or GH for under-size bars, instead of CD. An 
undersize bar, by conversion methods, always gives 
better, and an oversize bar always gives worse, standard 
bar figures than should be the case. Not only is the 
present conversion method erroneous, but where the 
bending strength follows a curve such as AB, no simple 
conversion will enable the modulus for one diameter 
to be utilised for calculating that for another diameter. 
The magnitude of the error naturally depends upon the 
slope of the curve as well as upon the difference between 
cast and nominal sizes. In the case shown in curve Ia, 
the oversize bar, 1-3 in. in diameter, has a modulus of 
20-5 tons per square inch, and the undersize 1-2-in. 
diameter bar a modulus of 22-3 tons per square inch. 
The 1-2-in. bar has a modulus of 21-2 tons per square 
inch. 

It is therefore suggested that the true criterion of 
transverse strength is the modulus of rupture deter- 
mined for the actual bar section, measured at the point 
The lack of any simple conversion may 
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appear to create difficulties, but no purpose is served 
by ignoring facts. 

Change of Strength with Size.—The characteristic 
curve connecting strength with diameter, which, it 
may be noted, can also be obtained for tensile, com- 
pression, shear and torsion, as well as transverse tests, 
has been obtained for a variety of irons, the results 
of three of these being shown in Fig. 2, and the corre- 
sponding analyses in Table I. Sometimes the curve is 
concave upwards, as shown in Fig. 1, sometimes concave 
downwards, or straight with varying angles of slope, 
as shown in Fig. 2. These variations confirm ordinary 
founding experience, for, according to conditions of 
composition and rate of cooling, some irons have a 
core almost as strong as the outer envelope, while 
others, being highly graphitised irons with a ferritic 
centre, have a core of very low strength. In the latter, 
the strength falls away quickly as the diameter increases. 
The difficulty of predicting the character of the curve 
for any iron at this stage makes any mathematical 
treatment impossible. Endeavours have been made, 
for instance, to determine experimentally a factor 
which could be used for obtaining the strength of one 
size of bar from that of another size, but, while this 
may serve for one mixture and melting régime, it would 
not necessarily hold for others.* 

The bars fixing the points of any one curve in Figs. 1 
and 2 were all poured at the same time from the same 
mixture, but, as will be seen from Table I, the mixtures 
differ from curve tocurve. Naturally, an iron intended 
for thin castings, of high silicon and total carbon content, 
will show low strength in a thick section compared, for 
example, with an iron intended for heavy, hard, 
engineering castings. Each is suitable in its particular 
application, and the advantage of a range of test-bar 
thicknesses for each type is referred to more fully 
below. 

It has been suggested above that once the charac- 
teristic curve has been obtained the strength of any 
particular bar can be predicted by interpolation. Thus, 
in Fig. 1, curve Ic, a bar 1-5 in. in diameter of the same 
material, cast under the same conditions, would have a 
rupture modulus of 30-3 tons per square inch. Care, 
however, must be exercised inextrapolation. So far, only 
a limited experience has been gained from very heavy 
bars, for which the span has to be increased to obtain 
aneasily read deflection. It has also been found that, 
in bars of the same material cast at the same time, 
the modulus of rupture increases and the deflection 
diminishes as the span diminishes. Similarly, the 
modulus diminishes and the deflection increases as the 
span increases. What the bar gains in flexibility it 
loses in rupture strength. 

The curves show a continuous diminution of strength 
as the diameter increases, until a point is reached at 
which the rupture modulus becomes virtually constant, 
irrespective of the diameter. Fig. 3 shows tests on 
two series of bars for diameters greater than the stan- 
dard 2-2-in. bar, the analyses for which are unknown. 
They represent common iron for engineering castings 
high in phosphorus. At the other extreme, as the 
section diminishes, the metal changes and begins to 
mottle, ultimately becoming white. The strength, 
which has hitherto steadily increased, now begins tc 
diminish owing to the brittleness of the free carbide, 
and there is a sharp discontinuity in the curve shown, 
for example, in Fig. 2, curve 2a, while Fig. 4 shows 
three series from the author’s results, the analyses 
bein: giver in Table I. 

Considerable care is required in moulding and casting 
sound thin test-bars, the minimum diameter called for 
in B.E.S.A. Specification No. 321, 1928, being 0 -875 in. 
It will frequently be found that a low result on a thin 
bar is due to a defect in the bar, and not to the strength 
having passed its peak value. In order to ascertain 
whether the rectangular section would yield a similar 
characteristic, tests on rectangular bars were made from 
a series of some 20 casts, the bars for each cast being 
the ordinary 0-5-in. square bar at 12 in. centres, 
the Admiralty l-in. square bar at 12-in. centres, and 
the B.E.S.A. 2 in. by 1 in. bar at 36-in. centres. Several 
of the curves, characteristic of the whole, are shown 
in Fig. 5, the areas of the bars being used as ordinates. 
The analyses appear in Table I. 

It is found, as a matter of common experience, that 
square bars invariably give lower transverse results 
than round bars of similar size. 
whether this was a test.ng effect or a casting effect, until 
some tests were made by Dr. A. L. Norbury in the 
laboratories of the British Cast Iron Research Associa- 
tion. A group of round bars was cast, some being 
skin-machined and others being machined square before 
testing. 


machined round before testing. The results showed 
clearly that the round bar is stronger than the square 
bar, even when prepared from a bar originally cast 
square, and that the square bar is weaker than the 
round bar, even when prepared from a bar originally 





* See ENGINEERING, vol. xeviii, page 455 (1914). 


It was uncertain | 


From the same metal, a group of square | 
bars was cast, some being skin-machined and others | 





cast round. The effect is therefore due, at least in 
part, to the distribution of stress across the bar during 
the test. The difference may amount to 10 per cent., 
or even over 20 per cent. 

In square cast bars there is invariably a slight 
difference between adjacent sides. The influence 
of small dimensional changes makes it desirable 
that all square bars should be treated as rectangular, 
the longer side being the depth ; otherwise it is difficult 
to use recorded results without possibility of error. 
The figures for breaking load for transverse bars of 
both grades A and C of British Engineering Standards 
Specification No. 321, 1928, were obtained, in the main, 
by direct experiment on large numbers of bars of all 
the standard sizes. The modulus of rupture deter- 
mined from the specified breaking loads and diameter 
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is shown plotted against diameter in Fig. 6, together 
with the curve for the grade B originally projected but 
as yet unspecified. 

Current Methods of Treating Transverse Results.—The 
difficulties introduced by current methods of treating 
the transverse test can be illustrated by recent contri- 
butions to the study of cast iron. It would appear, in 
some cases, that the engineering formule utilised for 
| converting the result on a cast size to the corresponding 
| breaking load on a specified size have been treated 
as having universal validity. Many tests have been 
made, leading to the conclusion that the conversion 
formule do not hold for cast iron. The formule, 
however, cannot be criticised as untrue or invalid 
because, by the circumstances of their development, 
they can only hold for conditions which are violated 
every time a transverse test is taken—that is, for per- 
fectly elastic bars, or bars tested within their elastic 
limits and under such conditions that normal sections 
remain plane and the neutral axis passes through the 
centre of the section, that the elastic properties of the 
material remain the same in tension and in compression, 
and that stress is strictly proportional to strain. 

The modulus of rupture on a cast-iron bar is not an 
absolute value even for bars of the same length and 
|section. It is an index, however, of a particularly 
| useful kind, under standard testing conditions, to the 
combined influences of constitution and rate of cooling 
| on the mechanical strength—that is, of chemical com- 
| position, pouring temperature, mould temperature, 











and thickness. A paper by Adamson and [Bell* 
provides a particularly valuable collection of data 
in connection with the transverse test, since the 
actual bar dimensions and breaking loads are given 
for a series of bars of at least three diameters and for 
a wide range of compositions, which, for convenience 
are given in Table I, 6a to 6e. A paper by Rother and 
Mazuriet is also useful, inasmuch as it gives actual 
transverse results on bars of different compositions 
(8a to 8e, Table I), shapes, and sizes up to 3 in. in 
diameter, all poured in the same foundry. 

Relationship between Strength and Composition.—The 
aim of much recent research is to establish a relation- 
ship between strength and composition of cast-iron, 
If these can be shown to correlate, even for a single set 
of melting conditions, a great step forward in foundry 
control becomes possible. The transverse test has 
been chosen for this correlation, in the present instance, 
not only because it is simple, cheap, and rapid, but 
because, when expressed as rupture moduli, the 
results bear a general relationship to other tests. The 
experience of the British Cast Iron Research Associa- 
tion is that the transverse strength of a given iron is 
usually 1-8 to 2 times the tensile, which is usually 
one-fifth to one-fourth of the compression strength. ~ 

The number of elements in cast iron makes such a 
relationship particularly difficult to establish. Strength, 
however, is predominantly influenced in a given section 
by the total carbon and silicon ; in these experiments, 
the total carbon was not maintained sufficiently 
constant to enable silicon alone to be used, and hence 
“T.C. + Si” is used as an index to composition, 
although “'T.C, + “+ » 
tion. The influence of other variables of composition 
is, for the time being, ignored, although the importance 
of phosphorus in this connection will be obvious. 

Fig. 9 shows curves connecting the total carbon 
plus silicon and the strength for bars of various thick- 
nesses, derived from data by Rother and Mazurie. 
They show a striking degree of consistency, indicating 
that, for a given melting régime, there is little scatter, in 
spite of the fact that two of the melts contained steel 
scrap. An attempt to construct a similar curve from 
the results published, for example, by Adamson and 
Bell, or from the results quoted by the present 
author, shows the degree of scatter which would be 
expected from marked variations of composition other 
than total carbon and silicon and from bars originating 
in a number of foundries. 

By the phrase ‘‘ melting régime ” is meant that par- 
ticular set of operating conditions which obtain at a 
given time in a particular foundry, or at least for one 
cupola of that foundry. If, for one such régime, a 
series of bars be cast in one usual mixture in a wide 
range of diameters, and if this be repeated for the whole 
of the mixtures normally employed, a diagram could 
be prepared similar to Fig. 9, which would give the 
transverse strength of a bar of any diameter within 
the range of compositions used. Such a diagram would 
act as a base for the foundry. It could also be used to 
determine compositions required to give a particular 
transverse strength, and hence a particular tensile 
strength. With such a base, it would then be possible 
systematically to ascertain the effect on strength of 
such operating changes as variations in cupola melting 
conditions; variations in charges without alteration 
of ultimate composition by the use of hot and cold blast 
irons, steel, and scrap; variation in charges giving 
ranges of manganese, phosphorus, sulphur, and special 
elements ; and variations in moulding practice. Finally, 
by direct experiment, the strength of standard bars 
could be compared with similar sections cut from 
actual castings. 


might be a preferable combina- 








NrEon InpicaTor FoR Evectriciry SuppLy Crxcvits. 
—It is not always easy to tell when certain of the domes- 
tic electric appliances, which are now being used in 
increasingly large numbers, are “alive,” and though it 
is possible to overcome this difficulty by employing 4 
lamp, the practice is wasteful. Messrs. Philips Lamps, 
Limited, of 145 Charing-cross Road, London, W.C.2, 
have therefore devised an indicator, in the form of @ 
small glass cylinder, 17 mm. in diameter and 55 mm. long 
filled with neon gas. This cylinder contains two elec- 
trodes, consisting of a disc and ring respectively, and is 
fitted with a metal cap, of either the bayonet or screw 
type, so that connection can be made to an external 
circuit. When a difference of potential occurs between 
the electrodes, a glow is emitted, which is discernible 
both in natural and artificial light. The consumption 
of these indicators is only 0-5 watt, and they are made 
suitable for use on either 100 volt to 250 volt alternating 
current, or 150 volt to 250 volt direct current circuits. 
A third type, for employment on 400 volt to 650 volt 
circuits is also available. It is claimed that this 1s 
specially valuable on three-phase power circuits, where 
the failure of one phase may cause damage to the motor. 





* See Iron and Steel Institute, Carnegie Scholarship 
Memoirs, vol. xvi, pages 1-34 (1927). 3 

+ See Transactions of the American Foundrymens 
Association, vol. xxxiv, page 746 (1926). 

{ Loc. cit. 
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ata THE MAENTWROG HYDRO-ELECTRIC | connected to the high-pressure pipe line through a | statically before mounting, while each pair was 
the DEVELOPMENT OF THE NORTH |36-in. diameter hydraulically-operated sluice valve | similarly balanced after mounting. Finally, the 
en WALES POWER COMPANY. and one branch of a three-way distributing pipe. | runner was tested to an overspeed of 100 per cent. 
for é The impulse turbines, which were constructed by | There are four nozzles per turbine. These are so 
mer (Concluded from page 517.) Messrs. Boving and Company, Limited, of London, | arranged that two jets impinge on the buckets of 
a CONTINUING our description of the Maentwrog | are of the horizontal type, and are designed with | each runner. The needles are of the solid cylindri- 
ons hydro-electric development of the North Wales | two runners operating in a single casing and keyed | cal type, and both the needle tips and the nozzles 





Power Company, articles upon which appeared on|to the same shaft. This shaft is rigidly coupled | are of stainless steel. 

| Speed control is effected by means of deflectors 
and needle valves. When the load is removed the 
| deflectors divert the jets from the runners, while 
|subsequently the jets themselves are diminished 
| owing to the gradual closing of the needles. When 
| full load is suddenly thrown-off the momentary 
| increase in speed does not exceed 10 per cent. To 
| provide against a runaway an automatic centrifugal 
| over-speed device is incorporated in the governor 
| arranged so that on a pre-determined over-speed 
| being reached a spring loaded piston valve trips 
| and opens a discharge from the top of the governor- 
|regulating valve. This allows the valve to rise, 
{and thus shuts down the turbine. The same 
| device operates when the speed falls below a 
| predetermined minimum. The spring-loaded valve 
|is fitted with contacts, which are connected to 
|the tripping mechanism of the circuit-breaker, so 
| that the faulty machine is disconnected from the 
| systems 
| The governor used is of the evolvent type, with a 
| centrifugal pendulum, the position of the latter, 
|except in the cases of over-speed or under-speed, 
| determining the position of the regulating valve. 
The latter valve admits oil under pressure to a 
differential servo-motor, the oil supply being 
drawn from a pressure tank, which is fed by a rotary 
|pump. This pumpis driven by a belt from the main 
shaft of the turbine. The piston of the servo- 
motor, the position of which is determined by the 
pendulum, operates the needles and deflectors 
through rods and levers in the usual way. A 
| hand-controlled electrically-operated speed-adjust- 
| ing device is also provided, while, in addition, each 
|alternator control panel is fitted with a push 
| button for use in case of emergency, which closes 
|down the turbine and trips the machine circuit- 
| breaker. A _ belt-driven pump mounted on the 
| bed plate provides a continuous supply of oil to 
|the bearings, the pump with its vertical water- 
| tube cooler, sump tank and filter forming an 
|integral part of the lubrication system. Each 
| turbine is designed to develop 9,000 h.p. at 333r.p.m., 
| the maximum static head being 650 ft. 
| The alternators, to which these turbines are 
| coupled, were manufactured by Messrs. the English 
| Electric Company, Limited, of London. They are 
| of that firm’s standard slow-speed salient pole type, 
| and are designed for a maximum output of 6,000 kw. 
| at 0-8 power factor, three-phase current being sup- 
| plied at a pressure of 6,600 volts and a frequency 
|of 50. Each machine has its own direct-coupled 
exciter with overhung armature. The machines 
are forced ventilated, the air being led into a pit 
through tunnels, the inlet to which is controlled by 
hand-operated dampers. From this pit the air is 
led to the fan inlet at each end of the machine by 
intake shields. The combined pressure of the fan 
and pole wheel forces most of the air through the 
radial ducts in the core, whence it is discharged to 
the chamber formed by the solid back of the frame. 
Part of the air is by-passed through cored holes 
in the end of the frame, which serves to cover the 
overhanging parts of the stator end windings. The 
| hot air can also be exhausted through chimneys in 
| the frame casting. 
| The 6,600-volt switchgear for controlling the 
|output of the machines is of the Reyrolle metal- 
clad draw-out type. It is arranged on a 10-panel 
board, and comprises three machine circuit-breakers, 
two circuit-breakers for the 10,000-kv.-a. trans- 
former banks, which step the voltage up to 
66,000 volts, two circuit-breakers for the 3,500- 


to that of the alternator, the combination being | kv.-a. transformer banks, which step the voltage 
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Fig. 29. Marin TRANSFORMER STATION. 





pages 496 and 517 of our issues of October 19 and 


26, respectively, we may now refer to the power 
station, an exterior view of which is given in Fig. 28. 
It is a building of steel frame construction, with 
brick filling rough-cast outside. The design is simple 
and in no way clashes with the amenities of the dis- 
trict. Three generating sets are at present installed 
and these are arranged across the power-house, being 





carried on three pedestal bearings with cast-iron 
bushes lined with Babbit metal. These bearings 
are spherically seated and self-aligning. Each 
runner carries 22 cast-steel buckets, which are 
secured to the rim by fitted taper bolts and nuts 
with locking plates. The buck ets are finely ground 
on the inside surfaces, and each runner was balanced 


up to 35,000 volts, one circuit-breaker for supply- 
ing the station transformer, one for an outgoing 
feeder, and one which acts as a bus-bar coupler. 
The breaking capacity of all these circuit breakers 
is 350,000-kv.-a., and the panels are of the duplicate 
bus-bar type. Merz-Price circulating current pro- 
tection is provided for the generators and the works. 
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transformer, and plain overload protection on the | formers, with a 6,600-volt tertiary winding, so that | from Section C.—Geology in 1851. It had also 


outgoing feeder circuits. 


synchronous condensers can, if desired, be used later | covered anthrogeological studies until they had 


The 35,000-kv. switchgear, which is of similar|for power factor correction. These transformers | matured into Section H.—Anthropology, in 1884. 
design to that just described, is arranged on a five- | are coupled solidly to the 66,000-volt transmission | As a science, geography, the systematic description 
panel board. It consists of two circuit-breakers | line from Maentwrog, and are equipped with on-|of the earth, was the understanding and inter- 


for controlling the high-tension sides of the two | load tap-changing apparatus to provide voltage 
3,500-kv.-a. transformer banks, and three circuit-| adjustment at this point. There are also two 
breakers on the outgoing transmission lines to the /2,500-kv.-a. 33,000/11,000 volt-transformers for 
Llanfrothen, Dolgarrog and Oakeley sub-stations, | feeding the secondary transmission lines to Wrex- 
respectively. These breakers have a rupturing} ham, Ruabon, and Oswestry. All these trans- 
capacity of 500,000 kv.-a. |formers are of the outdoor type, and were made 
All the circuit-breakers are solenoid operated | by Messrs, Ferranti, Limited, of Hollinwood. A 
from a control board consisting of desk-type sheet | booster transformer of the English Electric Com- 
steel cubicles, a diagram with automatic discs and | pany’s manufacture, to pass 4,000 kv.-a. and give 
lamps being provided to show the position of each a boost of 10 per cent., is connected in one of the 
switch. The neutrals of the alternators are earthed feeders from Crewe. This transformer enables 
through a resistance, and a second similar resistance | the voltage to be maintained at Legacy when power 
is provided for the 3,500-kv.-a. transformers. Each |is being transmitted from Runcorn via Crewe to 
earth circuit contains a single-phase circuit breaker | the system. 
of the metal-clad type, which is operated from the |, At the Crewe sub-station connection is made 
control board. | with the Mersey Power Company’s system by 





All the transformers, which were supplied by the means of a double circuit line, one of which is | 


English Electric Company, Limited, and Messrs. | designed for an operating voltage of 33,000 volts, | 
At the present | 


Ferranti, Limited, of Hollinwood, are of the out-| and the other for 66,000 volts. 
door type, and are located in a compound ad-| time both are being worked at the lower pressure. 


joining the station building, as shown in Fig. 29.| As already mentioned, the double circuit 66,000- | 
| with special reference to the development of navi- 


The two 3,500-kv.-a. banks, of which mention has | Volt line from Maentwrog via Legacy also ter- 
already been made, have a ratio of 6,600/20,000/| minates at this point. Duplicate cables working at 
35,000 volts, and supply the company’s western area | 33,000 volts are run from this station into the 
as well as the interconnectors to Dolgarrog and | works of the London Midland and Scottish Rail- 
Cwm Dyli. The two 10,000-kv.-a. banks have a| Way, whence the town of Crewe is supplied, while 
ratio of 6,600/66,000 volts, and are designed to | lines supplied at 11,000 volts through transformers 
transmit the bulk of the station output to Crewe Connect with the towns of Elworth, Sanbach and 
and the eastern part of the company’s system. All Alsager in one direction, and with Nantwich in 
the transformers are oil-immersed, and self-cooled, | another. Both the 33,000-volt and 11,000-volt 
the three-phase units being fitted with special cable | switchgear in this station was manufactured by 
boxes, so that the transformers can be removed | Messrs. Reyrolle and Company, Limited, of 
without the cable joints being disturbed. The 35-kv. | Hebburn-on-Tyne. 

sides of the three-phase units are connected to the| As indicating the need for the development at 
switchboard by single-core cables, the latter being | Maentwrog which has been described above, it may 
connected in turn to the transmission lines by three- | be mentioned that the energy sold by the North 





core belted type cables manufactured by Messrs. 
Pirelli General Cable Works, Limited, of South- 
ampton. The high-tension side of the 10,000-kv.-a. 
banks are directly connected to the feeder ends, 
there being no 66-kv. switchgear. 

We may conclude this article by giving a few 


details of the newly erected 66,000 volt transmission | 


line between Maentwrog and Legacy, near Wrexham, 
which is the eastern transmission centre of the 
power company’s area. 


normal span being 650 ft. A typical anchor tower 
is illustrated in Fig. 30 on page 621. Special towers 
are used at road crossings, as shown in Fig. 32, and 
at angle and section points. The conductors are of 
steel core aluminium with a conductivity equivalent 
to 0-125 sq. in copper and consist of seven 0-0785 in. 
diameter steel cores surrounded by 26, 0-1-in. dia- 
meter, aluminium strands. As will be seen, the 
insulators are of the suspension type comprising 
four sheds in series on the straight-line towers and 


five sheds at road crossings and other special points. | 


The line is transposed at intervals, one of the towers 
used for this purpose being shown in Fig. 31. This 
line is broken at Corwen, where a switching station 
is provided to allow the two sections of the double 


circuit line to be cross-connected, if necessary. | 
Provision is also made for a future tapping to be | 


taken off through a transformer for the supply of 
the neighbourhood. The arrangement of this 
station will be clear from Fig. 33. The trans- 
mission line was constructed by Messrs. Siemens 
Brothers and Company, Limited, of Woolwich, the 
switchgear at Corwen being manufactured by the 
Metropolitan Vickers Electrical Company, Limited, 
of Manchester. 

A number of main transmission lines converge at 
Legacy, which is the terminal of the double-circuit 


line, which has just been described. In addition, | 


there is a double-circuit line, operating at 33,000 
volts, from Dolgarrog via the coast route, and a 
double-circuit line from the Crewe substation, 


which is designed for 66,000 volts, but at present | 
operates at 33,000 volts. Thesubstationis equipped 
with 33,000 volt and 11,000-volt metal-clad switch- | 
gear of the drop-down type, made by Messrs. 
Ferguson Pailin, Limited, Manchester. 
also two 7,500-kv.-a. 


There are 
66,000 /33,000-volt trans- 





| Wales Power Company has increased from 5,000,000 
|kw.-h. in 1919 to 38,000,000 kw.-h. in 1927, the 
| rate of increase since 1922 being particularly rapid. 
|Of the total output in 1927 29-8 per cent. was 
| absorbed by slate, granite and limestone quarries, and 
| 30-85 per cent. by collieries and engineering works. 








THE BRITISH ASSOCIATION AT 
GLASGOW. 


(Continued from page 563.) 
| SECTION C.—GEOLOGY. 


| Or the many papers concerning the Glasgow 
| district and Scotland, brought before the Geological 
| Section, we can only notice one, on the use of the 
| Kétvés torsion balance, which we illustrated on 


| page 101 of our issue of July 23, 1926. 


| GRAVITATIONAL SURVEY BY THE EétTvés BALANCE 
NEAR GLASGOW. 


In this paper, Drs. W. F. P. McLintock and 
| J. Phemister, of the Geological Survey, Scottish 
| Office, described an E6étvés survey carried from 
| December, 1927 to February, 1928, in the neigh- 
| bourhood of Drumry, near Glasgow, to investi- 
| gate the drift-filled pre-glacial valleys of the River 
Clyde and its tributaries which do not entirely 
| coincide with their present courses. Borings north 
and west of Glasgow had shown that the pre-glacial 
| Kelvin valley could be traced from Kirkintilloch 
to Drumry, and that the buried valley was at least 
300 ft. below the present surface, that is, about 
| 250 ft. below Ordnance Datum. At Drumry, the 
buried valley appeared to fork against a rock mass 
which comes within 74 ft. of the surface ; the outline 
of this rock mass was to be determined. Sixty- 
eight stations were investigated, an area of about a 
quarter of a square mile being contoured at 5-ft. 
intervals for the calculation of topographical 
corrections. So far the gravitational survey was 
in-agreement with other observations. 


SECTION E.—GEOGRAPHY. 
ANCIENT GEOGRAPHY IN MopERN Epvcation. 
Section E, Professor J. L. Myres, of Oxford, 

recalled in his presidential address on Ancient 
Geography in Modern Education, had only separated 


This consists of a double | 
circuit line of lattice steel tower construction, the | 








pretation of its meaning, so that the question of 
time as well as site arose. In this way geography 
might be considered the co-equal of history. 
In order to remove the actual divorce between 
geographical study and the humanities, Professor 
Myres recommended systematic training in map 
work; the correlation of classical courses and 
biblical study with the geography of the Mediter- 
ranean and the Near East; frequent reference to 
the geographical literature of all periods; and 
recognition that geography as a science rested upon 
observation and field work without which class- 
room teaching was sterile. Thus the address, apart 


|from its own merits, formed a fitting introduction 


to the four sectional papers on local geographical 
features. 


THe CLYDE, GLASGOW AND DistRIcT. COAL AND 
Tron. 


In the first of the papers on Scotland and Glasgow, 
Mr. J. Holmes discoursed on the Estuary of the Clyde 


tation. Mr. J. S. Thoms, of the University of 
Glasgow, based his analysis of the Site of Glasgow 
upon a 6-in. map of the city, contoured on the 25-in. 
scale with contour lines drawn at 20 ft. intervals. 
He suggested that a series of unconsolidated deposits, 
accumulating since pre-glacial days, had filled the 
deep valley of the Clyde, the sold rock of which 
extended through the city with a width of about 
a third of a mile. Just below Cambuslang, the river 
had left the valley and cut through the solid rock 
and the loose material; that was now the upper 
possible limit of easy canalisation and dock construc- 
tion. The site of Glasgow occupied three stages, the 
highest coming up to 350 ft. above O.D. in the north- 
east of the city, the lowest being below 40 ft. 
elevation. Mr. Thoms discussed these features 
with respect to the development of the docks and 
canals, railways and industrial and private buildings. 
The old business quarters belonged to the lowest 
stage. Industrial premises shunned the steep 
slopes and the tops of the hills, on which rock was 
rarely seen outcropping ; the unconsolidated ground 
facilitated drainage and foundation work and cable 
laying, but the damp nature of the clay had led 
to difficulties, especially in new housing schemes. 

In his paper on the Water Supply of Glasgow 
District, Mr. A. W. McPherson, stated that Glasgow 
was admirably situated for water supply. The 
thirty old shallow wells had yielded a water of doubt- 
ful origin. The Clyde water having been found 
to be contaminated, the Gorbals Water Company 
introduced, in 1846, water from the high lava 
plateau in the south; that source still contributed 
3 per cent. of the city’s supply. Then Loch Katrine 
and Loch Lubnaig, both little affected by cultivation 
and by moss, were considered as sources, although 
these projects involved interference with the natural 
drainage of the country since they diverted water 
from Teith and from the North Sea to the Clyde, 
so that compensation questions arose. The quan- 
tities available daily, 110,000,000 gallons from 
Loch Katrine, and 10,000,000 gallons from Loch 
Lubnaig, were double the normal present demands 
of Glasgow. Loch Katrine, itself at a level of 370 ft., 
had a catchment basin partly at a level of 1,000 ft., 
but the settling tanks were at 320 ft., little higher 
than parts of Glasgow. The water was very soft 
and suitable for dyeing and bleaching. 

Mr. P. R. Crowe, lecturer in the Geography 
Department of Glasgow University, reviewed the 
Geographical Position of the Scottish Coal and Iron 
Industries with the aid of a series of quantitative 
maps. These showed volcanic activity of great 
intensity and variety, and severe faulting, to an 
extent that the coal-measure map could hardly serve 
as a coal-field map. The actual coalfields coincided 
with river basins, covered in the east and west by the 
seas, and the central field lay astride the narrowest 
part of the country. Those districts were regions 
of concentrated, rather than dispersed, population. 
Clay band and black band iron stone were easily 
worked along with coal, and in the period 1843 to 
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1863, Scotland had produced more than 25 per cent. 
of the pig iron of the United Kingdom. The 
maximum production of 2,500,000 tons in the period 
1875 to 1880 had, however, fallen to one-tenth of 
that figure by 1927. Examining the various fields, 
Mr. Crowe pointed out that coal shipments had de- 
clined on the whole, but coastwise shipments from 
large ports, e.g., Methil (Fifeshire) and Grangemouth 
had much increased, whilst the coal trade between 
Ayr and France had also increased, possibly owing 


ordinary educated person thought of the science of 
surveying in terms of the mapping of previously un- 
mapped areas. This was all that text books dealt 
with, and as the greater part of the world was still 
unsurveyed, it was, indeed, the most important part 
| of the surveyor’s work. But maps deteriorated in 
value as changes occurred on the ground; up-to- 
date editions should be produced, and few surveyors 
had any experience in that revision. The large-scale 
| Ordnance Survey maps of England were revised 





to high dues at the Port of Glasgow. The many | once in every twenty years, and the second revision 


furnaces out of blast suggested the advisability of re- 


of local geographical control by improved transport, 
and import of ores and of suitable coal. 


Tar GrowtH oF DoMINION AND CoLONIAL SURVEY 
DEPARTMENTS. 

In introducing his discourse upon this subject, 
Colonel H. S. L. Winterbotham, of the War Office, 
remarked that though the departments, at no 
very distant time, might equal, if not exceed, 
our own national survey in size and in variety of 
duty, they would all owe much to the pioneers of 


| was just being completed. 
organisation to make the iron industry independent | 
sheets of the Ordnance Survey 1/2500 map started 


The present revision of the slightly-overlapping 


by taking the current edition, printed on tracing 
paper, into the field. New features discovered were 
connected in various ways with features shown and 
drawn in, while those features which had dis- 
appeared were cancelled; boundaries, names, &c., 
were checked. This field work took three months 
per sheet. From the results a revised map was 
drawn and subjected to examination, calcula- 
tion of areas, insertion of levels, printing and 
publication. The whole took over eighteen months, 





survey, the Corps of Royal Engineers. The Corps 
had surveyed, and was surveying, the boundaries 
of the Empire, and those surveys constituted the 
main, in some colonies the only, reliable frame 
work of triangulation. About forty engineer and 
gunnery officers, and as many non-commissioned 
officers and sappers, were at present at work on 
survey duties overseas. 

Both the Gold Coast and Nigeria had trigono- 
metrical, topographical and cadastral branches, and 
produced their own maps. Parts of the countries 
were too impenetrable for triangulation, which was 
replaced by first-order traverses. A control of the 
compass traverses was obtained with the aid of 
astronomically-fixed points, the longitude being 
determined by wireless. The skeleton so formed 
with the assistance of R.E. parties was broken 
down by minor compass and aneroid traverses. The 
training of native surveyors, and native work in the 
drawing and printing offices, were noteworthy and 
admirable features of recent years. In both the 
colonies suitable co-ordinate zones on the trans- 
verse Mercator’s projection had been introduced. 
If every surveyor could attach his work to the 
national survey and use ordinary plane computations 
without fear, further development would be much 
facilitated. In Canada, the earliest surveys were 
made by Royal Engineers, and their tradition was 
maintained by the admirably organised geographical 
section of the Canadian General Staff. A geodetic 
survey was begun some years ago by the Astronomer 
Royal of Canada, Dr. King, geodesy having been 
put on a firm basis by astronomers both in Canada 
and in South Africa. The geodetic survey made 
use of Wild theodolites, which, with a 4 in. or 5 in. 
circle, gave better precision than a 12-in. circle 
had done twenty years ago. The topographical 
survey (separate from the geodetic) had mapped 
the prairie area, purchased from Hudson’s Bay 
Company, on the scale of 3 miles to the inch. The 
short field season, the great distances, clear atmos- 
phere and large percentage of water surface of 
Canada gave an opening for ground photo-topo- 
graphy. 

The survey department of Malaya worked through 
all the federated and unfederated states and the 
Straits of Malacca. Only the executive and ad- 
ministrative staff and the senior surveyors were 
Europeans, but excellent maps were turned out. 
Owing to the dense forests and poor visibility, 
much first-order work was done by vigorous tra- 
verses; the camera from the air or ground could 
help but little. Colonel Winterbotham also referred 
to Sir David Gill’s ambition, the determination of 
the African arc, which was still incomplete north 
of Rhodesia and which should be connected through 
Palestine and Asia Minor with the European arc. 
In concluding, he dwelt upon the need of closer 
touch in method, outlook and exchange of survey 
material, and the importance of the Empire Sur- 
veyors’ Meeting in London, which had been called 
by the Colonial Office in July, 1928. 


Revision SURVEYS. 
Colonel M. N. MacLeod, of the Ordnance Survey, 
Pointed out in a paper on revision surveys that the 








so that a new 25-in. plan would be out of date by 
two years and might not be on sale for a consider- 
ably longer period. 

As a remedy, Colonel MacLeod suggested a 
modus operandi which avoided the necessity of a 
fair-drawing at each revision. The old MS. drawing 
might be kept up to date ready for publication. 
The objections to correction of the MS. drawing were : 
that the MS. was a useful legal record ; that correc- 
tions made calculations, examinations, and even 
reproduction, difficult ; and that no drawing paper 
would stand erasures indefinitely. On the other 
hand, complete re-drawing involved a loss of 
accuracy each time a map was copied on to another 
sheet. Theoretically, at any rate, keeping the MS. 
plan always up to date was desirable; it would 
become possible as soon as a method of fair-drawing 
amenable to indefinite correction was discovered, 
and the Ordnance Survey seemed likely to achieve 
that soon. Any particular sheet could then be 
published within a few days. New editions would 
not, in the ordinary course, be published until the 
amount of change justified it; but really up-to-date 
sheets of maps could be obtained at the cost of 
reproduction. At present, the price of large-scale 
plans was based only on the cost of reproduction ; 
the cost of field work and drawing, &c., was all 
borne by the State, so that each new edition con- 
stituted a charge against the State, only partly 
offset by sales. 

An abstract of the third paper, by Captain M. 
Hotine, on Air Surveys, appears on page 629 of our 
issue of this week. 


SECTION F.—ECONOMIC SCIENCE AND 
STATISTICS. 


Among the highly controversial papers of Section 
F, which the President, Professor Allyn A. Young, 
of London, addressed on Increasing Returns and 
Economic Progress, was one by Professor Mauritz 
Bonn, of Berlin. 


MeEpIAEVAL Economic THrory In MopERN 
INDUSTRIAL LIFE. 


This paper, historical in little more than its title, 
was a denunciation of the cartel system. Com- 
menting on the view that the days of free competi- 
tion were over and that the new mercantilism was 
developing into some sort of State socialism, the 
author asked whether the underlying ideas of this 
modern business tendency were not really akin to a 
mediaeval theory. The chief feature of this theory 
had probably been the conception of production as a 
mere physical art of turning out goods. The money 
value side was of no importance, distribution almost 
despised, and the price was considered to be just when 
it covered actual outlay and necessary expense to 
maintain a status of living. The scarcity of goods 
caused by the late war had brought this conception 
of physical production once more to the forefront, 
and inflation had enormously strengthened it. The 
less reliable the purchasing power of money, the 
more important became the possession of actual 
goods. Prices ought to pay, it was said, not for the 
cost of production in paper money, but for the cost 


in labour and material. The distribution was con- 
sidered a parasitical undertaking, and the trader was 
ousted by the manufacturer who wanted merely 
distributing agents. The theories of money value 
during the inflation period were as crude as those 
of the mediaeval days of debased coinage. 

When wholesale inflation failed, there came homceo- 
pathic inflation and the theory of stabilised prices, 
a return to the mediaeval tendency to maintain a 
certain social order and individual income. The 
cartel system obliged individual works to trade 
through a common agency and to restrict output if 
necessary. Cartels were praised, in comparison with 
trusts, for maintaining separate enterprises under 
captains of industry, and not under a single head, 
but these captains remained managers free from the 
responsibility of marketing their produce. The 
syndicate fixed prices high enough to yield an 
income though the works were run at half capacity, 
and the worst concerns were kept going. This 
retrograde policy was based on the old theory of a 
just price, but not on modern conceptions of effi- 
ciency, and it standardised inefficiency at the cost 
of the consumer. The stage of wholesale mass 
production which we had reached would, no doubt, 
stay. By cheapened distribution a badly equipped 
and managed concern might live on. In order to 
force on technical progress and to weed out back- 
ward concerns, competition was, however, a more 
efficient method than teaching progress by cartellised 
industry. 

Economic RESILIENCY. 


Professor W. R. Scott, of Glasgow, submitted, 
in his paper on Economic Resiliency, that the condi- 
tions of trade recovery after a crisis had probably 
come into existence before the actual recovery had 
become apparent. He defined resiliency as the 
power which endeavoured to react against trade 
depression, and he illustrated his discussion of 
various aspects of the problem, psychological and 
others, by reference to the remarkable resiliency and 
recovery in the West of Scotland in the period 
1771 to 1791. Glasgow, well known as the birth- 
place of free trade, was also a favoured child of the 
protection which flourished under the mercantile 
system. Before the Union of 1707, Scotland had an 
inland trade, extended in scope, but not of great 
value. Overseas commerce was handicapped by the 
system which England had built up. The Union 
admitted Scotland into that system. Trade was 
then established with the West Indies and North 
America; tobacco, sugar and iron were imported, 
and many articles were exported to the colonists. 
Of the 179 categories of the Custom House classifi- 
cation of 150 years ago, only one concerned iron, 
and this comprised all small wrought-iron goods for 
the farm and house, rails, hoes, locks, grates, kitchen 
furniture, &c. The bulk of the exports consisted of 
textiles, the exports of which, from Glasgow, repre- 
sented, in 1771, a value of 452,0001. Of the total 
tobacco imports of 46,000,000 Ib., 45,000,000 were 
re-exported, chiefly to France, and this was a general 
feature, the total value of imports being 1,386,3291., 
and that of re-exports 1,353,3611. Home-produced 
exports raised the latter figure to 1,857,334. 

This position of the overseas trade was highly 
vulnerable, and it collapsed with the outbreak 
of the War of Independence in 1776. After the 
war, America would not take back manufactured 
iron from Scotland, or supply France and Europe 
with tobacco via the Clyde. Moreover, much 
of the working capital employed in the Ameri- 
can trade had been seized and was only partly 
recovered after long delays. By 1778, the trade of 
Glasgow was less than half that of 1771. But new 
markets were found, and, by 1780, home-produce 
was back to its level. A chamber of commerce, the 
first in Great Britain, was established in the peace 
year 1783; selling agencies were formed in London 
and on the Continent, and, by 1791, the level of 1771 
was almost regained. During the first stage of 
that recovery the inventions of the industrial 
revolution were of little importance. Mechanical 


cotton-spinning was introduced into the West of 
Scotland in 1780, but on a small scale; the first 
effective spinning mill erected in Rothesay was only 
a two-storey building, 42 by 13 ft., accommodating 
1,000 spindles. But other mills and iron works were 





built and labour had to be imported from the Hebrides 
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and the Highlands. The energy of the first power 


loom of 1792, when American cotton was first used, RE CONSTRUCTION OF 


was provided by a Newfoundland dog. 
Professor Scott proceeded to discuss the recent 








contributions of psychology by explaining the state 


of mind and action which had been termed resiliency. Fig 1 


A check in trade terminating in a crisis appeared 
as a distinct obstacle, the recognition of which had 
the primary effect of intensifying activity. Inthe} | gu 
preparatory process leading towards recovery on 
the mental side, enterprise, judgment and adap- 
tiveness were important. Resiliency was significant a 
in social progress. The character of the resiliency 
with which a trade depression was met exerted an 


influence over the whole of the subsequent trade oi 


cycle, and a high degree of resiliency was probably pt 


characteristic of a virile people. The slow recovery st 


from the Great War crisis Professor Scott attributed 
partly to the currency manipulations and to the fact 
that the production capacity during the war far 
exceeded the requirements of peace-time. 


(Z'o be continued.) 








THE RECONSTRUCTION OF THE 
PICCADILLY CIRCUS TUBE RAILWAY 
STATION, LONDON. 


In Tube railway construction, as in other branches 
of engineering, subsequent improvements largely 
arise from past mistakes. That being so, it was not 
to be expected that the Piccadilly Circus station, 
which was one of the first of its kind in London to 
be opened for traffic, should also be one of the 
most convenient either from the point of view of 
the passengers or of the staff. This lack of con- 
venience, judged by modern standards, was due to} | /oe,,) 
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more than one cause. On the ground level the 
problem of site values necessitated the allocation | 





of relatively narrow frontages to the three entrances, 
which were provided in Piccadilly Circus, Haymarket 
and Jermyn-street respectively. For the same 
reason, the first and third of these entrances were 
placed at opposite ends of a comparatively narrow 
passage, with the second leading into a rather 
wider space at right angles to it. The latter space 
formed the circulating area, from which two sets of 
lifts, serving the Piccadilly and the Bakerloo Rail- 
ways respectively, descended. Though to some 
extent passengers arriving at the station were segre- 
gated from those departing, the use of a circulating | 
area common to the two railways has led to con- | 
siderable congestion and confusion, especially at rush 
hours. In this connection, it must be remembered 
that at Piccadilly Circus these peaks in the traffic 
curve occur not only at the ordinary times in the 
morning and evening, but also late at night when the 
departing theatre traffic, though not lasting for so 
long a period as the other two, probably exceeds both 
in intensity. The connections between the lower lift 
levels underground and the railway platforms have 
been equally unsatisfactory. Arriving and departing 
passengers have had to walk considerable distances 
in the case of both railways, while the maze-like pas- 
sages, which it was necessary to traverse to change 
from one system to the other, often led to incidents 
which formed the subject of humorous references 
in the Press, and caused some natural irritation on 
the part of those immediately concerned. These|  |[(wers) 
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drawbacks have been accentuated by the large 
number of passengers using the station. This 
number has been gradually increasing, until it now 
amounts to some 25,000,000 per annum. 

This short statement of the Tube railway traffic 
problem at Piccadilly Circus is more than sufficient 
to justify the conclusion reached by the London 
Electric Railway Company that the only course open 
to them was a thorough re-construction of the 
accesses and circulating areas of the stations, in 
order that both present and future traffic might 
be more efficiently dealt with. The plan adopted 
involved the employment of escalators instead of lifts, 
a policy which has been successful elsewhere, and 
the provision of more space for both outgoing and 
incoming passengers. The traffic problem at Picca- 
dilly Circus is not, however, confined to the railways, 
since the increasing number of road vehicles has 
resulted in great risk, discomfort and waste of time 
to the foot passenger. It was, therefore, wisely 
determined, as the result of conferences with the 
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RECONSTRUCTION OF PICCADILLY CIRCUS STATION. | otice of Works, Department of Woods and Forests, 

: London County Council, Westminster City Council 
Ground Level. and others interested, to combine the re-construc- 
tion of the station with a system of subways a 
short distance below the street level, and thus not 
only to provide easy access to the former for all 
those who wished to travel by railway, but to pro- 
vide foot passengers with a safer and more rapid 
method of traversing what is every day becoming a 
more and more congested open space. 

To attain these objects it has heen necessary, as 
can be gathered from Fig. 1, opposite, and from 
the details we give below, to perform extensive 
excavation work under the centre of the Circus, to 
make new provision for the accommodation of the 
water mains and cables then in position and to divert 
the run of existing sewers and drains. Moreover, 
a new booking hall and circulating area have been 
mined out at a shallow underground level, and esca- 
lators have been installed to take the place of the 
original lifts. This interesting and difficult piece of 
engineering was begun in February, 1925, and has 
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Fig.5. 
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90-007 - ; ; 
: z proceeded to a satisfactory conclusion practically 
B loot Fig 8 without hitch or serious accident, so that it will 

r Fig.7 Section F.F. "SECTION L.L. be possible to open the new station at an early 

of 26:0 Int. Dia Tunnel date. The result will be not only that it will 


be much easier to deal with the existing traffic, 
but that the capacity of the station will be raised 
to 50,000,000 passengers per annum, or about double 
the number now using it. In addition, passengers 
will be able to save from 24 minutes to 40 seconds 
on the time at present taken to reach the platforms 
from the street and vice versa, while the provision 
of pipe subways will reduce the expenditure and 
congestion inseparable from street excavation. 
The designs for this re-construction were prepared, 
and the work was supervised on behalf of the 
. |London Electric Railway Company, by Mr. H. H. 
to Dalrymple-Hay, M.Inst.C.E., 11, Regent-street, 
London, S8.W.1, whose resident engineers were at 
first Mr. E. A. Ogilvie and subsequently Mr. H. Hall. 
We are indebted to these gentlemen for facilities and 
assistance in the preparation of this article. The con- 
tractors for certain of the preliminary work were 
Messrs. John Cochrane and Sons, Limited, of 39, 
Victoria-street, London, 8.W.1, while the main con- 
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Nine deta Breas) a ui tract was let to Messrs. John Mowlem and Company, 
Fig. 9. i 37-7" ce ea ON 1 Limited, of Ebury Bridge-road, London, S.W. 
Orig inad Temp at tor ap pigeamaaaaeae - It will be convenient to begin by giving a general 


account of the various works involved in this re- 


Chamber: , 
ae NL ie PV 4--\5--4 Ps \ Original Temporary. construction. These included the excavation of a 
- + . ar Chamber. large space, elliptical in plan, and covering some 














+ a ui a> Nexr eure! ae Warm aes oe 15,000 sq. ft., below Piccadilly-circus, the exact posi- 
{ON pe Vopalae™ =A ERY. [BK tion of which is shown on the plans in Figs. 1 and 2. 
sn} Vent Ducts: CHAMBER pote The floor of this space is about 15 ft. below street 
CHAMBER N22. level, and direct access is given to it from five out 


CHAMBER N23. 





= SS Ee = of seven of the street pavements above, by staircases 
(061.0) s2= ab hein htm “ENGINEERING and short subways. tt will be seen that one of the 
latter is entered from the original station. It will, 
therefore, be possible for all intending passengers, 
except those approaching from the western side of 
Shaftesbury-avenue and the northern side of Glass- 
house-street, to reach the station without crossing a 
roadway. To provide accommodation for the water 
mains and electric cables, including a high-pressure 
hydraulic main, which were disturbed by this exca- 
vation, a pipe subway was driven, the level of whose 
floor varies from +128 to +143 ft. (100 ft. below 
O.D. being taken as datum). This subway, the posi- 
tion of which is indicated in Figs. 5 and 10, roughly 
circumscribes the circulating area and access to it 
from the various existing pipe and cable runs is ob- 
tained through interceptors, shafts and chambers, as 
SECTION 6.6. will be explained in detail later. It was also necessary 
to divert one main sewer and to abandon a portion 
of another, while a number of gas mains were placed 










SECTION 8. 8. 


Fig. 72. 
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_Fig.N. in new positions just under the roadway. To im- 

© : prove the traffic conditions, two inclined escalator 
thing of 60Din.» tunnels were driven from the circulating area to an in- 
heey 250. as termediate landing at the +111-ft. level, for dealing 





with the departing and arriving passengers using both 
3 railways, while two other escalator tunnels connect 
£7000 this landing and the platforms of each of the two 
railways respectively, short staircases being used in 
UIE addition. The relative positions of these tunnels will 

rd be clear from Fig. 2. The total depth of the Piccadilly 
: Railway is 102 ft., and of the Bakerloo Railway, 86 ft. 
A vertical shaft for the accommodation of a stair- 
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(061.0 ‘taint case has also been driven, as shown in Figs. 2 and 5. 
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Finally, the construction of numerous short con- 
necting passages, which are shown in Fig. 2, at the 
lower levels will greatly facilitate the interchange of 
passengers between the two railways. It may be 
added that the use of the existing booking offices 
and of eight lifts, four of which now serve each rail- 
way, will be abandoned. In proceeding to a detailed 
account of the work it will be convenient to follow, 
what is in the main, a chronological order, though 
certain of the operations described were obviously 
carried out simultaneously. 

To provide a convenient approach to the under- 
ground site shown in Fig. 1, it was decided to utilise 
the “island” in the centre of Piccadilly-circus, on 
which the Shaftesbury Memorial stood. Working 
from this point, the first operation was to remove 
the existing wood paving and to insert series of steel 
rails on the underlying concrete, so as to form a 
support for the roadway, both during and subsequent 
to the excavation work. These rails were laid in 
lengths of 22 ft. 6 in. longitudinally to the length of 
the street at a distance of 4in. apart. They were then 
bolted together in sets of three, the correct distance 
between them being maintained by the use of hard- 
wood blocks as shown in Figs. 3 and 4, and were 
bedded on the surface of the existing concrete, 
a thin coating of cenent being used to secure an 
even foundation. The spaces between the rails were 
next filled in solidly with concrete, and they were 


then covered to a depth of 4 in., the surface being | sequently to 25 ft., as shown in Fig. 5. 
made good with asphalte paving to a depth of 1} in. | service headings were formed of 11-ft. 8}-in. 
This work was carried out in thirteen sections, so as | tunnel segments bolted together with wood corner 
to occasion as little interference as possible with the | blocks. 
The foot pavement round the Shaftesbury | the 14-ft. diameter tunnels, which were afterwards 
Memorial site was next widened so as to provide as| broken out from them, the face was mined for not 
large a site as possible for the works and the/ more than two-ring lengths at a time and the space 
upper part of the Memorial itself was temporarily | between the ground and the metal plating was then 
removed to a position in the Embankment Gardens. | grouted with Portland cement, forced in by com- 
A temporary shaft, 17 ft. deep by 10 ft. sq. was | pressed air. 
then sunk, and immediately below it, as shown in| were used for driving a Novelty heading, and 


traffic. 
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Fig. 10, a working chamber 12 rings long and 11] ft. 
8} in. internal diameter was excavated, the floor 
being about 25 ft. below the surface. From the lead- 
ing end of this chamber 40 rings of so-called Novelty 
service heading 7 ft. 8} in. wide by 7 ft. 8} in. high, 
were driven downhill at a slope of 1-732 to 1 to 
the level of the subsequent intermediate escalator 
landing, as shown dotted in Fig. 5, where a lower 
chamber formed of 24 rings of 14-ft. diameter 
tunnel was excavated. This chamber is also 
shown dotted in Fig. 5. The service heading 
and both the upper and lower chambers were 
constructed on the centre line of the larger tunnel, 
which was subsequently driven for the accommoda- 
tion of the upper flight of escalators. From the end 
of the lower chamber nine rinys of service heading 
were constructed towards the upper chamber of the 
lower flight of escalators leading to the Piccadilly 
Railway, where 22 rings of 14-ft. tunnel were built, 
as shown dotted in Fig. 6. From this chamber 
44 rings of Novelty service heading were driven 
downhill on the centre line of the lower flight of 
the escalator tunnel leading to the Piccadilly Rail- 
way, and at the lower end of this a chamber 
was formed consisting of six rings of 14 ft. tunnel 
segments. An eight-ring length of service heading 
and a 22 ring length of 14-ft. tunnel chamber were 
also constructed at the lower end of the upper 
flight of escalators and was broken out sub- 
The 


To construct these Novelty headings and 


Only four of the tunnel-ring segments 





these abutted on four oak keys. In certain cases, 
as in the construction of temporary connecting 
passages only two segments were employed. These 
formed the sides of the heading, the top and bottom 
being constructed of baulks of timber strutted by 
other pieces of timber within the curves of the 
cast-iron elements. 

A second early piece of work was the construction 
of the 18-ft. stair-shaft, the position of which is 
shown in the plan, Fig. 2, and in section in 
Fig. 5. The latter drawing also shows the passage, 
5 ft. wide and 8 ft. high, which was constructed at 
the same time to give access to the pipe subway, 
further information about the construction of which 
will be given later. The stair-shaft consists of 18 
permanent rings, and there were in addition origi- 
nally six temporary rings at the position where the 
shaft passed through the temporary shaft and 
chamber which have already been described. These 
were subsequently removed when the excavation 
of that part of the booking hall was completed. 
This work was carried out by excavating down- 
wards from the surface one ring at a time by 4 
process of underpinning, and, as it was thought 
that water might be encountered at about level of 
-+ 146, where the upper gravel formation gives 
place to London clay, the ground was supported 
by poling boards before ring No. 6 was con- 
structed. Holes were then bored through these 
boards, and the space between them and the 
ground grouted with neat cement under pressure- 
As the remainder of the shaft was in London 
blue clay, it was constructed by underpinning In 
4-ft. drops until the invert level was reached, 
where a concrete invert 3 ft. thick was con- 
structed. Throughout the work a grouting of 
neat Portland cement was forced by compressed 
air into the annular space between the cast-iron 
shaft and the surrounding earth through 1}-in. 








diameter holes in the segments of the shaft rings 
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Fig. 18. 


Level 153-00" 
Landing150-0Q ° 





‘Machine Floor 
Level 42:50 


after the latter had been placed in position. These 
holes were stopped with neat Portland cement, or, 
in places where the ground was damp or water- 
bearing, with screw plugs. 

It may be mentioned here that the stratum of 
gravel encountered during this work varied in depth 
from 17 ft. to 22 ft. below ground level, being about 
20 ft. over the greater part of the area. This gravel 
was mostly dry, though water was met with, and 
its occurrence was very difficult to predict. At the 
lower level the blue clay was encountered. This in 
places was of rock-like consistency. As the top 
of the access passage to the pipe subway, which has 
been mentioned above, was immediately below the 
top of the blue clay, the ground was mined in short 
lengths only, so as not to break through the clay 
cover. At the end furthest from the shaft the 
upper part of this subway ran through the water- 
bearing gravel. The precaution was therefore 
taken of grouting the latter through small bore- 
holes, which were driven upward from the leading 
end of the subway as the work proceeded. 

Xeverting to the construction of the escalator 
tunnels and chambers, the preliminary work on 
which has already been described, a plan of the 
various tunnels, chambers and passages involved 
is given in Fig. 2, while sections are reproduced in 
Figs. 5 to 12, which also show the method adopted 
for driving the escalator tunnels down-hill. In a 
general way these tunnels and chambers were con- 
structed by enlarging the Novelty headings and 
chambers, which had already been excavated, and 
as an example of the method employed it may be 
mentioned that in one case an 8-ft. 6-in. diameter 
—_ was successively enlarged to 14 ft. and finally 
© 26 ft. 

This work, which formed one of the main portions 
of the whole undertaking, was carried out in accor- 
dance with the following programme :—From the 
bottom of the stair-shaft at level +70, 16 rings 
of 10 ft. diameter tunnel were placed in position, 
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and a temporary close-timbered box heading, 23 ft. 
long, was then driven between the end of the 10-ft. 
tunnel and the end of the temporary 14-ft. chamber, 
shown in Fig. 6. Next, a temporary pilot chamber 
16 ft. in diameter was constructed as an extension 
of this 14-ft. chamber, and on the completion of the 
latter a brick head-wall was inserted to support the 
ground. The construction of escalator chamber 
No. 3a, the position of which is shown in Fig. 5, 
was then put in hand, the excavation, being driven 
forward for a length of 16 ft. from the face of the 
end head-wall. The exposed face between the 
14-ft. chamber and the 26-ft. chamber was timbered 
and grouted, as the remainder of the work on 
chamber No. 3a was postponed until the lower end 
of the escalator tunnel No. 3 had been completed. 
In the meantime the construction of chamber 
No. 2 was proceeded with by enlarging the temporary 
14-ft. chamber already mentioned, and a temporary 
heading and shaft from the temporary 14-ft. chamber 
in chamber No. 3 was constructed to make a connec- 
tion with the south bound platform of the Bakerloo 
Railway. On the completion of the head-wall of 
chamber No. 2, the construction of chamber No. 3 
was proceeded with, and when this chamber and its 
head-wall were in turn completed the construction 
of chamber No. 1 was begun. On the completion of 
the latter, the construction of escalator tunnels 
Nos. 2 and 3 were subsequently taken in hand. 
Escalator tunnel No. 1 was, however, completed 
before chamber No. 1 was begun; the latter tunnel 
was constructed without a pilot heading being 
previously driven. As, therefore, it was mined to 
its full section of 16 ft. 4in. internal diameter, it 
was necessary to drive a short length of service 
heading and seven rings of 11 ft. 8} in. diameter were 
also inserted between the stair shaft and the 
upper end of the tunnel to form a working chamber. 
In constructing chamber No. 4 another method 
was employed, a 14-ft. pilot heading being driven 
on the axis of the final chamber and subsequently 
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enlarged to an internal diameter of 26 ft. by breaking 
out as already described. Escalator tunnel No. 4 
was driven in the same way. 

The size of the chambers, together with the 
proximity of the foundations of heavy buildings 
above and of the Bakerloo Railway below, made it 
necessary that great care should be taken in execut- 
ing the tunnelling work. To reduce risks to a mini- 
mum this was carried out continuously, all exposed 
faces being timbered and grouted to prevent any 
ground movement. In making the openings between 
the escalator chambers at the intermediate landing, 
each chamber was horseheaded with steel framing, 
so as to guard against any movement of the ground 
above that might have been caused by the insertion 
of the lintel and invert girders in the sides of the 
chambers and the construction of the junction 
lengths between them. 

As will be seen from Figs. 2, 5, 6, 10 and 11, the 
four escalator tunnels are of two sizes. No.1 being 
of 16 ft.4in. internal diameter and 17 ft. 3 in. ex- 
ternal diameter, while the other three are 22 ft. 4 in. 
in internal diameter and 23 ft. 74 in. in external 
diameter. On the other hand, chamber No. 1 is 
19 ft. 4 in. in internal and 20 ft. 5} in. in external 
diameter, while chambers Nos. 2 and 4A are 25 ft. 
in internal diameter and 26 ft. 6 in. in external 
diameter, and chambers No. 3, 3a and 4 are 26 ft. 
in internal diameter and 27 ft. 9 in. in external 
diameter. These chambers are formed of cast-iron 
rings, each ring being made up of flanged segments 
which are connected by bolts so as to form a con- 
tinuous cylinder. 

As the ironwork used in this reconstruction is 
of the same general character in the case of the 
tunnels, chambers and subways, as well as for the 
pipe interceptors and shafts described later, it will 
be convenient at this point to give some details about 
its properties and methods of erection. The cast- 
iron used weighed 38 lb. per square foot of 1 in. 
thickness, and was manufactured from pigs, a 
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l-in. by 2-in. bar of which when placed on bearings | placed 2 ft. 9 in. apart. The floors are made of 
3 ft. apart could withstand a load of 28 cwt. at its|7 to 1 Portland cement concrete, reinforced by 
centre for 1 hour without failure. The circular | expanded metal, the overall thickness of which is 
lining of the tunnels, as will be gathered from the | 4 ft. 9 in., including a 1-ft. ventilating duct. The 
various drawings accompanying this article, consists | walls are of Nottingham brick in 4 to 1 Portland 
of a series of rings, each of which is made up of | cement mortar, while the columns, which form a 


flanged segments bolted together so that a con- 
tinuous cylinder is obtained. Each complete ring 
consists of a varying number of segments, depending 
on the diameter of the tunnel, with radial flanges, a 
single key piece with flanges inclined as shown in 
Fig. 13 and two special segments, of which one 
flange is radial and the other formed to fit the 
inclination of the key piece. Each segment was 
provided with a 1}-in. hole for the introduction of 
grout. Wrought-iron bolts and nuts were used which 
were made of material with a tensile stress of 24 tons 
per square inch, and an elongation of 15 per cent. 
in 10 in. 

In dry ground the longitudinal joints between 
the segments of each ring and between the adjoining 
rings are metal to metal, while the circumferential 
joints are made with hard wood packing pieces, 
varying from 3 in. to } in. in thickness and suffi- 
ciently wide to leave a space } in. deep between the 


packings and the edges of the flanges forming the | 


interior diameter of the tunnel. This space is filled 
in with neat cement. In damp ground a filling of 
red and white lead was used between the machined 
faces of the longitudinal joints, the circumferential 
joints being made in the same way as in dry ground. 


In water-bearing ground the longitudinal joints | 


were made with yarn packing and impregnated with 
a mixture of red and white lead, the face on the 
tunnel side being caulked with blue lead and 
**seamed.”’ All the bolts are grummetted under 
both the head and nut washers. Where the 
longitudinal joints meet the circumferential joint 
the corners of the latter are ‘‘ made out”’ solid in 
blue lead from the fillets to the face of the joints, 


| partition between the 9-ft. passages, are of brindle 
brickwork in mortar of the same composition. The 
roofs consist of rolled steel joists embedded in 
concrete, as shown in Figs. 9 and 13 to 16. The 
details of the openings between the chambers and 
passages will be clear from the latter drawings, 
from which it will be seen that special frame cast- 
ings are used within which are girders, as shown in 
Fig. 15, forming the roof and floor and stanchions 
forming the sides. 

The construction of the escalator chambers them- 
selves is shown in Fig. 13, from which it will be seen 
that the junction between the standard tunnel rings 
and the openings to the passages is made by a special | 
casting and girder, which are embedded in the same 
concrete which supports the roof of the passages. 
These were placed in position on the removal of the 
|ordinary segments which were erected in position 
| when the tunnel was being driven as explained above. | 


(To be continued.) | 














‘THE CONSTRUCTION OF THE DELA- | 
| WARE RIVER SUSPENSION BRIDGE. 
(Continued from page 575.) 
Main Towers.—The main towers are the principal 
|load-carrying members of the bridge, and they | 
|dominate its appearance. Each tower consists of | 
|two cellular shafts of steel rising to a height of | 
| 380 ft. above the river, and connected together with 
| cross-bracing designed primarily for massive appear- | 
jance. The shafts are located directly under each | 
| cable, 89 ft. apart centre to centre, and are of curved | 


square inch. The high elastic limit of this material 
makes it particularly adaptable to the requirement 
of flexibility of the towers. Detail material in the 
columns is of medium carbon steel (yield point 
37,000 lb. per square inch, ultimate strength 62,000 
to 70,000 lb. per square inch), as is also the tower 
bracing. For the bracing, the lower unit stress of 
this grade of material contributes to the desired 
massive appearance. 

For purposes of manufacture and erection, the 
tower columns were cut vertically into four sections 
and horizontally at heights of from 37 to 10 ft. The 
heaviest single section weighed 50 tons. A high 
degree of precision was secured in the shopwork. 





= 


so as to make the whole work watertight, the | tapering profile, both longitudinally and transversely. 
remainder of the joints being filled solid with rust | One of the towers is shown in side view in Fig. 7, | 
composition. The grout holes are stopped with | annexed, and side and front elevations are given in 


lead pipe driven home by tapering iron plugs. | Figs. 8 and 9, Plate LXIX. 


The space between the cast-iron lining and the | 
surrounding material was, as already indicated, | cables rest upon them on saddles which are immov- 
completely grouted up with liquid cement which | ably attached to the tower steelwork. The total 
was forced in by a Greathead apparatus under com- | pressure of each cable on its saddle is 35,000,000 Ib., 
pressed air at a pressure of 60 lb. per square inch. | of which 24,600,000 Ib. are due to dead load. This 
This grouting was done as each ring was completed. | pressure exerts sufficient friction to resist any 
Except in the water-bearing strata the grout holes | sliding of the cables in the saddles and they may, | 
were subsequently filled with cement. | therefore, be considered to be immovably held at | 

As regards the actual work of construction, the | the top of the towers. Under changing conditions | 
general procedure was to erect the cast-iron for | of loading and temperature, alterations in the length | 
the entire length of a run of tunnelling without |of the centre and side spans occur, resulting in| 
taking into account the position of the chambers, | horizontal displacements of the tower tops. These | 


The towers are designed to be flexible. The | 


| 
| 
| 
| 
| 


headings or passages with which it might sub- 
sequently have to connect, and to plank up and 
grout any working face that had temporarily to be 
left for any reason. In this way any movement 
or settlement of the clay was avoided with complete 
success. 

In designing the various junctions, great atten- 


tion was paid by Mr. Dalrymple Hay to the condi- | 
tions present and the angles involved in each | 


particular case, so as to secure the maximum 
economy of labour and material. For instance, 
as shown in Figs. 5, 17 to 19, the only accessory 
work needed to complete the junction between the 
machine chamber floor, the staircase shaft and the 
escalator tunnel were a few steel joists embedded 
in concrete, while the last few complete rings at the 
upper end of the tunnel were directly recessed into 
the concrete forming the booking hall floor. Again, 
at the lower end of escalator tunnel, No. 1, the 
change from the 22 ‘t. 4in. to the 26 ft. dia- 
meter was effected by a concrete ring head-wall. 
This policy is perhaps illustrated more clearly in 
Fig. 8, from which it will be seen that the number 
of elements in the incomplete terminal rings at the 
lower end of the escalator tunnel, No. 1, enable an 
almost iron to iron junction to be made. 

The passages between the escalator chambers, 
the positions of which are shown in Fig. 2 and in | 
detail in Figs. 13 to 16, have concrete floors, which | 
are carried on steel joists. These joists are sup- | 
ported on girders, the ends of which are carried | 
on angles fixed to the tunnel rings. The girders 
also rest on steel stanchions 6 ft. 10} in. long, 





_displacements are accommodated by the bending of | 


| the flexible towers. The range of displacement of 


| for congested load conditions. 


In section, the tower columns are of cellular | 


| construction, with vertical webs about 3} ft. apart. 
Horizontal diaphragms are used as bracing, spaced 


tion secures efficiency of the section. It results in a 
thoroughly united column, well adapted to flexure. 
All vertical metal is directly load sustaining, and 
there are no secondary members, except the hori- 


zontal diaphragms. The percentage of metal con- | 


sumed in details is, therefore, relatively small. 
The width of the columns varies from 12 ft. at 
the top to 38 ft. 8 in. at the base on the axis longi- 
tudinal to the bridge and from 10 ft. at the top to 
26 ft. 1 in. at the base on the axis transverse to the 
bridge. 

The tower bracing has been proportioned to give 
massive appearance and to secure great rigidity 
between the two columns. It is designed for a 
wind reaction of 500,000 Ib. at the top, transmitted 
from the cables, for direct transverse wind load of 
of 50 lb. per square foot on the tower columns, and, 
in addition, for a transverse load of 1,000,000 Ib. 
acting at the top. The latter load provides against 
any conceivable contingency, such as impact from 


an airship. |, in. from atrue plane. The towers were com- 
The main members of the tower columns are of | pletely assembled at the maker’s works and 


silicon steel, furnished to a specification requiring | 
a yield point of over 45,000 lb. per square inch, and 
ultimate strength of 80,000 to 95,000 Ib. per 


| the tower tops is 22 in. for working load, and 39 in. 


about 12 ft. apart. The cellular form of construc- | 














Fie. 7. THe CampEN Main Tower. 

| All material 3} in. or over in thickness was sub- 
|drilled, and thinner plates were sub-punched, and 
| reamed after assembling. The ends of the individual 
‘column sections were planed simultaneously on 
rotary planers having 108-in. cutting heads. These 
| planers were ordered by the contractor particularly 
for this work and are believed to be the largest 
rotary planers ever constructed. A view of a planer 
|in the works is given in Fig. 30, page 613. The 
| speed of cutting, with the large number of cutters 
|in the heads of these machines, contributed to 
| accuracy by eliminating errors due to temperature 
changes during cutting. Bearing surfaces 7 ft. sq-. 
|when machined with these planers, did not vary 


all 
splices were reamed, and then the sections taken 


apart for shipment. ; 
The creeper travellers used in the erection of 
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THE CONSTRUCTION OF THE DELAWARE RIVER SUSPENSION BRIDGE. 
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Fie. 28. Erection or Hraviest Towrr SECTIONS. Fia. 29. ERECTION OF CaMDEN TOWER WITH CREEPER TRAVELLER, 














Fie. 30. 108-In. Rotary PLANER MacuHINING SECTION oF MaIn Tower. 


the main towers are illustrated by means of Figs. 10 | of I section, 26 in. deep, bolted to the cross-bracing 
to 16, Plate LXIX. They consisted of frames of struc- | between the towers, and extended as the work of 
tural sections, travelling vertically on guide beams | erecting progressed. The guide beams were centred 





40 ft. apart. The main platform frame of the 
creepers consisted of a triangle having one 40-ft. 
side and two 36-ft. sides, the first consisting of a 
plate girder, 5 ft. 6 in. deep, set parallel with the 
pier axis, and nearly 10 ft. away from the face of 
the guide beams, by means of short, braced arms 
at the two corners. This platform was supported 
by rakers extending from the three corners of the 
triangle to points on the guide beams 40 ft. below, 
where clips were provided embracing the beam 
flanges. The two rear legs are shown in Fig. 16. 
The traveller was also guided by clips at platform 
level. The main derrick frame erected above the 
platform had a height of 55 ft., and was composed 
of three braced legs, viz., two heavy section 14-in. 
steel joists which are shown in the elevation, Fig. 15, 
the third being of lighter section and 15-in. depth. 
Figs. 11, 12 and 13 illustrate bracing at various 
points. The derrick capacity is shown in Fig. 26, 
Plate LXIX, and ranged between 49 tons at 55-ft. 
radius, and 29 tons at 83-ft. radius. The minimum 
reach was 17 ft. 9in. The boom was extensible by 
the insertion of sections, the minimum length being 
43 ft. The boom was carried by a slewing bull- 
wheel at mairt platform level, the wheel being on 
a lattice steel king post, stepped in bearings on the 
deep platform girder, and supported above by the 
derrick framing, as shown in Figs. 10, 14 and 15. 
The traveller was moved from one position to the 
next by means of tackle, the upper blocks of which 
were fastened to temporary brackets bolted to the 
section heads of the guide beams, as will be clear 
from Fig. 10. The leads from these tackles were 
run down to pulleys at the lower side clips, and 
then round guide pulleys in the centre of the creeper 
frame, and off to the so-called jumping engines, as 
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SADDLES OF MAIN TOWERS; 


Fig.31. HALF SECTIONA.A. 
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shown in Fig. 15. The jumping engine is on the left 
hand of the plan in Fig. 17, Plate LXIX, and right 
hand of Fig. 26, the one showing the disposition of 
the creeper and engines for the Camden Pier, and 
the other that for the Philadelphia Pier. A third 
set of tackle was provided for safety purposes, 
and this was fixed in temporary positions on the 
cross-bracing for the various stages as the work 
progressed. The lead for this set of tackle was 
taken to a four-barrel winding engine at the foot 
of the other side tower, as shown in Fig. 17. 
Of the three other winding drums of this engine 
two were respectively for the light and heavy load 
main hoisting tackles, and the third for luffing the 
derrick boom. 

The steel work of the towers was erected up to 
a height of 60 ft. or so above the base, by floating 
derricks, as indicated in Figs. 24. Beyond that 
height to the full height of 380 ft. of the towers, the 
creeper crane was employed, fixed in only six posi- 
tions, which are depicted in Figs. 18 to 23, Plate 
LXIX. Figs. 24 and 25 show the creeper erected at 
the first stage. For the hoisting tackles, the full 
length of rope required in erection was put into service 
at the start, and the increase of height of the traveller 
was cared for by dropping parts of the main falls, 
the reduced number being permissible as the weight 
of parts diminished with the height. After the tower 
had been completed to full height and returned to 
its bottom position, during which work the guide 
beams were removed, a small derrick was placed in 
the position shown in Figs. 8 and 9, and used for 
dismantling the creeper. 

The manufactured parts were brought alongside 
the pier on barges, on the side of the tower remote 
from that on which the creeper was erected. Views 
of the erection are shown in Figs. 28 and 29, page 
613, both these giving a good idea of the creeper 
cranes. In erection, the sections A and B, Fig. 27, 
of each tower were always ahead of the sections C 
and D, for any position of the creeper. The sections 
were erected in the following order :—First, section 
D was placed in position so that it projected half its 
height above A and B. Next, section A was brought 
in and added, extending half its height above D 
first placed. The corresponding piece of B was 
then put in position, C following to complete the 
tower, leaving the whole finished off again with 
A and B projectiag above Cand D. When sufficient 
sections had been added to the columns, the cross- 
bracing was added for the creeper position in 
question, after which the guide beams were extended 
and the creeper jumped to the next position. 

Rivets were heated at the base of the tower and 
sent aloft by pneumatic tube, a scheme which 
greatly facilitated delivery of hot rivets to the 
inside of the column sections. 

The pier seats on which the tower columns rest 
were finished with no variations from a level plane 
exceeding 4-in. Selected spots in each bearing 
area were first cut down to the required elevation, 
about } in. to }in. of granite being removed. These 
spots were then connected by grooves, and, finally, 
the areas between the grooves were cut down level. 
The work was done by manually-controlled air 
hammers operated by skilled stone-cutters. A view 
of the seating on one of the main piers, being 
prepared in this way, was given on page 575 ante. 

Details of the cable saddles are shown in Figs. 31 
to 35, above. These are large steel castings mea- 
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which grooving was milled to afford good seating 
for the cable strands. As already stated, the cables 
are fixed in the saddles, and adjustment under load 
is provided for by the flexibility of the towers. 
The saddles are fitted with four sets of grooved 
cable lugs, which were screwed in against the cable, 
and held down by screws above. These serve to 
keep the cable hexagonal in shape over the curve. 
The jaws of the saddle are held together by 2-in. 
tie bolts. The saddle castings weigh about 40 
tons each. The groove is machined to a radius 
of 16 ft. for centre of cable, but a certain length 
of the bottom at each end is struck to a radius 
of 2 ft. 6 in., in order to give the cable an easy 
lead under movement. 


(Zo be continued.) 








THE LATE SIR WILLIAM 
COLLINGWOOD. 


WE regret to record the death, on November 2, 
at his home at Dedham Grove, near Colchester, 
of Sir William Collingwood, K.B.E., for many 
years managing director of Messrs. Vulcan Foundry 
Limited, Newton-le-Willows, Lancashire. The 
eldest son of the late Mr. George Collingwood of 
the Home Establishment of the Honourable 
East India Company, Sir William was born in 
London on August 18, 1855, and received his 
early education at Dedham Grammar School, 
Essex. In 1872 he entered upon a pupilage of 
five years under Mr. W. Adams, first at Bow, on 
the North London Railway, for two years, and 
afterwards at Stratford on the Great Eastern 
Railway for three years. Upon completing his 
pupilage he was employed for a few months at 
Maidstone, by Messrs. West’s Gas Improvement 
Company. In January, 1878, he joined the staff of 
the East Indian Railway as assistant locomotive 
superintendent. He subsequently rose to the 
rank of district locomotive superintendent and, 
before leaving India in 1892, he acted as chief loco- 
motive superintendent. During the greater portion 
of his service with the East Indian Railway he 
was in charge of the Allahabad works and district, 
representing in all some 910 miles of line. Mr. 
Collingwood returned to this country upon being 
appointed. at the early age of 37, general manager of 





suring 15 ft. 3 in. long by 8 ft. 5} in. wide, in 


Messrs. Vulcan Foundry Company. Subsequently, 
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he became managing director of the company, 
which position he continued to hold until his death. 
During his period of office the works were rebuilt 
and entirely reorganised, and it is no exaggeration 
to say that the locomotive industry in this country 
owes much to his untiring activity. 

Sir William became president of the Manchester 
District Engineering Trades Employers’ Federation 
in 1913, and was chairman of the Manchester and 
District Armaments Output Committee from 1914 
to 1918. He was for many years on various sectional 
committees of the British Engineering Standards 
Association. For his services in connection with 
the production of munitions he was made a Knight 
of the Order of the British Empire in 1917. A 
former student of the Institution of Civil Engineers, 
he became an associate member on December 7, 
1880, and was elected to full membership on March 5, 
1895. He was a member of the Lancashire County 
Council from 1911 till 1913, and was for many years 
a Justice of the Peace for the County of Lancashire. 
An enthusiastic volunteer, he was, in his youth, 
a member of the 3rd Essex Volunteer Artillery and 
subsequently, while in India, served for nearly 
15 years in the East Indian Railway Rifles, finally 
retiring with the rank of captain. 








Hypro-Etectric Saw Mitt In AusTRALIA.—Messrs. 
Pidcock Brothers, Limited, of Casino, have erected and 
recently put into operation what is claimed to be the first 
hydro-electric saw mill in Australia. The mill is situated 
on the Nymboida River near Grafton, N.S.W., and is in 
close proximity to a large forest of pine, ironbark gum 
and tallow wood. The trade has been suffering owing to 
the importation of American timber, but a revival is 
anticipated. 


Tue ExectricaL Contractors’ Year Book.—The 
Electrical Contractors’ Year Book for 1928-29 has made 
its appearance, being published by the Electrical Con- 
tractors’ Association (Incorporated), 15, Savoy-street, 
London, W.C.2, at the price of 5s. net. The volume !s 
concerned with the above association and with the 
National Electrical Contractors Trading Association, 
Limited, and the National Federated Electrical Associa- 
tion, and it contains full lists of the members of the three 
associations arranged both alphabetically and according 
to districts The annual report for 1927-28 and the presi- 
dential address, the latter being delivered by Mr. W. A. 
Shaw at the annual meeting of the Electrical Contractors 
Association, held at Cheltenham on July 5, are given, 
while the remainder of the volume is devoted to working 
rules and wages agreements in the various districts, par- 
ticulars regarding the Association’s trading policy, quali- 
fications for membership, &c. 
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LABOUR NOTES. 


In the A. H. U. Monthly Journal for November, 
Mr. Brownlie, the president, gives an account of a 
conference between the Executive of the Amalgamated 
Engineering Union and the Executive of the Amal- 
gamated Society of Woodworkers, regarding the action 
of a local branch of the latter organisation in insisting 
that two members of the A. E. U. at a certain London 
establishment should either join the Woodworkers’ 
Society or leave their employment. A general dis- 
cussion took place, he says, during which consideration 
was given to all that was involved, and it was ultimately 
agreed that the A. E. U. Executive should prepare 
a draft memorandum of agreement and submit it for 
the consideration of the Executive of the Society of 
Woodworkers. Meantime, recognition of the member- 
ship cards of the two organisations is to be mutual. 








At the Southport meeting of the National Committee 
of the Amalgamated Engineering Union, it was decided 
to instruct the Executive Council to summon a con- 
ference of the principal ship-repairing districts “‘ with a 
view to formulating action for improved conditions.” 
Such a conference has now taken place. After dis- 
cussion, it passed the following resolution : ‘‘ In the 
opinion of the District Committee representatives at 
this conference, there are conditions prevailing which 
are not conducive to the best interest of our members 
employed in the ship-repairing industry. In order to 
arrive at a decision that will be in the best interests of 
all concerned, we are of the opinion that information 
re the conditions of the ship-repairing industry should 
be collected by the District Committees and forwarded 
to the General Office. Such information should be 
circulated to the various D.C.’s in ship-repairing 
ports for discussion, and report back. Members of this 
conference should be supplied with a copy of all 
material collected. District Committees are also asked 
to discuss the implications involved in national or 
local negotiations. A further meeting of this conference 
should be held in three months’ time ; at such con- 
ference, efforts shall be made to set up machinery to 
co-ordinate the position in ship-repairing ports with a 
view to obtaining uniform conditions.” The Executive 
Council have agreed to obtain the desired information 
and to convene a further conference as desired. 





An interesting point relating to Clause 1 (d) of the 
membership agreement was discussed at a recent 
meeting of the trade unions which have members 
employed in railway workshops. Clause 1 (d) reads 
as follows :—‘* Recognising the respective constitutions 
of the unions, parties to this agreement, it is agreed 
that craftsmen who are not at present members of any 
union should be approached to join a union catering, 
for their occupation, it being distinctly understood that 
the efforts of all unions parties to this agreement shall 
be directed to the elimination of non-unionists. It is 
also agreed that periodical consultations between local 
representatives of the said unions shall take place in 
the various centres with a view to giving effect to this 
clause.” The representatives of the Engineering and 
Shipbuilding Trades Federation sought to interpret 
these words as meaning that the craft unions had 
priority of claim to approach a non-union craftsman 
employed in a railway workshop. On the other hand, 
the representatives of the National Union of Railway- 
men and the Amalgamated Engineering Union inter- 
preted them as meaning that all unions, parties to the 
agreement, had an equal right to approach a non-union 
craftsman. On a vote being taken, after a lengthy 
discussion, it was found that 33 representatives were 
for the one interpretation and 33 for the other. “In 
view of the deadlock created,” an official account of 
the proceedings states, ‘‘a resolution was carried to 
the effect that the representatives of the unions 
affiliated to the Engineering and Shipbuilding Trades 
Federation reconsider their point of view, having due 
regard to the contrary opinion submitted to the 
conference.” 





Writing in the report of the General Federation of 
Trade Unions for the third quarter of the current year, 
Mr. Appleton, the secretary, states that the accounts 
for the three months show that the organisation is 
able to meet any financial liability incurred under its 
rules. They show also, he says, that, in this connec- 
tion, the Federation is stronger than at any other period 
of its existence, and that its affiliated societies are able 
to defend themselves against aggression. ‘‘ What is of 
equal importance to financial stability,’ he proceeds, 
is the evidence of reviving interest in Trade Unionism. 
It does appear from some of the returns that the exodus 
from the unions has been checked, and that member- 
ship will now tend to increase. It would, however, be 
unwise to expect this revival to develop apart from 
calculated and sustained effort. The Federation long 
Since recognised the fact, and during the past 10 years 
has advocated and encouraged persistent and personal 


effort; it has also emphasised its disbelief in the 
permanent value of massed emotional efforts. The 
quiet, steady work of the individual member, or the 


| local group of convinced Trade Unionists, spreading 








the faith by example, as well as by precept, promises 
better and more lasting results than the so-called mass 
meetings.” 


The Minister of Labour has made a special order— 
the Trade Boards (Hollow-ware Making) Order, 1928— 
dated October 26, 1928, altering the description of the 
hollow-ware-making trade contained in the appendix 
to Order III, of the Schedule to the Trade Boards 
Provisional Orders Confirmation Act, 1913. In order to 
effect a small consequential amendment he has also 
made a special order—the Trade Boards (Paper Box) 
Order, 1928—varying the description of the paper box 
trade contained in the Appendix to the Trade Boards 
(Paper Box) Order, 1925. The Minister has also 
issued regulations, dated October 26, 1928, under the 
Hollow-ware Making Order, with a view to setting up 
separate Trade Boards for the hollow-ware, the tin box, 
and the keg and drum sections of the trade. Copies 
of the orders and regulations may be obtained direct 
from the Stationery Office, Adastral House, Kingsway, 
London, W.C.2. An explanatory memorandum has 
been issued for the guidance of all concerned in the 
application of the regulations made under the Hollow- 
ware Making Order, 1928, and copies of this memo- 
randum may be obtained, gratis, on application to 
the Secretary, Ministry of Labour, Montagu House, 
Whitehall, London, S.W.1. 


At September 30, the number of societies affiliated to 
the General Federation of Trade Unions was 97, of 
which 64 were on the higher scale, 30 on the lower scale, 
and three on both scales. The gross membership was 
534,530, 302,864 members being on the higher scale, 
220,141 on the lower scale, and 11,525 on both scales. 
Contributions received amounted to 9,4731. 18s. 3d., 
and benefits paid to 2,121. 10s. 10d. To the credit of 
the organisation there was a balance of 272,004/. 10s. 9d. 


On November 5, 1928, the number of unemployed 
persons on the registers of Unemployment Exchanges in 
Great Britain was 1,349,800. Of these, 953,400 were 
wholly unemployed, 318,600 were temporarily stopped, 
and 77,800 were persons normally in casual employ- 
ment; 1,062,900 were men, 39,400 boys, 213,300 women, 
and 34,200 girls. Of 1,374,741 persons on the registers 
on October 29, 1928, 940,827 were wholly unemployed, 
355,220 were temporarily stopped, and 78,694 were 
persons normally in casual employment; 1,091,449 
were men, 40,130 boys, 209,351 women, and 33,811 
girls. The number of unemployed persons on Novem- 
ber 7, 1927, was 1,111,651, of whom 884,737 were men, 
33,452 boys, 162,092 women, and 31,370 girls. 





According to the official weekly organ of the Inter- 
national Labour Office, there was a considerable growth 
of unemployment in Italy during 1927. From a 
maximum of 181,493 in 1926, the number of persons 
unemployed steadily rose, allowance being made for 
minor seasonal fluctuations, to 414,283 in December, 
1927. The increase continued during January, 1928, 
and reached its culminating point at the end of that 
month at 439,211. Since then, however, conditions 
in the labour market have shown a very marked and 
constant improvement, and a decline in the number of 
unemployed has been registered each month ; in July, 
1928, it fell to 234,210. The improvement during the 
six months February to July, 1928, should be attributed 
very largely, if not entirely, to seasonal fluctuations. 
The monthly returns for 1928 until June show an 
appreciable increase over the corresponding figures for 
1927; the total for June, 1928, was 32,418 more than 
that for June, 1927. In July, however, for the first 
time the number of unemployed fell below the corres- 
ponding figure for 1927 by 28,881, but the position 
remains serious in view of the fact that the number of 
unemployed in July, 1928, was still 154,532 more than 
in July, 1926. 


The Swiss Federation of Salaried Employees recently 
submitted to the cantonal authorities a memorandum 
on the position of elderly employees, many of whom are 
unemployed. The Federation asked that admini- 
strations and public undertakings should be required to 
employ a certain number of persons over a certain age 
in proportion to their total staff. It was also proposed, 





| in order to meet objections put forward on the ground of 


old-age insurance, and in order to maintain the average 
age of insured persons at a proper level from the 
actuarial point of view, that the elderly employees thus 
engaged should not be incorporated in the insurance 
scheme, but that they and their employers should pay 
the statutory contributions to a savings fund from which 
they could withdraw them at the time of dismissal. 
Finally, the administrations were requested, during | 





periods of increased activity necessitating the taking 
on of additional staff, to employ so far as possible 
elderly employees who were without work. 


The number of industrial disputes which began in 
the United States in 1927 was 734. In 1926, the 
number was 1,035. The number of persons involved 
was 349,434. as against 329,592 in 1926. The duration 
of the disputes was determined in 669 cases, which 
involved a loss of 15,865 working days; the corre- 
sponding figures for 1926 were 738 disputes, involving 
a loss of 18,805 working days. Organised workers 
only were involved in 614 of the disputes, while in 
67 cases the workers were not organised ; in 16 disputes 
unions were founded by the workers after the beginning 
of the dispute; in five disputes both organised and 
unorganised workers were involved. Questions of 
wages were responsible for only 199 of the disputes, 
and hours of work for 23, while the question of trade 
union recognition was the cause of 119 disputes. The 
number of persons involved was less than 50 in 378 
cases, between 50 and 100 in 112 cases, between 100 
and 1,000 in 211 cases, and over 1,000 in 33 cases. 





More than half the disputes (453) affected only one 
undertaking ; 70 disputes affected two to four under- 
takings, and 177 disputes more than four under- 
takings. The industries principally affected were 
coal mining (60 disputes involving 225,921 workers), 
the building trades (194 disputes involving 56,249 
workers), clothing trades (129 disputes involving 
14,262 workers), and the textile industry (80 disputes 
involving 9,328 workers). Of the 639 disputes which 
ended in 1927, 235 were settled in favour of the workers, 
169 in favour of the employers, and 129 by compromise. 
In 29 cases work was resumed during the course of 
arbitration proceedings. 


On Monday, the Ruhr Steel Employers’ Association 
won the first round in the legal conflict arising out of the 
big lock-out, the Labour Court at Duisburg deciding 
that the arbitration award, declared binding by the 
Minister of Labour, was not legal, and that, in conse- 
quence, no binding wages agreement existed. According 
to The Times correspondent at Berlin, the Court did not 
go into details, but from its brief statement it would 
appear, he says, that its findings follow closely the 
employers’ argument that the arbitration procedure 
was not strictly followed and that the award impinges 
upon the provisions of the existing covering agreement. 
So far, it is added, the employers have proved their 
contention that their lock-out is not a breach of agree- 
ment, but the last word rests with the Reich Labour 
Court, to which, it is assumed, an appeal will be made. 
Herr Wissel, the Socialist Minister of Labour, stated in 
the Reichstag that he was prepared to exercise the 
authority at his disposal for such cases to accelerate a 
hearing. 


On Tuesday (the same correspondent states) the 
Provincial Administrator at Diisseldorf, who is taking 
the initiative in an attempt to achieve a settlement of 
the dispute, as the Reich Government feels unable to 
do anything more pending the final decision as to the 
legality of the award, received representatives of the 
employers and, later in the day, representatives of the 
metal workers’ unions. The employers are understood 
to have declared their willingness in principle to enter 
into negotiations. 


In October, the home branch membership of the 
Amalgamated Engineering Union increased from 
191,556 to 191,617, and the Colonial branch member- 
ship decreased from 28,246 to 28,182. The number of 
members in receipt of donation benefit increased from 
11,374 to 11,495, the number in receipt of sick benefit 
from 5,071 to 5,310, and the number in receipt of 
superannuation benefit from 10,301 to 10,328. The 
total number of unemployed members increased from 
15,283 to 15,650. 


A Bill, limiting the hours of work to eight in the day 
and 48 in the week, has been passed by the Argentine 
Chamber of Deputies. In the case of night work, the 
hours are limited to seven, and in the case of ‘‘ unhealthy 
work places ”’ to six in the day and 36 in the week. In 
undertakings covered by the measure, exception is 
made (a) in the case of persons employed in positions 
of management and supervision; (6) in the case of 
work done in shifts, when the hours may be prolonged 
beyond eight in the day or forty-eight in the week, 
provided that the average hours of work over a period 
of not less than three weeks shall not exceed eight in the 
day or forty-eight in the week ; (c) in the case of accident 
or threatened accident, or urgent work to be done on 
machinery or other equipment, or in case of force 
majeure, but only so far as is necessary in order to 
avoid serious interference with the regular working of 
the undertaking and provided that the work cannot be 
done in normal hours. 
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VALVE GEAR 


INDEPENDENT CUT-OFF AND EXHAUST. 











VALVE GEAR WITH INDEPENDENT 
CUT-OFF AND EXHAUST. 


THE ingenious valve motion, which we are now about 
to describe with.the aid of Figs. 1 to 5, has been designed 
largely with the idea of overcoming the high com- 
pression common in locomotive cylinders at high 
speeds when the ordinary gears are employed. As the 
figures show, the gear has already been fitted to a 
stationary engine, and the results of tests have proved 
it to be thoroughly satisfactory under such conditions. | 
The motion is the invention of Mr. J. T. Marshall, of 
Harrogate, and it comprises a main steam valve, 
with an expansion valve on the back of it, and inde- 
pendent exhaust valves, all actuated by gear having 
separate expansion and reversing links of the slotted 
type. | 

The point of admission is regulated by the main 
steam valve, the travel of which is not altered, the 
slotted link being used only for reversing. The amount 
of lead is, therefore, constant. Cut-off is regulated 
by the expansion valve, which is controlled either 
automatically by a governor, in the case of a stationary 
engine, or by hand in the case of a locomotive. The | 
points of release and compression are determined by | 
the exhaust valves. These valves are worked by the 
gear which actuates the main steam valve, and the 
points are thus not affected by any degree of linking up | 
of the expansion valve. Cylinder-clearance space is | 
reduced to a very small amount by the shortness of | 
both the steam and exhaust ports, and the shallowness | 
of the valves. | 

Before describing the action of the valve motion, it is 
necessary to comment on the nature of the illustrations. | 
| 
| 


Of these, Figs. 1 and 2, on this page, show the gear 
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fitted to an experimental engine which has been made | The reversing link is oscillated on its centre by the 





by Messrs. Marshall, Sons and Company, Limited, 
Gainsborough. For practical reasons, it was desirable 
to use existing bedplate, cylinder, and other patterns, 
and these did not afford such a convenient arrangement 
as would have been the case had new patterns been 
used throughout. In consequence, some of the rods 
have had to be curved more than they would normally 
be, and the gear generally looks more complex than it 
really is. Figs. 3 and 4, on the opposite page, again, 
are reproduced from the patent specification drawings, 
so that they are more or less diagrammatic, and their 
proportions only provisional. A design, therefore, for a 
definite new engine would be considerably simpler. 

Bearing these points in mind, the figures can now be 
studied in some detail. The motion of the valve is 
derived from both the crosshead and from a single 
eccentric, which may either be of the normal strap 


| eccentric acting through a rod of the normal type. 
| The radius rod is shown in mid position in Fig. 3, 
but the block is normally at one end or the other of the 
slotted link, according to the direction in which the 
engine is running. The fulcrum has, then, a motion of 
its own, and the prolongation of the main lever beyond 
it has a motion compounded of this and the oscillation 
due to the movement of the crosshead. The prolonga- 
tion, or short end, of the main lever has two centres. 
That nearest the fulcrum is coupled to three different 
parts, namely, the exhaust-valve coupling rod d, 
the slide e, and the main steam-valve spindle f. The 
other centre is coupled by a radius rod to the expan- 
sion link g, which is thus oscillated by the compound 
motion of the eccentric and crosshead. Leaving this 





for the moment, it should be noted that the exhaust- 
valve gear is situated at the end of the cylinder remote 


type, or the crank type, as seen in Fig. 1. The|from the crank, as is clearly seen in Figs. 1 and 2, 
crosshead oscillates the main lever a through aj|and that the slide e merely acts as a guide to the 
short link. The fulcrum of this lever is at b, that is | reciprocating main-valve spindle and exhaust-valve 
at the end of a radius rod of which the other end is| coupling rod, between which it is situated. It may 


at the block c of the curved slotted reversing link.! also be pointed out that, in a non-reversing engine 








having this gear, the reversing link is replaced by a 
plain lever of the first order. 

Returning to the consideration of the expansion 
link g, the block in this is coupled to the expansion- 
valveispindle by a radius rod, which!rod, at its outer 
extremity, is connected by suitable links, shown in 
Figs. 1 and 2, to the governor gear, and in Fig. 3 to a 
lever controlled from the locomotive cab. It is clear 
that the travel of the expansion valve can be varied 
within wide limits. The point of cut-off may, accord- 
ingly, be set at the earliest position of the piston stroke— 
that is, when the crank has just passed the dead centre, 
should such a short period of admission be required, or 
up to about 75 per cent. of the piston stroke. The 
main valve is arranged to close at 78 per cent. of the 
stroke. We do not propose, at this stage, to make an 
analysis of the valve motion, but it may be said that the 
combined movements of the eccentric and crosshead 
result in very rapid travel of the valves at the points 
of admission and cut-off. The exhaust valves share 
these movements, and their quick opening and closing 
is rendered more effective by making them double- 
ported and so keeping the travel small. There is 4 
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separate exhaust valve to each end of the cylinder. 
The main steam valve is a single casting without 
any provision for the exhaust. Each end of the valve 
is provided with three ports in the back, the expansion 
valve being of the grid or bar type. 

In Fig. 5 we reproduce indicator diagrams taken 
on the experimental engine at Messrs. Marshall’s 
works at Gainsborough. The engine is of the horizontal 
type, with a single cylinder 10 in. in diameter by 20 in. 
stroke. It is mounted in the testing shop at the 
works, the power being utilised for shop lighting by 
coupling the engine by belt to a generator. This is 
provided with a number of resistances by which the 
load can be varied during a test. Messrs. Marshall’s 
standard engine of this size fitted with automatic 
expansion gear is rated at 63 i.h.p. when running at 
120 r.p.m. with a boiler pressure of 120 lb. per square 
inch. The experimental engine with the new gear is 
stated to develop 108 i-h.p. with the same boiler pressure 
and at 130 r.p.m. The diagrams in Fig. 5, which we 
were afforded the opportunity of taking, show the 
engine running at different loads, the object being to 
find out how far the card was affected, as regards wire 
drawing, &c., when the cut-off was altered. There 
was an indicator for each end of the cylinder which 
enabled cards to be taken simultaneously, and kept 
the pipes short. The cards from one end only are 
shown, those from the other end being, to all intents 
and purposes, identical. 

The smallest diagram shows the engine running 
under the lightest possible load—that is, with the 
generator just excited. It will be noticed that, early 
as the cut-off was, the full initial steam pressure was 
reached. As the load was increased it will be seen 
from the other curves that the admission line remained 
at the same height and is quite level until the point of 
cut-off, showing that the valve was opened wide and 
promptly. The compression curve was identical in 
ali cases. The full load in the heaviest diagram 
represented 78 i-h.p. at 126 r.p.m., with a boiler pressure 
of 120 lb. per square inch, this being the highest power 
it was advisable to run at under the particular condition 
existing in the shop at the time. The engine was not 
reversed during the test, as the time required to change 
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the brushes of the generator could not be afforded. 
As is well known, with the ordinary Stephenson gear, 
linking up may result in such serious wire-drawing 
that at high speeds a boiler pressure of 175 lb. may be 
reduced to an admission pressure of only 80 Ib. in the 
cylinders, while the compression pressure may reach 
over 120 lb. per square inch at the end of the stroke. 
There is, therefore, a considerable loop, showing 
negative work, in the card, while the outline of the 
diagram is suggestive of a crescent rather than of the 
more familiar boot. 

Mr. Marshall claims that the application of this valve 
gear to the locomotive would enable this attenuated 
diagram to be filled out considerably with a material 
increase in power, and it would be interesting if the 
gear could be given a definite trial in this direction. 


THE NORTH WILFORD POWER 
STATION, NOTTINGHAM. 


Just over three years ago the Nottingham Corpora- 
tion opened a new power house at North Wilford, on 
the outskirts of the city, to replace the original station 
in the centre of the town. Since that date the whole 
of the electrical demands, both of the city and of a 
large district round, comprising a total area of about 
47 square miles, have been met from this plant. The 
site is advantageously located on the banks of the Trent, 
and is also contiguous to the London, Midland and 
Scottish Railway and to the Clifton Colliery. The 
initial installed capacity was 30,000 kw., but before 
the station was opened an extension of 20,000 kw. 
had been authorised, and this was formally inaugurated 
by the Lord Mayor (Alderman E. Huntsman) on 
November 7. It may be added that the ultimate 
capacity of the site is 200,000 kw., and that the station 
has been “ selected’ under the Central England Scheme. 

To accommodate the new machine the original 
turbine and switch houses have been extended for 
90 ft., thus leaving sufficient space for a second 
20,000 kw. set. It has not yet been necessary to enlarge 
the boiler house, though this will have to be done 
before any further additions are made. The latest 
turbo-alternator, like its predecessors, was manu- 
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factured by the British Thomson-Houston Company, 
Limited, of Rugby, and supplies three-phase current 
at a pressure of 11,000 volts and a frequency of 50, 
the speed being 1,500 r.p.m. The main and auxiliary 
exciters are mounted on the same shaft as the turbine, 
as described on page 552 of our issue of November 2. 
Steam is bled from the high and low-pressure stages for 
heating the feed water, while the alternators are cooled 
on the closed-circuit system, the coolers of which are 
supplied from the circulating water conduits. The con- 
denser, which was supplied by Messrs. Worthington- 
Simpson, Limited, of London, is divided into two sepa- 
rate compartments, each with its own circulating pump. 
The circulating water is, of course, obtained from the 
Trent, the pumps having been manufactured by Messrs. 
W. H. Allen and Sons, Limited, of Bedford. To 
supply this new plant two additional boilers have been 
installed. These were manufactured by the Stirling 
Boiler Company, Limited, of London, and are equipped 
with Underfeed stokers and Babcock economisers. The 
boilers have an evaporative capacity of 70,000 lb. per 
hour, the steam pressure being 250 lb. per square 
inch, and the temperature 650 deg. IF’. The additional 
switchgear is of the B.T.-H. type. 

Pending the completion of the machine just described, 
the demand increased to such an extent that it was 
found necessary to alter the nozzle arrangements on 
the original sets and thus to raise their output from 
10,000 kw. to 12,500 kw. It was found that this could 
be done without reaching the permissible temperature 
limit on the alternators. 

The operating results now being obtained at North 
Wilford are very satisfactory. When the station was 
opened the coal used was washed peas. It has since 
been found possible, however, to burn a mixture con- 
sisting of two-thirds of this coal and one-third fine slack, 
and thus to reduce the coal cost per kw.-hour generated 
from 0-177d. in 1926 to 0-09d. in 1928. According to 
the latest returns of the Commissioners, the coal con- 
sumption is 2-07 lb. per kw.-hour generated. It may 
be added that the load factor is only 17 per cent. 

The consulting engineers for both the original station 
and the extension are Messrs. Preece, Cardew and 
Rider, of London, while the city electrical engineer 
is Mr. Herbert Talbot, M.I.E.E. 








Cuapwick Pustic Lectures.—A public lecture, 
arranged by the Chadwick Trustees, and entitled “‘ Some 
Aspects of the London Water Supply,” was delivered by 
Mr. H. E. Stilgoe, Chief Engineer of the Metropolitan 
Water Board, on November 12, in the lecture hall of the 
Institution of Civil Engineers, Great George-street, 8.W.1, 
and is dealt with elsewhere in this issue. Subsequent 
Chadwick lectures deal with physio-therapy and open-air 
schools, but another lecture of engineering character is 
that to be given by Mr. H. C. Adams on “ The Drain- 
age of Basements and Low-Lying Areas and the Pre- 
vention of Damp.” This will be delivered at 6.30 p.m., 
on December 4 next, at the Royal Sanitary Institute, 
90, Buckingham Palace-road, S.W.1. In all cases the 
lectures are free, and no tickets are required. The 
office of the Chadwick Trustees is at 204, Abbey House, 
Westminster, S.W.1. 





THe WricHt BroTtHERS MEDAL OF THE SOCIETY OF 
AUTOMOTIVE ENGINEERS.—In 1924, the Dayton Section 
of the Society of Automotive Engineers decided to 
award a medal with the double purpose of honouring 
the first successful constructors and operators of heavier- 
than-air craft, and of encouraging the presentation of 
papers on this subject at the meetings of the Society. 
No award has so far been made, but the council of the 
Society, at the request of the Dayton Section, has 
recently agreed to undertake the administration of the 
medal award in future. The medal will be awarded 
annually to the author of the best paper on aerodynamics, 
structural theory or research, or aeroplane design and 
construction, presented at a meeting of the Society or 
of any of its sections during the year, the papers being 
judged primarily for their value as contributions to 
existing knowledge of aeronautics. The first award will 
be made for the calendar year 1928. Further informa- 
tion can be obtained on application to the Wright 
Brothers Medal Committee, The Society of Automotive 
Engineers, Inc., 29, West 39th-street, New York, U.S.A, 
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LAUNCHES AND TRIAL TRIPS. 


‘Port Harpy.”—Twin-screw steamer ; triple-expan- | 
Fitted with Bauer-Wach exhaust turbines 


sion engines. 
by Messrs. Swan, Hunter and Wigham Richardson, 
Limited, Newcastle-on-Tyne. Trial trip, October 13. 
Vessel originally built by Messrs. R. & W. Hawthorn, 


Leslie and Company, Limited, Newcastle-on-Tyne, for 


the Commonwealth and Dominion Line, Limited. 

“Rocue CastLtE” and ‘“ Tensy CastLe.”’-—Single- 
screw steam trawlers. Launch, October 15. Main 
dimensions, 130 ft. by 24 ft. by 13 ft. 9 in. Built by 
Messrs. Cochrane and Sons, Limited, Selby, for service at 
Swansea. 

‘* IsLEworTH.”’—Cargo steamer; single-screw, triple 
expansion engine. Trial trip, October 15. Main dimen- 
sions, 415 ft. by 54 ft.; designed for a deadweight of 
8,475 tons. Built by Messrs. Cowpen Dry Docks and 
Shipbuilding Company, Limited, Blyth, for the Dalgliesh 
Steam Shipping Company, Limited, Newcastle-on- 
Tyne. 

“* Divis.”—Sludge steamer ; twin-screw, triple expan- 
sion engines. Launch, October 16. Main dimensions, 
152 ft. by 29 ft. by 12. ft. Built by Messrs. Workman, 
Clark (1928), Limited, Belfast, to the order of the Belfast 
City Corporation. 

““VipELa.”’—Torpedo boat destroyer; twin-screw, 
H.P. impulse and L.P. reaction turbines. Launch, 
October 16. Main dimensions, 300 ft. by 29 ft.; maxi- 
mum draught, 12 ft. 8 in.; displacement fully loaded, 
about 1,430 tons ; contract speed, 35 knots. Armament, 
three 4-7-in. quick-firing guns and six 21-in. torpedo 
tubes. Built by Messrs. John I. Thornycroft and Com- 
pany, Limited, Woolston, for the Chilean Government. 


“Port Farry.’’—Passenger and cargo motorship ; 
twin-screw, Doxford Diesel engines. Trial trip, October 
19. Main dimensions, 500 ft. by 63 ft. by 43 ft. ; dead- 
weight, 11,350 tons; service speed about 15 knots. 
Built by Messrs. Swan, Hunter and Wigham Richardson, 
Limited, Wallsend-on-Tyne, for the Commonwealth and 
Dominion Line, Limited, London. 

‘““ LAFIAN.”—Cargo steamer;  single-screw, triple 
expansion engine. ‘Trial trip, October 20 and 21. Main 
dimensions, 345 ft. by 48 ft. by 30 ft. ; designed to carry 
4,800 tons deadweight. Built by Messrs. Barclay, Curle 
and Company, Limited, Whiteinch, Glasgow, for Messrs. 
The African and Eastern Trade Corporation, Limited. 


“Lorp MELCHETT.’’—Single-screw steam trawler. 
Launch, October 30. Main dimensions, 140 ft. by 24 ft. 
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| 
| TRICAL ENGINEERS. 
| which was delivered on Thursday, October 25, to 
| the Institution of Electrical Engineers, Lieut.-Colonel 
| K. Edgecumbe remarked that the specialisation in- 
|separable from modern manufacturing methods had 
| had its effect, in many directions, on the policy of the 
| Institution. As an instance of this, he recalled that 
|an Association known as the Meter Engineers’ Tech- 
|nical Association had recently been formed outside 
|the Institution for reading and discussing Papers 
| dealing with meters, electrical measuring instruments 
}and other kindred subjects. A large number of its 
| members were already members of the Institution, and 
it, therefore, seemed that it would be to the advantage 
of both bodies that they should combine their activities. 
On this point there will be general agreement, and 
it is, consequently, gratifying to learn that a Meter and 
Instrument Section has now been formed, which will 
be conducted on the lines of the existing Wireless 
Section, and that, as a result of a ballot of its members, 
the Meter Engineers’ Technical Association will be 
dissolved as from December 31, 1928. Members of 
the latter body, who are already members of the 
Institution and those subsequently elected into the 
Institution, from the Association’s membership, will 
form the nucleus of the new Section. Other members 
of the Institution, who can satisfy the Committee of 
the Section that they are actively engaged in the 
study, design, manufacture or use of instruments, 
meters or protective devices used in electrical engi- 
neering, will be eligible for membership and should 
submit their names, giving full details of their quali- 
fications, to the Secretary of the Institution of Elec- 
trical Engineers, Savoy-place, Victoria-embankment, 
London, W.C.2. No supplementary subscription will 
be payable in respect of membership of the Section. 








BOOKS RECEIVED. 


Department of Overseas Trade. Report on Economic 
Conditions in the Union of South Africa, June, 1928. 




















by 14 ft. Built by Messrs. Cochrane and Sons, Limited, 
Ouse Shipbuilding Yard, Selby, for service at Hull. 





TENDERS.—-We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 


By N. Etmsiiz. London: His Majesty’s Stationery 
Office. [Price 2s. net.] 

University of Michigan. Proceedings of the Fourteenth 
Annual Conference on Highway Engineering. Held 
at the University of Michigan. February 14 to 17. 1928. 
Ann Arbor, Mich.: University of Michigan. 

Commonwealth of Australia. First Annual Report of 
the Council for Scientific and Industrial Research, 





details and information relating to these may be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case :—Tenders, to be presented in Bogota by January 4, 
1929, are invited by the Colombian Ministry of Public 
Works for the supply of a railway turntable and machine 
tools. (Ref. No. A.X. 7104.)—His Majesty’s Consul- 
General at Valparaiso has received a letter from the 
manager of a gas company regarding a proposed exten- 
sion of the gas service. Offers are invited for a gas main, 
compressor plant, pressure regulating station and gaso- 
meter. (Ref. No. A.X. 7107.)—It is reported from 
Brussels that the Electricity Department of the Ixelles | 
Communal Authorities is calling for tenders, to be pre- | 
sented by November 30, for the removal of the present | 
turbine, and the supply, delivery and erection of a | 
5,000-kw., 3,000 r.p.m. turbine, to be connected to the | 
existing generator and accessories. (Ref. No. BX. | 
4856.)—Tenders are invited by the Posts and Telegraphs 
Department, Wellington, to be presented by November 
28, for the supply and delivery of dry cells. (Ref. No. 
B.X. 4861.)—The New Zealand Government is calling 
for tenders for the supply of an electrically-driven centri- 
fugal pump. Closing date, November 20. (Ref. No. 
A.X. 7117.)—Three separate tenders have been invited 
by the Town Counci: of Johannesburg, one for the supply 
of 120 tons of creosote (Ref. No. B.X. 4858), another for | 
the supply of 5,000 water meters (Ref. No. A.X. 7114), | 
and the third for the supply of tram trucks and electrical | 
equipment for tram cars Ref. (No. A.X. 7113). The 
closing date for the first two is fixed for November 22, and 
for the third, December 20.—Tenders, to be presented in 
Johannesburg by December 20, are being called for by | 
the South African Railways and Harbours for the supply | 
of structural bridgework. (Ref. No. A.X. 7115.)—The | 
State Electricity Commission of Victoria is calling for 

tenders, to be presented in Melbourne by December 10, | 
for the supply, superintendence of erection, &c., of one 

65-ton electric overhead travelling crane. (Ref. No. 

A.X. 7116.)—It is reported from Danzig that a local firm 

of agents is calling for tenders for the supply of a motor | 
fire engine, together with full equipment. Closing date, 
November 20. (Ref. No. A.X. 7128.)}—Tenders are being 
invited by the Wellington City Council, to be received by 
December 3, for the supply of plant and equipment for a 
mechanical vacuum gully sump eductor and water 
flushing unit for fitting to a Leyland chassis. (Ref. No. 

A.X. 7127).—A Danzig firm of agents is desirous of } 
receiving offers from British manufacturers for the supply 
of four closed motor omnibuses to carry 24 to 30 persons. 
(Ref. No. A.X. 7129).-The Public Works Department 
Wellington, New Zealand, is calling for tenders, to be | 
presented in Wellington by January 8, 1929, for the 
supply of one internal-combustion locomotive, (Ref. 
No, A.X. 7125.) 
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Modern Methods of Concrete Making. By A. E. Wynn 
and E. 8. ANpREws. Second revised edition. Lon- 
don: Concrete Publications, Limited. [Price 1s. net. ] 

Artificial Silk. By Ina.-Dr. Franz REINTHALER. 
Enlarged and revised edition. Translated from the 
German. By F. M. Rowe. London: Chapman and 
Hall, Limited. [Price 2ls. net. 

Concrete, Plain and Reinforced. Vol. II. Theory and 
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and Arches. By the late FRepERIcK W. Taytor, 
8S. E. THompson and E. Smutskr. Fourth edition. 
New York: John Wiley and Sons, Inc. -Lendon: 
Chapman and Hall, Limited. [Price 37s. 6d. net.] 

The Economics of Coal Mining. By Rosert W. Dron. 
London: Edward Arnold and Company. [Price 
10s. 6d. net. | 

The Nature of the Physical World. By A. 8. Epp1nerton. 
Cambridge : University Press. [Price 12s. 6d. net.] 

Handling London’s Underground Traffic. By J. P. 


Tuomas. London: Offices of Underground Electric 
Railway Company of London, Limited. [Price 7s. 6d. 
net. | 


Aeroplanes, Seaplanes, and Aero Engines. By Capt. 
P. H. Sumner. London: Crosby Lockwood and 
Son. [Price 25s. net. ] 

The Application of the Mines (Working Facilities and 
Support) Act, 1923. Part Il. Minerals under Railways. 
By W. T. Lane and J. H. Roserts. London: 
Colliery Guardian Company, Limited. [Price 4s. net.] 

Die Werkstoffe fiir den Bau chemischer Apparate. By 
Dr. A. Firrx. Leipzig: Otto Spamer. [Price 
18 marks. } 

British Floods and Droughts. By C. E. P. Brooks, D.Sce., 
and J, Guasspoote. London: Ernest Benn, Limited. 
[Price 10s. 6d. net.] | 

Hints to Coal Buyers. By Lt.-Comm. CHartes E. Evans. 
Third edition. Cardiff: Business Statistics Company, 
Limited. [Price 15s. 6d. net.] 

Les Cycles irréversibles et la Turbine Van den Bossche 
By J. VAN DEN Bosscue. Paris : Chaleur et Industrie. 

Les Metaux d°Ailettage dans les Turbines a Vapeur 
Modernes. By <A. Bopner. Paris: Chaleur et 
Industrie. [Price 10 francs. ] 

Recueil de Constantes de V'Office Central de Chauffe. By | 
Cu. DE La CoupamrnE. Paris: Chaleur et Industrie. 
{Price 30 francs. ] 

La Production Industrielle et Utilisation Mécanique de la 
Vapeur d’Eau &@ Haute Pression. By Cx. Roszak and 
M. Veron. Paris: Chaleur et Industrie. 

History of the Great War. Based on Official Documents. 
Naval Operations, Vol. IV. By HENRY NEWBOLT. 
Text. [Price 16s. net.] Maps. [Price 5s. net.] 
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METER AND INSTRUMENT SECTION |NOTES FROM CLEVELAND AND THE 
OF THE INSTITUTION OF ELEC- 


NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday 
The Cleveland Iron Trade.—Business is still much 


| 
| 


| 
In the introductory portion of the inaugural address | quieter than could be desired, but inquiries are expanding, 


| and actual sales are on an improved scale, notwithstandiny 

combined comparative cheapness of irons of other 
| districts. The limited make of Cleveland pig is absorbe:!. 
| chiefly at producers’ own consuming works, and stocks 
|are very low. Home consumption promises to increase 
appreciably, and there seems possibility of some improve- 
ment in export trade. The fixed prices ruling for several 
months past are upheld. No. 1 quality is 68s. 6d. ; No. 3, 
g.m.b., 66s.; No. 4 foundry, 65s.; and No. 4 forge, 
64s. 6d. 

Hematite.—Continued gradual expansion of home and 
Continental business is causing apprehension that home 
and Continental needs may be difficult to satisfy in the 
near future. Output is still small, but it has been 
enlarged by the re-kindling of a furnace which has been 
standing idle at the Normanby Ironworks of Messrs. 
Pease and Partners. Buyers are much in evidence, and 
they readily enter into contracts on the basis of ordinary 
qualities at 70s., but some manufacturers are inclined to 
hold out for higher terms. Stocks are all but exhausted. 


Foreign Ore.—New business in foreign ore is very 
limited, but deliveries against old contracts are fairly 
heavy. Market rates are upheld at the equivalent of 
best rubio at 22s. 6d. ex-ship Tees, though the stoppage 
in German steelworks may increase marketable supplies. 


Blast-Furnace Coke.—Durham blast-furnace coke is 
selling only moderately for local use, but producers are 
not pressing supplies on the market. Good average 
qualities are about 17s. 6d., delivered to local works. 


Manufactured Iron and Steel.—Sales of manufactured 
iron are on a slightly improved scale, and transactions 
in steel are expanding a little ; business in semi-finished 
steel, however, is quite brisk. Shipbuilding specifications 
are coming forward a little better, rail manufacturers are 
fairly well placed, steel for constructional engineering is in 
rather good request, and sheet producers are heavily sold. 
All quotations are steady. Common iron bars are 101. 5s. ; 
best bars, 101. 15s.; double best bars, 11. 5s.; treble 
best bars, lll. 15s.: iron rivets, 112. 5s.; packing 
(paralle!), 77. 10s. ; packing (tapered), 107. ; steel billets 
(soft), 61. 15s. ; steel billets (medium), 7/. 2s. 6d.; steel 
billets (hard), 7J. 12s. 6d.; steel rivets, 11/. ; steel ship 
plates, 81. 7s. 6d. ; steel angles, 7/. 17s. 6d. ; steel joists, 
7l. 17s. 6d. ; heavy sections of steel rails, 8/. 10s. ; black 
sheets (No. 24 gauge), 10/.; and galvanised corrugated 
sheets (No. 24 gauge), 131. 12s. 6d. 








NOTES FROM THE SOUTH-WEST. 


CarpDIFF, Wednesday. 

Cambrian Combine Collieries.—Shareholders in the 
four colliery companies, forming the famous Cambrian 
combine, received notice last week calling extraordinary 
general meetings of the companies. for the purpose of 
passing a resolution voluntarily to wind up the combine, 
as it cannot by reason of its liabilities continue its 
business ; also to appoint Sir Gilbert Garnsey, K.B.E., 
of London as liquidator. The four companies affected 
are the Cambrian Collieries, Limited, the Glamorgan 
Coal Company, Limited, the Naval Colliery Company 
(1897), Limited, and the Britannic Merthyr Colliery 
Company, Limited. These companies are controlled 
by Consolidated Cambrian, Limited, which it is not 
proposed to wind up, and of which 90 per cent. of the 
ordinary shares are held by Messrs. Guest, Keen and 
Nettlefolds, Limited. The shareholders of the Duffryn 
Aberdare Colliery Company, Limited, the share capital 
of which is held by the Cambrian and Glamorgan 
companies, have also received notices voluntarily to 
wind up and appoint a liquidator. Although the 
winding-up of these companies will not affect outside 
shareholders to a large extent, the proposal will have 
a considerable influence on the employment position 
in the mid-Rhondda, where the companies own some 
13 pits employing about 10,000 men. It is, however, 
hoped that eventually arrangements will be made for the 
collieries to resume operations. 

The Coal Trade.—Conditions in the Welsh steam 
coal trade have become slightly more encouraging 1n 
consequence of an improvement in the volume ot 
chartering and a freer arrival of shipping, which had 
been held back by boisterous and foggy weather, and 
also by labour troubles abroad. Shipments in conse- 
quence continued more active, and a number of colliery 
companies have found themselves in a more comfortable 
position than has been the case for some weeks past. 
The volume of new business has, however, been checked 
to some extent by high freights, which have caused 
shippers, wherever possible, to hold off in the hope ot 
eventually securing boats at more favourable terms. 
As much as 12s. 3d. has been conceded for Alexandria, 
12s. 6d. for Port Said and 10s. 6d. for Genoa, which 
levels constitute the highest points reached this year. 
This has resulted in some exporters losing as much as 
3s. per ton on c.i.f. cargoes fixed prior to the advance 
in freights. Supplies of all classes of coal remained 
plentiful, and shippers had no difficulty in obtaining 
their requirements at schedule prices. Exports of coal in 
the past week increased by 84,000 tons to 455,550 tons, 
of which 107,380 tons went to France, compared with 
96,290 tons, and 64,430 tons to Italy against 43,950 tons. 
Clearances at Cardiff were increased from 191,700 tons 
to 259,300 tons at Newport, from 80,050 tons to 87,780 
tons at Swansea, from 59,730 tons to 64,600 tons, and 
at Llanelly from 8,000 tons to 15,150 tons, but at 





Jondon ; Longmans, Green and Company, Limited, 





Swansea were reduced from 32,280 tons to_28,720 tons. 
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NOTES FROM THE NORTH. 


Giascow, Wednesday. 

Scottish Steel Trade.——-There has not been much 
movement in the Scottish steel trade during the past 
week, but the placing of a few more shipbuilding orders 
on the Clyde has certainly made the outlook a little 
brighter. Another factor which has improved the 
outlook is the probability of the diversion of some business 
to the local steel works on account of the present lock-out 
in Germany. The demand generally for steel material 
is rather better, but producers could do with orders for 
a much larger tonnage to enable them to keep plant 
running with more regularity. In the black-sheet trade 
the position has not altered, and light gauges and gal- 
vanised sorts are in active demand, but the heavier 
gauges are dull. The general inquiry is fairly good. 
Prices current are as follow :—Boiler plates, 101. 10s. 
per ton; ship plates, 8/. 7s. 6d. per ton; sections, 
7l. 17s. 6d. per ton; sheets, 4-in., 8/. 15s. per ton; and 
galvanised corrugated sheets (No. 24 gauge), 13/. 128. 6d. 
to 132. 15s. per ton, all delivered Glasgow stations. 

Malleable-Iron Trade.—The state of the West of Scot- 
land malleable-iron trade has not changed and bar iron 
is very slow of sale. The re-rolled steel bar departments 
are in quite a healthy position at the moment, and the 
trouble on the Continent has caused buyers to come into 
the market in order to secure supplies for present and 
near date requirements. The immediate result has been 
a stiffening up of prices, and the current quotation is 
now 71. 15s. per ton, either for home delivery or export, 
and with the possibility of an even higher figure being 
asked should the dispute in Germany last for some time. 
“Crown ” bars are unchanged at 10/. 5s. per ton for home 
delivery and 91. 15s. per ton for export lots. 

Scottish Pig-Iron Trade.—No change can be reported 
in connection with the Scottish pig-iron trade and a 
poor demand prevails. The export side of the business 
shows little sign of any expansion yet, but makers are very 
hopeful of a revival in that direction in the near future. 
Prices are without change and are as follow :—Hematite, 
74s. per ton, delivered at the steel works ; foundry iron, 
No. 1, 75s. to 76s. per ton ; and No. 3, 70s, to 71s. per ton, 
both on trucks at makers’ yards. 

Scottish Pig-Iron Shtpments.—The shipment of Scot- 
tish pig-iron from Glasgow Harbour, for the week ending 
Saturday last, November 10, only amounted to 250 tons. 
Of that total, 230 tons went overseas and 20 tons coast- 
wise. For the corresponding week of last year the 
figures were 460 tons overseas and 71 tons coastwise, 
making a total shipment of 531 tons. 

Shipbuilding.—The outlook in the shipbuilding indus- 
try has again become better by the placing of a number 
of important contracts on the Clyde. Messrs. H. Hogarth 
and Sons, Glasgow, have ordered six new cargo vessels, 
and four yards will benefit accordingly. These vessels 
will each be of about 6,180 tons and will be built as 
follow :—Two by Messrs. Lithgows, Limited, Port Glas- 
gow; two by Messrs. David and William Henderson 
and Company, Limited, Partick ; one by Messrs. Napier 
and Miller Limited, Old Kilpatrick; and one by the 
Ardrossan Dockyard, Limited, Ardrossan. The machi- 
nery will be supplied by Messrs. John G. Kincaid and 
Company, Limited, Greenock, and Messrs. David Rowan 
and Company, Limited, Glasgow, for the vessels to be 
built at Port Glasgow, Old Kilpatrick, and Ardrossan, 
each firm supplying two sets of triple-expansion recipro- 
cating engines. Since the war, Messrs. Hogarth have 
already placed orders on the Clyde for 23 vessels, and 
their latest orders bring the total up to 29 vessels, which 
will bring their full fleet up to 42 vessels.—-Messrs. David 
and William Henderson and Company, Limited, have 
also secured an order for two twin-screw, turbine-propelled 
passenger steamers of 700 tons gross, for the South 
Indian Railway Company, Limited. These vessels are 
to be 258 ft. in length, 38 ft. in breadth, 12 ft. in depth, 
and to have a speed of 13 knots. Messrs. Yarrow and 
Company, Limited, Scotstoun, will supply Yarrow-type 
water-tube boilers.—Messrs. Scott’s Shipbuilding and 
Engineering Company, Limited, Greenock, have obtained 
orders for two large cargo-carrying vessels—one for 
Messrs. Alfred Holt and Company, Liverpool, and one 
for Messrs. J. and J. Denholm, Limited, Greenock and 
Glasgow. The former vessel is in addition to the one 
placed by Messrs. Holt with the same builders last month, 
and will be 407 ft. 3 in. in length, 53 ft. 3 in. in breadth, 
28 ft. 5 in. in depth, and of about 5,184 tons gross. 
Triple-expansion reciprocating engines of 2,500 i.h.p. 
will be supplied by the builders, and the vessel will be 
specially designed for carrying grain in bulk.—Messrs. 
William Denny and Brothers, Limited, Dumbarton, have 
secured an order from Messrs. G. L. Watson and Company, 
naval architects, Glasgow, for a three-masted auxiliary 
schooner yacht, for Mr. Walter Runciman, M.P. 








_ [HE LONGFORD GENERATING STATION, COVENTRY.— 
Che boilers installed in the Longford generating station 
of the Coventry Corporation, a description of which 
appeared on page 549, of our issue of November 2, are 
equipped with Crosby feed water regulators supplied 
by the Crosby Valve and Engineering Company, Limited, 
41, Foley street, London, W. 





_PiRsonaL.—-The Newcastle Office of the English 
Flect ric Company, Limited, hitherto situated at 64/68, 
Collingwood Buildings, will be located at Carliol House, 
New castle-on-Tyne, on and after November 17, 1928.— 
The Midland Wire Rope Company, Hucknall, have 
appointed the firm of Messrs. Thos. Vickers, 14, New- 
Street, Birmingham, as their selling agents for the 
Midland counties and for their export trade.—Mr. T. L. 
Miller, 316, Royal Liver Building, Liverpool, who has 
practised as a consulting engineer in Liverpool since 
1890, is retiring at the end of the present year, 








NOTICES OF MEETINGS. 





INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 
6 p.m., Storey’s-gate, S.W.1. “Power Transmission 
by Belts; an Investigation of Fundamentals,” by 
Dr. H. W. Swift. Graduates’ Section : Monday, Novem- 
ber 19, 6.30 p.m., ‘‘ Automatic Control of Furnaces,” by 
Mr. G. R. Bamber. 

Junior INSTITUTION OF ENGINEERS.—To-night, 7.30 
p-m., 39, Victoria-street, S.W.1 ‘‘Some Applications 
of Time and Remote Control Switches,” by Mr. A. H. 
Croucher. Friday, November 23, 7.30 p.m., “ A Survey 
of Cadmium,” by Mr. C. F. Moore. 

INSTITUTION OF MUNICIPAL AND County ENGINEERS—- 
Yorkshire Division : Saturday, November 17, 2.30 p.m., 
Town Hall, Leeds. Joint meeting with Northern 
Division, Town Planning Institute. ‘‘ Town Planning in 
Relation to the Municipal Engineer,’”’ by Mr. FE. Willis. 

INSTITUTE OF BriTIsH FouNDRYMEN—Scottish Branch, 
Falkirk Section : Saturday, November 17, 6 p.m., Falkirk 
Iron Company, Limited, Falkirk. “ Blacking, Coal Dust 
and Light Castings,” by Mr. J. M. Primrose. Lancashire 
Branch, Junior Section : Saturday, November 17, 7 p.m., 
College of Technology, Sackville-street, Manchester. 
‘‘Shrinkage Holes in Small Grey Iron Castings,’ by 
Mr. G. A. Russell. Newcastle and District Section : 
Saturday, November 24, 6.15 p.m., Neville Hall, New- 
castle-on-Tyne. ‘‘ A Consideration of the Various Claims 
for Producing High-Class Cast Iron,”’ by Mr. H. J. Young. 
East Midlands Branch : Saturday, November 24, College 
of Technology, Leicester. ‘‘The Engineer and the 
Foundryman: What’s Gone Wrong?” by Mr. H. W. 
Poole. 

INSTITUTION OF AUTOMOBILE ENGINEERS.— Glasgow 
Centre : Monday, November 19, 7.30 p.m., Royal 
Technical College, Glasgow. ‘‘ The Comparative Merits 
of Road and Dynamometer Testing for Motor Vehicles,” 
by Dr. E. C. Wadlow ; and at Wolverhampton Centre : 
Tuesday, November 20, 7.30 p.m., Engineering Club, 
Queen-street, Wolverhampton. 

Royat Society oF Arts.—Monday, November 19, 
8 p.m. John-street, Adelphi, W.C.2, Cantor Lecture : 
‘* Biology and Refrigeration ” (Lecture II), by Dr. F. 
Kidd. Wednesday, November 2], 8 p.m., “ Forestry 
in Sweden : Its Importance to and Influence in Great 
Britain,’’ by Professor E. P. Stebbing. 

Roya InstrruTIoN.—Tuesday, November 20, 5.15 p.m- 
Albemarle-street, W.1. ‘“‘ Diamonds” (Lecture I), by 
Sir William Bragg. 

InstITUTE oF TRANSPORT—Bristol and District Section. 
-—Monday, November 19, 5.45 p.m., The University, 
Bristol. ‘‘ Civil Aviation,’ by Sir Sefton Brancker. 
London : Tuesday, November 20, 5.45 p.m. Institution 
of Electrical Engineers, Victoria-embankment, W.C.2. 
Informal Meeting. ‘‘ What the Traftic will Bear-—Is this 
a True Principle upon which to Fix Charges ?”’ by Mr. 
F. H. Willis. Birmingham and District Section : Tuesday, 
November 20, 6 p.m., Queen’s Hotel, Birmingham. “ The 
Place of the Electric Vehicle in the Public Cleansing 
Service,” by Mr. J. Jackson. 

InstiTUTION oF CrviL ENGINEERS.—Tuesday, Nov- 
ember 20, 6 p.m., Great George-street, S.W.1. ‘*‘ Mech- 
anical Properties of British Rail-Steels,’”’ by Professor 
W. E. Dalby. Wednesday, November 21, 6.30 p.m., 
Students’ Meeting. Address by Mr. . G. Cousins, 
Chairman. Birmingham and _ District Association : 
Thursday, November 22, 6 p.m., Birmingham Chamber 
of Commerce, New-street, Birmingham. ‘‘ Notes on a 
Storm Water Pumping Plant,” by Mr. R. C. Moon. 

SHEFFIELD METALLURGICAL AssocrATION.—Tuesday, 
November 20, 7.30 p.m., 198, West-street, Sheffield. 
‘“The Welding of Stainless Materials,” by Mr. H. Bull 
and Mr. L. Johnson. 

Society or Guass TECHNOLOGY.— Tuesday, November 
20, 7.30 p.m., Talbot Hotel, Stourbridge. Lecture: “ By- 
zantine and Venetian Glass,’’ by Mr. W. Butterworth, 
Senr. Wednesday, November 21, 9.30 p.m., Glass 
Standards Committee and Joint International Technical 
Committee Meetings. At 2.30 p.m., General Discussion 
on “ Glassworks Refractory Materials.’’ ‘‘ Recent Pro- 
gress in the Study of Refractory Materials for the Glass 
Industry,’ by Professor W. E. S. Turner. ‘“‘ A Summary 
of Faults and Defects which may Arise in the Manufacture 
and Use of Glasshouse Pots: Their Cause and Prevention” 
by Mr. P. Marson. ‘“ The Durability of Glasshouse Pots,” 
by Mr. J. F. Hyslop. ‘‘ Memorandum on the Purification 
of Clay Heat-Treatment of Pots and the Use of Sillimanite 
Pots,”’ by Professor W. E. S. Turner. 

Royat METEOROLOGICAL SocreTs.—Wednesday, Nov- 
ember 21, 5 p.m., 49, Cromwell-road, S8.W.7. “On 
the Association of the Diurnal Variation of Electric 
Potential Gradient in Fine Weather with the Distribution 
of Thunderstorms over the Globe,” by Dr. F. J. W. 
Whipple. ‘‘ Atmospheric Oscillations shown by the 
Microbarograph,” by Mr. N. K. Johnson. “On the 
Mean Maximum Rain Falling in a Time ¢,” by Mr. H. 
Jameson. 

Ciry AND GuILps (ENGINEERING) COLLEGE UNION 
ENGINEERING SocteTy.—Wednesday, November 21, 
5.15 p.m., Exhibition-road, S.W.7. ‘‘ Overhead Electric 
Power Lines,” by Professor C. L. Fortescue. 

THE NEwWcOMEN Socrety.— Wednesday, November 21, 
5.30 p.m., Iron and Steel Institute, 28, Victoria-street, 
S.W.1. Annual General Meeting. “ Statistical History 
of the Iron Trade, a.p. 1717-1765,” by Mr. E. W. 
Hulme. 

NORTHAMPTON ENGINEERING COLLEGE ENGINEERING 
Socrety.— Wednesday, November 21, 5.30 p.m., St. 
John-street, E.C.1. ‘“‘ Seven Thousand Years of Ship- 
ping,” by Mr. J. Foster-Petree, 


INsTITUTION OF ELECTRICAL ENGINEERS.—Thursday, 
November 22, 6 p.m., Victoria-embankment, W.C.2. 
Joint Meeting with the British Institute of Radiology. 
“The Electrical Equipment of X-Ray Apparatus,” 
by Mr. L. G. H. Sarsfield. London Students’ Section : 
Friday, November 23, 6.15 p.m. “ Searchlights and 
their Applications,” by Lieut.-Col. C. H. 8. Evans. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Thursday, 
November 22, 6.30 p.m., 10, Upper Belgrave-street, 
S.W.1. ‘‘ Recent Improvements in the Strength and 
Constructive Value of Portland Cement,’”’ by Mr. D. B. 
Butler. 

RoyaL AERONAUTICAL Socrety.—-Thursday, Novem- 
ber 22, 6.30 p.m., Royal Society of Arts, John-street, 
Adelphi, W.C.2. ‘‘ Weight of Aircraft, with Special 
Reference to its Effect on Size,’”’ by Major T. M. Barlow. 

MANCHESTER ASSOCIATION OF ENGINEERS.—-Friday, 
November 23, 7.15 p.m., Engineers Club, Albert-square, 
Manchester. ‘‘ Electric Traction on Railways,” by 
Mr. R. Brooks. 

ASSOCIATION OF ENGINEERING AND SHIPBUILDING 
DRAUGHTSMEN—Birmingham Area: Friday, November 
23, 7.30 p.m., Chamber of Commerce, New-street, Bir- 
mingham. Lecture: ‘‘ Bearings,” by Mr. F. H. Boden, 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—A careful analysis shows that, despite 
a substantial drop in imports of foreign iron and steel, 
export business is more or less marking time, while, in the 
less favourably situated sections, a tendency towards 
shrinkage is definitely in evidence. The South Yorkshire 
district has not benefited to anything like the extent 
that was anticipated in some quarters from the decline in 
Continental competition. The explanation appears to 
be that the forward buying of large tonnages is impeded 
by the less satisfactory state of order books at the 
works of principal consumers. Prices of soft quality 
crude steels have advanced slightly to cover the increased 
cost of fuel and ores, but the possibility of a recrudescence 
of foreign rivalry is likely to preclude big advances. 
Railway engineering is probably the weakest feature in 
local steel consumption. Plants continue to be badly 
in need of orders, largely as a result of the increased 
extent to which some of the British railways are supplying 
their own needs. Foreign business is in circulation, 
but it is to be had only at keenly cut prices. Local losses 
in this branch of manufacture have been heavy over a 
series of years. Makers of iron and steelworks plant 
report slow progress. British and French automobile 
engineers are taking steel supplies of considerable value, 
though, in the former case, sales are below those recorded 
at the corresponding period of last year. Conditions at 
the iron foundries are mixed, but on the whole a slight 
improvement is shown in the heavy section. Quotations 
per ton of the principal materials are as follow: Sie- 
men’s acid-steel billets, 97. to 91. 5s.; hard basic-steel 
billets, 7/7. 2s. 6d. to 71. 12s. 6d. ; soft basic-steel billets, 
61. 10s. to 61. 12s. 6d. ; Derbyshire foundry iron, 60s. to 
6ls.; Derbyshire forge iron, 58s. to 58s. 6d.; Lincoln- 
shire foundry iron, 60s. ; Lincolnshire basic iron, 59s. ; 
Crown iron bars, 10/. 10s. ; iron hoops, 12/. 10s. ; steel 
hoops, 91. to 91. 5s.; and soft wire rods, 7/. 10s. The 
tool branches show greater activity. The recent increase 
in orders for edge tools, twist drills, and cutters is more 
than maintained. 

South Yorkshire Coal Trade.—The house-coal section 
is not attracting the volume of business that is usually 
met with at this season of the year. Fairly substantial 
buying for stocking purposes when prices were low 
and the absence of cold weather are jointly held to be 
responsible. Values have an easy tendency, though 
officially there is no quotable change. The stationary 
state of the staple trades is adversely affecting the market 
for industrial fuel. Steady conditions obtain in furnace 
and foundry coke. Reduced outputs at the pits bring 
the supply of coking slacks more into keeping with a 
moderately active demand. Quotations are :—Best hand- 
picked branch, 26s. to 27s. 6d. ; Derbyshire best brights, 
238. to 24s. 6d. ; best house, 20s. 6d. to 21s. 6d. ; screened 
house coal, 17s. to 18s. ; screened house nuts, 16s. to 18s. ; 
Yorkshire hards, 14s. 6d. to 16s.; Derbyshire hards, 
14s. 6d. to 16s. ; rough slacks, 8s. 6d. to 9s. 6d.; nutty 
slacks, 48. 6d. to 6s. ; smalls, 3s. 6d. to 6s. 








REGISTER oF PATENT AGENTS.—The Intermediate 
and Final examinations prescribed by the Board of Trade 
under the register of Patent Agents’ Rules, 1920 and 
1926, will be held by the Chartered Institute of Patent 
Agents at Staple Inn Buildings, London, W.C.1, in 
April next. Particulars will be found among the official 
Notices in the Jllustrated Official Journal (Patents), 
or can be obtained from the Registrar. 


APPRENTICESHIP IN THE ELECTRICAL INDUSTRY.—On 
page 508 ante we outlined the scheme which has been 
roposed by the Association of Supervising Electrical 
Ungineers with the object of providing the electrical 
industry with a steady supply of skilled workmen. It 
appears that those bodies interested in the scheme are 
giving the matter serious consideration, and letters of 
inquiry are being received from all parts of the country. 
We understand it is the intention to call a meeting of 
all organisations concerned, with a view to the formation 
of a committee, representative of all bodies affected, 
whose terms of reference will be to work on agreed 
principles. The final details of the meeting have not yet 
been settled, but it is hoped that an agreeable date and 
time will be decided shortly in conjunction with the 





various organisations, 
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66,000-VOLT. TRANSMISSION LINE OF THE NORTH WALES POWER COMPANY. 


MESSRS. SIR DOUGLAS FOX AND PARTNERS, CONSULTING ENGINEERS, WESTMINSTER. 


(For Description, see Page 605.) 
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Fie. 30. 66-Fr. ANcHoR Tower. Fig. 31. TRANSPOSITION TOWER. 
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Fie. 32. Roap-Crossine Tower. Fig. 33. Corwen SwitcHING STATION. 
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ELECTRIC RAILWAY STANDARDI- 
SATION. 

Ir is customary at intervals for joint meetings of 
| mechanical and electrical engineers to discuss the 
|merits and demerits of electric traction and to 
| advance reasons why, on the one hand, we should 
| start an extensive conversion of our steam-operated 
| lines and, on the other, remain as we are. Except 
| that people’s reasons for doing, or not doing, things 
| are generally interesting, and less frequently produc- 
| tive, these discussions are not very useful, since there 
lis little chance that one side will be convinced by 
anything the other may say. The same holds true 
| when electrical engineers discuss among themselves 
\the best system of electric traction to adopt. 
|The protagonists of direct-current are not moved 
|one hair’s breadth by the arguments of those who 
|advocate single-phase working, and those who 
| believe that the latter system is more advantageous 
| will not yield one iota to those who see in the former 
| the only solution of the problem. It may be argued 
|that this question of system is now a matter of 
| academic interest only, since electric traction for 
| various reasons is only making slow progress in 
this country, and that it will not become vital, 
until one of the railway companies puts forward 
| a definite scheme of conversion. We do not agree 
with this view. Indeed we think the Ministry 
'of Transport were wise to appoint a Committee, 
as they did as long ago as 1920, to consider whether 
regulations were not necessary to ensure that any 
‘future railway electrification should be carried out 
'to the best advantage, in regard to such matters 
as the interchange of locomotives and rolling-stock 
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| under the chairmanship of the late Sir Alexander 
Kennedy, and was a more than usually representative 
body, issued an Interim Report in October, 1920.* 
This recommended that all future railway electri- 
fication in this country should be carried out on the 
direct-current system at a pressure of 1,500 volts. 
Existing 600- or 1,200-volt systems were, however, to 
be allowed to continue in use and the employment 
of 750 volts or 3,000 volts might be permitted, if a 


5|case could be made out for them in special circum- 


stances. It was also suggested that either overhead 
line or contact rail collection might be employed, 
so long as the general design of the equipment 
used was in accordance with a standard to be 
determined, while it was hinted that regulations 
would be required to ensure that locomotives and 
motor coaches could be run at two different voltages 
and over sections equipped with either contact 
rail or overhead line collection. A further recom- 
mendation was that, subject to the rights of existing 
stations, generation should be on the three-phase 
system at a frequency, in the case of new stations, 
to be approved by the Electricity Commissioners. 
Finally, it was recommended that the single-phase 
system, as used on the then Brighton railway, should 
not be changed. Indeed, as we said at the time the 
Report contained “nothing very heroic” and did 
not permit any great step towards a national system 
to be taken. 

Shortly after the issue of this Interim Report 
the Committee’s terms of reference were extended, 
so that they might consider whether any regulations 
should be made to limit the drop of potential in an 
uninsulated return conductor. This very difficult 
and controversial question was dealt with in the 
Final Report issued in 1921, the recommendations 
being that no regulations limiting the drop of 
potential in an insulated return conductor should 
he made, and that where railways were hampered by 
protective clauses dealing with this subject the obli- 
gations thus imposed should be definitely specified 
in each case. For the rest, the Committee generally 
confirmed the recommendations made in the Interim 
Report, and crystallised these by suggesting regula- 
tions which would secure interchangeability of 
running between lines using contact rails and 
overhead lines, and assist towards standardisation 
without putting difficulties in the way of the adoption 
of future improvements. The results of a great 
deal of work could not, therefore, be described as 
epoch-making, and they, in fact, so little disturbed 
the placid course of the officials concerned that the 
next indication that such a problem as electric 
railway standardisation exists was the appointment 
by the Minister of Transport in November, 1927, of 
a Railway Electrification Committee to review 
the recommendations of the earlier Committee, 
and to suggest any modifications in them that 
time might have rendered necessary. The chairman 
of this new body, whose report was issued by 
the Stationery Office last week at a price of 6s. 6d., 
is Sir John Pringle, but its members comprise a 
large majority of those who sat on the former 
body. It has therefore had the advantage of being 
well acquainted with what has already been done 
besides being closely in touch with practical experi- 
ence. Its conclusions, if again not essentially heroic, 
are valuable, but we hope that this time they will 
form a prelude to action. 

The report points out that during the seven years 
ending March, 1928, 445 miles of single track had 
been electrified in this country on the direct-current 
system, of which 408 miles were on the Southern 
Railway, where the voltage used is 650 volts. The 
remainder included extensions to the Tube, District 
and Metropolitan railways, and the Watford-Rick- 
mansworth branch of the London Midland and 
Scottish Railway. At that date approximately 
1,257 miles of line were operated by low-, and 77 
miles by high-tension direct-current, while 151 miles 
were worked by alternating current. The greater 








/and the uniformity of equipment. Problems of 
'such universal importance should not be left to 
the whim of one company or individual, while, on 
| the other hand, it is only fair that those concerned 
|should know in advance what system they will 
| be expected to use if, and when, they desire to 
| make a change. 
| It may be recalled that this committee, which met 


part of the latter is, however, in process of conver- 
sion to direct-current, and the remainder is of an 
experimental character. As regards the reeommenda- 
tions of the earlier Committee on the subject of system, 
it is now suggested that the direct-current system 
at both 750 volts (lower voltage) and 1,500 volts 





* See ENGINEERING, vol. cx, page 480 (1920). 
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(higher voltage) should be standardised, though | This attitude is worthy of endorsement. In dealing 


permission may be granted to use 3,000 volts in 
special cases. But all motors used either on the 
higher or lower voltage systems, while designed to 
give the best results at the particular voltage, 


e.g., 650 volts, at which they are intended to| 


work normally, must also be capable of operat- 
ing satisfactorily on the higher or lower standard 
voltage, respectively. As regards methods of 
collection, it is recommended that overhead 
collection with an uninsulated return should be 
used on the higher voltage system and the third 
rail with a similar system of return on the lower 
voltage. This restricts the freedom of choice allowed 
by the earlier Committee. It is, in fact, objected 
to by Mr. Herbert Jones, electrical engineer of the 
Southern Railway, who, in a minority report, states 
that such restriction is not in the interests of railway 
electrification under British conditions. For the 
same reason, he objects to the next recommenda- 
tion, which is to the effect that the method of 
making contact on the higher voltage system should 
be under contact with overhead conductors and on 
the lower voltage system top contact with rail 
conductor. Though we are inclined to agree with 
his view in the latter case, the former objection does 
not appear to have much substance, as most elec- 
trical engineers would think twice before using 
1,500 volts on a contact rail. 

To permit of inter-running, it is suggested that 
all electric locomotives should be constructed to 
comply with one of two loading gauges. The first 
of these, with a maximum height of 12 ft. 8 in. 
above rail level, would render the stock suitable for 
use on all British railways, with the exception of 
a few sections, totalling 264 miles. The second 
provides for a maximum height of 13 ft. 2 in. above 
rail level, and locomotives constructed to this stan- 
dard could be operated over 13,327 of the 20,216 
route-miles in the country, the principal exceptions 
being the Southern Railway and the Scottish rail- 
ways. A minimum clearance of 4 in. above rail level 
is suggested in both cases, and other modifications 
may be necessary to meet special circumstances. 

The equipment should also be such that the loco- 
motives can be run on either the higher or lower 
voltage and collect the necessary energy by either 
system. To this recommendation Mr. Jones also ob- 
jects on the grounds that, in view of probable future 


developments, including modifications to loading | 


gauges, it would be better to reconsider this question 
when the motive power of one-third of the total 
number of locomotives in the country is electricity. 
But, as the Committee state that this recommendation 
should not be applied immediately, since at present 
there is very little electrical inter-working between 
any of the main-line railway companies, there really 
seems very little difference of opinion on this point. 
In any event it might be better to start right than 
to have to make a change midway with consequent 
expense. In general, the recommendations made by 
the earlier Committee to secure standardisation of 
the track equipment are endorsed, though some 
modifications are made in the clearances suggested 
by them for overhead equipment and in other minor 
details. 

With regard to the proposal to make regulations 
limiting the potential drop in an uninsulated return, 
the Committee again consider that these would be 
undesirable, but suggest that rules should be pro- 
mulgated requiring the use of low resistance bonds, 
that with the exception of the running rails, sup- 
plementary conductors and bonds, all parts of the 
return circuit shall be insulated, the sub-station 
negative bus-bars shall not be permanently earthed, 
the return circuit shall be electrically separated as 
far as possible from the general body of the earth, 
precautions shall be taken to prevent any mast 
carrying transmission lines from acting as a path 
for earth currents from the railway system, and 
that the electrical machinery shall be designed, 
so as to reduce tooth ripples to within the limits 
prescribed by the British Engineering Standard 
Specifications. It is, perhaps, hardly necessary to 
add that the Post Office Engineers do not consider 
that these proposals go far enough. But the 
Committee, on their part, refuse to recommend 
anything, such as limitation of the potential drop, 
which would hamper the spread of electrification. 
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| with this question, both sides must give way a 
| little, and the Committee have made more than one 
|step towards compromise. It remains for the Post 
| Office to follow suit. 
| The proposals as a whole are, we think, likely to 
| receive general acceptance, except perhaps from the 
| out-and-out advocates of the single-phase system. 
They provide standardisation in important particu- 
|lars and reduce to a minimum any chance of a 
| ‘* Battle of the Gauges.” For that reason they 
| are to be welcomed, even if they are not immediately 
| applied. They may also act as a slight stimulus 


| to the conversion of suitable lines to electric working, 
| 








THE REFORM OF THE BRITISH 
PATENT SYSTEM. 

| Tue British Science Guild in April, 1927, 
| appointed a Committee consisting of members drawn 
from the ranks of eminent engineers, chemists, 
lawyers, and patent specialists, to consider what 
changes could advantageously be made in the British 
patent law. The Committee has now reported its 
findings and in view of the terms of reference which 
were to be interpreted freely, attention has been 
paid to the conditions of validity, short-term 
patents, applications for patents, proceedings before 
the Comptroller, proceedings in the courts, availa- 
bility to the public of information in the possession 
of the Patent Office and financial considerations. 
Within the scope of these seven sections, views 
have been given on 59 subsectional matters covering 
a wide range. 

Among these attention may be drawn to thesubject 
of novelty. The investigation of novelty, which the 
law now directs the Comptroller to make, is confined 
to specifications of British patents dated during the 
preceding 50 years. The Committee recommends 
that the search should be extended to other relevant 
documents, and that the extension should take effect 
in successsive stages. The suggestion to increase the 
field of search is not new. From the time when the 
British Patent system was placed on a reasonable 
footing, namely, in 1884, until the year 1905, no 
search for novelty was made by the authorities. 
After the legislation of 1902, it took three years to 
organise the necessary departments, obtain ex- 
aminers and otherwise deal with the search pro- 
visions of the law, and a substantial sum of money 
was required for initiation and maintenance of the 
work. That work has certainly been worth while, 
and has improved the value of British patents. It 
is admitted that the search is incomplete, but on the 
whole, having regard to the time and great expense 
required for the collection, classification, indexing 
and abridgment of the enormous number of foreign 
| patent specifications published in this country, and 
the mass of other literature available, it must be 
|contended that more extended search with all that 
| this entails is not worth while. Increase of examina- 
| tion staff and accommodation and the cost to be 
| borne by the inventor or others must also be con- 
sidered. Further, literature and foreign documents 
/may be pleaded before the Comptroller in opposition 
| proceedings, so that there is a reasonable chance 
|of their being brought forward before a patent is 
actually sealed. It is true that in some foreign 
| countries, such as Germany, the United States of 
| America and Scandinavian territories, a search is 

made to a greater or lesser extent through all prior 

| publications, but few British inventors would 
| probably prefer the methods of dealing with applica- 
tions in those countries to the British system. Next 
|it may be considered whether the extended search 
|is mainly directed to the aid of the large firm or the 
|smallinventor. The former often has a staff making 
| investigations, or files foreign applications and can 
in many instances take into account the citations 
when prosecuting the British case. The small 
inventor most likely has his purpose served suffi- 
ciently by the opposition provisions as far as the 
| extended search is concerned. 

Dealing more particularly with inventions origi- 
|nating from research laboratories, the Committee 
/recommends that the Courts, in deciding upon 
|the presence of subject-matter in any particular 
instance, ought to give very favourable con- 
sideration to an alleged invention which has 











arisen from prolonged and meritorious work, even 
on a laboratory scale. This recommendation 
appears to be either redundant, or to be based on a 
doubtful conception of the basis of a patent grant. 
Whether a research laboratory be involved or any 
other body, or person, unless the discovery be such 
as will lead to some,commercial process or product, 
it would not seem that the industry should be 
fettered by a grant which would practically, in 
some instances, close the field to them. There is 
often as much ingenuity in converting a laboratory 
process into a commercial process as there is in 
arriving at the experimental process. To grant a 
patent to the research worker who reaches a stage 
when he had discovered something of scientific 
interest, but no commercial use, would inflict hard- 
ship on the inventor or community who had dis- 
covered a commercially useful process which could 
not be carried into effect without infringing the 
“experimental” patent. It was to stop patents 
of some such character as this, namely, those in 
which an inventor found one example and claimed 
a larger number, thus blocking the way of future 
inventors, that the law now empowers the Comp- 
troller to ask for typical samples in chemical cases. 
The usual difficulty with research laboratory dis- 
coveries is not so much to find whether invention 
is present or not, but who is the actual inventor. 
Suggesting an idea is not an invention ordinarily, 
so the ‘invention ” may fall to the lot of one who 
took but a small part in the actual research. Some 
recommendation on this point might usefully have 
been made. 

Doubtless having in mind a well-known feature of 
the German patent system, the Committee recom- 
mends the grant of short-term patents of narrow 
scope for designs or arrangements which give some 
commercial advantage over other goods. This is 
a recommendation which has been frequently made 
and has much to recommend it. On the other hand, 
it would involve an increased Patent Office staff 
with other expenses and may hardly be worth while. 
Further, the benefit to inventors themselves in many 
cases would be doubtful. It is said that the system 
would include novel machine lay-outs and other 
matters which can be protected under the existing 
system. In such cases the chances are that at the 
end of the short-term patent, the inventor would not 
have reaped the reward of his invention, and would 
wish he had applied for a full-term patent of inven- 
tion. This is borne out by the well-known desire of 
inventors in many instances to extend the life of 
their monopoly. 

Referring to the augmentation of the grounds 
of opposition, the Committee recommends that 
“lack of subject-matter” should not be added 
to the grounds of opposition. This appears to be 
very sound and touches the root of the difference 
between British Patent Office practice and the 
practice of other examination Patent Offices. At 
the application stage it is frequently difficult so to 
prove invention over the prior act as to convince a 
tribunal that a patent should be granted, that a 
small inventor might be very heavily penalised. 
Those familiar with the practice in the Courts 
during the conduct of a first-class patent action, will 
know how proof of subject-matter during the appli- 
cation stage of a patent might be disastrous. In- 
ventors who have had much experience of the exami- 
nation in countries abroad will know the cost and the 
trouble involved in proving to the Patent Autho- 
rities that there is undoubted invention, notwith- 
standing the patent citations, even in cases of merit. 

The Committee makes reference to the time within 
which opposition proceedings may be brought, and 
suggests that the Comptroller should be empowered 
to grant on suitable terms a short extension of the 
opposition period for patents where a strong case 
for his doing so has been made out. This step 
appears to be unsound and open to the objection 
that discrimination between the rights of different 
inventors would be permitted. The law of 1919, 
which is the law under which most oppositions are 
brought, materially hardened the position of an 
opposer by making it incumbent on him when 
giving his notice of opposition to file a statement 
setting out his locus standi and stating in detail his 
grounds of opposition. By the earlier Act of 1907 
an opponent was given a reasonable interval to 
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prepare this statement after filing his notice. At 
the most, therefore—-apart from the question of 
delayed opposition, to which reference will be made 
below—all that appears necessary is to give the 
opposer the concession he enjoyed in the period 
1907-1919. 

In connection with the trial of Patent Actions, the 
Committee recommends that in certain circum- 
stances the Comptroller should act as a Court, 
possibly without appeal. Such a great change as 
this needs very careful consideration. With refer- 
ence to appeals from the decisions of the Comptroller, 
the Committee recommends that these should 
be heard by a special judge in chambers, instead 
of by a Law Officer of the Crown. Presumably, 
the Committee chiefly has in mind appeals in 
opposition and “ Delayed Opposition ” proceedings. 
In such cases at present there is a right of appeal, 
in the former instance to the Law Officer and 
in the latter instance to a High Court Judge. 
What, therefore, really seems to be required is to 
make the ‘“‘ Delayed Opposition ” period effective 
in all cases, instead of only in some as it is now, 
and thus give an opponent a right to select whether 
he will take proceedings which will lead to the Law 
Officer or those which will lead to a Judge. The 
fact that the period of two years, within which 
delayed opposition proceedings may be brought, 
dates from the date of the patent under the existing 
law, means that this form of opposition is not 
available in many cases. 

It is impracticable to comment usefully at short 
length on further sections of the report. The work 
ends with a statement of conclusions and important 
appendices which, however, are mainly of interest to 
patent practitioners. The report as a whole bears 
evidence of careful thought, and though possibly it 
would be comparatively easy for many people to 
improve any given recommendation, it admittedly 
has to be borne in mind that the conclusions are 
those forming the considered—and perhaps com- 
promise—views of a number of different persons 
as distinct from an individual. 








TOWN WATER SUPPLY IN INDIA. 


ENGLAND is a highly populated country with 
dense concentration in large cities, and the estimates 
of water required for trade and domestic uses at 
the present day and for a period of years can be 
made with fair accuracy. At the present time, 
the additional supplies necessary for the use of 
the expanding populations of the greater cities 
may cause engineers anxious thought about what 
areas are still available for impounding works, 
the allowances for compensation water along the 
line of aqueduct-—for the populations geographically 
nearer the catchment areas have a right to the 
“first drink”’—and the allowable abstraction of 
water from rivers. There is in reserve the great 
amounts of water in the Cretaceous and other 
permeable beds. There is secular variation in the 
rainfall, there are what we call dry years, but we 
do not suffer from intensive rainfall falling in a 
= period of the year ; a rainfall which sometimes 
ails, 

In India the problem presents a very different 
aspect. The large cities of India are in the great 
plains of a tropical country, the estimation of the 
increase of population is a difficult one to arrive at, 
and the consumption of water varies within wide 
limits—we have in England no sudden fevered 
demand for large additional supplies of water at 
the new moon, or for solemn feasts. 

The large towns of India were originally supplied 
from shallow wells and tanks, always subject to 
contamination, often from the bathing of the people 
inthe waters. As a result the people were generally 
Open to attack from water-borne diseases. Under 
English rule the great Indian cities have been, 
or are heing, supplied with water on the European 
standard of design in water supply. Mr. Madeley, 
a paper read on Friday last before the Indian 
Section of the Royal Society of Arts, spoke of 
the enormous differences in the quantities per head 
Supplied to Indian populations. In the Madras 
Presidency 15 gallons per day is usually provided 
Where at all possible. In communities where water 
's supplied through street fountains provided with 


properly looked-after self-closing taps, 5 gallons 
per head per day is found sufficient. yet in the case 
of Bombay 60 gallons, and Calcutta 90 gallons, 
per head are consumed, and even then both cities 
are reported to be supplied with insufficient water. 
For Madras City, with the water supply of which 
city Mr. Madeley’s paper is principally concerned, 
an allowance of 25 gallons per head, on an estimated 
future population of 660,000, was agreed to, or at 
the rate of 16} million gallons per day. 

In Indian cities, as in England, there is great 
waste of water through leaky taps and fitments. 
Although in India such appliances have to be 
of approved pattern, it is difficult to enforce the 
right of inspection. In England the supply is 
regulated by the demand, but in India the supply 
is regulated by the quantity of water the funds 
available will provide, and as a result few towns 
can be provided with as much water as they want, 
which is not the same thing as the amount they 
can use without waste. 

Madras is in the fortunate position of being near 
the Cholavaram and Red Hills Lakes, with a 
catchment area of 977 square miles, the lakes 
giving the storage for the water supply of the city 
and also for some irrigation. In years when the 
monsoon fails, the available supply is barely suffi- 
cient for the city alone. The evaporation losses in 
the plains of India are high, often amounting to 
6 ft. or 8 ft. over the water surface. In the case 
of the Madras water supply the estimate is given 
of 9 ft. loss, due to evaporation and permeation in 
a year when the evaporation is high. 

There is, too, the great difficulty in India of 
providing sufficient storage for the heavy rains 
which fall in the limited periods of the mon- 
soons. The necessarily large water area of spillway 
required by these conditions is best met by the 
Vyrnwy type of masonry dam. carrying the road- 
way over the top of the dam and with the overflow 
under the road. Because of the intensity of the 
rainfall and the surface geology conditions, there 
is a large amount of silt in the great rivers of India 
and slow sand filtration has not proved altogether 
satisfactory in a number of towns. 

In the case of Calcutta the water is passed through 
settling tanks before sand-filtration. The Metro- 
politan Water Board treat Thames water by passing 
it through the rapid filters at fifty times the rate of 
slow filtration, thus removing a_ considerable 
quantity of the suspended matter, and then passing 
on to the slow filters. This method as worked out 
by Sir Alexander Houston is economical and suc- 
cessful. In the case of the Madras water, Mr. 
Madeley states, double filtration would not be 
satisfactory unless alum were used, and if alum were 
used, no second filtration was necessary. He has 
recommended that the present slow sand filters 
should be converted into rapid filters working at 
the rate of a hundred inches vertical per hour, with 
a chlorinating plant to be used as bacteriological 
analysis shows desirable. Poona has changed from 
slow sand filters to rapid filters and a number of 
towns in the north of India are doing the same. The 
rapid filters are used with a coagulant. Bombay 
is relying on chlorine alone to safeguard its water. 

The method of obtaining subterraneous water 
other than from wells is not infrequently used in the 
Madras Presidency, by the use of infiltration galleries 
in gravel or sandy river beds, which are dry for a large 
part of the year. In such cases there is often an 
underground flow which may be tapped, and for this 
purpose an infiltration gallery constructed across 
the line of flow is suitable. The gallery is formed 
by digging a trench in the bed of the river to the 
length and depth decided upon and laying open- 
jointed stoneware pipes in the trench, which is then 
filled with layers of broken stone or gravel above 
the pipes, followed by layers of stone and sand, 
so graded as to prevent sand from entering the 
pipes. The pipes are graded to a circular masonry 
well sunk in the river bank, from whence the water 
is pumped to the town. 

Some years ago we noted the report of successful 
experiments, which had been carried out in the 
alluvial plains of India, to tap the underground 
water supply in sandy soils. Wells were sunk on the 
curb principle into the water-bearing stratum in 





which the wall of the well was formed with a series 











of louvers, with wire strainers in the openings. 
The effects of pumping in such a well was at first 
to draw in the fine particles of sand, but after a short 
time, an annular space of coarse grains would be left 
surrounding the louvers, which would prevent the 
fine sand from entering and silting up the well. 
As a result a greatly increased quantity of water 
could be pumped from the sandy stratum. The 
method was greatly improved and developed 
independently by the late Dr. G. F. Deacon in a deep 
well in Bedfordshire in the Greensand formation. 

Many towns in India on the alluvial plains 
have irrigation canals in close relation to the 
township area. The ground-water level is raised 
by seepage from the irrigation canals and after 
heavy rains the drainage is not sufficient to carry 
off the surface water. Such was the case in Amrit- 
sar in 1908 in the abnormal monsoon of that year. 
The resulting inundation of storm water soaked 
into the soil and raised the subsoil water-table to 
ground level ; it also filled every tank and depression 
with water, which served as convenient breeding- 
places on a large scale for the propagation of the 
Anopheles mosquito. 

It would appear in many cases that a system of 
electrical pumping from wells spaced to be outside 
the cone of depression of one another would serve 
not only for water supply, but would also lower 
the subsoil water-table, which latter would, in 
itself, have a direct effect on the public health of 
the township. 








THE CENTENARY OF KING’S 
COLLEGE, LONDON. 


Durine the present academic year the hundredth 
anniversary of the foundation of King’s College, 
London, will be celebrated. This college is of 
especial interest to engineers as it contains one of 
the oldest engineering schools in the country. The 
proposal to establish the college was first made 
on June 21, 1828, at a meeting held at the Free- 
mason’s Tavern, under the chairmanship of the 
Duke of Wellington. An appeal for funds was 
launched and, by May, 1829, a sum of 127,0001. 
had been raised. A royal charter of incorporation 
was obtained on August 14, 1829, and building 
operations commenced during the following month. 
University College was its forerunner by a short 
space, but since they had excluded religion from their 
curriculum it was felt ‘that for general education 
a college should be founded in the metropolis, in 
which, while the various branches of literature and 
science are made subjects to instruction, it shall be 
an essential part of the system to imbue the minds 
of youth with a knowledge of the doctrine and duties 
of Christianity, as inculeated by the Church of 
England and Ireland.” King George IV, as patron, 
made the grant of the present site in the Strand 
adjoining Somerset House, which was, and is, an ideal 
geographical position in the Metropolis. After the 
reconstruction of the University of London in 1900, 
King’s College became an incorporated college of 
the university in all faculties except theology. 

The Engineering Department was founded in 
1838 and now forms a separate faculty of the 
college, comprising departments of electrical engi- 
neering, civil engineering and mechanical engineer- 
ing, each under a professor. During its long history, 
many engineers who have later occupied very im- 
portant positions in the profession, received their 
scientific training within its walls. Through the 
Engineering Society, a students’ organisation, 
which, founded in 1847, may claim to be one of the 
oldest of its kind, the close contact maintained 
between past and present students forms one of the 
most valued possessions of the college. The Engi- 
neering School has always been in the forefront, 
both in the teaching of the scientific principles of 
engineering and in the pursuit of original research. 
Yet it has been from the first without endowment. 
Indeed, unlike most other institutions of the kind, 
King’s College has, throughout the century, been 
seriously hampered by its pronounced lack of 
endowment. In contrast with the provincial and 
older Universities, which owe so much to the 
generous support of benefactors, King’s College 
only receives an annual sum of 4,800/. from endow- 
ments out of a necessary expenditure of 130,000/. 
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This financial embarrassment is emphasised by the 
ever-increasing number of students. 

Since the early period, the development of the 
institution has been continuous, and, during the 
1913-14 session, 701 full-time day undergraduate 
and post-graduate students attended the college, 
165 of whom were working for degrees and diplomas 
in science or in engineering. The further progress 
made during the post-war years is evidenced by the 
fact that, to-day, the number of full-time day stud- 
ents has reached nearly 2,000, of whom about 350 
are studying for engineering or science degrees and 
diplomas. As will be readily understood, this influx 
of students is putting a severe tax on the available 
accommodation ; and the need of larger premises 
is becoming more imperative every year. In 
connection with the commemoration of the College 
centenary, an appeal is therefore being issued to 
enable the construction of new buildings to be 
undertaken, for the endowment of professorial 
chairs in physics, physical chemistry, electrical 
engineering and in other faculties, and for the pro- 
vision of scholarships and bursaries. The building 
scheme embraces the erection of college premises 
above Aldwych Station. This site, which is 
5,000 sq. ft. in area, immediately adjoins the 
College, and access to the new buildings would be 
secured by a bridge over Strand Lane. The rebuild- 
ing of the south-east block, which overlooks Temple 
Station and the Victoria-embankment, is also 
contemplated. 

To meet these pressing needs, the appeal launched 
asks for a sum of 350,000/. Of this sum it is desired 
to devote 125,000/. to provide for the endowment 
of a number of chairs. Those of particular interest 
to our readers are the Chair of Electrical Engineering, 
formerly occupied by Jobn Hopkinson, and, at 
present, held by Professor Ernest Wilson ; the Chair 
of Physics, made illustrious by the names of Clark, 
Maxwell and Wheatstone; and one of the Chairs 
of Chemistry, first occupied by J. F. Daniell. The 
sum of 125,0001. is allotted for the improvement and 
extension of the college buildings, certain portions 
of which are in urgent need of reconstruction to pro- 
vide additional laboratory accommodation for 
scientific departments. Further, it is hoped to 
provide 50,0001. for scholarships and bursaries for 
students without adequate means. Unfortunately 
few entrance scholarships, senior studentships and 
bursaries, for undergraduates of limited resources, 
are available at the present time, and it is desired to 
increase the facilities offered to such, very consi- 
derably. Donations to the Centenary appeal fund 
may be sent to either of the treasurers, the Rt. Hon. 
R. McKenna, and Sir Edward Troup, at King’s 
College, W.C.2, or to the College bankers, Messrs. 
Coutts and Company, 440, Strand, W.C.2. Further 
particulars regarding the various schemes referred to 
above may be obtained from the Secretary of the 
College. 





THE LONDON WATER SUPPLY. 
_ So much has been written recently on particular 
aspects of London’s water supply that the time is 
perhaps opportune for a general survey of the 
whole scheme. U'p to the end of the twelfth century, 
the inhabitants cbtained their supplies either from 
the rivers and streams passing through the town, 
or from wells. The first record of the conveyance 
of the water in lead pipes is in 1285, when a conduit 
was constructed to convey the waters of the Tyburn 
to the city, although wooden pipes had certainly 
been in use previously. Pumping plant was first 
installed in 1582, with the object of conveying 
the waters of the Thames to houses in the neigh- 
bourhood of the present Gracechurch-street. The 
first reservoir was built at Clerkenwell in 1613, 
and was fed from the waters of the New River. 
Soon after the end of the seventeenth century, 
the Chelsea Water Company was formed to supply 
Thames water to Westminster, and this was 
followed by the erection of works by a number 


Water Board, in the second of the Chadwick Public 
Lectures, delivered at the Institution of Civil 
Engineers on Monday last. The area of the supply 
is some 558 square miles, and extends from Staines 
in the west to near Dartford in the east, and from 
Hertford in the north to near Westerham in the 
south. The population supplied is over 7,000,000, 
the average daily total consumption being over 
260,000,000 gallons, equivalent to 36 gallons per day 
per head of population. To give a more exact idea 
of the magnitude of the undertaking, Mr. Stilgoe 
mentioned that there are at present in existence 
49 storage reservoirs having a total area of 2,704 
acres and a capacity of 19,657 million gallons, 92 
service reservoirs having a capacity of 321 million 
gallons, 176 acres of sand-filter beds, 27 primary 
filters, 75 pumping stations, and 272 pumping 
engines with a total of 47,268 h.p. There are 7,000 
miles of water mains. 

The water is obtained from rivers and from 
deep wells in the proportions of about 58 per cent. 
from the Thames, 25 per cent. from the Lea, and 
17 per cent. from wells. A somewhat exceptional 
feature of the system is the low level of the sources 
in relation to the various localities supplied. The 
water has to be pumped through great lengths of 
trunk mains, and the supply can only be maintained 
by almost continuous pumping. As regards the 
river sources, there is a great variation in the flow 
at: different periods of the year. In July, 1921, 
the natural flow of the Thames at Teddington 
Weir, where the river becomes tidal, was as low 
as 168 million gallons per 24 hours, whereas, in 
January, 1928, the flow reached nearly 10,000 million 
gallons. The flow in the river Lea varies in an 
even more striking manner, measurements showing 
a variation between 7°3 millions and 1,147 million 
gallons. These great variations have necessitated 
the construction of storage reservoirs of sufficient 
capacity to span the periods of drought. 

The watershed of the Thames has an area of 
3,812 square miles. The river is about 40 miles 
long between Wallingford and Windsor, and it is 
here fed not only by tributary rivers and streams, 
but also by springs issuing from the chalk in the 
bed of the river. The chalk absorbs the water 
very readily, and, relatively speaking, the chalk 
water which finds its way into the river in the 
form of springs is small when compared with the 
vast quantity percolating through the chalk, and 
passing eastwards under London towards the sea. 
This water is utilised by other undertakings by 
means of wells sunk into the chalk, either directly 
or through overlying impervious beds. Where the 
latter occur in the valley of the Upper Thames, 
they are, to a large extent, covered with a layer 
of gravel, having in some places a depth of about 
18 ft. The gravel beds are heavily charged with 
water. The intakes of the Metropolitan Water 
Board are situated at Surbiton, Hampton, Moseley, 
Walton, Sunbury (disused), Staines and Penton 
Hook. The Surbiton intake has only once been 
used since 1877, namely, during the drought of 
1921. 

The area of the watershed of the river Lea is 
about 566 square miles. The greater portion of 
the area is above Hoddesdon, hetween which place 
and Hertford are the confluents of the principal 
branches, the Stort, the Ash, the Rib, the Beane, 
the Minram, and the Upper Lea. These branches, 
with the exception of the Stort, supply mainly 
chalk-derived water. In the valley of the Lea is 
the New River, an artificial cutting completed by 
Sir Hugh Myddelton in 1613 to impound the water 
of the Chadwell Spring, situated between Hertford 
and Ware. There is also a connection with the 
Lea near the spring. There are various wells along 
the banks of the New River, from which water is 





pumped into the river from the chalk formations. 
| Filtration and pumping stations are located at 
| Hornsey, Stoke Newington, and New River Head, 


|the total output from the river being 50 million 


of small companies obtaining their supplies either | gallons per day. 


from the Thames or from one or other of the smaller 
rivers. These companies increased in importance 
with the growth of London, until they were taken 
over by the Metropolitan Water Board in 1904. 
The present position was surveyed by Mr. H. E. 
Stilgoe, the Chief Engineer to the Metropolitan 


| The storage reservoirs for the Thames water 
| are located at Staines, Littleton, Kempton Park, 
| Walton and Hampton. These reservoirs are only 
| 30 ft. to 40 ft. above the river. .That at Littleton 
| was fully described on page 593 of vol. cxix of 
ENGINEERING. The lowest storage reservoirs in 








connection with the river Lea are at Walthamstow, 
into which the water gravitates naturally. The 
Lockwood and Banbury reservoirs, between Totten- 
ham and Chingford Mill, and the King George 
reservoir at Chingford, receive pumped water, 
The plant at the latter place, of which details will be 
found on page 799 of vol. cxiv of ENGINEERING, is of 
particular interest owing to the installation of Hum. 
phrey pumps. The storage reservoirs at Hornsey 
and Stoke Newington are fed by gravity from 
the New River. It will be appreciated that the 
level of the reservoirs is too low to feed the supply 
mains by gravity, and the water, after being filtered, 
is pumped to various parts of London from the river- 
side stations. The engines at the Kempton Park 
Works, for example, pump the water through a 42-in, 
main, 134 miles in length, to a balancing reservoir 
at Cricklewood, from which it is again pumped to 
the service reservoir at Finchley, a further distance 
of four miles. The capacity of the service reservoir is 
10 million gallons, and it is 298 ft. above Ordnance 
Datum level. Additional plant is being installed at 
Kempton Park, and, when this is completed, the 
water will be pumped direct to the Finchley reservoir, 
and also to a second reservoir at Highgate, through 
a 48-in. main. The new engines at the Walton 
Works, described on page 9 of vol. cxxii of Enarn- 
EERING, are pumping 20 million gallons per day 
through 184 miles of 48-in. diameter main to 
Brixton and Honor Oak, while the engines at 
Hampton and Surbiton are also pumping through 
many miles of trunk mains into the heart of London. 

The remaining sources of supply in the Board’s 
area are the wells, which are situated, for the most 
part, in the district south and east of Deptford. 
A considerable area is supplied by the various 
pumping stations in this district, which includes a 
number of thickly-populated suburbs of south-east 
London, and a number of towns such as Bromley, 
Dartford, and Farnborough. As in the case of the 
Thames water, that from the wells is pumped to 
service reservoirs, the majority of which are at a 
considerable distance from the sources. As an 
example, the water derived from wells at Dartford 
Darenth, Wilmington and other places is pumped 
westward to the Eltham reservoir, which, in turn, 
supplies a district still farther west. 

Tn a great undertaking like that of the Metro- 
politan Water Board, the conservation of the water 
for the respective districts served, and its proper 
allocation, must always be given careful considera- 
tion. This offers no special difficulty in the case of 
the water taken from the Thames, as the storage 
reservoirs can take the surplus in periods of plentiful 
yield, but in the area which depends entirely on 
supplies from wells, it is particularly important to 
guard against a shortage. A scheme has recently 
been adopted by which Thames water will be carried 
farther to the east for augmenting the supply to 
Woolwich, New Cross, and other adjacent places at 
present largely supplied with well water. For this 
purpose, extensive works are being carried out at 
Deptford pumping station to transmit the water 
from the storage reservoirs there. 

It is interesting to note that the maximum 
demand on the company’s plant has reached 350 
million gallons per day, while there have been 23 
days during the past summer on which the demand 
has exceeded 300 million gallons per day. The 
period of maximum demand sometimes coincides 
with that of minimum yield, and it is urder these 
circumstances that the large storage capacity of 
the reservoirs is fully tested. In the summer of 
1921, the rainfall for six weeks was very small, and 
the flow of the Thames was as low as 168 million 
gallons in one day, mostly derived from the spring 
water discharging into the river. The storage 
reservoirs fulfil another important function in acting 
as precipitation chambers, a marked improvement 
taking place in the water during storage. 








THE INSTITUTION OF NAVAL ARcHITECTS.—The opening 
date of the next annual spring meeting of the Institution 
of Naval Architects will fall on March 20, 1929. | 
papers intended for this meeting should, if possible, 
be sent in by the close of the present year. On the invita- 
tion of the Registro Italiano, of Rome, a summer meeting 
is being arranged to take place in Italy from September 15 
to 29, 1929, during whichRome, Genoa, Venice and Trieste 
will be visited. The offices of the Institution are nOW 
at 2, Adam-street, Adelphi-terrace, London, W.C.?. 
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NOTES. 


Tue Roya INSTITUTION. 


Tue Council of the Royal Institution is planning 
extensive alterations to the building in Albemarle- 
street in order to make better use of the available 
space and to improve the convenience and safety of 
its rooms, particularly the lecture theatre. When 
the Institution was opened at the beginning of 
the nineteenth century, it was a model of its kind, 
which remained unapproached for many decades. 
The important work carried out in its laboratories 
and the masterly expositions in its lecture theatre 
by the leading men of science, spread the fame of 
the Institution throughout the scientific world. A 
member of the Institution of a hundred years ago 
entering the lecture theatre at the present time might 
notat first notice great changes; the lecture table, the 
tiers of seats, the gallery and its supporting columns 
would be familiar to him. There has been little 
change in these, but the experimental facilities have 
naturally been greatly increased. Thirty years ago, 
additional exits from the lecture theatre into the 
passage, partly encircling it, were provided. That 
radical changes would sooner or later be required has 
long been recognised, but they were not seriously 
contemplated until an explosion occurred last Christ- 
mas in the electric conduit just outside the building, 
and a good deal of damage was done. The Institu- 
tion was in no way responsible, as we explained on 
page 45 of our issue of January 13, 1928, and, con- 
sidering the nature of the experiments carried out 
there, the Institution has been remarkably free 
from mishaps. The architect of the Institution, 
consulted as to the general condition of the building, 
reported that the floors were not fireproof, that the 
gallery with its narrow wooden doorways was almost 
a death-trap, that there were not sufficient exits to 
the street, and that the building did not conform to 
the safety rules now enforced in the case of public 
buildings. A special meeting of members was held 
on October 8, and a further meeting last week 
empowered the managers to have detailed plans of 
the required alterations prepared, and to invite 
tenders. The outlay will be considerable, as 
the traditional appearance of the theatre is to be 
maintained; a sum of 75,0001. was mentioned. 
Although there are now two stone stairways leading 
from the lecture theatre and library on the 
first floor down to the ground floor, there is only 
one exit to the street. Utilising the unoccupied 
space above the ground floor laboratories, a wide 
corridor is to be built on the first floor, leading 
from the lecture theatre, on the outside of the 
library wall over to the wing of the Davy Faraday 
laboratory, adjoining the Institution proper, and 
to the stairway there. From this corridor, a new 
stairway is to lead down into a vestibule with a new 
exit into the street, and the two gallery stairways 
are to be enlarged, constructed in stone and con- 
nected to an independent exit. The lecture theatre 
and its seats are to be made fireproof, and the 
ventilation is to be improved. Some space and 
improved accessibility will be gained, though the 
accommodation in the theatre may be slightly 
reduced. If reconstruction is commenced early in 
April next, the theatre should be ready again for 
the Christmas lectures of 1929. 


SuBways AND Fire Risks. 


On September 8 last, a serious fire occurred in the 
subway which runs under the Victoria Embankment, 
London. This led to considerable damage, not only 
to the cables, but to the gas mains in the subway. 
In accordance with precedent, an inquiry into the 
Cause of this fire was held by Dr. F. J. Waldo, 
H.M. Coroner for the City of London, and, curiously 
enough, while this investigation was in progress two 
other fires broke out in the same subway, one outside 
the City boundary on September 16 and the other 
Within the area coming under Dr. Waldo’s jurisdic- 
tion on September 30. Ina report that has recently 
. n issued, all these fires are considered together. 
2 8 stated that the cause, in every case, was a 
ermtive switchbox belonging to the London 

Cunty Council, and controlling the supply from 


bo main cables in the subway to the lighting 
ireults feeding the lamps in the street above. A 
cause, or rather consequence, of the 


Secondary 


outbreak was the ignition of the gutta-percha 
covering of some cables belonging to the Exchange 
Telegraph Company, while considerable damage was 
also done to telephone cables and there was grave 
risk of gas explosions, owing to damage caused to 
the joints of the 36-in. gas mains. In giving their 
verdict on the cause of the first fire, the jury expressed 
themselves as dissatisfied with the London County 
Council’s methods of inspecting their lighting system, 
and added that no electric cables should be allowed 
in the subway unless adequately protected by fire- 
resisting material, while all timber should be replaced 
by metal. The poor condition of the cable was 
stated to be due to the flooding which occurred in 
the previous January. This recommendation, like 
so many others of its kind, puts the cart before the 
horse. Cables are not in themselves causes of fire, 
and to insulate them as suggested would not elimi- 
nate the real risks, which arise from defective 
switches, leaky pipes and other factors depending 
on poor installation, careless maintenance, and 
unusual combinations of circumstances. In these 
days it should not be impossible to find a water- 
tight switch, which can be opened and closed safely 
in a gaseous atmosphere, while an even better 
policy would be to remove these switches from the 
subway altogether. Dr. Waldo in his report adds 
some reflections on the risks attendant on the use 
of subways, the length of which in London is a 
little over six miles. These risks may be divided 
into flooding and fire and explosion. He considers 
that adequate protection against the former should 
be provided, and that, as regards the latter, the 
obviously widespread effect of a gas explosion in 
which two 36-in. mains might be involved, should 
be mitigated by embedding these mains in concrete 
or other imperishable material. Here again we are 
uncertain whether the remedy is not as bad as the 
disease. The true policy seems to be proper instal- 
lation to begin with and careful maintenance to 
goon with. In carrying out this policy, the presence 
of subways is a great assistance. It must be 
remembered that this method of housing public- 
service mains of all kinds is used in many Conti- 
nental and American cities without untoward results. 








THE CHANGE OF STATE FROM 
LIQUID TO VAPOUR. 


On Tuesday, November 6, Professor H. L. 
Callendar, F.R.S., delivered the second of a course 
of three lectures on the above subject. 

He said that, on the last occasion, he had tried to 
explain what was implied by the theory of the 
continuity of the liquid and gaseous states, which 
had held the field unchallenged for so many years. 
This theory had been particularly attractive to the 
mathematician, owing to its simplicity and to the 
fact that one and the same equation represented 
both the liquid and the vapour phases. As pointed 
out in the preceding lecture, however, van der 
Waal’s equation did not represent at all accurately 
the expansion of the liquid, neither did it give the 
true value of the latent heat. Moreover, it was incon- 
venient in form, since it gave the pressure in terms 
of the volume and absolute temperature, whereas 
what was wanted, since volumes were difficult to 
measure, was an expression giving the volume in 
terms of the other two variables. It had the 
additional drawback that the expressions derived 
from it for the adiabatic expansion and entropy of 
the fluid were very complicated. The representa- 
tion given by the formula of the conditions at the 
critical point had been accepted as a matter of 
course, although it was very difficult to verify this 
experimentally. The whole theory, in fact, lacked 
experimental proof. To obtain this it would be 
necessary to examine the properties of the liquid 
right up to the critical point. 

It was also very desirable to find a convenient 
formula to represent the properties of the vapour, 
and a simple expression for its adiabatic expansion. 
Special study was needed in the neighbourhood of 
the critical point in order to see if the accepted 
view as to the behaviour of the fluid in this region 
was true in essentials. According to the theory 
of van der Waals, when the meniscus vanished 
the density of the liquid became equal to the 





density of the vapour, which might be expressed 





as v, = V,, whilst the latent heat vanished simul- 
taneously. Moerover, the isothermal corresponding 
to the critical temperature had a point of inflexion 
at the critical point. The position of this point was 
generally determined by drawing the diameter OC, 
shown in Fig. 5, on page 594 ante. Again, Fig. 6, 
on page 626, showed how the latent heat must 
vanish at the critical point if an equation of 
the van der Waal’s type held good. The dotted 
curve had been deduced from Amagat’s experi- 
ments, whilst the full-line curve showed the results 
obtained by Jenkins and Pye in 1915. 

It would be seen, however, that these latter experi- 
ments did not extend beyond 20 deg. C., so that the 
rest of the curve was purely hypothetical. To really 
test the formula it would be necessary to carry the 
observations right up to the critical point. 

So far as water and steam were concerned, the 
best results obtained up to the end of last century 
were those of Regnault, who, however, was unable 
to extend his observations beyond 200 deg. C., 
which was 174 deg. below the critical temperature. 
For the total heat of water Regnault derived the 
empirical formula 


ow... st 
eas ti) +o (50) 
whilst for steam he got the linear expression 
H = 606°5 + 0°305 ¢ + 0°48 (t — ts). 

In these expressions ¢ denoted the temperature 
on the centigrade scale. 

Actually, however, the total heat of steam 
became a maximum at a certain definite tempera- 
ture, and then diminished very rapidly up to the 
critical point. Regnault’s formula for the total 
heat of water also failed at high temperatures. 

A better expression for this was needed, both for 
accurate calorimetry and because a formula was 
required valid up to the critical point. The accu- 
rate measurement of h was not so easy as might be 
thought at first sight. This was well shown by 
Fig. 7, which was published by Liidin in 1895, 
and showed specific heats of water between 0 and 
100 deg. C, as determined by different observers. 
Whilst some found an increase of 12 per cent. in 
this range, others actually made the specific heat 
less at the higher temperature. In fact, Regnault 
was the only one that was anywhere near the truth, 
and even his results had been proved to be a good 
deal out. 

Tn 1886, the speaker had intended to make, as 
a fellowship dissertation, an experimental deter- 
mination of the specific heat of water. He expected 
to complete the work in a month, but, owing to 
an accident, was obliged to abandon the project 
until appointed to the chair of physics at the 
McGill University. He then spent, not a month, 
but two years in designing, making, and testing 
the apparatus required. Various calorimeters were 
devised, but the experiments proved so compli- 
cated that he was nearly abandoning the re- 
search, when he had the good fortune to make one 
of his greatest discoveries, viz., Dr. Barnes. At the 
time in question, Dr. Barnes was an assistant in the 
chemical laboratory, but he proved to be a born 
physicist. It was doubtful whether, lacking Dr. 
Barnes’ assistance, the experiments would ever 
have been finished. His results, together with those 
of some other experimentalists, were shown in Fig. 8. 
It would be seen that Regnault’s curve had about 
the right slope between 40 deg. and 100 deg. C., 
but he had failed to observe the fact that the specific 
heat of water diminished as the freezing point was 
approached. This was discovered by Rowland, who 
proferred the extremely reasonable explanation that, 
at these low temperatures, water held in solution 
about 1 per cent. of ice molecules. The speaker was 
then led to suggest that the rise in the specific heat 
at higher temperatures was due to the presence in 
the water of steam molecules, the water dissolving 
its own volume of steam saturated at the same pres- 
sure and temperature. It was found that this 
assumption almost exactly accounted for the total 
heat of water at different temperatures as actually 
observed. This view was supported by the theory 
of osmotic pressure. The surface layer of the water 
might, in fact, be regarded as a perfect semi-perme- 
able membrane, so far as steam molecules were 
concerned, and hence the density of the steam should 





be the same on both sides of it. 








626 


ENGINEERING. 





[Nov. 16, 1928. 








On the above hypotheses, the total heat of water | shown in Fig. 9. The value, as given by the|each end of the stroke where the pressure and 


was represented by the formula 
»L 
h=st te 
t fits temperature in centigrade degrees, L the 
corresponding latent heat of the steam, and V and » 
the specific volumes of the steam and water, res- 
pectively. 

By adding to the above formula the latent heat, 
we got, for the total heat of saturated steam, the 
expression 

VL 

V—v’ 

whilst the ratio v to V was then given by the 
simple formula 


H=4+L=s8t+ 
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This latter formula was in full agreement with 
Clapeyron’s equation, and yielded a simple expres- 
sion for the saturation pressure. 

The formula for the total heat of water could be 
extrapolated up to the critical point, as shown in 
Fig. 9. It yielded a simple expression for the 
entropy of the hquid, viz., 

oa = vL ' 
Ty T(V—v) 
whilst Gibbs’ function 6 became 
0 = ow ba § log T, * . 

These formulas were confirmed more or less up 
to over 300 deg. C., by experiments made sub- 
sequently by Dieterici. He heated different quan- 
tities of water in sealed tubes to definite tempera- 
tures and then plunged the tube into an ice calori- 
meter. What he measured there was not the total 
heat of the water, but its increase of intrinsic energy, 
to which must be added the term apv in order to 
get the total heat h,. In this latter expression, a was 
the inverse of Joules’ equivalent. 

The experiments covered the range from 0 deg. C. 
to 300 deg. C. To represent his results, Dieterici 
gave the purely empirical expression 


t \2 t \3 
Ey = st — 05 (x50) 0 69 (555) 


The speaker’s thermodynamic equation for h, if 
extrapolated to the critical point, rose steeply, as 


sexo) THERMOMETER END 





| 


| mination made this year. 


/come round to the speaker’s thermodynamic for- 
/ mula, as the speaker thought he might, but had 
jused Dieterici’s figures up to 300 deg. C., and 
| beyond this the speaker’s 1920 formula. He thus 
| got a rather higher value at the critical temperature 
| than that now definitely measured. The speaker 
had verified the thermodynamic formula right up 
| to the critical point, and he believed that no similar 
| Series of measurements had ever been made before 
| with any liquid. 

Coming next to the formulas applying to the 
| vapour, it was necessary not only that these should 
| have an experimental basis, but also that they should 


| original formula adopted in the steam tables pub- 
lished in 1920, was shown, and also the latest deter- 
Mollier’s 1926 value was 


where s denoted the mean specific heat of the water, | also plotted on the diagram. Mollier had not yet 


temperatures were both “stationary” in the 
mathematical sense of the term. These observa. 
tions led to the result that the adiabatic expansion 
of superheated steam was represented very accu- 
rately by the formula :— 

P 

3 = constant. 

Ts 

Yquivalent forms of this expression were 


P V!:3 = constant, 
and 


10 
(V — b) T* = constant. 
The corresponding formula for H was :—- 


2 4 p(y —b) +abP, 
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be of a form convenient for use, and lead to simple 
expressions for an adiabatic expansion. 

Here, again, the lecturer was fortunate in finding 
at the McGill University Professor Nicolson, who 
had there the finest experimental engine then in 
existence, with an ample equipment of accessory 
apparatus. Nicolson was engaged in trying to 
determine experimentally with his engine the rela- 
tion between P and V in the adiabatic expansion 
of superheated steam. xreat difficulties arose, 
however, from exchanges of heat between the steam 
and the cylinder walls, and also from leakage and 
condensation. The speaker joined forces with 
Professor Nicolson, but after a year’s work, the 
attempt had to be abandoned. The lecturer then 
suggested that the temperature of the steam should 
be measured instead of its volume, using a platinum 
thermometer for the purpose. This plan worked like 
acharm. Only one difficulty was encountered, viz., 
it was found necessary to compensate for the fact 
that the heavy leads did not follow up the tempera- 
ture changes as rapidly as the fine platinum wire, 
the ends of which were accordingly not at the true 
steam temperature. The necessary correction was 
made by connecting together the ends of the com- 
pensating leads by a short loop of platinum wire of 
the same gauge as the thermometer wire (see Fig. 10). 
It was found that the platinum wire of the thermo- 
meter followed the temperature changes with almost 
incredible rapidity, and very satisfactory measure- 
ments were obtained between 700 deg. F. and 
200 deg. F. The only observations used in deducing 
the law of adiabatic expansion were those made at 
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from which 
Hey) ee 106 
13a" P ‘13° 
For the total heat of a perfect gas we had the 
expression 


V+ 


H-B=-_ .Pvy. 


It was not obvious, at first sight, how the formula 
found for the adiabatic expansion of steam could 
hold good in spite of the fact that the specific heat 
varied with the pressure. 

That the ordinary gas equation gave, for an adia- 
batic expansion, the formula PT¥~-! had been 


known for over 50 years. In that case, the equation 


: , R . 
of state was simply V — b = at, whilst for steam 


we had V — b = po — c, where c denoted the co- 

aggregation volume. 
In order that the above type of equation might 

represent the adiabatic expansion of steam, it was 


cP ° , 
necessary that T should remain constant during 


an adiabatic expansion. The McGill experiments 
showed that, to a first approximation, c was indepen- 
dent of the pressure and a function of the tempera- 
ture only, and Martin had since shown that this 
was a necessary consequence of the kinetic theory 
of gases. 

The lecturer had now determined c to a still 
closer limit, and had found that, to fit the expem- 
mental results for the whole range up to the 
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critical point, it was only necessary to multiply 


the value originally found by the factor —* ra 


a5 : , 8o that, along any adiabatic, the 


expression a remained constant. It should be 


noted that the expression found at McGill for the 
adiabatic expansion of steam held good in spite of 
the fact that the specific heats varied with the 
pressure, and that their ratio was not constant. 
The total heat was represented, as already stated, by 


H— B= 3° p(v—6)+abP, 


where Z = 


and, neglecting a trivial correcting term, the adiabatic 
heat drop was given by the following formula :— 


Fig. 12DENSITY OF WATER AND STEAM, GM. PER C.C. 
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still outstanding. The equation containing only 
the first approximation to ¢ could not be expected 
to hold at high pressures near the saturation line, 
and the expression for the adiabatic could not be 
reconciled with the form of the border curve at the 
critical point, as given by van der Waal’s equation, 
and universally accepted. These difficulties took a 
long time to dispose of. 

The simplest method of finding the critical volume 
was to heat up water in quartz tubes, and in these 
experiments the speaker had received most valuable 
help from Professor Shenstone. Just as he was 
on the point of publishing his results, however, 
Messrs. Traube and Teichner announced that, by the 
same method, they had found the critical temperature 





of water to be 374 deg. C., a figure which the speaker 


Fig.13. 
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A more difficult problem was to 
determine v and V near the critical 
point. To this end, the speaker used 
a series of quartz tubes containing 
different quantities of water, and 
noted the temperature at which the 
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2 water just filled the tube. The experi- 
ment was a rather difficult one, as 
the tube would burst if the exact 
limit were sensibly exceeded. 

One advantage of working with 
water was the ease with which it 
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The value of c was determined by throttling 
experiments, which showed that the simple first 
approximation independent of the pressure held very 
satisfactorily between the limits of temperature then 
available, viz., from 200 deg. to 700 deg. F. This 
was verified further by calculating the saturation 
pressure from Clapeyron’s equation, viz., 

L 
77 
An integration then gave 


Z dp 
(V Oar 


—»5 : 
RT © 
The lecturer’s recent experiments in the critical 
region had made it possible to correct this to :— 
logp =A — -— C log T + 3 kR. log it? 
and this held good from 0 deg. up to 380 deg. C. 
The volumes, as calculated from the total heats 
observed in the McGill laboratories, were strikingly 
confirmed a few years later, when, in 1905, Knob- 
lauch published his measurements of the specific 
Volume of superheated steam. His results were 
shown in Fig. 11, where the circles represented 


logp = A— jm —ClogT +° 





Knoblauch’s measurements, and the full lines the 
values deduced by thermodynamic principles from 
the McGill observations and the equations based 
thereon. There were, however, some difficulties 


could be purified. Ordinary distilled 

07 water contained about one part by 
—_ weight of airin 10,000 of water. By 
ENGINEERING boiling it, the air content could 


be reduced to less than one-tenth 
part in one million. Other impurities were got 
rid of in the distillation process. Andrews, it 
would be remembered, could not free his CO, 
from air, and the speaker thought that even 
Amagat had not got this gas pure enough for 
correct results at high pressures. If a fresh quartz 
tube were filled with pure water and heated up 
to the critical point, the meniscus vanished with 
absolutely no disturbance or turbulence. The 
water then went on expanding after the meniscus 
vanished, and it was even possible to measure 
this expansion, and to note when the top of the 
tube was reached. With old tubes, however, the 
march of the phenomena was entirely different. 
In time, at high pressures and temperatures, 
even quartz tubes were corroded by the water, 
which thus became contaminated. In that case, 
the vanishing of the meniscus was accompanied 
by a local cloudy condensation, and was preceded 
by boiling and turbulence. With a badly corroded 
tube, indeed, the meniscus fell before it vanished, 
and, in some cases, the water even sank to the very 
bottom of the tube and disappeared before the 
meniscus did. In such conditions the whole contents 
of the tube were in a state of violent disturbance, 
and, when cooled down again, there was first a cloudy 
condensation followed by a heavy rain, the water 
rising from the bottom of the tube instead of a 
meniscus appearing near mid length as it did when 


water all the phenomena hitherto ascribed to the 
critical region were in full evidence. 

The speaker had also measured the density of 
the vapour, and his complete results were shown 
in Fig. 12. The experiments on the water branch 
extended up to 380 deg. C., but it was not possible 
to measure steam volumes above 374 deg. C., 
at which the meniscus disappeared. The experi- 
mental curve had, however, been extrapolated 
to meet the liquid curve at an angle as indicated. 
At this point, the density of the steam became 
equal to the density of the water and the latent 
heat vanished. At 374 deg. C., the density of 
the water was about § that of the steam. 

According to the van der Waals equation, the 














the water was pure. In short, with contaminated 





liquid and vapour curves should have met with 
a common tangent, whereas experiment 
showed that they cut at an angle 
similar to that found in the equilibrium 
diagrams of the metallurgist. A very 
slight contamination of the water would, 
however, give a border curve which, in 
the critical region, was a blunt-nosed 
parabola. 

Just as the speaker was on the point 
of publishing these results he received 
a shock from a paper due to Holborn 
and Baumann, who had measured the 
saturation pressure of water by a static 
method. Their results were plotted in 
Fig. 13. They found that, up to 374 
deg. C., each isothermal had a horizontal 
section corresponding to a mixture of 
water and steam. Above this tem- 
perature, however, no part of the 
isothermals was accurately horizontal, 
which they interpreted as implying that, 
beyond this temperature, there was no 
saturation pressure. They used a steel 
vessel, and, at first sight, their results 
appeared to be in diametric opposition 
to the lecturer's. In their paper, however, these 
authors noted that their steel containing vessel was 
attacked by the water, which therefore they renewed 
every month. It would thus be obvious that these 
experimenters were not dealing with pure water, 
and, having studied their paper very thoroughly, the 
speaker thought that their results were incorrect. 

Moreover, it was not enough to measure p, ; 
it was also necessary to measure volumes and total 
heats, and all three sets of observations must be 
mutually consistent. It was this which the lecturer 
claimed to have done. 
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Contracts.—Messrs. Richard Garrett and _ Sons, 
Limited, Aldwych House, London, W.C.2, have received 
a repeat order from the National Electric Construction 
Company, Limited, Salisbury Square House, London, 
E.C.4, for a further 12 Garrett single-deck electric 
trolley buses for the Mexborough and Swinton Tram- 
ways. — Messrs. Simon-Carves, Limited, 20, Mount-street, 
Manchester, have received an order from the Sheffield 
Coal Company, Limited, Beighton Colliery. Yorkshire, 
for a boiler installation, pulverised-fuel plant, coke-oven 
gas-firing appliances, and other equipment.—Amongst a 
number of orders received recently by Messrs. Verdon, 
Cutts and Company, Limited, Town Hall Chambers, 
87, Fargate, Sheffield, for electric furnaces and melting 
pots, is a 120-kw. furnace for the heat treatment of 
steel, a 50-kw. brass-melting furnace for Colonial rail- 
way shops, an 85-kw. brass-melting furnace for a Don- 
easter foundry, and a 120-kw. furnace for normalising 
and hardening drills, tools, &c., for a South African gold 
mine. 


BriTisH SAILING SxHip Owners’ Assocration.—-The 
total world tonnage of sailing vessels of 100 tons gross 
and over, excluding ships fitted with auxiliary power, 
recorded in Lloyd’s Register at the end of June, 1928, 
was 1,795,246. According to the eighth annual report 
of the British Sailing Ship Owners’ Association, Limited, 
if barges and similar craft be excluded from this total 
the figure becomes 1,029,000 tons, of which only 18,400 
tons are owned in Great Britain and Ireland. The 
sailing-ship tonnage is decreasing steadily ; during the 
year ending June 30 last there was a decline of 130,362 
in the world tonnage of these vessels. It is interesting 
to note, however, that the decline during the previous 
year—namely, 186,825 gross tons—was considerably 
greater. Published returns indicate that 131 sailing 
vessels of 17,859 gross tons were added to the United 
Kingdom Register during the twelve months from July, 
1927, to June, 1928. On the other hand, 315 sailing ships 
of 35,891 gross tons were removed from the Register 
for various reasons, and 112 of these, making together 
12,620 gross tons, were broken up. The Association 
comprises 343 shipowner members, possessing 664 ships, 
aggregating 51,905 net tons; the Association’s offices 
are at 24, St. Mary Axe, London, E.C.3. 
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LIGHT-SENSITIVE APPARATUS AND 
ITS USES. 


ALTHOUGH the photo-electric properties of selenium 
have been known to physicists for well over 50 years, 
and use has been made of these properties in certain 
scientific instruments and apparatus, their application 
to what may be described as ordinary technical prob- 
lems has been by no means as extensive as might have 
been anticipated. Space will not permit us to discuss 
here the reasons for this, or to describe the numerous 
forms in which selenium cells have been produced ; 
the latter course, moreover, is unnecessary since several 
of these cells have been dealt with in our columns on 
previous occasions. Our present purpose is to describe 
an interesting form of selenium cell which has recently 
been developed, and appears to be well adapted to 
practical requirements; it has, in fact, already been 
successfully employed in certain cases which will be 
referred to below. 

The element selenium, discovered by Berzelius in 
1817, exists in various allotropic modifications. In 
the ordinary fused or vitreous form, it is a very poor 
conductor of electricity, but when annealed by main- 
taining it for some hours at a temperature just below 
its fusing point and subsequently cooling it slowly, a 
crystalline form is produced which has a much lower 
resistance, and is also greatly affected by the action of 
light. By arranging layers of annealed selenium 
between a series of metallic conductors in such a manner 
that a comparatively large surface of the selenium is 
exposed to the action of light, it is possible to produce 
a light-sensitive cell, the variation in the resistance 
of which, following a change in the intensity of the light 
falling upon it, will be sufficient to operate a sensitive 
relay connected in circuit with the cell. The relay, 
in turn, can, of course, be used to control the operation 
of an almost endless variety of electrical or mechanical 
appliances. 

The cell with which we are now concerned is that 
manufactured, together with the necessary accessory 
apparatus, by Messrs. Radiovisor Parent, Limited, 
26, Coventry-street, London, W.1., where we recently 
had an opportunity of inspecting a. variety of light- 
sensitive apparatus set up for demonstration purposes. 
A photograph of the cell employed is reproduced in the 
accompanying illustration, but it should be explained 
that the glass cover and wooden base shown in the 
figure have no actual connection with the cell, although 
they might serve to protect it from damage in certain 
applications. The actual cell consists of a slip of glass 
on which a grid is formed in liquid gold, similar to that 
used for decorating pottery. This is fused on to the 
surface of the glass, leaving a thin film of metallic gold 
in the shape of two ‘‘ combs,”’ the teeth of which inter- 
vene while the backs are close to, and parallel with, the 
longer sides of the glass slip. Selenium, in the molten 
state, is smeared on to the glass across the teeth of the 
combs, and after annealing, as previously described, 
the glass slip is mounted in metal holders which make 
electrical contact with the backs of the combs on each 
edge of the slip. Connecting wires are attached to 
the holders, and the cell so formed is sealed in a glass 
bulb which is evacuated and provided with a screw 
cap to which the wires are connected after the manner 
of an incandescent lamp. It will be seen that, with 
the arrangements described, the two sets of teeth 
forming the grid are bridged by a layer of selenium 
which forms the only path for the current through the 
cell, or *‘ bridge ’’ as the makers prefer to call it. 

By varying the spacing of the teeth of the grid, 
and by controlling the width and thickness of the 
selenium coating in the course of manufacture, the 
resistance of the bridge, in the absence of light, can 
be adjusted to all requirements, those generally 
employed having resistances ranging from 2 to 50 
megohms or higher. The particular characteristic 
of the bridge which has greatly extended its sphere of 
usefulness is, however, that it can be operated at much 
higher voltages than have hitherto been practicable 
and can therefore be connected directly in any supply 
circuit, thus avoiding the necessity for employing 
batteries. The bridges so far produced are suitable 
for voltages ranging from 12 to 1,000, and may be 
employed with either direct or alternating current, 
although, with the latter, a suitably designed relay 





is, of course, required. With direct current, a moving- 
coil type of relay is connected permanently across the | 
mains in series with the selenium bridge. When the | 
resistance of the latter is altered by variations in the | 
intensity of the light, the moving coil turns, and a light | 
arm attached to it is lifted out of one mercury cup and | 
dipped into another. In this way, two local circuits | 
containing small solenoids are controlled and the solen- 
oids, when energised, tilt a pair of mercury-in-glass | 
switches one of which is in the local circuit and the | 
other in the main circuit of the apparatus it is desired 

to control. We may mention here that a type of | 
polarised relay, in which the use of open mercury cups | 
is avoided, has recently been devised. In this, a plati- | 
num-point contact is used to make and break the local | 





circuits containing the solenoids, but the tilting 
mercury-in-glass switches, which are quite reliable, 
are still retained. 

As already pointed out, the relay can be used to 
control a great variety of apparatus, and one of the 
simplest applications is the automatic lighting of street 
lamps at dusk and extinguishing them at dawn. The 
apparatus described has been fitted by the Barnes 
Urban District Council to six electric street lamps in 
Sheen Common Drive, and we understand has now been 
in operation for about nine months without a failure. 
In this case, the selenium bridge is enclosed in a brass 
tube with a glazed opening on one side facing north, 
the tube being mounted on top of a box in which the 
relay and switches are enclosed. The complete unit 
is bolted on to the arm from which the lamp is sus- 
pended. The life of the selenium bridges is at present 
indefinite, although they have been in constant use 
for some eighteen months without any apparent 
deterioration, and there is no obvious reason why they 
should not be permanently effective ; if they should be 
damaged, however, they can easily and quickly be 
replaced at a cost of a few shillingseach. By adjusting 




















the relay, the lamp can be lighted and extinguished at 
any desired intensity of daylight. 

Another use which has been suggested for the 
selenium bridges in connection with lighting, is that 
they may be fitted at various points in the supply area 
of an electric power station, to give warning of the 
approach of fog. In this case, the indicator in the 
power station would be a micro-ammeter connected 
permanently in series with each of the bridges, the 
readings of the instrument giving a continuous indica- 
tion of the light intensity at the point where the bridge 
is situated. It would, obviously, be a simple matter 
to arrange for a visual or audible warning to be given 
if the light intensity fell below a certain predetermined 
value, so that the necessary preparations for an increase 
in load could be made at the power station. 

As the selenium bridge can be operated by infra-red 
rays as well as by visible light, an interesting form of 
burglar alarm has been devised by the company. . In 
this, a beam of infra-red rays from an ordinary incan- 
descent electric lamp is focused by a mirror on to 
one of the bridges, the beam passing through the space 
giving access to a safe or other property it is desired 
to protect. When the beam is interrupted by the 
passage of a person through it, the relay in series with 
the bridge closes a circuit containing a bell or other 
alarm device. The beam is, of course, quite invisible, 
even in complete darkness, as also is the lamp produc- 
ing it. The latter is enclosed in a light-tight lantern, 
the beam passing through a special-glass window which 
cuts off all visible light. 

For detecting fires in ships’ holds and elsewhere, a 
method of using a selenium bridge in connection with 
a pilot lamp has been devised. For this purpose, a 





lamp is enclosed in a metal cylinder with an outlet 
resembling a small chimney, at the top. This cylinder 
is connected to another containing the bridge by means 
of an inclined tube, through which the light from the 
lamp passes on to the bridge. This second’ cylinder 
has an opening at the bottom, through which air, 
set in motion by the heat of the lamp in the first- 
mentioned cylinder, enters. The air passes through 
the connecting tube between the two cylinders and 
escapes from the chimney at the top of the first cylinder. 
In the case of fire, smoke will be drawn in with the air, 
and its presence in the connecting tube will reduce the 
light falling on the bridge sufficiently to operate the 
relay and give a visible or audible alarm at any conve- 
nient point. A similar alarm would, of course, be given 
in the event of a failure of the electric lamp, but means 
are provided at the alarm point which render it possible 
to determine at once whether the alarm is due to an 
actual fire or other cause. 

Selenium bridges of the type described can be used 
in connection with colour and density comparisons 
and for other scientific purposes, but the only other 
application to which we can now refer is in connection 
with railway signalling and train control. The method 
suggested for using the apparatus for automatic signal- 
ling involves the fitting of a lamp and bridge on opposite 
sides of one of the running rails at the end of each 
section. Normally, light from the lamp passes across 
the rail on to the bridge, but the passage of the wheels 
of a train, by cutting off the light, is made to operate 
a relay which sets the signal for the following section 
at danger and restores that for the preceding section 
to the ‘‘ off’? position. For the train-control system, 
a lamp and selenium bridge are mounted a few inches 
apart underneath the locomotive. At signal points, 
a vertical plate is fixed to the track, in such a position 
that it passes between the lamp and bridge on the 
locomotive and cuts off the light from the bridge. If 
the signal is “‘ off,’ however, a stationary lamp fixed 
to the track will be illuminated, and light from this 
will be directed on to the bridge, while that from the 
lamp on the locomotive is cut off by the vertical plate. 
If, however, the signal is at danger, the fixed lamp will 
be extinguished, and as no light then reaches the 
bridge, owing to the intervention of the fixed vertical 
plate, a relay on the locomotive will be energised and 
caused to light a lamp, give an audible signal, and 
apply the brakes. The system would, of course, 
require to be developed experimentally under actual 
operating conditions, but the fact that ramps or other 
means of making mechanical connections with the 
moving train are unnecessary would appear to be a 
point in its favour. 








CANADIAN NICKEL Propuction.—As compared with 
the corresponding period of last year, the production 
of nickel in Canada during the first six months of the 
year, increased by 33-6 per cent. in quantity and by 
32-7 per cent. in value, the actual figure being 46,463,107 
lb., valued at 10,625,702 dols. As regards the export 
trade in this metal, Canada supplies upwards of 90 per 
cent. of the world’s requirements, and the value of the 
exports for each month of 1928 has been consistently 
higher than that for the corresponding month of last 
year; the total value of the exports for the first eight 
months of this year was 14,463,647 dols., which repre- 
sents an increase of 53 per cent. over the same period 
of last year. 





Tue InstiTUTION oF PropucTION ENGINEERS.—The 
fifth annual dinner of the rapidly growing Institution 
of Production . Engineers took place on Saturday, 
November 10th, under the chairmanship of its President, 
Sir Alfred Herbert, and was attended by about 90 mem- 
bers and guests. The toast of the Institution was_pro- 
posed by Mr. L. H. Houndsfield, who, in.the .course of 
his remarks stated that increased production per man was 
aimed at in order to increase wages and decrease unem- 
ployment while reducing costs to meet foreign competition. 
He thought it was a pity that British machine tool 
makers sometimes offered foreign machines. They should 
be able to meet all home requirements. Mr. A. J. Han- 
cock, in reply, said that he did not consider reduction of 
costs should be the main factor in production. It did 
not follow that because certain competitors turned out @ 
cheap product British manufacturers could do the same. 
They should rely, as in the past, on a product which was 
something different, better, and more efficient. The Inst)- 
tution, as a young organisation, needed. all the goodwill 
it could attract from the older Institutions and from 
manufacturers. The help received from Sir Alfred Herbert 
in offering prizes for a particular class of paper was much 
appreciated. Mr. L. H. Pomeroy in proposing the toast 
of the guests, observed that there seemed to be a tendency 
to over-systematise production layouts with the result 
that unsuitable tools and methods were often used. Mr. J. 
B. Hoblyn acknowledged this toast, and touched upon the 
necessity of the production engineer maintaining contact 
with the metallurgist, not only in connection with the 
high-speed tools now in demand, but on such points as 
the case-hardening of cams and other examples of —_ 
treatment involved in modern mass production metho “4 
The health of the chairman was proposed by Mr. R. J i 
Hutchinson and the reply by Sir Alfred Herbert, tet 
minated a very pleasant function. 
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AIR SURVEYS.* 


DeaLine only with the more scientific aspects of 
surveying from air photographs, Captain M. Hotine, 
in an interesting paper contributed to Section E, 
Geography, remarked that photographic surveying had 
begun with photographs exposed from ground stations. 
Photography from the air gave a better view, but in 
mountainous districts photography from the ground 
was generally simpler. Methods of air photography 
adapted from methods of ground photography had 
met with economic success. Two years ago Mr. H. 
Fourcade, at present in South Africa, the pioneer of 
stereographic survey from ground stations and designer 
of the stereo-comparator, which was prior and superior 
to the Zeiss instrument, had attacked the problem 
afresh without bias from methods of ground photo- 
grammetry. Captain Hotine proceeded to outline the 
principles of the Fourcade stereogoniometer. 

If P (Fig. 1) represented an air photograph of known 

sition and tilt in space and of known perspective 
centre} derived from measurements on the camera, and 
if a second photograph P’ were taken from a different 
position, covering part of the same area, any natural 
object O would give rise to two perspective rays, 
SO and S’O, forming images on the plates at o and o’. 
The image-forming rays So and S’o’ were coplanar 
with the base line SS’. If now one perspective unit 
§’P’ were displaced parallel to itself in the direction 
of the base to S”P”, the image-forming rays So and S’o” 
would also remain coplanar with the base, and they 
would intersect in points such as O’ to form a model of 
the landscape upon reduced scale. The images o and 
o’, formed by these coplanar rays, were said to be in 
correspondence. Provided the two perspective units 
remained rigidly coupled to the base line, the whole 
arrangement might be rotated about that line, or the 
base line be tilted without altering the correspondence 
or the similarity of the resulting model to the land- 
scape. Further, the original negatives P P” might be 
replaced by positives 77” mounted parallel to PP’. 
When these positives were viewed by a binocular 
system EE” the true model O’ was seen stereoscopically, 
and measurements could be taken with the aid of fixed 
floating marks in the binocular system. Since the 
correspondence was not affected by rotation or shifting 
parallel to the base line, any part could be brought into 
the field for examination. Thus, when the two per- 
spective units occupied their correct angular positions 
relative to the base line, all pairs of image points were 
in correspondence, and the resulting optical model was 
similar to the landscape, while the converse held like- 
wise. It could further be proved that the correspon- 
dence of five pairs of image points sufficed to ensure 
correspondence of all the image points. 

In tackling the problems in reverse, the two internal 
perspectives had first to be re-established by placing 
the developed plates in projectors which were geometri- 
cally and optically similar to the camera used for the 
original exposure. The external perspective centres of 
these units were then held fixed in the stereogoniometer 
to represent the ends of the base line SS”, and the 
correspondence of at least five pairs of image points 
was obtained by angular movements of the projectors. 
These five settings were best produced by (1) rotating 
each photograph in its own plane about the plate 
normal (this movement was known as swing, Fig. 2) ; 
(2) rotating each perspective unit about an axis 
perpendicular to both the base and to the plate normal 
and passing through the external perspective centre 
(declination); (3) rotating either perspective unit about 
the base line relative to the other unit (polar bearing). 
The floating marks might be used for the correspondence 
observations by adjusting them parallel to the base. 
It might appear practically impossible to manipulate 
the five setting movements by trial and error; but 
with judicious selection of the points the setting 
proceeded mechanically by successive operations. The 
actual machine had, however, only just been completed 
by Messrs. Barr and Stroud, and a practical trial] had 
not yet been made. 

Setting to Ground Control.—After the pairs had been 
set in correspondence, the scale of the optical model 








? * Sun mary of a paper read before the British Asso- 
ciation, on Friday, September 7, 1928, by Captain M. 


- seagrs of the Geographical Section of the General Staff, 

r Office. 

be entake Hotine defined external perspective as the 
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dle of rays diverging from a point at the camera 
stations to the various objects in the landscape photo- 


graph. The point of divergence was known as the 
external perspective centre. The internal perspective 
Was similarly the bundle of rays proceeding from a 
— in ie camera (the internal perspective centre) 
binary i corresponding photographic images of the 
wee a s photographs. These perspective centres 


Ms a theoretical lens system, coincide with the 
nt and rear nodes of the camera, but did not actually 


— - The difference was of considerable moment in 
a. of the internal perspective centre, for which the 
in the « between plate and lens was quite small, bit not 


se of the external perspective centre. 


and the position in it of the horizontal plane had to be 
determined. Scale and, with it, the actual length of the 
air base could be obtained by comparison of a length 
measured on the model and on the ground. The 
determination of the position of the horizontal reduced 
to the knowledge of two levels, along the base and at 
right angles to it, and was obtained by resolution in these 
directions of any two vertical angles measured on the 
ground. These two levels gave directly the setting of 
the observation movement required in order that the 
floating marks should lie on the plumb points of the 
photographs. The actual positions of the plumb 
points were recorded on the photographs by means of a 
movable arm, and the angles which the plumb lines 
made with the base further gave the inclination of the 
base itself to the horizontal. The exposure conditions 
having thus been established, the actual plotting of the 
map could be carried out in various ways, including 
the use of the machine itself for automatic plotting. 

Setting in Advance of Ground Control.—By the aid of 
a di-lens camera for simultaneous exposure of two 
photographs at a known inclination, the operations 


first pair. If the strip were flown straight enough to 
neglect cosine corrections for change of bearing, the 
evaluation of the constants involved merely addition 
or subtraction of quantities directly read off the machine 
scales. When the strip was flown so as to include a 
fixed control point at each end, the co-ordinates of these 
points would be computed also in terms of the con- 
stants of the first pair, and the determinations of the 
base lengths and bearings of the bases would be made 
from the control points. But the levels in a direction 
at right angles to the bases had still to be established. 
These could be obtained by measurement on the ground 
of any vertical angle running roughly across the strip, 
or with the aid of a second strip. Two strips running 
along adjacent sides of a triangulation were mutually 
self-supporting in this respect, while three or four 
strips (along the sides of a triangle or quadrangle) 
admitted of making a simple circuit adjustment for 
lateral level. 

All this sounded very complicated, but should not 
prove more complicated than ground survey based on 
traverse framework. Some of the ground measure- 
ments could be replaced by measurement from the air. 





could be continued through a strip of photographs 
without further reference to measurements on the 
ground. Let 1 2, 3 4, 5 6, &c. (Fig. 3), be pairs of 
linked plates exposed at equal time intervals during a 
strip flight, the forward oblique 1 completely over- 
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lapping the succeeding aft oblique 4 with a small margin 
to allow for minor irregularities in flying. The first 
pair 1 and 4 was set in correspondence in the stereo- 
goniometer. The plumb points were marked on the 
photographs, and the length and inclination of the base 
was obtained as explained from measurements on the 
ground common toland 4. By calibration measure- 
ments on the camera used, the relative positions of the 
linked plates 3 4 could be determined for correct setting. 
The plumb point of 4 was then transferred to 3 by means 
of a sighting ray parallel to the ray to the plumb point 
4. Plate 4 was now removed and replaced by 6, and 
so on. The di-lens camera was so constructed that the 
linked plates 3 4 photographed a small area in common. 
Let X be any ground object appearing on both 3 and 4. 
The basal angles marked on the diagram could all be 
measured in the machine, after setting the pair to 
correspondence, and by the rule of series the second base 
length could be determined in terms of the first. For 
mapping the whole strip the horizontal angles between 
successive bases in the air traverse were wanted ; they 
could be obtained by calculation, which could be much 
reduced by marking the base directions on the photo- 
graphs | and 4, continuing the direction through plate 
3, and comparing with the direction of the second base 
obtained by setting 3 and 6 in correspondence. 

The obvious disadvantage of the system was that it 
violated the first principle of survey by working from 
the lesser to the greater. That could be overcome by 
providing similar ground measurements at the other 
end of the strip and adjusting the setting constants 
before commencing actual plotting. Even that 
necessity could be avoided by a further modification 
of the method in order to obtain the constants of all 








When two intersecting strips were available, the direct 
| measurement of lateral level could be dispensed with. 
|The forward level could be measured to considerable 
| accuracy by a differential aneroid or statoscope. But 
the measurement of a length remained a serious 
| difficulty for methods of air navigation. The Fourcade 
| system provided means of producing complete con- 
| toured maps from air photographs with no more assist- 
|ance from the ground than the measurement of an 
occasional distance, which might be long or short and 
| located almost anywhere. 








‘LABORATORY EXPERIMENTS ON 
HIGH-TEMPERATURE RESISTANCE 
ALLOYS.* 


By C. J. Smrruetts, D.Se., S. V. Wittrams, B.Sc., 
and J. W. Avery, B.Sc., D.I.C. 


ALTHOUGH for many years the alloys of nickel and 
chromium have been in general use where resistance 
to oxidation at high temperatures is required, the 
published data concerning them are very meagre. So 
far as the authors are aware, the equilibrium diagram 
does not appear to have been accurately determined. 
The nickel-chromium alloys are mainly used for three 
types of service: (1) as castings for moulds, boxes, 
&c.; (2) as rod or sheet for constructional purposes, 
furnace parts, &c.; (3) as wire or strip for resistors in 
electrical heating apparatus. The authors were mainly 
interested in the third of these applications, and this 
paper gives an account of a preliminary survey of this 
field. The primary object of the work was to devise 
tests which would give definite information as to the 
relative merits of different alloys in the form of wire 
for use in electrical heating apparatus. This involved 
an investigation of the various factors which may lead 
to failure in service. In order to study these factors 
more fully, a number of nickel-chromium alloys of 
different compositions, as well as a few ternary alloys, 
were prepared. These alloys, together with repre- 
sentative commercial alloys, were subjected to the 
proposed tests, and also tested in service in various 
domestic heating appliances. The effect of composition 
on the following properties of the alloys has been 
investigated. Particular attention was paid to the 
following: (1) resistance to oxidation at high tem- 
peratures; (2) electrical resistivity and temperature 
coefficient of resistance ; (3) resistance to sag or creep 
at high temperatures. In addition, a certain amount 
of information has been obtained about the mechanism 
of oxidation of these alloys, and the effect of impurities 
on their properties. The results obtained are neces- 
sarily incomplete, but indicate certain directions in 
which further research might usefully be made. 

Commercial nickel-chromium alloys nearly all 
contain 15 per cent. or 20 per cent. of chromium, but, 
as there was no evidence that such alloys were the most 
suitable, it was decided to make as complete a range 
as could be worked. It seemed desirable to make these 
alloys as pure as possible without regard to the possi- 
bility of reproducing them on a larger scale. Melts 
of 12 grm. to 200 grm. were made from specially 
purified materials, melting being carried out in an 
atmosphere of hydrogen to prevent oxidation. 

A number of alloys were prepared by pressing 
together pure mixed metal powders and sintering below 
the melting-point. The method was abandoned in 
favour of a more convenient melting process. Bars 
were pressed and placed in special refractory boats, 
made either from magnesia or sillimanite. A silica 
tube, through which a stream of pure hydrogen passed, 
was placed in an alundum tube furnace giving tempera- 
tures up to 1,600 deg. C., and the boat carrying the bar 
introduced into the hot zone. Nickel melts at 
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1,452 deg. C., and chromium at about 1,550 deg. C., 
the latter temperature being sufficient to cause complete 
fusion of any alloy of the series. After the metal had 
melted it was held in the molten state for from 5 to 
10 minutes, and the boat then pushed into the water- 
cooled end of the tube. Some difficulty was experienced 
at first in obtaining ingots free from blow-holes, and 
it was finally found most satisfactory to re-melt the 
ingots, by which means completely sound metal was 
regularly obtained. A series of 12-grm. ingots was 
prepared by this method, the compositions of which 
are given in Table IiI. No analyses of the alloys were 
made‘after melting, since by this method of preparation 


nickel when melted in a sillimanite mould, but there 
is no contamination by magnesium when magnesia is 
used. Alloys up to and including No. 26 were made 
with reduced nickel. When preliminary tests had 
indicated which were the most likely to be useful, 
repeat batches were made with electrolytic nickel, and 
a comparison of their properties has shown that the 
effect of the comparatively small difference in purity is 
important. 

The alloys containing up to 40 per cent. of chromium, 
and all those containing tungsten or molybdenum, were 
remarkably ductile and could be cold-rolled with ease, 
but work-hardening became considerable after about 
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Fic. 4. 40 PER Cent. Ni, 60 PER CENT. Cr. 
As Cast. UNETCHED. X 100. 





Fie. 8. ALLOY SHOWING PROTECTIVE TYPE OF 
Ox1pE Layer. UNETCHED. xX 100. 





Fie. 5. 70 PER Cent. Ni, 10 PER Cent, Cr, 
20 peR Cent Mo. As Cast. UNETCHED. 
x 500. 


Fig. 6. STANDARD DIMENSIONS FOR LIFE 
TEST SPECIMENS. 


Wire Diameter,0-375mm. Pitch, 46 
Mandrel Diameter," Length of Coil,7” 
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TaBLe III.—Composition of Alloys. 


Iie. 10. ALLoy sHOWING NoN-PROTECTIVE TYPE 


shows a steady decrease with increasing chromium 
content. The 50 per cent. chromium alloy contains 
two distinct phases, and shows a greatly increased 
hardness ; whilst the 60 per cent. chromium alloy, the 
structure of which, as cast, is seen in Fig. 4 is hard and 
brittle. It is evident that the nickel-chromium 
alloys do not form a continuous series of simple solid 
solutions as indicated in Voss’s equilibrium diagram, 
The alloys containing more than 60 per cent. of chro. 
mium have not yet been investigated. The rolled and 
annealed nickel-chromium-tungsten alloys containing 
from 0 to 20 per cent. of tungsten with 10 per cent. of 
chromium, or from 0 to 10 per cent. of tungsten with 








Fic. 9. SAME SPECIMEN as Fic. 8. EtcHep 
witH CuCb, AND Aqua REaIA. 


x 100. 
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Fig. 11. Smaar SPECIMEN TO Fic. 10. x 500. 
(THE UncHaNGED METAL Is ON THE RIGHT.) 


typical of the nickel-chromium alloys. The nickel- 
chromium-molybdenum alloys correspond to the tung- 


20 per cent. Mo, 10 per cent. Cr alloy shows a second 














In general, therefore, the alloys con- 


The first alloy to give trouble in| taining up to 40 per cent. of chromium, and the series of 


denum, all belong to the same type of simple solid 
solution. The higher chromium alloys, and probably 
higher alloys of the other series, have two phases. 'The 
appearance of the second phase in the binary alloys 
produces a sudden change in properties, which, as will 


Alloy Chro- | Nickel. | Tung- | Molyb- | oF OxIDE LayER. UNETCHED. X 100. 
wicks Per cent. Per cent. Per cent. Per cent. 
—— — five passes. They were, therefore, alternately reduced | 20 per cent. of chromium, all have the twinned structure 
9 10 90 = & 20-30 per cent. in diameter by rolling, and annealed for | 
10 20 80 = ae 10 minutes in hydrogen at 1,200 deg.-1,300 deg. C., 
: 4 = = — |down to 2 mm. diameter. From 2 ai to os eae | sten alloys of similar composition, except that the 
14 50 50 ao = diameter, reduction was effected by swaging, the wires | 
15 60 40 — = being annealed at 1,000 deg. C. in air as required, by | phase in the grain boundaries, which appears as & 
Sioa +4 o “4 S oe drawing through a tube furnace. The final reduction | eutectic in the cast alloy (see Fig. 5). Both series of 
nickel. <| 18 10 70 20 = to a standard diameter of 0-375 mm. was by drawing | ternary alloys show the same decrease in grain-size 
19 20 75 5 me cold through diamond dies, lubricated with tallow. | with decreasing nickel content as was observed in the 
“4 4 4 10 — | The wires were annealed once during drawing and again | binary alloys. 
39 | 40 30 = 19 ~—| after the last die. | 
28 10 70 20 | oe was No. — cpap “sc per “ae Ni). | alloys containing small amounts of tungsten and molyb- 
24 2 75 = f ‘his alloy was very hard and could only just be drawn. 
37 (10) 4 as aa ” | No. 15 (60 per cent. Cr, 40 per cent. Ni) was glass hard 
( 30 (9) 10 90 = ta and could not be worked either hot or cold. 
—— Seo) 62 70 os — Microstructure.—The structure and constitution of 
— | 33 tos me 70 ae 10 | the alloys have not been thoroughly investigated, but 
34 (24) 20 75 = 5 |from a preliminary examination of a few specimens 


certain general conclusions can be drawn. In the worked 
and annealed state the nickel-chromium alloys con- 
there was no loss of metal and no oxidation, the surface | taining up to 40 per cent. of chromium consist of a 
of the ingot being quite bright. Spectroscopic analysis | simple solid solution showing a polygonal structure with 
showed that a small amount of silicon is taken up by | frequent twins. For the same treatment the grain-size 





be shown, renders them unsuitable for heating wires. 
It is still possible that alloys at the other end of the 
system—that is, mainly chromium with additions of 
nickel, &c.,—might be suitable. Most of the alloys 
can be etched satisfactorily in a mixture of copper 
chloride and aqua regia. Some of them, however, 
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show extraordinary resistance to chemical attack, 
particularly the molybdenum alloys 23, 24 and 26, 
which could only be etched by electrolysis in aqua regia. 

Resistance to Oxidation.—Two methods have been 
in use for determining the relative resistance to oxida- 
tion of different nickel-chromium alloys. The first 
consists in measuring the change in electrical resistance 
of a sample of wire after various periods of heating at a 
definite temperature in air. This assumes that the 
change in electrical resistance is due entirely to oxida- 
tion, and consequent reduction in the effective diameter 
of the wire. As will be seen from the data given in this 
paper, the electrical resistance of nickel-chromium 
alloy wires is. considerably affected by variations in 
mechanical and thermal treatment. For this reason 
the method is not very satisfactory. 

The second method consists in measuring the increase 
in weight due to oxidation when a sample of wire is 
maintained at a constant temperature in moist air or 
oxygen for various periods of time. A large number 
of alloys were tested in this way. The relative order 
of merit given by these tests was found to be quite at 
variance with the results of practical tests in heating 
appliances, and with the results of a later form of test 
described in the next section. Certain alloys showed a 
decrease in weight during the test, although consider- 
able oxidation had taken place. When a cooled silica 
U-tube was attached to the end of the furnace tube, a 
brown deposit of sodium chromate was obtained. A 
similar effect is observed if a wire is heated in a glass 
bulb having a side tube open to the air. This deposit 


Fig.16. CHANGE IN RESISTIVITY WITH TEMPERATURE 
DURING SUCCESSIVE CYCLES OF HEATING & COOLING 


OF A NICKEL-CHROMIUM ALLOY (ALLOY 


103. 
Ws 


A similar procedure was followed in determining the 
temperature of the specimen at any period during the 
test, the specimen being set up at its test voltage and 
the standard lamp being adjusted to obtain a colour 
match. This method gives the average colour tempera- 
ture of the wire, and provided the temperature is 
uniform over the whole length, this temperature is 
very near to the true temperature. Readings could 
be repeated within + 10 deg. C. at 1,000 deg. C. 

Ageing.—If the voltage across the test-wire was kept 
constant, it was found that a considerable fall in 
temperature occurred during the first few hours with 
many alloys. Investigation showed that a compara- 
tively steady state is attained after the first two hours. 
All specimens were therefore aged for fours hours at 
1,100 deg. C. before being set up on test. 

Continuous and Intermittent T'ests.—There was some 
evidence that, with all electrical heating appliances, the 
life is shorter on intermittent than on continuous tests. 
Wires were therefore tested under both conditions. In 
the “‘ Continuous Test ’’ the current was switched off 
for $ hour every 12 hours. For the ‘ Intermittent 
Test,” an automatic contact breaker was incorporated 





Fig. 12. STANDARD DIMENSIONS OF SAG TEST 
SPECIMENS. 
Wire Diameter, 0-375mm. Time of Heating, /Hour. 
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was obtained from all alloys except those made from 
the purest materials, and was most marked in the 
commercial nickel-chromium alloys. The loss in 
weight from this cause may be comparable in the 
increase in weight due to oxidation, and the results are 
therefore unreliable. 

Life Test Method.—The following method of test was 
finally adopted to obtain a rapid indication of the 
relative value of different alloys for use as heating 
elements. Thé wire is wound as a short helix and 
attached to the nickel leading-in wires of a lamp seal 
capable of carrying 10 amperes, the dimensions of the 
test specimen being those given in Fig. 6, page 630. 
The junction with the nickel leading-in wires is made 
by pinching the end of the test-wire in the bent end 
of the nickel leads, leaving about 3 in. of the test- 
wire extending outside. This is then run up to the 
nickel wire by means of an arc in forming gas,* to ensure 
perfect electrical contact. Such specimens require 
8 volts to 9 volts to operate at 900 deg. to 1,000 deg. C. 
To protect them from draughts they were at first 
enclosed in glass bulbs having an opening to the air, 
but it was found that the deposit of sodium chromate 
already mentioned interfered with subsequent tempera- 
ture measurements. Comparative tests showed that 
for wires larger than 0-375 mm. in diameter, the effect 
of draughts was negligible, the same test life being 
obtained when no bulbs were used. Tests were there- 
fore carried out with the wires mounted in the open 
and burning horizontally. 

Temperature Measurement.—The temperature of the 
Specimens was measured by means of a special colour- 
matching photometer, in which the colour of the light 
from the specimen was matched in a Lummer-Brodhun 
Photometer head against the colour of a standard 
carbon-filament lamp calibrated against a black-body 
furnace. The standard lamp having been set to the 
desired colour temperature, the volts across the test 
Specimen were adjusted until a match was obtained. 
The specimen was then set up on test at this voltage. 





* A mixture of 80 per cent. of nitrogen and 20 per cent. 
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up to 30 per cent., but the life is shorter again with 
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in the heating circuit by which the current was switched 
on and off every two minutes. The results of tests on 
the experimental alloys, and on four commercial nickel- 


TABLE IV.—Result of Life Tests on Nickel-Chromium | 

















Alloys. 
ea ae ee - a 
Composition. | Life on Life on 
Per cent. Continuous Intermittent 
Z|. 1a) aeeieste reat an deat | Test at Test at 
No. | 1,100 deg. C.' 1,100 deg. C. 
| Average of | Average of 
Ni Cr W. Mo. |3 Specimens. 3 Specimens. 
Hours. Hours. 
9 90 oe 120 | _ 
30 90 10 a — 418 | 16 
10 80 20 — — 670. _ 
27 80 20 —_ _— 830 | 
11 70 30 _— —- 720 _ 
31 70 30 — _— 760 | 108 
12 60 40 — _ 230* = | _ 
16 85 10 5 Sal 27 OI aes 
17 80 10 10 —_ 44 | one 
18 70 | 10 2 — 35 — 
19 75 | 20 ey 43 -|  — 
32 75 20 6 _— 625 53 
20 70 | 20 | 10 | — 920 | 65 
21 85 10 a 5 13 | _ 
22 80 | 10 — 10 45 | -— 
23 70 0 | — 20 45 | _ 
2 | 7 | 20] —| 5 1 « 
26 70 | 20 | — | 10 540 | _— 
33 70 | 20 | — 10 800 | 153 
Com- | . We | 
ccs gs Saget, | 
Alloys. | s 
| | 
A 80 20 | — 683 | 75 
ae te 2 ee a 552 | 53 
Cc 80 20 a — 835* 53 
D 80 20 — — 440 80 
Italics indicate results for alloys made with electrolytic nickel. 
* Tests not comparable on account of sagging. 





chromium alloys, are summarised in Table IV. The- 
lives recorded are the average lives of three or more 
specimens of each alloy. In the intermittent test, 
both the on and off periods were reckoned in the life. 
This method of test was extended to determine the 
effect of heat-treatment, wire diameter, pitch of spiral, 
and different periods of intermittency on the life of 
wires at different temperatures. 

Discussion of Results—In comparing the lives 
obtained with different alloys, it is necessary to take 
into consideration the fact that the initial temperature 
is not maintained throughout life. Whilst the tempera- 
ture of some wires may fall only 10 deg. or 20 deg. C. 
during a period of 500 hours, in other cases it may fall 
100 deg. C. in 100 hours. In the latter case, the 
average temperature of the wire during test is lower, 
and the life longer, than if the initial temperature had 
been more nearly maintained. Wires which show a 
large change in temperature during life are unsuitable 
for use in heating appliances. Decrease in temperature 
may result either from increased resistance due to 
oxidation, or from sagging and distortion of the coil, 
which leads to excessive loss of heat by conduction and 
convection in the surrounding air. Alloys which 
showed a fall in temperature exceeding 100 deg. C. 
during life were therefore neglected in assigning an 
order of merit. 

From the results of the continuous tests ¥at 
1,100 deg. C. given in Table IV, certain general con- 
clusions may be drawn. Alloys 9, 10 and 11 show a 
steady increase in life with increase in chromium content 





Fig.17. RESISTIVITY- TEMPERATURE CURVES FOR NICKEL-CHROMIUM 
ALLOYS. REFERENCE NUMBERS CORRESPOND TO THE ALLOYS 
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40 per cent. of chromium (alloy 12). The 50 per cent. 
alloy was not tested, since it showed excessive sagging, 
probably connected with the presence of the second 
phase. The inferiority of the 40 per cent. alloy may 
also be due to this cause. The influence of impurities 
on the life of these alloys is seen by comparing the test 
results for alloys 9, 10 and 11 made with reduced 
nickel, with those for alloys 30, 27 and 31 of similar 
composition made with electrolytic nickel. In spite 
of the small difference in the purity of the nickel, 
it will be seen that a consistently longer life is obtained 
for the purer alloys in each case. The commercial 
alloys A to D have the same nominal compositions as 
alloy 10, but give still shorter lives, presumably due 
to the higher percentage of impurity present. 

The results for the ternary alloys are of interest, 
and emphasise the importance of small changes in 
composition. The alloys containing 10 per cent. of 
chromium with 5, 10 or 20 per cent. of either tungsten 
or molybdenum (alloys 16 to 18, and 21 to 23) gave 
lives which were actually shorter than for the binary 
alloy containing the same amount of chromium. With 
20 per cent. of chromium and 5 to 10 per cent. of either 
tungsten or molybdenum (alloys 19, 20, 24 and 26),. 
the lives were comparable with those of the best 
binary alloys. It therefore appears that, to obtain 
a satisfactory ternary alloy, there is a minimum per- 
centage of chromium which must be present no matter 
what other additions are made. The reason for this 
will be given later in considering the mechanism of 
oxidation. The influence of impurities on the lives of 
the ternary alloys is seen by comparing the results for 
alloys 19 and 26 with those for the corresponding 
alloys 32 and 33 made with electrolytic nickel. The 
increase in life is similar to that found in the binary 
alloys. 

Comparing the results of the continuous and 
intermittent tests, it will be seen that the frequent 
heating and cooling of the wire greatly reduces the lifé. 
This is due to the protective oxide layer becoming 
detached from the wire as a result of differential thermal 
expansion. For the majority of the alloys tested the: 
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life on intermittent test is less than one-tenth of the | 


life on continuous test, but for alloys 31 and 33 the 
difference is less marked. This indicates that the oxide 
layer is more adherent, and alloy 33 appears to be 
definitely the best of those tested. This conclusion 
has been supported by a number of tests in domestic 
heating appliances. 

Mechanism of Oxidation.—Both nickel and chromium 
and all their alloys, are readily oxidized, but their 
success as heating elements depends upon the pro- 
tective nature of the oxide film formed on their surface. 
The nature of this film and the way it is affected by 
the composition of the alloy has been investigated, 
since a knowledge of the phenomena concerned is 
fundamental to the development of the most suitable 
alloy. Microscopic examination of sections of wires 
which had been on life test showed that at least two 
types of oxidation occurred with the different alloys, 
and that the alloys could be divided into two classes 
on this basis. It was further found that this classi- 
fication was in complete agreement with the results of 
life tests, and showed a definite relation to the com- 
position of the alloys. 

In the first type, which may be looked upon as the 
desirable one, a very thin adherent film forms on the 
surface of the wire. Once formed, it increases in 
thickness only very slowly. At a later stage the oxide 
begins to penetrate the grain boundaries, and in 
course of time extends across the wire. The increased 
resistance produced raises the temperature locally, and 
finally fusion occurs. Fig. 8, page 630, shows an un- 


form of a hairpin, having the dimensions shown in 
Fig. 12, page 631. The ends of the wire are spot-welded 
to the nickel lead-in wires of an ordinary lamp seal. 
Four such hairpins are mounted horizontally and raised 
by suitable currents to temperatures of 1,050 deg., 
900 deg., 850 deg. and 750 deg. C. respectively. After 
one hour the current is switched off, and the angle 
which the line joining the tip of the hairpin to the 
spot-weld makes with the horizontal is measured. For 
each alloy it is then possible to record the temperature 
at which the angle of sag equals some arbitrary value, 
say 15 deg. The resistance to sag of the binary alloys 
decreases steadily with increasing chromium content. 
The 50 per cent. chromium alloy sags more or less 
completely at 1,050 deg. and 900 deg. C., whereas it 
is practically non-sag at 750 deg. C., which seems to 
indicate that the second phase, already noted, is 
particularly weak at the higher temperatures. 

The presence of impurities has a marked effect on 
the resistance to sag, alloys 9, 10, and 11 showing 
considerably more sag than the corresponding alloys 
30, 27, and 31 made from electrolytic nickel. In the 
same way, the commercial alloys A to D show more 
sag, particularly at high temperatures, than alloy 10, 
which has the same chromium content. The ternary 
alloys containing 20 per cent. of chromium sag slightly 
more than the binary alloys having the same nickel 
content. The influence of impurities is again emphasised 
| by the fact that alloys 19 and 26 show greater sag 
| than alloys 32 and 33 made from electrolytic nickel. 
| Whilst this test is very severe, it affords a quick and 





etched section of a wire with a surface film of uneven | easy method of comparing the relative resistance to 
thickness and grain boundary penetration just beginning. | sag of different alloys. The order of merit assigned 
Fig. 9 shows the same section etched, which develops | in this way has been found to be in agreement with 
the grain boundaries and makes the nature of the} that obtained from examination of the life test coils 
penetration clearer. In the second type the super-| after 500 hours test. 

ficial layer of oxide, although it may be fairly adherent.| lectrical Resistivity.—The electrical resistivities 
appears to offer very little resistance to the diffusion | of many of the alloys have been determined over a 
of oxygen. The film increases rapidly in thickness temperature range between room temperature and 





until eventually the whole wire is converted into 
oxide. Fig. 10 shows an early stage in the process, the 
oxide having been broken off the surface of half the 
specimen. Fig. 11 shows the nature of the oxidation 
at higher magnification. In this type the general 
temperature of the wire falls rapidly, but oxidation 
still proceeds, owing to the lack of a sufficient pro- 
tective film. 

Composition of Oxides.—X-ray analysis has been 
used to determine the nature of the different oxides 
formed. Three oxides may be formed on the surface 
of a nickel-chromium alloy—chromic oxide (Cr.0s), 
nickel oxide (NiO), and a compound of the two, nickel 
chromite (NiO,Cr,0;). These oxides are present in the 
surface of nearly all wires, but in very different propor- 
tions. The nickel chromite represents only a small 
proportion, and may probably be neglected. The pro- 
tective type of oxide contains a larger proportion of 
chromic oxide than the non-protective oxide. Analysis 
of the oxide scale which falls from a wire during life 
shows that this is mainly nickel oxide. The oxide 
formed by the tungsten alloys contains an unknown 
compound, the proportion of which increases with the 
tungsten content. This is probably a compound of 
tungsten and nickel. 


In the binary alloys the proportion of chromic oxide | 
in the layer increases rapidly with increase in chromium | the values obtained during the first heating are lower | 


content in the alloy. All these alloys develop the thin 
protective type of oxide, but grain boundary penetra- 
tion is more rapid in those of low chromium content. 
The ternary alloys containing 10 per cent. of chromium 
develop an oxide layer containing very little chromic 
oxide. This layer is of the non-protective type, and 
accounts for the very short lives obtained using these 
alloys. The ternary alloys with 20 per cent. of 


chromium develop a protective oxide containing more | 
than 50 per cent. of chromic oxide, and their lives are | 
comparable with those of the binary alloys forming | 
similar oxides. The formation of the tungsten com- | 


pound, which is well marked in the alloys containing 
only 10 per cent. of chromium, does not occur in the 


alloys containing 20 per cent. of chromium. From | 


these results the general conclusion may be drawn that 
for satisfactory oxidation resistance the composition 


of the alloy must be such that the oxide formed contains | 


at least 50 per cent. of chiomic oxide. Higher propor- 
tions of chromic oxide do not necessarily confer greater 
powers of resistance. 

Resistance to Sag.—In certain types of heating 
appliances the wire is only supported at intervals, and 
it is desirable that it should not distort or sag under 
its own weight during life. In the usual methods of 
determining creep stress much larger loads are generally 
applied, but it is probable that a high creep stress 
would correspond to a high resistance to sag. A 
similar problem is encountered in the manufacture of 
non-sag tungsten filaments for incandescent lamps, and 
a test commonly employed in this connection has been 
adopted for testing nickel-chromium alloys, owing to 
the rapidity with which it can be carried out. The 
test wire, 0:375 mm. in diameter, is bent into the 


1,000 deg. C. The authors were chiefly concerned 
with the shapes of the resistivity-temperature curves 
rather than with absolute values, which are probably 
not more accurate than + 2 percent. The resistivity 
was calculated from observations of the potential 
difference between two points on a specimen of known 
dimensions, when carrying a measured small current. 
The specimen was in the form of a hairpin, with current 
and potential leads, and mounted in a transparent 
silica tube, through which a slow stream of commercial 
nitrogen was passed, which prevented appreciable 
oxidation of the alloy. The whole was heated in an 
electric tube furnace. The temperature was deter- 
mined by means of a Hoskin’s chromel-alumel thermo- 
couple, mounted adjacent to the specimen. Wire, 
uncleaned, as drawn, and of a standard diameter of 
0-375 mm., was used; and the specimens had resis- 
tances between 1 and 2 ohms. Observations were 
made, at steady temperatures, at intervals of 50 deg. 
or 100 deg. C., during heating and cooling. A 
complete cycle occupied about three hours. Typical 
|results of the first two cycles, for one wire, are 
| plotted in Fig. 16, page 631. The readings taken 
| during cooling in the second cycle were normally used 
| for the final calculations. 

Discussion of Results.—As shown typically in Fig. 16, 





/up to 500 deg. C. than those obtained during subse- 
quent cycles, which were found to be in close agreement 
| with one another. This may be due to the incomplete 
| annealing of the specimen as mounted, since, according 
to Rohn,* the resistance of nickel-chromium alloys is 
| lower in the cold-worked than in the annealed condi- 
| tion. This is in agreement with the fact that if the 
specimen was removed from the tube after a complete 
cycle, and deformed a little with the fingers, lower 
values were obtained during the first part of the heating 
half of the next cycle. 

Electrical resistivity-temperature curves for a 

number of the binary and ternary alloys are plotted in 
Fig. 17. All the curves are similar in shape, and show 
a maximum, or an inflection, between 500 deg. and 
550 deg. C. Alloy 14 (50 per cent. Ni, 50 per cent. Cr), 
| which has been shown to be of a different type from 
the others investigated, has, comparatively, a very 
large positive temperature coefficient of resistance. 
In general, the resistivity at room temperature increases 
as the nickel content decreases. Substitution of part 
of the chromium by tungsten lowers the resistivity ; 
whilst similar substitution by molybdenum raises it. 
The molybdenum alloys, therefore, have higher resis- 
tivities than the corresponding tungsten alloys. The 
temperature coefficient of resistance is less for the 
alloys of higher resistivity, and, in most cases becomes 
negative above about 600 deg. C. Alloys 23 and 26 
have a slightly lower resistivity at 1,000 deg. C. than 
|at room temperature; whilst alloys 19, 20, 22, and 
24 show practically no difference between their respec- 
tive resistivities at these two temperatures. 





* Elektrotech. Zeit., vol. 48, page 227 (1927). 


MOULDING AND MORTISING 
MACHINES. 


ALTHOUGH our account of the recent machine Tool 
and Engineering Exhibition at Olympia dealt with 
representative examples of machines in all branches of 
the industry, it was not possible, owing to limitations of 
space, to give a complete account of every machine 
exhibited, or even of all those which were new. Two of 
the latter class, made by Messrs. Thomas Robinson and 
Son, Limited, Rochdale, may now be briefly described. 
These are illustrated by Figs. 1 and 2, on the opposite 
page. The first, shown in Fig. 1, is a six-cutter moulding 
machine for planing, matching, tongueing and grooving, 
or moulding either hard or soft timbers on all four sides 
at once up to a maximum of 7in. by 3in. The machine 
embodies many of Messrs. Robinson’s characteristic 
features which have been previously dealt with in detail 
in these columns, so that a general outline is now all 
that is necessary. Beginning at the front of the 
machine, the feed gear will be noticed. This consists of 
four rollers, two of them grooved, all 6 in. in diameter 
and driven by totally-enclosed spur gearing and cone 
pulleys. In the standard machine, there are three rates 
of speed, viz. 17, 36, and 50 feet per minute. Higher 
feed speeds can be fitted and rounded feed rolls pro- 
vided for bevelled stock. 

Following the feed rolls is the first bottom cutter 
block, in a rising and falling head which is also provided 
with a levelling adjustment. The table between the 
cutter block and the last feed roll has also vertical 
adjustment for varying the depth of cut, while it may 
be raised out of the way for access to the cutters. 
The head may be withdrawn bodily from the machine. 
A weighted lever pad pressure opposes the cutter block, 
but an alternative double roller pressure is also 
provided. The first top cutter head follows the first 
bottom one. The bearing visible in the figure is 
removable, so that the cutter block may be drawn off 
the spindle and a profile head, solid relieved mould 
cutters, or a splitting saw substituted. The front 
pressure is of the chip-breaker type, with an inclined 
wood shoe. The back pressure is of the lever and pad 
type. Both pressures rise and fall with the top head. 
A second top cutter head, identical with the first, is 
separated from the first by a pair of vertical cutter 
heads. This second cutter head is shown in the figure 
fitted with a device for truing the cutter knives, which 
can be detached and fitted to the first top cutter head 
as required. 

The vertical side cutter heads are arranged to rise 
and fall and are fitted with locking devices for all 
movements. The left-hand head is fitted with a radial 
chip-breaker pressure, having a self-aligning wood pad. 
A steel finger pressure with a weighted lever operates 
between the heads. Detachable sheet-steel hoods 
with exhaust branches, one of which is shown lying on 
the floor in the figure, are provided to protect the 
operator and clear the chips. The final cutter head, 
with the second bottom cutter block, is carried on 
brackets attached to the end of the machine bed. The 
| back table swings away for access to the cutters, and 
has vertical adjustment. The complete head is 
arranged to rise and fall, and has a pressure of the pad 
| type with a weighted lever. All the cutter blocks are 
| of square section, lipped and slotted for % in. diameter 
|tee-headed bolts. Clearances are allowed for the 
| projection of cutters above the normal circle, viz. 
| top blocks andsecond bottom block, 1} in. ; first bottom 
| block, 1 in.; and side blocks, 1} in. All the cutter 
| spindles are mounted on ball bearings enclosed in dust- 
| proof housings. The machine is also constructed with 
| four or five cutter heads. 
| The machine illustrated in Fig. 2 is a new pattern 
| of combined chain-cutter and hollow-chisel mortiser, 
| which will take timber up to 12 in. by 8 in. in cross 
|section. It may also be used for boring. As will be 

seen in the figure, a chain cutter and a chisel mortiser 
| are mounted side by side on a common column. This 
| contains the belt drives to both heads. The drive is 
| direct and by thus avoiding the more customary gears 
|and splined shafts, it is claimed that larger mortises 
may be cut and cleaner and smoother work, generally, 
| obtained. The hollow-chisel head carries chisels up to ! 
| in. square for working soft wood, and up to } in. square 
|for hard wood, and will cut mortises up to 3 in. oF 
|5 in. deep, depending upon the length of the chisel. 
The chain-cutter head takes chains up to 1 in. wide for 
mortising up to 3} in. or 6 in. deep, according to the 
length of the chain. Power is supplied through a 
countershaft which is mounted on ball bearings and 
has a double set of fast and loose pulleys and belt 
shifting gear, so that each head may be run indepen- 
dently. The driving pulley runs at 1,000 r.p.m. and 
4 to 5 brake horse-power is required. 

Both the heads have their spindles mounted on ball 
bearings enclosed in dust-proof housings. They are 
counterbalanced by means of spiral springs attached to 
the top of the column, to which springs they are con- 
nected by chains. The actual operation of the heacs 
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CHAIN AND Hotitow-CuHisEL MoRTISER. 


Tequires, therefore, a minimum of effort. 


Fie. 1. Srx-Curter Movuntpinea MAcHINE. 


| nozzle near the chisel to keep the work clear by blowing 
| away the chips. The chain cutter runs on a sprocket 
| wheel at the top and a tension bar at the bottom. 
| The latter is fitted with a guide wheel mounted on a 
roller bearing. An adjustable stop determines the 
| depth of the mortise and the spindle stops automatically 
| on reaching the highest position. 
line with the chisel by means of a fine screw adjustment. 
| The fittings include a telescopic shield in front of the 
cutter, a chip breaker, and an exhaust fan for the 
removal of the chips. The table has three motions, a 
longitudinal traverse of 19 in., a transverse traverse of 
5? in., and a vertical adjustment of 10 in. It is pro- 
vided with a screw cramp, adjustable for various 
widths of timber. A plain chain-cutter grinder forms 
part of the normal equipment. 








IMPERIAL AND FOREIGN 
TIMBER. 


WHEN a country reaches the stage of wishing it 
had more negociable wealth, its most evident course is 
to take steps to turn its potential natural resources to 
account. In any process towards this end particular 
weight should be attached to those resources that 
are renewable, in distinction from those which, like 
minerals, are a wasting asset. The renewal of timber 
is a slow process, and some foresight is required to ensure 
that it will be renewed in the same way as other crops, 
instead of being merely exhausted. A forest policy 
|adapted to prevent such exhaustion requires more 
| administrative foresight than has usually been given 
| to it. The United States, Canada and India, for example, 
| with their great forest wealth, have all found it neces- 
|sary to set up special organisations, both for regu- 
| lating reafforestation, and also for obtaining more 
intimate knowledge of the qualities of the available 
timbers, their strength, seasoning and durability, 
so that they may be used more intensively and with 
greater economy. The forest services of those countries 
are very much ahead of our own, and, although the 
home-grown timber of Great Britain is of much smaller 
quantity than those of many other countries, British 
interests extend not merely to the timber grown within 
these islands, but to the entire produce of the Empire. 
The prosperity of the United States is regarded by 
many sound authorities as due primarily to the great 
home market it possesses within its own territory, and 
| it has been often pointed out that a market of at least 


HOME, 








It is effected | equal importance could be at the disposal of British 


by levers at each side of the column. These levers can | Imperial industry if means could be devised to take 
be altered in length and, by setting them at a different advantage of it. For this purpose it is obviously 


angle, in height also, so that the most convenient posi- 
tion for the operator may be obtained. The chisel 
head is fitted with an adjustable stop to ensure mor- 
tising to an even depth. Italso carries a blower with a 





necessary to know the best uses that can be made of 
Imperial-grown products, and even more directly the 
national thrift, which will long be incumbent on the 
country, demands the same prudence in the use of 


The chain is set in 





home-grown products and the same energy in renewing 
them. 

In quite recent years, this necessary care of the 
development of British and Imperial timber resources 
has received increasing attention. The central technical 
organisation engaged on this service is the Depart- 
ment of Scientific and Industrial Research through its 
Forests Products Research Laboratory at Princes 
Risborough, and the Department has now published 
a report (H.M. Stationery Office, Is. net) on the 
principal timbers grown in this country, the uses to 
which they can be applied, and the extent to which, at 
present, their place is taken by foreign timbers. It is 
characteristic of the practice of the Department that 
this important stock-taking has not been the exclusive 
work of its laboratory, but is a co-operative enterprise, 
shared by several representative bodies interested in 
|the growing and use of timber. The inquiry arose, 


| in fact, on the suggestion of the Land Agents’ Society, 





| which had itself set up a Committee to inquire into the 


uses of home-grown timbers. This Committee repre- 
sented not only the society itself but the Federated 
Home-Grown Timber Merchants’ Association and the 
Royal Institute of British Architects, and included 
representatives of the Forests Products Research 
Laboratory. The original terms of reference of the 
investigation were to inquire into the uses of home- 
grown timbers with respect only to the building indus- 
try, which not only consumed the largest quantities 
of timber, but, at present, draws the bulk of its supplies 
from abroad. The preliminary stage of the inquiry was, 
in fact, limited by this reference, and it was found that 
the variety of choice, the certainty of supply, and 
the ease in obtaining seasoned and selected material 
had led architects to specify foreign timber as a general 
rule, in many cases, doubtless, through ignorance of 
the possibilities of home-grown timbers. It seemed, 
moreover, that, apart from building operations, there 
were a great many outlets for home-grown timbers 
other than are cultivated at present, and that the 
demand might be expected to increase if more precise 
information were available as to their uses and their 
physical and mechanical properties. In the meantime, 
it appeared evident that much could be done to increase 
the demand by offering users home-grown timbers 








more carefully prepared, graded and seasoned. It was 
therefore thought expedient to enlarge the original 
scope of the inquiry, and to include all purposes for 
which home-grown timber might be used. As a first 
step, the present report presents a schedule of the 
principal timbers used in this country, and of the 
several uses to which either imported or home-grown 
timbers are put. 

The discussion of the various actual or possible uses for 
home-grown timbers has brought out several important 
facts and suggestions, to which attention will have to 
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be given in any sufficient attempt to utilise native 
timber resources more intensively. It has been found, 
for example, that the extent of the supplies of fresh, 
clean timber, free from knots, could be increased if 
more scientific methods were adopted in growing it. 
The difficulties of marketing, again, could be reduced 
if greater quantities of timber were produced in con- 
centrated areas. In general terms, too, it was 
observed that greater attention should be paid to the 
study both of the qualities of home-grown timbers 
and of the openings for them in the available home 
market, and that timber research should be extended 
as rapidly as possible, and the results published as 
soon as available. This recommendation is, in effect, an 
endorsement of the need for the work of the Forests 
Products Research Laboratory, and it gains special force 
from the eminently practical quarters in which the 
investigation was initiated. The same observations 
may be made with regard to the Committee’s further 
insistence on the need for adopting scientific and 
economic methods of seasoning timber. Another 
matter of immediate practical importance is the 
recommendation that every effort should be made to 
reduce waste. The commonest source of waste is the 
loss that occurs in the conversion of the tree and the 
milling of the timber, much of which could be pre- 
vented by more careful methods. It is thought, more- 
over, that insufficient study is at present given to the 
market for small articles, such as can be produced from 
material resulting from off-cuts and short lengths, and 
the greater attention that is likely to be given to thus 
turning waste into useful material must result to the 
advantage alike of the grower and of the user. 

The primary object of this report is, however, to 
serve as a stocktaking of the various timbers used in 
this country, whether home grown or imported, and as 
a basis on which to accumulate more complete and 
detailed knowledge of each individual species. The 
body of the Report thus takes the form of a schedule 
or index of the various timbers in question, with a 
short description of each, followed by a list of the 
principal uses to which it is put. It indicates, further, 
whether the use is satisfied generally by British or by 
foreign timber, or by both more or less equally, and 
whether British or foreign timber is the more suitable. 
The information given in this miniature dictionary 
shows a considerable number of uses to which British 
timber is said to be better adapted than foreign, 
although most varieties are employed more or less 
equally, and for some, indeed, of these uses, foreign 
timber is the more often used. In the latter class are 
to be included oak for staircases, elm for aircraft and 
for packing cases, and beech for pit wood in South 
Wales. The uses in which, though the British material 
is the better, both British and foreign are used more or 
less equally, are much more numerous, and include a 
large number of the smaller uses for articles of turnery, 
handles, mallets, veneers and ply wood, but also 
applications involving larger and heavier material, 
such as the bodies and underframes of heavy vehicles, 
wooden rollers, fencing and gates, and furniture. 

These must be taken to be markets that are being 
missed when properly they should be retained, and 
it may be hoped reasonably that, with the discovery 
of this leakage of business, the remedy will be found 
before long. To complete the economical picture, it 
no doubt would be desirable to have some information 
as to the quantities demanded and available, and the 
rate at which felled timber of the various kinds in 
question can be replaced. Information of this sort 
will, no doubt, be included in that which is expected 
to crystallise round the present nucleus. In the mean- 
time, an observation of considerable interest is made 
in regard to Sitka, or silver spruce, and to Douglas fir. 
These timbers have been introduced recently into this 
country as trees, and in their youth grow extremely 
‘quickly. It has been found, however, that unless 
means are adopted to check this rapid growth, the 
timber produced at the early stage is wide ringed, 
weak and coarse. When, however, the annual rings 
begin to narrow, say to 6 or 8 to the inch radius, the 
quality of the timber is distinctly improved. The net 
outcome of the report is to show that the attention 
of growers of British timber is being directed to the 
conditions under which it can secure a considerable 
home market, at present supplied from abroad. On 
all grounds, it will be :n the interest of users to en- 
courage to the utmost cf their power the attempts of 
home growers to supply the home market, and to give 
their next preference to timbers of Imperial origin. 





Many of the latter possess qualities not to be found 
in those of this country, and are not surpassed, or | 
in many instances equalled, by those of foreign origin. | 








NIGERIAN TIN.—Nigeria is now one of the most 
important of the smaller tin-producing countries. Her 
output of metallic tin was about 3,000 tons during 
1914, but the 1927 production amounted to over 8,000 
tons. These figures are interesting in view of the fact 





that, prior to 1904, the mineral resources of the Colony 
were little known. 


HAND-OPERATED PERCUSSIVE DRILL. 

















HAND-OPERATED PERCUSSIVE 
ROTATING DRILL. 


THE practice of attaching fittings of various kinds to 
walls by means of wood screws driven into fibrous ex- 
panding linings is becoming so widespread that a demand 
has arisen for a tool capable of making suitable holes for 
the plugs rapidly and accurately. Such an appliance, 
called the Rapper tool, has been introduced by Messrs. 
William Geipel, Limited, 156-170, Bermondsey-street, 
8.E.1. It is illustrated in the above figure, in which 
its utility, as well as the simplicity of its construction, 
will be recognised. A strip of sheet steel fitted with a 
wooden grip is suitably bent to form a frame, inside 
which is contained the operating mechanism. This 
consists of a hammer in the form of a square block 
attached by a hinge to the bottom of the frame. A 
stiff spring, threaded on a bolt and held in place by a 
compression nut, bears on the hammer carrier and 
supplies the power for the blow. It is compressed and 
released by a cam-shaped worm rotated by the handle 
to the right of the figure. The drill-head carries a 
worm wheel engaging with the worm, the resulting 
action being that as the handle is turned the spring- 
loaded hammer is lifted and released, and the dri 
rotated in the manner that such drills are handled when 
a hand hammer is used. As the energy released by 
the expansion of the spring acting through a small 
space at a high velocity is much greater than that 
imparted by a hand hammer as usually employed, it is 
claimed that the tool does work equivalent to 600 
to 800 hand hammer blows per minute. The com- 
pression nut enables the force of the blow to be adjusted 
for different materials, such as brick, Portland stone, 
cement, &c., a light stroke being required for friable 
materials. The complete tool, including one bit, weighs 
1} 1b. All the wearing parts are of hardened steel and 
can be readily renewed. 








CATALOGUES. 


Water Power.—An interesting catalogue to hand from 
Messrs. Robert Craig and Sons (Engineers), Limited, 
Belfast, shows several types of horizontal and vertical 
shaft water turbines applied to various drives. 


Constructional Engineering.—The June-July issue of 
the journal published by Messrs. F. Krupp, Essen, 
Germany, contains matter relating mainly to bridge 
work. Some railway wagons are also described. 


Motor-Driven Hand Saw.—A circular saw mounted in 
a frame with a small electric motor, for hand use, is illus- 
trated in a circular received from The Crowe Manufactur- 
ing Corporation, Incorporated, 317, Sycamore-street, Cin- 
cinnati, U.S.A. 

Oil Engines.—Messrs. Sulzer Brothers, 31, Bedford- 
square, London, W.C.1, whose main works are at Winter- 
thur in Switzerland, have issued a very comprehensive 
and informative catalogue of their Diesel engines for 
land and marine service. 


Scaling Tools.—A catalogue of the Traberg electrically- 
driven tools for removing boiler scale, &c., is to hand 
from Messrs. Stevens and Stansfeld, Sentinel House, 
Southampton-row, London, W.C.1. The tools are 
made in two models suitable for shell and tubular boilers. 


Power Station Plant.—The Affiliated Engineering 
Companies, Limited, Southam-building, Montreal, Canada, 
have issued a paper by Mr. Alfred Iddles discussing the 
economical advantages of high-efficiency steam raising 
plant in power stations of medium size, containing 


| about three 10,000-kw. turbo-generators. 


Electrical Machinery.—We have received a copy of 
the “‘ Review’ issued by Messrs. British Brown-Boveri 
Limited, Trafalgar House, Waterloo-place, London, 
8.W.1, containing descriptions of switch boxes for 
three-phase motors, electric locomotives for coke-oven 
plants, mercury-are rectifiers and railway coupling 
devices. 





Light L tives.—Messrs. F. C. Hibberd and Com- 
pany, Limited, have issued a catalogue of light locomo- 
tives with petrol or paraffin engines ranging from 10 h.p. 
to 14 h.p. to run on narrow, standard, or broad-gauge 
railways, and made at their works at Coalville, Leicester- 
shire. The London office of the firm is now at 16, 
Northumberland-avenue, W.C.2. 


Drying Machines.—Messrs. Head, Wrightson and 
Company, Limited, Thornaby-on-Tees, have issued a 
catalogue of machines for drying pulverised coal, sand, 
cement materials, plaster, clay, ores and concentrates,'&c. 
Drying is used in this case in the sense of driving off 
free moisture by heat or air absorption, as distinguished 
from dehydrating and calcining. 


Electrical Supplies.—Messrs. British Insulated Cables, 
Limited, Prescot, Lancs., have issued a new edition of 
their general descriptive catalogue for electrical con- 
tractors containing particulars of cables, wires and all 
related fittings. A special catalogue of terminal boxes 
and sealing ends, and another of electric spot-welding 
machines, have also been received. 


Electrical Machinery and Appliances.—The A.E.G. 
Electric Company, Limited, 131, Victoria-street, London, 
8.W.1, have sent us the July issue of their journal 
Progress, dealing with back-pressure turbines for small 
powers, lighting for public rooms, and other subjects. 





drill | The text is in English. A leaf catalogue of small electric 


radiators and luminous stoves has also come to hand. 


Heavy Machinery.—The Société Rateau, 40, Rue du 
Colisée, Paris, have sent us a number of catalogues 
and circulars, and also the March and April issues of 
their journal containing descriptions of engines, pumps 
compressors, fans, gears, valves, piping, &c., for marine 
and land work, mostly of large-scale construction. All 
these publications are in French and contain numerous 
illustrations. 


Aluminium.—The British Aluminium Company, 
Limited, Adelaide House, King William-street, London, 
E.C.4, have sent us pamphlets giving general data on 
aluminium and Duralumin. These deal with the uses of 
the metal in powder form and its applications to machi- 
nery, &c.,in the rubber industry. A reprint of a paper 
by Mr. George Mortimer on the casting of the metal 
and its alloys is also included. 


Electrical Equipment.—The British Thomson-Houston 
Company, Limited, Rugby, have issued a catalogue of 
grid resistances of unbreakable and non-rusting material 
in mica-insulated steel frames for working temperatures 
up to 300 deg. C. Another catalogue, also to hand, 
deals with oxide-film lightning arresters for indoor or 
outdoor service. These catalogues contain clear ex- 
planatory matter. 


Winding and Hauling Engines.—A new catalogue of 
colliery engines, to hand from Messrs. Bradley and 
Craven, Limited, Wakefield, contains a description of a 
winding engine for lifting 240 tons of coal per hour from 
a shaft 570 yards deep. The cylinders are 42 in. in 
diameter and the piston stroke 84 in. A few smaller 
winding engines are illustrated and steam brakes, steam 
reversing gears, over-wind controllers, hauling gears, 
hauling engines and a friction clutch are also shown. 


Motor Wagons.—The Sentinel Waggon Works, 
Limited, Shrewsbury, have sent us a copy of their 
periodical containing figures of a test run of one of — 
D.G.6 rigid six-wheel wagons carrying coal from Cardi 
to Woolwich. The distance travelled was 209 miles, 
the time taken 17} hours, including 2} hours stops o 
water, the load carried 12 tons 10 cwt., and the cost 0 
the run 7l. 14s. 2d. The cost includes both fixed and 
running charges and averages less than 12s. 6d. per ton. 


Signalling in Mines.—A catalogue of telephones and 
signalling apparatus, specially designed for use = 
coal mines, is to hand from the Automatic Telephone 
Manufacturing Company, Limited, Milton-road, a, 
lane, Liverpool. The contents show @ wide range : 
telephones, winding signals and indicators, switch- 
boards, bateries, testing instruments, &c. The er 
ingenious devices for working in noisy situations, re 
for avoiding danger from explosions, as well as . 
provision of both audible and visible signals form 4 
interesting study. 
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THE ‘‘DRAYTON’’ DIFFERENTIAL 
HUMIDITY REGULATOR. 


As is well known, the use of “ conditioned air,” that 
is, of air of a definite temperature and relative humidity, 
jg essential in such processes as the production of 
textiles, artificial silk manufacture and tobacco and 
wool drying. The simplest method of obtaining such 
an atmosphere is to saturate the air drawn in with 
moisture at a certain temperature. This temperature 
must be equal to the dew point temperature, which corre- 
sponds to the percentage of humidity required in the 
conditioned air at the final temperature of the latter. 
Lastly, the air thus treated is re-heated to the working 
temperature. For instance, if air at a temperature of 
60 deg. F. and a relative humidity of 60 per cent. is 
required the air must be saturated with moisture at a 
temperature corresponding to the dew point of that 
humidity (i.e, 46 deg. F.), and then re-heated to 60 
deg. F. This method is, however, only practicable, if 
the air itself is not subject to rapid modification. It 
is useless to employ it in industrial processes, where 
for any reason it is impossible to maintain the final 
temperature constant. 

If, however, the temperature of the room, in which 
conditioned air is to be used, can be maintained con- 
stant, the desired degree of humidity can be obtained 














Fie. 1. 


by using a humidostat, which actuates the valve of a 
humidifier. This humidostat should be arranged to 
respond to the variations in the relative humidity. 
The best humidostat to use is one of the wet-bulb 
type, and as these instruments work with the greatest 
certainty when a constant flow of air is maintained, 
the bulb itself should be combined with a suitably- 
designed water box and air-circulating device. 

"JThe arrangement becomes more complicated when 
the temperature, for industrial or other reasons, does 
hot remain constant. It is then necessary that the 
humidity regulator shall maintain constant humidity 
at varying air temperatures, since a wet-bulb depres- 
sion, which corresponds to a certain relative humidity 
at one dry-bulb temperature, corresponds to another 
Telative humidity at a different dry-bulb temperature. 
For completely automatic regulation of the humidity, 
the apparatus used must, therefore, adjust itself in 
accordance with the alterations in both variables, 
4 somewhat difficult problem which has, it is claimed, 

n overcome in the differential humidity regulator 
manufactured by Messrs. The Drayton Regulator and 
Instrument Company, Limited, of West Drayton, 
Middlesex. 

A general view of this regulator. is given in Fig. 1, 
while its method of working may best be followed by 
reference to the diagram forming Fig. 2. Its operation 
depends on the fact that if the relative humidity 
remains constant, a rise in the dry-bulb temperature 
will be accompanied by a proportional rise in the 
wet-bulb temperature. On the other hand, if the 
telative humidity varies, the ratio between the tem- 
peratures of the dry and wet bulbs will also vary. The 
cag is therefore arranged, so that the setting of 
toa tlh control is altered in a definite relation 
= ny Variations in the dry-bulb temperature, which 

4y occur. Constant relative humidity at all tempera- 


for different relative humidities, the regulator is also 
provided with a device for altering the effect of varia- 
tions in the dry-bulb temperature on the setting of the 
wet-bulb regulator, in accordance with the ratio of 
the increase in the dry to that of the wet-bulb tempera- 
ture at different relative humidities. 

Referring to Fig. 2, a pilot valve A, in the form of a 
leak port, is included in the compressed air system 
indicated at the top of the diagram. Air is passed 
through this system, as shown, to the diaphragm 
chamber of a valve controlling the supply of water to 
a humidifier or a damper on a de-humidifier. The port 
of the pilot valve A is covered by a disc B, which is 
carried on the arm C. It will be obvious that if the 


| latter is moved the valve will either be opened or 


closed, and thus the air supply to the diaphragm 
chamber decreased or increased. The conditions under 
which this valve opens or closes are described below, 
though this portion of the apparatus is of quite general 
application. 

In this case, as will be seen, it is linked up with a 
wet and a dry-bulb thermostat in the following way : 
The bulb of the wet-bulb thermostat, which is shown 
in the left-hand lower corner of the diagram, Fig. 2, 
is filled with a volatile liquid and its vapour. Any 
increase in the wet-bulb temperature increases the 











tures is thus maintained. To allow it to be adjusted 





vapour pressure, and this increase is transmitted 
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through a capillary tube to the capsule diaphragm Dy. 
The corresponding dry-bulb system is shown on the 
right of the diagram, any variation in its vapour 
pressure being similarly transmitted to the diaphragm 
D,. Any movement of the diaphragm D, is in turn 
transmitted through a pin, Tj, to the lever E, which 
is linked to the lever F at G. Lever E also presses 
against the pin X on lever H, and thus actuates the 
pilot valve control lever C through screw J. Lever H 
is also connected through its fulcrum at K to lever L 
at a point, midway between where the latter is actuated 
by the setting device M and its fulcrum N. 

Any rise in the wet-bulb temperature will expand 
the diaphragm Dj, raise the point T;, and acting 
through E, X, H, J and C, cause the dise B to close the 
pilot valve A. In this way, a constant wet-bulb 
temperature is maintained, when the dry-bulb tempera- 
ture is also constant. 

Similarly, an alteration in the dry-bulb temperature 
results in a movement of diaphragm D,, which actuates 
lever F through T,. This lever has its fulcrum on the 
bracket P at O, and is linked to lever E at G. If the 
dry-bulb temperature rises without there being an 
equivalent rise in the wet-bulb temperature, the 
relative humidity falls. The result will be that the 
movement of diaphragm D, will lift the lever F, and 
this in its turn will lower the point G and cause lever 
E to swing round T; as a fulcrum. This will lead to 
a corresponding lowering of the levers H and C, and 
cause the pilot valve A to open, thus admitting water 
to the humidifier. The relative humidity of the air 
under control will therefore rise. This rise will, in 
turn, cause an increase in the wet-bulb temperature, 
with the result that diaphragm Dj, will expand and 
close the pilot valve, as explained above, when the 
correct degree of relative humidity has once again 
been attained. The increase in the wet-bulb tempera- 


humidity when the dry-bulb temperature increases by 
a certain amount, is known from the Humidity Tables 
and the ratio of the distance from G to T, to the distance 
from G to X is arranged so as to be equal to the ratio 
between the rise in dry-bulb temperature and the rise 
in wet-bulb temperature for which the regulator is set. 
This ratio can be adjusted to suit different relative 
humidities by moving the bracket P in relation to the 
point X. This movement is effected by the calibrated 
setting head Q through screw R and nut 8S. After 
this adjustment has been made, the pilot valve can also 
be set, so that the main valve opens the correct amount, 
by moving cam M, the position of which is indicated 
by a pointer, as shown in Fig. 2. 

The instrument has been described as if the setting 
head Q were calibrated in relative humidities, but in 
the woollen industries the important factor is the 
‘* re-gain,”* and the instrument can therefore be also 
calibrated to maintain atmospheric conditions corre- 
sponding to various percentages of “‘ re-gain.” 

The general constructional features of the apparatus 
will be clear from Fig. 1. The water box, shown at 
the bottom of the photograph, is made of bronze or 








ture, which is necessary to maintain a constant relative 





galvanised iron, and is provided with a float valve, so 
that a constant water level is maintained, and with a 
fan, so that a continuous flow of air passes over the wet 
bulb. This box can be placed close to the regulator 
proper, or can be connected up to it by any length of 
copper tubing up to 200 ft. The control mechanism 
proper is contained in the cast-iron box visible at the 
top of the illustration, on which the air gauges are also 
mounted. All the parts of the mechanism are nickel 
plated and the bearings consist of stainless steel pivots 
working in agate cups. 








THE ENDURANCE PROPERTIES OF 
METALS. 


SEVERAL papers dealing with the various forms of 
fatigue to which metals are exposed were presented 
at the thirty-first annual meeting of the American 
Society for Testing Materials, held at Atlantic City, New 
Jersey, U.S.A., from June 25 to 29 last. The extent 
of the present knowledge on the subject of the endur- 
ance properties of metals is indicated in many of the 
papers, and, in addition, some new points of interest 
are raised. A brief outline of each contribution con- 
cerned is given below. 


Static AND FatiavE Properties or Cast Iron. 


In a paper entitled ‘‘ The Static and Fatigue Proper- 
ties of Some Cast Irons,” Professor J. B. Kommers 
records the results obtained by carrying out tension, 
compression, impact, transverse, hardness and fatigue 
tests on some 300 specimens of cast iron, divided into 
10 series, each comprising 31 bars. Professor Kommers 
found that, in general, the results of the hardness, 
compression and transverse tests were fairly uniform 
for any given series, and this seemed to indicate that 
the material was fairly uniform. The results of the 
tensile, impact, and fatigue tests appeared, however, to 
reverse this conclusion. These latter tests, the author 
stated seemed to be much more sensitive to differences 
in individual specimens, and, presumably, were much 
more sensitive in picking out flaws and weaknesses. 
The S-N fatigue diagrams showed much greater varia- 
tions than were encountered in the case of uniform 
ferrous and non-ferrous metals and alloys. This 
indicated a general lack of homogeneity in cast iron. 
The lowest endurance limit registered was 5 tons per 
square inch, and the highest 10-76 tons. This latter 
was obtained from a special cast, made in the cupola, 
from 93 per cent. of steel scrap, 4-5 per cent. of ferro- 
silicon, and 2-5 per cent. of ferro-manganese. Another 
special cast made of the same material, to the same 
specification, except for the addition of 1 -15 per cent. of 
nickel, gave an endurance limit of 9 -82 tons per square 
inch. An attempt had been made to correlate endur- 
ance limit and chemical composition. No consistent 
relation had, however, been found. 


CoRROSION AND CoRROSION FATIGUE. 

A paper headed “‘ Influence of Corrosion Accelerators 
and Inhibitors on the Fatigue of Ferrous Metals,” 
was contributed by Dr. F. N. Speller and Messrs. I. B. 
McCorkle and P. F. Mumma. The authors stated that 
a study of ferrous metals had indicated definitely that 
there was a limiting stress, at or below which the 
material might be cyclically stressed indefinitely 
without apparent injury; this limiting stress was 
the so-called fatigue or endurance limit. Experiments 
by Dr. D. J. McAdam had shown that, under certain 
conditions, corrosion had a marked influence in lowering 
the resistance to fatigue of metals under cyclic stresses, 
especially when corrosion and cyclic stresses occurred 
simultaneously. This had been termed corrosion- 
fatigue. The present paper referred to fatigue tests 





* A condition of constant “ re-gain’’ is one where the 
dry weight of the material is increased by a definite 
percentage owing to absorbed moisture. 
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in which sufficient inhibitor had been added to the 
water to render the steel passive and thus prevent 
general corrosion. 
the effect of certain corrosion factors which tended 
to break down the protective influence of the inhibitor 
and cause pitting of the metal under stress. The 
material used for all the tests had been taken from a 
single bloom of mild basic open-hearth steel, and all the 
experiments had been carried out with an R. R. Moore 
rotating-beam fatigue-testing machine of recent design. 
The solutions used had been caused to flow by gravity 
from an open 
which distributed the liquid in such a manner as to 
keep the stressed portion of the test specimen com- 
pletely surrounded by the solution. 

Three main series of experiments had been carried 
out; in the first, the test-piece had been coated with 
a thin film of unmedicated vaseline. In the second 
series, the solution surrounding the test-piece contained 
sufficient sodium chloride and sodium sulphate to give 
an approximation of the corrosive nature of Pittsburgh 
tap water. In the third series, a quantity of sodium 
dichromate had been added to act as a corrosion 
inhibitor. Results showed that the sodium dichromate 
was efficacious in preventing the lowering of the fatigue 
limit due to general corrosion by the particular water 
used in the investigation. In cases in which a strong 
tendency to pitting was introduced, however, relatively 
large amounts of inhibitor failed to prevent a serious 
reduction in the endurance limit. Nevertheless, the 
use of inhibitors, under such conditions, tended to 
increase the useful life of the metal undergoing fatigue 
stresses, by slowing up the action of localised corrosion. 
It was evident that protection in practice must, in most 
cases, be obtained by the use of suitable protective 
coatings, and the results obtained indicated the need 
of developing protective coatings which would not 
break down in service under cyclic stresses. 

‘*Some Factors involved in Corrosion and Corrosion 
Fatigue of Metals,” formed the subject of a second 
contribution, dealing with the corrosion problem. 
The author of this paper, Dr. D. J. McAdam, stated 
that the corrosion media used in his investigation 
were a soft water, a water rich in carbonates, and 
water from a tidal river. Rotating cantilever machines, 
employing conically-tapered specimens, were used in 
the fatigue tests. The specimens tested included pure 
iron, all classes of carbon steel, a number of alloy 
steels, stainless iron, Monel metal, aluminium, and 
Duralumin. To investigate the effect of increasing 
considerably the diameter of the test specimen, corro- 
sion fatigue tests were made with specimens having 
diameters varying from 1 -7 in. to 2-3 in. Some speci- 
mens with smaller diameters were also tested. The 
results of experiments with a heat-treated chromium- 
nickel steel, containing 0-39 per cent. of carbon, 1-67 
per cent. of nickel, and 0-82 per cent. of chromium, 
seemed to indicate that the corrosion-fatigue limit for 
large specimens was slightly below that for small 
specimens. A conservative conclusion, however, was 
that, for this hard steel, increasing the diameter of 
specimens from } in. to 2 -3 in. did not vary appreciably 
the corrosion-fatigue limit. The corrosion fatigue limit 
of the large specimen in the carbonate water was about 
one-quarter of the endurance limit of the material in 
air. In salt water the corrosion fatigue limit was 
probably not more than about 4} tons per sq. in. The 
results obtained with low-carbon steel agreed with those 
given by the harder steel. The corrosion fatigue limit 
for the larger specimen appeared at first sight to be 
slightly lower than that for the smaller specimen. 
It seemed possible, however, that if the corrosion 
per cycle could have been made exactly the same for 
both sizes of specimen, the corrosion fatigue limits 
would have been practically the same. These results 
seemed to indicate that, with still further increases 
in the diameter of the specimen, the corrosion fatigue 
limit would not have been materially altered. Nickel- 
copper alloys, undergoing corrosion in fresh or salt water, 
behaved in a manner similar to corrosion-resistant 
steels in fresh water. Pitting was negligible at stresses 
below a fairly definite limit. Their corrosion-fatigue 
limits were, therefore, high. Aluminium alloys, on the 
other hand, became severely pitted even when the 
stress was zero, and their corrosion-fatigue limits were 
consequently comparatively low. 


Creep TrEsts OF CARBON STEELS. 


An interesting paper presented at the meeting dealt 
with “ ‘ Long-time’ or ‘ Flow’ Tests of Carbon Steels 
at Various Temperatures, with Particular Reference to 
Stresses Below the Proportional Limit.’’ The authors, 
Messrs. J. J. Kanter and L. W. Spring, stated that 
their apparatus and methods for the carrying out of 
high-temperature investigation had been in use for 
more than two years. Twelve machines were actually 
in operation, and the loading device consisted of a 
system of levers which afforded a ninefold multiplica- 
tion of the deadweight applied. The specimens were 
turned to the standard diameter of 0-505 in. A gap- 





The contribution also dealt with | 


glass reservoir through glass tubes, | 


| 

| wound furnace was used for heating the specimens, 
| and had proved quite satisfactory for long continuous 
runs at temperatures as high as 1,400 deg. F. (760 deg.C.), 
without failure due to burning out. The furnace had 
| been carefully adjusted to give a uniform temperature 
|over the 2-in. test length of the specimen. The 
| temperature was determined at all times by one or two 
| thermocouples reaching to within } in. of the test 
|lengths of the specimens. Careful observations had 
| shown that the heating was very uniform ; a continuous 
record of the temperature of the specimens in each 
machine was kept by means of a 12-point Leeds and 
Northrup recorder. 

A very sensitive method of observing elongation had 
been adopted. This consisted essentially of two 
telescopes mounted on a micrometer slide. The lower 
telescope was fitted with a filar eyepiece and both 
instruments were provided with illuminating lamps, 
which threw light through the slots in the furnace side, 
upon the platinum gauge marks. These latter were 
small platinum wires, anchored 2 in. apart, around the 
test lengths of the specimen. Each testing machine 
was provided with a sturdy steel post, mounted on the 
cross-head casting, which afforded a secure means of 
attaching the telescopes. When arapid rate of flow was 
being followed, the two telescopes were used and the 
gauge marks were kept in view with only a small move- 
ment of the lead screws. For observing the usual very 
minute elongations, a much more delicate modification 
of the optical method had been applied to these tests. 
For this purpose the lower telescope only was used ; 
it was equipped with a filar eyepiece, which measured 
the distance between the fine platinum wire fastened 
against the lower fillet of the test specimen and the 
end of a platinum strip riveted to the bar, above the 
upper fillet, and extending low enough almost to meet 
the wire. Since by this scheme both ends of the 
specimen were brought together into the field of vision 
of a single eyepiece, the sensitivity attained was 
almost the resolving power of the objective used. 

The tests recorded in the contribution were confined 
to low-carbon steels and to irons, and the results 
obtained appeared to justify the following conclusions. 
Steels which had undergone small amounts of flow 
did not seem to have deteriorated; the tensile 
properties, including elongation and reduction of area, 
remained approximately what they were before the 
creep tests were made. Since little or no deterioration 
occurred or should be expected unless oxidation took 
place, and since, with ductile metals at temperatures 
above 600 deg. F. (315 deg. C.), 10 per cent. or more of 
flow or elongation were necessary before the material 
began its final stretching preceding rupture, it was 
concluded that any slight flow or deformation, brought 
about by stresses below the proportional limit, should 
be considered as distortion only and not seriously 
objectionable unless such distortion interfered with 
service. Usually the factors of safety employed were 
sufficient, but if stresses were reached which produced 
flow, there was little probability of rupture with danger 
to life or property until at least 10 per cent. or 15 per 
cent of total flow or distortion had taken place. 


Wear TEstTs. 


No less than three contributions were devoted to 
the consideration of the wearing properties of various 
materials. The first, by Mr. J. H. Hall, dealt with 
‘* Wearing Tests of Twelve Per Cent. Manganese Steel” ; 
the second, by Mr. W. H. Parker, had reference to 
“The Wearing Qualities of Tyre Chains”; and the 
third, by Mr. H. J. French, was entitled ‘‘ Wear 
and Mechanical Tests of some Railroad Bearing 
Bronzes.” Mr. Hall’s paper contained an account 
of the development of a test for the wearing properties 
of 12 per cent. manganese steel, which would give 
results comparable with service experience. A number 
of crude methods were first tried and abandoned, 
usually because they were too slow, too clumsy, 
or were not a true indication of the wearing qualities 
of the material. Later, wear tests were made in 
various abrasion machines, but it was found that 
these appliances did not simulate the particular 
kind of wear that manganese steel successfully with- 
stood in service, ?.e., abrasion associated with severe 
cold-working such as was caused by the pressure 
exerted in crushing a hard material. After twenty 
years’ experience it was finally decided to adopt a 
method which consisted in crushing known amounts 
of hard stone in a small laboratory rock crusher, 
the jaws of which were made of the steel to be tested. 
The loss in weight of the jaws was determined at 
regular intervals. For purposes of comparison, 
plain-carbon, nickel, chromium and _nickel-chromium 
steels were tested in the crusher. It was found that 
carbon steel wore about 10 times as quickly as 
manganese steel. Additions of chromium to the 
plain-carbon steels had little effect in decreasing the 
wear; nickel, on the other hand, had a powerful 
effect in increasing the wear-resisting properties of 
carbon steels. 











The contribution by Mr. W. H. Parker described 
a wear test, developed primarily to study the wear. 
resisting properties of steel for motor-car tyre chains, 
The appliance finally adopted was of simple con. 
struction; the specimen, which incidentally could 
be of almost any shape including that of a finished 
chain link, was held at constant pressure against 
a rotating alundum grinding wheel, the surface of 
which was maintained continuously dressed. This 
latter was accomplished by means of a grinding 
attachment consisting of a tubular dresser rotated 
by an eccentric cam driven from the main drive shaft. 
The connecting gears were provided with an odd 
number of teeth so that the dresser did not trace a con- 
tinuous path across the face of the wheel. The machine 
was built so that both sides of the grinding wheel 
might be utilised at the same time. The number of 
revolutions required to produce a given depth of 
wear were automatically recorded. A rough check 
on the ability of this apparatus to produce wear 
similar to that which occurred in service had been 
obtained by comparing the loss in weight of cross- 
chain links worn on the road with the loss in weight 
of similar links worn on the machine. The shape of 
these particular links was such that a 33 per cent. 
loss in weight would cause failure by the wearing 
through of the link. In the service test, each material 
was run for the same number of miles on the road, 
and, on the machine, each material was run for 
the same number of revolutions. The final results 
obtained showed that the machine placed the materials 
in practically the same order as did the road tests. 
The appliance had proved useful in guiding the 
preliminary selection of samples for long-time service 
tests. 

The third paper on wear testing, that by Mr. H. J. 
French, was devoted to the study of the wearing 
and mechanical properties of two groups of copper- 
tin-lead alloys in both chill-cast and _ sand-cast 
conditions. The wear tests proper had been carried 
out on an Amsler wear-testing machine, and the 
single-blow impact tests on an Izod machine fur- 
nished with special heating equipment. Tension and 
pounding tests had been made on machines of special 
design. Mr. French stated that the first group 
consisted of bronzes having a copper-tin ratio of 
about 92-5 to 7-5 and a lead content varying from 
0-25 to 25 per cent. The second group had a copper- 
lead ratio of about 84 to 16 and the tin percentage 
varied from a trace to 10. The bronzes had been 
tested under rolling and sliding friction without 
lubrication, at atmospheric and elevated temperatures 
up to 175 deg. C.; under rolling and sliding friction 
in the presence of a lubricant at atmospheric tem- 
peratures; and under tension, single-blow impact, 
and repeated pounding at temperatures from 20 deg. C. 
to 315 deg. C. No single one of the selected laboratory 
tests had yielded information which was, by itself, 
adequate for general comparisons. Each of the 
wear tests and the mechanical tests had contributed 
information of value in developing the characteristics 
of the different bronzes. Variations in chemical 
composition had produced relatively great changes in 
properties, but, within certain ranges, alterations in 
the quantities of the constituent metals were much 
less important than variations in the method of 
casting. As a general rule, chill-cast bronzes wore 
more rapidly and possessed lower notch-toughness 
than the corresponding sand-cast bronzes; they 
however, gave a better resistance to pounding and 
higher tensile strengths at temperatures between 
20 deg. C. and 315 deg. C. 

In alloys having a practically constant ratio of 
copper to tin, increase in lead produced a general 
improvement in wearing properties, but this was 
more marked between 0-25 per cent. and 12 per cent., 
than between 12 per cent. and 25 per cent. of lead. 
At the same time, however, the resistance to pounding, 
and the notch-toughness and tensile strength decreased. 
In alloys having a practically constant ratio of copper 
to lead, increase in tin from 0-7 to approximately 
5 per cent., resulted in a marked decrease in the 
wear in the tests without a lubricant, and a general 
improvement in the wearing properties. Further 
increase in tin, from 5 per cent. to 10 per cent, did 
not materially modify the wearing properties but 
resulted in improved tensile strength and resistance 
to pounding. There was also an improvement 12 
notch-toughness with increase in tin to about 
7 per cent. The bronzes with less than about 5 per 
cent. of tin did not seem to have the combination 
of mechanical and wearing properties necessary for 
good service as bearings. In cases in which wearing 
properties were of primary importance the high-lead 
bronzes had advantages over the low-lead alloy. 
Similarly, the bronzes containing approximately 
8 per cent. to 10 per cent. of tin, and from 12 per cent. 
to 15 per cent. of lead, seemed better adapted to 
service where the chief requirements were resistance 
to pounding and static stress, than bronzes containing 
from 4 per cent. to 6 per cent. of tin. 
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THE RECONSTRUCTION OF THE 
PICCADILLY CIRCUS TUBE RAILWAY 
STATION, LONDON. 

(Concluded from page 612.) 

Ix an article, in our issue of last week, we 
dealt with the reconstruction of the Piccadilly 
Circus Tube Railway Station, London, so far as 
the building of the escalator tunnels and the 
various chambers and passages associated with 
them was concerned. We may now proceed to 
deal with the construction of the pipe subways, 
interceptors and shafts, the extent of which is 
shown in the accompanying plan, Fig. 20. As 
already stated, these works have been effected 
to enable the various pipes and cables, which 
originally crossed the Circus, to be diverted, the 
arrangement being to lead them first from the 
trenches in the roadway into an intercepting 


formed at the positions marked B and C, and 
driving was continued from the first of these points 
towards chambers Nos. 2 and 4 simultaneously. 
Tunnels were also driven from the point C to 
chamber No. 1 at A, and, when this section had 
been completed, excavation between the latter 
point and chamber No. 2 was commenced. The 
short length of subway between U and V was 
left till the last, as it could not be constructed until 
the London County Council sewer had been diverted 
to the new position shown. The pipes and cables 
are now carried on supporting racks, which are fixed 
to the walls of the subway, and, in order that the 
work of changing over from one run to another 
might be readily effected, the correct lengths of new 
piping, together with the various bends and other 
fittings required, were carefully specified beforehand 
on the basis of a definite survey, a method which 





resulted in great economy and saving of time. 
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chamber placed at the original level, to drop them 
down a vertical shaft or branch subway into a 
chamber at the new level, to carry them thence 
along the pipe subway, and finally to take them 
by way of another chamber, shaft and interceptor 
back to road level. It may be mentioned that 
below Shaftesbury-avenue the various pipes were 
already laid in a subway which extended under the 
Circus to the point marked Xin Fig.20. Thelength 
of this subway marked XY, has now been removed, 
80 that it ends in chamber No. 3, whence connection 
18 made between it and the new subway in the 
way just described. 

As regards the construction of this part of the 
work, access to the site of the pipe subway was 
obtained from the stair-shaft and passage, mention 
of which has already been made. The subway itself 
is 12 ft. in internal diameter, and was built up 
of cast-iron rings in the same way as that 
described in detail in the first part of this article 
for the escalator and other tunnels. Its total 
length is about one-third of a mile. Owing to the 
Presence of other works and the character of the 
ground, the necessary excavation was carried out 
In single ring lengths at each face. The procedure 
actually followed was to construct a section of the 
subway between the points H and B in Fig. 20, by 
mining from the access passage for a short distance 
towards B, and then proceeding towards H, work 
subsequently being continued in both directions 





simultaneously, Junction chambers were next 





The positionsof thefive interceptorsare also shown 
in Fig. 20, while the way in which they and the shafts 
connecting them tothe main subway wereconstructed 
will be clear from Figs. 36 to 40, Plate LXXTI, and 
in more detail in Figs. 21 to 23, and 25 to 28, on 
page 638, and Figs. 29 to 33, Plate LXX. As will 
be seen, the interceptors consist of brick chambers, 
measuring 8 ft. by 12 ft. by 8 ft. Since the original 
depths of the pipes below the roadway was in some 
cases quite shallow, the top of these interceptors 
is nearly at street level. To support the road crust, 
therefore, the same expedient was adopted as that 
described in connection with the work of driving 
the first heading, rails of heavy section, 22 ft. 6 in. 
in length, being laid 4 in. apart in sets of three, 
lengthwise to the street and bolted together against 
hard wood distance blocks.. The space between the 
rails was then filled in with concrete made of quick- 
hardening cement carried to a height of 14 in. above 
them, the concrete being continued beyond the rails 
at each end in the form of a ramp for a distance of 
5 ft. 4in., as shownin Fig. 29, Plate LXX. Theend 
of this ramp is 1} in. below the surface of the wood 
block paving on which it abuts, thus allowing an 
asphalt carpet of that thickness to be laid over the 
whole. The ramps have, therefore, a very moderate 
slope and offer little impediment to the road traffic. 
Beneath this structure, the roof of the interceptor, 
which forms the underside of the road crust, was 
supported during excavation by light timbering, 


work, was replaced by rolled steel joists embedded in 
concrete. > 

In the case of both the vertical and inclined pipe 
shafts, the excavation work was carried out under 
cover of the steel rail grids mentioned above, and, in 
order not to weaken the bearing of the latter, or of 
the road concrete, timber supports were used through- 
out. The chambers forming the junctions between 
the shafts and the subway are made of concrete 
and steel joists, grout being forced into the roof 
to fill the spaces between it and the surrounding 
earth. 

The alignments of the subway and shafts, which 
were constructed by driving one ring at a time, had 
to be adapted to fixed points, which were deter- 
mined by the sites and levels of the interceptors, 
and to the tortuous routes necessitated by the 
presence of other structures in the same ground. 
Besides. the simple vertical and horizontal bends, 
which are shown in Figs. 20 and 36 to 38, Plate LX XI, 
there are certain combined changes of direction, such 
as that between Regent-street and Coventry-street. 
In this case, the upper portion of the subway is 
dropped to accommodate above it the County 
Council subway along Shaftesbury-avenue. 

The construction of the junction chambers, which 
provide the means of connection between the main 
pipe subway and the pipe shafts will be clear from 
Figs. 21 to 23. The procedure followed in building 
them was generally similar to that which has 
already been described for the escalator tunnels and 
chambers, though special care was taken to prevent 
depletion of the surrounding earth, by the use of 
temporary timber posts on which the joists were 
supported, until the connection between the latter 
and the subway rings could be made. At the points 
where this connection occurred the rings were of 
extra heavy section, as shown in Figs. 22 and 23. 

An important item in these works was the diversion 
of the sewer which, as shown in Fig. 20, originally 
crossed the Circus. This sewer now extends be- 
tween a point in Shaftesbury-avenue and a point 
opposite the Criterion Restaurant, where it enters 
the Piccadilly branch sewer. The sewer from 
Glasshouse-street also joins the new sewer, but a 
portion of another local sewer marked P Q on 
Fig. 20 has been abandoned. Fig. 24 shows the re- 
lationship of the diverted sewer to the passenger and 
pipe subways underneath the Circus, while its new 
level and position at the Shaftesbury-avenue end will 
be clear from Fig. 37, Plate LXXI. At the point B 
in Fig. 20, and as indicated in Fig. 38, Plate LX XI, 
there is a sump from which water will be pumped 
into the sewer diversion. It may be added that 
during the progress of the work the flow in the 
existing sewers was at all times maintained. A good 
deal of this portion of the work was done by means 
of open cut, the remainder being effected by tunnel- 
ling. Inthe latter case, all cavities were filled in 
solid to the natural ground with brick packing in 
Portland cement. 

Coming now to the construction of the circulating 
area underneath the Circus and of the subways 
connecting it with the ground level a plan of this 
important portion of the work was given in Figs. 1 
and 2,on page 608 of our issue of November 16. 
The arrangement of the girders and joists forming 
the roof over this space will be made clear from the 
part plan of the steelwork given in Fig. 41, Plate 
LXXI, from the cross-sections through the major 
and minor axes reproduced respectively, in Figs. 
34 and 35, Plate LX X, and from the view show- 
ing part of the inner circle laid out at the makers’ 
works, which appears in Fig. 50, Plate LXXII. 
Details of the connections between the main and 
secondary girders and the supporting columns are 
given in Figs. 42 to 49, Plate LXXI. The con- 
struction of the passenger subways from the street 
to the circulating area will be clear from Figs. 51 
to 59, Plate LXXII. Briefly this work consisted 
in digging trenches round the perimeter of the 
area and building brick walls in them. The spoil 
was then taken out right up to these walls and the 
roadway was supported on columns and girders. As 
will be seen from Fig. 1, page 608 ante, and Fig. 
41, Plate LXXI, there are two almost circular 
rows of columns on the outside with radial girders 
above, and in the centre a grillage carried by a 





which, on the completion of this portion of the 





few large box columns. In more detail, during 
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the construction of the working chamber, from 
which the escalator tunnels were driven as men- 
tioned in the first part of the article, the six 
columns in the centre of the site and the girders 
within the area formed by a line joining them, 
together with the roof joists which bear on the top 
flange of these girders, were plac ved in position, and 
a certain amount of brickwork in the lower portion 
of the enclosing wall was also completed. A start 
was then made by driving a heading parallel to 
and on the eastern side of girder No. 37, next to 
and parallel with No. 36 marked in Fig. 41. The 
permanent 6 in. by 3 in. steel joists were used as 
head trees, carried at one end on the girder and 
at the other on 6 in. by 6 in. pitch pine ‘side trees. 
The latter were 5 ft. 6 in. long and rested on a 
foot block measuring 11 in. by 4 in. by 19 in. long. 
This heading was constructed as a widening of the 
already completed work from one or more points 
along the length of girder No. 37. At their upper 
ends the side trees were secured to the roof joists 
by zed brobs, the lower ends being set on folding 
wedges placed on the foot blocks. This work 
resulted in the exposure of the ainderside of the 
road concrete in a number of places, and care was 
therefore taken to support the latter by timber 
packings inserted between it and the joists. 

When this heading had been completed for its full 
length the next girder was inserted in it, lifted into 
place and bolted to the web of the cross-girder which 
was already in position. The other end of the first 
of these two girders was supported on timber block- 
ing and, when it had been adjusted to correct line 
and level, the space between its top and the underside 
of the roof joists was wedged with metal packing. 
Similar headings were then driven preparatory to 
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the fixing of two more transverse girders, and when 
they were in position the next cross-girder was 
lowered and fixed to the columns. In the same way, 
three girders to the north-west of girder No. 37 
were placed in position and connected to girders 
Nos. 4 and 5, while concurrently the roof was 
widened by driving other headings in which further 
girders were subsequently erected. The steel-work 
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connecting the inner ring of girders was also fixed 
within the headings, while the remaining portion 
of the girder work was erected in the open. The 
excavation and concreting of the foundations for 
three columns in the centre was carried out by 
sinking vertical shafts, after which the remaining 
portion of the working site was excavated to 4 
depth of about 8 ft. below the road surface. 
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When the three columns mentioned were in position 
and girders Nos. 28, 29 and 30 had been bolted to 
girder No. 5, girders Nos. 1 and 2 were erected and 
their webs connected to the ends of the secondary 
girders, W hich were already in position. As soon as 
the girder work in the central portion of the station 
was completed between girders Nos. 34 and 43, two 
temporary headings were driven. These were con- 
structed out of the vertical shafts in which two 
of the columns had been erected. The floor of 
each of these headings was level with the founda- 
tion of the bottom portion of the enclosing wall 
mentioned above, on reaching the site of which 
they were driven in each direction, so that the 
wall could be built in brickwork within their 
lower portions. The sides of these headings were 
plated with }-in. steel plating, which was built 
in behind the work. The roofs were formed of 
ordinary poling boards. As each section of brick- 
work in the lower portion of the wall was completed 
a second heading was driven immediately above it 
and a second lift of enclosing wall constructed. 
The design of these upper headings was similar to 
that just described, except that the steel plating 
between the side trees was only put in on the outer 
face of the heading and was then buried behind 
the permanent work. These upper headings were 
driven out of the same shaft as the lower headings. 

In the case of the northern enclosing wall, the 
lower portion of which was constructed earlier, the 
heading for the second lift was formed by sinking a 
small shaft and driving a connecting heading from 
it to the site of the wall. The foundations for six 
of the columns in this portion were built in the 
open, while those for the remainder were exca- 
vated and concreted under cover of the permanent 
steel roofing, which had been previously erected. 
When the concrete had been levelled off, the grillage 
was fixed in position and the columns erected 
thereon. 

As regards the south-western portion of the 
circulating area, a heading was first driven and two 
joists inserted therein. The eastern ends of these 
joists were supported on a girder and the opposite 
ends on wood blocks. Another heading was also 
driven in which two further joists were inserted. 
The ground between the first two joists of each pair 
was then mined and 8-in. by 4-in. joists placed in 
position and connected to them. When the entire 
area between the second two joists of each pair 
had been excavated to the level of the floor of the 
headings, the excavation for the column was begun 
under cover of the already completed work, the 
area being extended sufficiently to enable the foun- 
dation to be put in as a whole. The roof of this 
area was supported by temporary joists placed 
within short lengths of headings. Next the headings 
were widened laterally and the roof joists bearing 
at one end on the girders already in position and at 
their outer ends on timber blocking, were then 
erected section by section. The work was carried 
on in this way until two more columns could be 
erected, while subsequently two further girders 
were placed in position. To expedite the work, 
Operations similar to those just described were 
carried on simultaneously at several different faces 
and when a sufficient length had been completed the 
Toofing joists between the outer ring girders and the 
enclosing wall were fixed in a similar manner under 
the cover of temporary headings, this work being 
also carried on at several points at once. When 
erected the steel-work was supported at one end 
on the outer ring girders and at the other on 
temporary timbers bearing on the partly completed 
brickwork of the enclosing wall. The top section 
of the wall was then built up to the underside of the 
steel work and made good between the latter and the 
under side of the road concrete. 

The Whole of the steelwork used in the con- 
spention of the booking hall was supplied by 
Messrs. Joseph Westwood and Company, Limited, 
of London, and was set out to its full size on their 
Premises, being mounted on blocking until the 
structure had been assembled in position and the 
work fully bolted up to full line and level, as 
shown in Fig. 50, Plate LXXII. It was subse- 
quently marked so as to facilitate its erection 
under ground. 


The subways connecting the street level with the 








circulating area, the position of which is shown in 
Figs. 1 and 2, on page 608 of our last issue, vary 
in width from 8 ft. to 32 ft. They consist, as shown 
in Figs. 51 to 59, Plate LXXII, of two walls 
of brick or concrete with tranverse steel joists 
bedded on brick. The space between and over the 
joists is filled in with concrete, which is rendered 
on the surface with waterproof material. Over 
this again is placed concrete, on which rests the 
steel plating, which supports the ground. These 
subways were constructed from the working site 
by driving underground headings for the lower 
portion of each side wall and building brick or 
concrete within them. The upper portions of the 
wall were constructed in short lengths under cover 
of the steel roof joists and then pinned up to the 
latter. In certain cases, rail grids were also laid 
over the site of the subways in the same way as has 
already been described for the interceptor chambers. 

As will be seen by reference to the plan, Fig. 1, 
on page 608 of our last issue, the circulating area is 
divided circumferentially into 4 spaces. Thecentral 
and largest of these is an ellipse measuring 90 ft. 
by 80 ft., which forms the booking hall and upper 
landing of the top flight of escalators, Practically the 
whole of this area will be within the barrier formed 
by the ticket passimeters. Immediately outside 
this, and divided from it by the inner ring of 
columns, is a 15-ft. gangway, while next comes 
a 5-ft. gangway, the dividing line between the 
two being the outerring of columns. Finally, there 
is a 6-ft. space all round the circumference, nearly 
all of which will be occupied by show cases. The 
two gangways will be available both for passengers 
and for those using the subway for crossing from 
one side of the Circus to the other. 

As regards finish, the spaces in the inner walls of 
the cast-iron segments forming the escalator tunnels, 
chambers and connecting passages have been filled in 
with concrete and the surface rendered with cement 
either to form a backing for the standard tiling, 
such as is used throughout the London Electric 
Railway system, or left smooth. Any surfaces that 
are not tiled have been plastered with Siropite, and 
afterwards distempered. The steel work forming the 
roof of the booking hall is covered with plastic 
decoration to make a false ceiling, } in. thick. This 
is carried on fir bearers supported by angle irons. 

Incidental works in connection with this re- 
construction, which are not yet completed, are the 
re-arrangement of the public conveniences, the 
closing of the top of the working shaft in the centre 
of the Circus, the re-paving of the area utilised for 
obtaining access to the site and, finally, the replace- 
ment of the Shaftesbury Memorial on a new brick 
and concrete foundation in either its original or 
some other position. 

As practically the only means of access between 
the works we have just described and the ground 
level was through the shaft sunk on the site 
originally occupied by the Shaftesbury Memorial, 
the removal of the spoil was a matter of some 
difficulty and required careful organisation to pre- 
vent interference with the road traffic. Electrically- 
operated cranes of the noiseless type, erected within 
the hoarding on the above site, were used for deal- 
ing with the material excavated from the booking 
hall and other works near the surface, and tipped 
the spoil thus obtained into motor lorries. To facili- 
tate removal, the hoarding was provided with two 
openings for the entrance and exits of these lorries 
respectively. A proportion of the material exca- 
vated from the escalator tunnels, chambers and 
passages was taken through a temporary shaft and 
heading to a special storage platform and was con- 
veyed thence in flat-car trains, which ran on the 
Bakerloo Railway after traffic hours. The remainder 
was brought up through the 18-ft. stair-shaft and 
dealt with at road level as mentioned above. The 
spoil from the excavation of the interceptor chambers 
was taken down the pipe shafts and along the pipe 
subway to the central shaft, where it was also 
removed by the cranes. 

It may be mentioned that all the escalators are of 
the latest Waygood-Otis type, full details of which 
have already been given in ENGINEERING.* Of the 
first five, leading from the circulating area to the 
intermediate landing, three, of which the centre one 





* See ENGINEERING, vol. cxxiii, page 38 (1927). 





is reversible, are accommodated in a 22-ft. 4-in. 
tunnel, as shown in Fig. 5, on page 609 of our last 
issue. The other two are in a 16-ft. 4-in. tunnel, as 
shown in Fig. 9, on the same page. The vertical 
rise is 42ft. From the intermediate landing to the 
platform level there are two groups of three esca- 
lators which serve the Bakerloo and Piccadilly Rail- 
ways, respectively, the vertical rise being 21 ft. in 
the first case and 39 ft. in the second. These are 
accommodated in 22-ft. 4-in. tunnels, as shown in 
Figs. 6 and 11, and one of each group is reversible. 
The speed of all these escalators is 90 ft. per minute, 
the total drop to the Piccadilly Railway being 107 ft., 
and to the Bakerloo Railway 87ft. Not more than 
a few steps have to be negotiated between the 
bottom of the escalators and the actual platforms. 

The eleven escalators thus provided are of the 
cleat-step reversible type, the treads being made up 
of wooden battens which are arranged at right 
angles to the long edges of the steps. A fixed comb 
with its teeth extending into the grooves between 
the battens makes the junction between the moving 
landing and the stationary floor. This arrangement, 
which is used both at the top and bottom of the 
escalator, facilitates reversal. The escalators, which 
are 4 ft. wide between the balustrading, are driven 
by 600-volt direct-current motors through worm 
gearing, special devices being used for taking up the 
end thrust. The safety devices ensure the stoppage 
of the escalator by pressing any one of a series of 
push buttons, or if the driving chain breaks or the 
escalator is overloaded or run at an excessive speed. 
It may be added that the machinery for the lower 
escalators was taken down the upper escalator 
shafts before the equipment was erected in the 
latter, and that this installation of eleven escalators 
at one station is the largest of its kind in the world. 

The works, for which as stated, Mr. H. H. 
Dalrymple-Hay, M.Inst.C.E., has acted as con- 
sulting engineer, have cost about 500,000/. but this 
expenditure should be well repaid by the increased 
accommodation and revenue-earning capacity thus 
provided. 
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Highway Engineering : A Text-book for Students of Civil 
Engineering. By Joun H. Bateman, M.Am.Soc.C.E. 
London: Chapman and Hall, 1928. [Price 20s. net.] 

Principles of Highway Engineering. By Carron C., 
Witey, C.E. London. McGraw-Hill Publishing Com- 
pany, 1928. [Price 20s. net.] 

Mr. BATEMAN, who is Research Professor of High- 

way Engineering in the Louisiana State University, 

explains in his preface that he has “‘ attempted to 
present the fundamental principles of highway 
engineering together with comprehensive descrip- 
tions of present practice.” He freely acknowledges 
that he is no expert in all the branches of highway 

engineering and, therefore, the book represents a 

compilation of data, descriptions of practice, and 

opinions from many sources. The treatment of his 
subject follows a definite plan—-economics, financ- 
ing, location, design, construction, maintenance and 
operation, and the writer has succeeded in selecting 
with sound judgment from the material at his 
disposal typical examples of current practice and 
the use or abuse of materials of construction. In 
reading this work, it is not difficult to discern that 
the author is interested chiefly in the economic 
relation between the carriage-way and its traffic 
as a financial question and as presenting problems 
in construction on the type of road and covering, 
which the volume and weight of traffic warrants. 

On this subject, the book is well worth close 
study by the engineer student at home and 
abroad; we include abroad, for, naturally, the 
author, being in America, has given space to the 
question of “dirt roads” of earth or sand-clay or 
of gravel surface. The questions of road location 
and alignment, grading, &c., have not been treated 
at all fully, and the general district drainage might 
perhaps have received fuller consideration. Ditches, 
gullies, and drains have more space, and in the few 
pages allotted to bridges there is a useful study of 
the run-off from catchments. The section on earth 
works, their construction and costs calculations, is 
sound. 

There are 170 illustrations in line or photograph, 
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and 11 useful diagrams, in the appendix, on methods 
of sampling and testing bituminous materials. It 
is becoming too general to include photographs in 
technical literature which make a display, but are 
of little value technically. The illustrations in this 
book do show details of construction or points of 
interest to the student. 

Mr. Wiley, the author of Principles of Highway 
Engineering, is Assistant Professor of Highway 
Engineering in the University of Illinois, and the 
volume has been prepared for use in college courses 
in highway engineering. The author states that 
his object bas been to supply the basic ideas, and 
to develop a degree of engineering judgment in the 
student, other details, as may seem necessary or 
as time may permit, being left to the classroom. 

The order in which the author arranges the sub- 
jects selected for exposition is certainly unusual, 
for after an introduction he discusses materials of 
construction followed by chapters on drainage, 
earth work, different types of roads and surfaces, 
and then introduces the subjects of alignment, &c., 
followed at last by surveys, plans, estimates, finance 
and operation with a chapter interpolated between 
surveys and finance on comparison of roadways. 
There is a considerable amount of elementary 
engineering definition and conceptions in this book 
which we should have thought the student should 
have acquired before entering on a special course 
in road engineering, and some of the definitions given 
are open to question. We may quote, for instance, 
‘‘ Earth is the loose soft materials of the earth’s 
crust in which plants grow and which forms mud 
when mixed with water ’—“‘ Silt . . . Itis granular 
and porous in character and lacks plasticity and 
cohesion.” —“* Bricks are regularly-shaped blocks 
of burnt clay ’—are examples. We note the free 
opinion of Illinois in the pronouncement on page 184 : 
“The thickness of Macadam is usually simply 
chosen, and by experience is found to range from 
6 in. to 9 in. with 8 in. perhaps the most common.” 

The difference between the works of Mr. Bateman 
and Mr. Wiley liesin their conception. Mr. Bateman 
out of his abundant material, has appreciated the 
fact that in a book of this size he cannot deal effec- 
tively with all of the sections of his subject, and 
has concentrated upon the road as a business 
proposition, and as a result he has given us a 
definite contribution to the literature of the subject. 
Mr. Wiley, on the other hand, has filled his different 
sections with the information at his disposal ; this 
information is useful to the student, but no clear 
direction as to the tendency in road construction, 
nor critical analysis of existing methods of con- 
struction, is given ; these presumably have been left 
to the classroom. His book contains a great deal 
of instruction, with curves and tables of a general 
engineering character, as we have said above, and 
representative sections on present road methods as 
practised in the United States. 





The Electrical Conductivity of the Atmosphere and its 
Causes. By Victor F. Hess, Professor of Experimen- 
tal Physics, Graz. Translated from the German by 
L. W. Copp, M.A. London: Constable and Company, 
Limited. [rice 12s. net.] 

CovuLoMB assumed, about 1785, that a charged 

conductor lost its electric charge in the air because 

particles of dust and water vapour, suspended in the 
air, became charged by contact with the conductor 

and carried the charge away. For more than a 

hundred years it was believed that damp air was 

a better conductor than dry air, in spite of a few 

exact experiments pointing to the opposite con- 

clusion. Demonstrators may still be heard to 
explain the failure of experiments with electric 
machines by the damp atmosphere of the lecture 
room. In that general form the statement is 
inaccurate. Electric charges are dissipated in the air 
by the attraction, to the charged body, of gaseous 
ions which neutralise the charge and which may 
exist independently of the presence of a charged body. 

Those gas ions may be electrons or molecular 
and atomic ions. Free electrons do not appear 
to be capable of continued existence, without 
attaching themselves to gas molecules, except in 
the inert gases and in the purest nitrogen, not 
contaminated with traces of oxygen. The mobility 
of these free electrons is very great. 





The ordinary | 


gas ions, both positive and negative, are distin- 
guished as light and small, large and heavy, and 
| intermediate. The light molecular ions have a 
mobility of about 1 or 2 cm. per second in a field 
of a potential gradient of 1 volt per cm. ; that small 
velocity indicates that the ion must consist of 
groups of some ten molecules. The large ions 
| (Langevin) move much more slowly, at rates ranging 
from 0-01 cm. down to 0-0005 cm. per second. The 
| intermediate ions, discovered by Pollock in Sydney, 
| Seem only to exist in very damp atmospheres. As 
| a rule, the atmosphere contains more positive than 
negative ions; the potential gradient is positive 
_and of the order of about 100 to 300 volts per metre 
|near the earth surface. How the normal negative 
| charge of the earth and the normal vertical flow of 
| positive electricity towards the earth, in a current 
of about 2 by 10-16 ampere per square centimetre, 
| are maintained is the unsolved fundamental problem 
| of atmospheric electricity. 

| The ions can be separated and counted because 
| they differ in size, sign and mobility. How this 
is done and our knowledge of the nature of the 
ionisers of the atmosphere are most lucidly explained 
or, at any rate, discussed, by Dr. Hess in concise 
language with abundant literature references, but 
without much mathematical and tabular matter, 
and with the aid of only fifteen diagrams to the 
203 pages. The possible sources of atmospheric 
ionisation are the photo-electric effect, ultra-violet 
light, corpuscular radiations from the sun, the 
spraying of water, the formation of industrial 
dust and allied phenomena, and radio-active radia- 
tions. But when all these sources are allowed 
for, there remain the peculiar highly-penetrating 
radiations, apparently of cosmic origin, with the 
study of which Professor Hess is so much identified 
that they have been called Hess radiations by some 
writers. He himself speaks of ‘‘ Héhenstrahlung ” 
and ultra-gamma rays. The most recent observa- 
tions of Steinke in Davos and the Upper Engadine, 
at an altitude of 2,460 m. above sea level, and else- 
where, suggest rays of a hundred times the pene- 
trating power of y-rays, requiring for their study 
apparatus with lead screens 165 cm. in thickness, 
weighing several hundredweights. These latest 
figures are not mentioned in the volume. The 
German book appeared in 1926, but Professor Hess 
has himself supplemented it for the excellent trans- 
lation by Mr. Codd. Though the book does not 
deal with the subject of thunderstorms and inter- 
ferences of atmospheric electricity with ordinary 
and radio signals, there are twenty pages on the 
ionisation of the upper atmosphere and the Heavi- 
side layer. No research of any importance has been 
overlooked, and the book is, in the thorough broad 
character of its exposition, of quite exceptional 
interest. 








An English translation of Der Wdarme- 
Ingenieur. By Jutrus OELSCHLAGER. Edited by 
H. Moss, D.Sc. (Lond.). London: Blackie and Son, 
Limited. [Price 30s. net.] 

THE most striking feature of this work is the encyclo- 

pedic nature of its contents. Commencing with a 

short exposition of ‘‘ General Principles,” an attempt 

has been made to include an extremely wide range 
of subjects, such as fuels, combustion plants, distil- 
lation and gasification, heat balance and energy 
measurements, utilisation of heat in exhaust and 
flue gases and in exhaust steam, &c., which means 

that they must perforce have been dealt with in a 

very cursory and incomplete manner. As an 

instance, ‘‘ crucible furnaces,” which by the way, 
it is stated are chiefly used for smelting (sic) iron, 
are dismissed in eight lines, without any illustration. 

An example of more liberal treatment is the impor- 

tant section on the utilisation of heat for power 

purposes, but even here, stationary engines, triple- 
expansion marine engines, steam turbines, internal- 
combustion engines, including examples of gas, 
heavy oil, Diesel, motor car and aeroplane engines, 
hot air engines, internal combustion turbines, the 
pulsometer, and the Humphrey pump, are disposed 
of in 37 pages. It is to be regretted that in some 
places the translation leaves something to be 
desired, as it is often too literal, or the dictionary 
is too much in evidence. At page 62, referring 
to the correct strength of draught as an essential 
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requisite for efficient combustion, it is stated that 
“a steady current of air must flow through or over 
the fuel during the combustion, or the gasification 
and combustion. This flow is produced by means 
either of a flue or of a ventilator inserted in front of 
or behind the furnace after the waste gases have 
given up their heat. A ventilator and flue can 
also be combined.” As it stands, this is quite 
unintelligible, unless the reader has sufficient 
knowledge of German to recognise that “ ventilator ” 
is the German word for fan. Incidentally, it is not 
the flue but the chimney which produces the 
draught, before the ‘“ ventilator” is inserted. 

It may be granted that considering the limited 
space at his disposal, the author has done his work 
remarkably well, but it is to be feared that the 
book will hardly prove so satisfactory “from the 
standpoint of the practical engineer ”’ as from that 
of the less expert reader, whose object it is to 
obtain a general acquaintance with the subjects 
described. 


Lehrbuch des Maschinenbaues. Edited by Essretuory, 
Vol. II. Elektrischemaschinen. Wasserkraftmaschinen. 
Hel hinen. B hinen. Bearbeitungsmaschinen, 
Written by R. BackMann and Others. 4th Edition, 
1928. Leipzig: Wilhelm Engelmann. [Price 24-5 
marks. ] 

Tuts is a text-book on Mechanical Engineering, 

intended not only for the use of students, but also 

for draughtsmen and designers. It is published 
in two volumes, of which the second, now before us, 
comprises five distinct sections, devoted respectively 
to: (1) electrical machinery ; (2) hydraulic machi- 
nery; (3) lifting machinery; (4) building machi- 
nery ; and (5) machine tools. The book is one of 

a self-contained type which has become very popular 

in Germany. It is large and heavy, measuring 

7 in. by 104 in., and weighing 4 lb., which seems 

likely to render it rather clumsy and inconvenient 

for the drawing office table. As the contents are 
so diverse it is questionable if it would not have 
been far handier if published in five separate 
parts. ‘Section (4) on building machinery, which 
deals with dredging, excavating, pile driving, and 

concrete mixing, seems rather out of place in a 

treatise on Mechanical Engineering, but presumably 

it has been included as an adjunct in the design 

of hydraulic installations, dealt with in section (2). 

Otherwise, the various sections are well compiled 

and contain matter which is likely to be directly 

useful in actual practice. In each case, the treat- 
ment is worked out from first principles, little or no 
previous knowledge of the subject being assumed. 

This is notably the case in section (1) on electrical 

machinery, some acquaintance with which is now 

recognised as necessary to the mechanical! engineer. 

It must be admitted that this desideratum has been 

met in a very satisfactory manner. Hydraulic 

machinery has been treated on similar lines in 
section (2), which includes a number of modern 

examples of the various types of turbines, &c. 

with the necessary calculations completely worked 

out. It is to be regretted that this subject has 
been much neglected by the young engineer in this 
country. Although the opportunities for its appli- 
cation are no doubt somewhat rare at home, there 
is no reason why we should not obtain a fair share 











of such work for the colonies and abroad. The 
section on machine tools is of a more elementary 
character, and is almost entirely confined to descrip- 
tion, no attempt being made to investigate details 
of construction or the principles of design. Each 
section is the work of one or more authors who are 
acknowledged experts in the branch with which 
they deal. Throughout the book, the illustrations, 
which number 2,000, are excellent, the line diagrams 
especially being commendably clear. The young 
engineer will undoubtedly find much that is useful 
to him in this book. 








Market For Cycigs In Damascus.—The Department 
of Overseas. Trade, 35, Old Queen-street, London, 
S.W.1, has prepared, from information furnished by = 
Majesty‘s Consul at Damascus, a short confidentis 
report on the market for cycles in that district, and hav 
issued it to firms whose names are entered on the Depart- 
ment’s special register. United Kingdom firms, desirous 
of receiving a copy, should communicate with the a 0 
ment at the above address, quoting reference num 
A.X. 7047. 
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THE GOVAN REFUSE DESTRUCTOR PLANT OF THE GLASGOW CORPORATION. 
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THE GOVAN REFUSE POWER PLANT. | The method of starting the equipment is as follows : 
Cadi 0 : A selection of conveyors, which it is desired to run, is 
(Continued from page 580.) first made by means of the rotary selector switches 
THE system by which the motors driving the various | visible at the top of the master control pillar in Fig. 21, 
conveyors and the plant in the screen-house is con- | and at H;S to H4S in Fig.17. This selection includes 
trolled, comprises some interesting features. It is one shuttle band conveyor, one wing conveyor and, in 
arranged so that it can be stopped immediately from | certain cases, one extension conveyor in the incinerator 
certain strategic positions, or it can be shut down in| house. When the selection has been made, the operator 
Sequence so as to avoid leaving the belts loaded. The | on the shuttle band conveyor selected starts his machine 
electrical connections of the arrangement employed | by means of the master reversing switch H,, provided 
are indicated diagrammatically in Fig. 17, above.| thereon. The remaining conveyors are then started 
Without tracing out the circuits in detail, it may be in succession from the incinerator house control point. 
stated that all the units are interlocked through a| A master-controller of the drum type, which is pro- 
control circuit, so that no running conveyor can feed on | vided with a slow-wind handle is used for this purpose. 
to one that is stationary. Further, should the motor | This master-controller is indicated in the diagram Fig. 
driving any machine be overloaded or stop for any | 17, where it is marked MC. 
other reason, all the plant feeding that machine will| When all the conveyors, controlled from this point, 
immediately stop automatically. Two main control | are running, a relay, SR, renders the screen house con- 
Points are provided, one in the south tower of the | trol gear alive and a pilot lamp situated in the screen 
imeinerator-liouse, from which all the motors in that | house informs the operator there that the gear under 
ue are operated, and the other in the screen-house, | his control is ready for use. The screen house operator 
The hea rols all the motors which are there installed. | then makes a similar selection of pulveriser, screen and 
ike “id automatic interlocked controllers, which, | apron conveyors, and starts the motors driving them 
“te e — of the control equipment, were supplied by | by operating the second master controller MC. As 
the pot a trie Control, Limited, of Glasgow, are of | soon as the apron conveyor is started, the refuse begins 
ob ; ally enclosed unit type and are built up, with to move and is caried through the various routes to 
us-bars and feeder switches, into appropriate groups. | the shuttle conveyor, as already described. 
oe ach unit comprises a triple-pole contactor; Under normal conditions, the equipment is stopped 
. Witching the motor direct on to the mains, a| by pressing a sequence stop button. One of these is 
ee-phase overload release with adjustable time-lag, | provided both in the screen house and in the incinera- 





and a main isolating switch. Fig. 18 shows a typical! tor house. These buttons operate the relays PBR, 


= = unit of this kind, and Fig. 22, on page 652, | Fig. 17, which cause, first the screen house master- 
€ pa 


nels for a shuttle band and wing conveyor. | controller, and then the incinerator house master- 





























Fie. 18. Automatic INTERLOCKED ConTROL UNIT. 


controller to wind back automatically to their “ off” 
positions. The various motors, from that driving the 
apron conveyor to that driving the wing conveyor, are 
therefore stopped in succession, the shuttle band 
conveyor motor being stopped by its operator. 
This arrangement obviously allows each conveyor 
to be cleared of material before it is stopped. On the 
other hand, in case of emergency, it is possible to stop 
the whole plant immediately by pressing a special 
emergency stop button, one of which is provided at 
intervals of a few feet all round the plant. Should 
the alternating current supply fail, the whole plant is 
shut down simultaneously in a similar way. 

Generally, it may be said that the interlocking gear 
provides completely against incorrect operation of the 
chute valves and conveyors, and prevents any damage 
that might occur from the plant being started up in 
incorrect sequence. To indicate how this gear works, 
it will be sufficient to refer to the motors operating the 
shuttle band conveyors, the circuits of which are indi- 
cated at Hy, Ho, Hg and Hy in Fig. 17. These motors, 
as already stated, are reversible, and to prevent shock 
to the gearing, it is necessary to pause when the “off” 
position of the master-controller is reached during re- 
versal. The momentary stoppage of the H motors, 
which thus occurs, must not, however, stop the motors 
behind them, otherwise the conveyors concerned would 
also stop. A time relay is therefore provided, which is 
energised as soon as any of the H motors stop, but only 
comes into operation after a definite time has elapsed. 
If, therefore, the attendant allows an H motor to remain 
stationary for a period in excess of the prescribed limit, 
the relay operates and the whole plant is shut down. On 
the other hand, if any H motor is started or re-started 
within that limit, the relay is re-set and the plant con- 
tinues to run undisturbed. 

Another feature worthy of mention is the inter- 
locking of the magnetic separators in the screen house. 
These separators are fed from a separate direct-current 
supply, and, as already explained, are interposed 
between the apron conveyors and the screens. Should 
the direct-current supply fail, the separators become 
inoperative, and it is therefore necessary to prevent 
further material from coming forward from the apron 
conveyors. This is effected by energising contactor 
coils in the circuit of the motor driving this conveyor, 
from the same direct-current supply as the separators. 
The apron conveyors will therefore stop when the 
direct-current supply fails (though the rest of the plant 
will continue to run), and will restart automatically 
when the supply is resumed. The control is arranged 
so that it is possible to change over from one conveyor- 
pulveriser group to another without stopping the 
plant. Further, by running the two pulverisers which 





feed the same main conveyors, all the conveyors and 
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pressure is 200 Ib. } 20 
is fitted with an integral superheater, the final steam 
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bove, and a view | 


The | 


on page 652. 
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sections being given in Figs. 23 to 2 
on the firing floor level in Fig. 19, 





three-phase overload release and 
the push-button control of such 


triple-pole contactor, 
isolating switch, for 


| 


it will be clear from the above 


description that the whole of this plant only requires 
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THE GOVAN REFUSE DESTRUCTOR PLANT OF THE GLASGOW CORPORATION. 


CONSTRUCTED BY MESSRS. HEENAN AND FROUDE, LIMITED, ENGINEERS, WORCESTER. 











Fig. 27. 
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temperature being 638 deg. F. All the boilers are 
equipped with destructor grates, while in addition 
three of the Babcock boilers and one of the Vickers- 
Spearing boilers are fitted with auxiliary grates, so that 
coal firing can be used. Each boiler isin its own setting, 
and there is ample room for operation and inspection 
onall sides. Feed water is supplied by two electrically- 
driven Harland Spiro-glide five-stage centrifugal 
pumps, each with an output of 333 gallons per minute 
against a 600-ft. head and one turbo-feed pump 
with an output of 333 gallons per minute against 
a pressure of 250 lb. per square inch. The latter 
exhausts to a nozzle heater in the hotwell tank. 

The general design of the grates used for dealing 
with the refuse will be clear from Figs. 23 to 26, 
but it may be added that these were specially designed 
to minimise manual labour and loss of temperature 
by the inrush of cold air. On the ordinary type of 
destructor, as is well known, the temperature is often 
seriously reduced during the clinkering and firing 
operations owing to the fact that tne doors have to 
remain open for a long time, thus lowering the 
efficiency and reducing the rate of burning and steam- 
raising capacity. The grate used on this installation, 
it is claimed, overcomes these drawbacks as clinkering 
only takes.about a minute, while at the same time 
the work is carried on under more hygienic con- 
ditions. As will be seen from Fig. 27, the storage 
hoppers are located immediately above the furnaces, 
so that no manual labour is required for feeding the 
cells, this process being carried out automatically 
by moving the hydraulically-operated top feed doors. 
The satisfactory operation of this device depends on 
the consistency of the refuse being uniform, a condition 
which also improves the combustion, and makes it 
possible to maintain more regular fires without the 
blowholes being formed. With most destructors it is 
difficult to maintain this condition when bulky material, 
such as paper and rags, is fed in in the raw state. In 
the present case consistency is obtained as the result 
of the screening and pulverising processes, which have 
already been described. The furnaces are divided into 
eight units, each consisting of five cells, a total of 
40 cells in all. Figs. 23 and 24 show one of the 
boilers on two different sections, while Figs. 25 
and 26, which are sections at right angles to the 
others, show the flue connection to the chimney and 
the grate. 

The grate consists of cast-iron fire bars carried 
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in frames of the same material, these frames being 
mounted on wheels, which run on rails forming part 
of the furnace structure. The frames are arranged 
to travel backwards and forwards, the necessary 
movement being imparted to them by double-acting 
hydraulic rams. These arrangements can be seen in 
Figs. 26 and 27. At the back of each cell and above 
the level of the grate bars is a fixed cast-iron bar, 
which pushes the clinker off during the movement 
of the grate and causes it to fall on to an auxiliary 
grate at a lower level. As the top grate moves forward 
again, hanging scrapers pass over the clinker on the 
lower grate without disturbing it, and fall into an 
approximately vertical position as the grate completes 
its forward travel. A scraper can be seen in Fig. 26. 
During the next clinkering operation these scrapers 
engage with the clinker on the lower grate and drag 
it forward, so that it is discharged down the chute 
at the rear into the clinker skips. 

The hot clinker from a previous clinkering operation 
therefore lies on the lower grate during the whole of 
the subsequent burning period, the forced draught 
air for combustion being passed through it and heated, 
while at the same time the clinker is cooled, an arrange- 
ment which allows most of the heat in the latter 
to be recovered. A chute below the lower grate collects 
any dust which falls through the bars. The clinker 
is discharged into skips running on a narrow gauge 
track, shown in Fig. 27. These skips are hauled by a 
battery locomotive to a quenching pit, from which the 
clinker is removed by an overhead telpher and grab to 
the clinker plant, the position of which will be clear 
from Figs. 1 and 2 (page 578 ante). 

The same locomotives are used for transporting 
the dust, which is carried over from the furnaces, along 
the galleries, to the sunken area at the south end of 
the incinerator house alongside the railway siding. 
The skips, in which this dust is collected, have bottom 
discharge doors, and deliver their contents into a pit, 
whence it is carried by a vertical belt and bucket 
conveyor into a hopper, and loaded into railway 
wagons. This elevator is 48 ft. long and runs at 250 ft. 
per minute. The buckets on it are 8 in. wide, and 
are bolted to a 10-in. belt. It is driven by a 250-volt 
direct-current motor, so that being on the stand-by 
supply it can be operated at week-ends. The hopper 
is totally enclosed, and has a capacity of 40 tons of flue 


dust. 
(To be continued.) 
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THE SOCIETY OF GLASS TECH- 
NOLOGY. 


At the meeting of the Society of Glass Technology 
held in Bournemouth on Friday, September 21, 1928, 
the following two papers were presented. 

The Value of the Expansion Factor of Aluminium 
Oxide in Glass, by I. Kitaigorodsky and 8S. Rodin. 
This paper stated that the thermal expansion coefficient 
of glass depended upon its composition, and rose with 
the increase in the percentage of alkali and lime, and 
fell as the content of alumina and silica increased. 
In calculations of the theoretical thermal expansion 
coefficient of glass, the value of the factor for alumina 
must be taken as 0-52, as previously determined by 
S. English and W. E. 8S. Turner, and not as 0-5, the 
value given by Winkelmann and Schott. 

A Study of the Ultra Violet Light Transmission of 
Glass, by D. Starkie, M.Sc., and Professor W. E. S. 
Turner. In the work on which this paper was based 
photographs of the light transmitted by seven com- 
mercial ultra-violet glasses were obtained. They 
were corex, vita-, sanalux, holvi-, helio-, quartz- 
lite, and uviol glasses. The percentage transmission 
at each point of the spectrum for these seven glasses 
was also determined, a platinum wedge photometer 
being used. Transmission curves extending from a 
wave-length of 7,000 A to 2,000 A were shown, and 
a table showing the percentage of the solar ultra- 
violet rays cut off by ordinary glass, transmitted by 
each glass. The transmission was roughly proportional 
to the iron content. The amount of ferrous iron was 
roughly 30 per cent. of the total iron. 

The second part of the paper described the results of 
measurements of transmission of a series of specially 
prepared soda-lime glasses. The parent glass was 
75 per cent. SiO, 10 per cent. CaO, and 15 per cent. 
Na,0, and ferric oxide was added in increasing amounts 
as the series progressed. The glasses were prepared 
in platinum in an electric furnace. The platinum 
content, which had a marked effect on the trans- 
mission, was reduced as far as possible by sintering. 
As the iron content increased, the limit of transmission 
in the ultra violet moved progressively towards higher 
wave-lengths. Plotting iron content against wave- 
length limit yielded a smooth curve, from which it 
could be deduced, that a glass perfectly free from 
iron and platinum would have a limit of 2,200 
approximately. 
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VERTICAL-PICK COAL BREAKER; CARDIFF ENGINEERING EXHIBITION. 


MESSRS. NORTONS (TIVIDALE) LIMITED, ENGINEERS, TIPTON. 
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THE CARDIFF ENGINEERING | 
EXHIBITION. | 


THE exhibition organised by The South Wales | 
Institute of Engineers and known as the Cardiff | 
Engineering Exhibition is being held again this | 
year in the Drill Hall, Dumfries-place, Cardiff, 
at a date corresponding closely to that of the 
former exhibitions. Opened on Wednesday of | 
this week, it will remain open until Saturday, 
December 1. There is much to be said for a small 
exhibition held regularly in one City, for, quite | 
apart from the opportunity it offers to manu- | 
facturers to introduce new inventions or designs, or | 
to demonstrate the improvements they have made | 
in their old ones, it presents an occasion on which | 
men at the head of affairs, otherwise unlikely to 
get“together, may meet and discuss their problems. 
Again, apart from this assembling of men who con- | 
trol the local industries in various capacities, the | 
exhibition offers educational facilities to the other | 
ranks of men in those industries, and enables | 
them ‘to keep abreast with what is being done in | 
their own particular calling. Further, in a small | 
periodic exhibition exhibitors may vary the material | 
they show, and, in consequence, the display does | 
not become stereotyped. We have, in previous | 
years, found a wide variety and. some new names, | 
a condition which is reproduced in the current 
exhibition. 

Without further introduction we may at once 
proceed to a description of some of the exhibits, 
and may begin with a reference to the vertical-pick 
coal breaker shown by Messrs. Nortons (Tividale), | 
Ltd., Hecla Works, Tipton. This machine attracted 
much attention at last year’s exhibition. Since 
then, however, the design has been improved in 
several important particulars, and we illustrate the 
new model in Figs. 1 to 3, above. The prin- 
ciple of breaking the coal by the vertical descent 
of a number of picks ‘s retained, but the pre- 
liminary picks for dealing with the large lumps, 
and the sizing picks, in tne machine shown, all rise 
and fall at the same time. The method by which 
this is accomplished is clear in Fig. 2, the pick 
frame being carried at the end of a simple lever. 
The bed is formed of a plate-link conveyor carried 
on hexagonal rollers at each end and supported, 
immediately underneath the picks, by a table sus- 
pended on long helical springs. The aged 





motion of the conveyor is intermittent, so that the 
coal is stationary whilst being broken. This inter- 
mittent motion is given by a friction clutch arranged 
somewhat like a band brake and actuated by a 
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lever and variable crank. Its action, which is 
that of a ratchet but which is quite silent, will be 
easily grasped from the figures. As shown in 
Fig. 3, there are two flywheels, one of the spoke 
type, the other solid with a heavy rim. This latter 
wheel is used as a driving pulley and runs loose on 
the crankshaft on roller bearings, but can be rigidly 
coupled to it by the friction clutch seen in Fig. 1. 
As both cranks are in line, the machine always stops 
with the picks at the bottom of the stroke, which 
involves the overcoming of considerable inertia in 
lifting them. The machine is therefore started 
by running the heavy flywheel loose on the shaft, 
and then, when the necessary amount of energy 
has been stored up in it, coupling it to the crank- 





shaft. A hopper is provided at the front of the 
machine to guide the coal on to the conveyor. 
Messrs. The Lea Recorder Company, Limited, of 
28, Deansgate, Manchester, show, amongst an inter- 
esting collection of their well-known measuring and 
recording apparatus, a novel development of the Lea 
coal meter. The example exhibited is fitted with 
an indicator for showing the rate of flow of the fuel 
into a boiler furnace on a chain-grate stoker, and is 
illustrated in Figs. 4 to 10, on page 645. The utility of 
the instrument is evident. The provision of an indi- 
cator showing at any moment the rate at which coal 
is being burned makes it possible, in conjunction with 
the CO, recorder, the steam meter, draught gauge, 
&c., to keep the boiler in precise continuous control, 
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COAL METER WITH FLOW INDICATOR; CARDIFF ENGINEERING EXHIBITION. 


CONSTRUCTED BY MESSRS. THE LEA RECORDER COMPANY, LIMITED, ENGINEERS, 
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even when, as is now commonly the case, the stoker 
18 provided with gearing enabling it to be run at 
Several different speeds. The Harrington chain 
grate stoker shown in Figs. 8 to 10, may be worked 
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at one of eight speeds, and the meter, seen on the 
right hand of Fig. 9, has an octagonal drum, each 
side of which carries a calibrated scale corresponding 
to one of these speeds. This is set by hand to ex- 
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hibit the appropriate scale in the window of the 
cover of the instrument. The operating gear 
consists of a steel cable attached, as shown in Fig. 8, 
to the fire door, the vertical movement of which, as 
the coal passes underneath it, is transmitted to the 
instrument. 

The instrument itself is shown in detail in Figs. 4 
to 6, while Fig. 7 reproduces a photograph of it with 
the protecting cover removed. The lower part of the 
instrument contains, it will be understood, the normal 
mechanism of the Lea coal meter with its counting 
dials for recording the total amount of coal passed 
over the grate up to the moment of reading. Above, 
and to the right of this, is the additional mechanism 
to indicate the rate of flow. The toothed drums of 
the recording apparatus are driven from the stoker 
in the usual way, and the travelling pinion which 
gears with them derives its motion from the steel 
cable connected with the fire door. This cable is led 
into the instrument over a pulley at the side, asshown 
in Fig. 6, and terminates in a chain coiled round 
a sprocket wheel. The sprocket wheel is mounted 
on a spindle which carries a smaller sprocket, a 
pinion gearing with a rack on the recording gear 
spindle, and a double-grooved pulley. The small 
sprocket is connected by a chain to a spiral spring 
which takes up any play, &c. The connection of 
the rack with the travelling pinion of the recording 
gear will be clear from Fig. 4. The double-grooved 
pulley actuates, by means of bronze cable, an indi- 
cating finger which travels in front of the visible 
scale of the octagonal drum. One end of the cable 
is coiled round the inner groove of the pulley and 
fastened there, while the other end is attached to the 
outer groove. It is led in a direction parallel to the 
octagonal drum by three small guide pulleys. This 
arrangement is well shown in Fig. 4. The vertical 
motion of the fire door is thus converted into the 
reciprocating motion of the indicator finger and that 
of the travelling pinion on the toothed drums, and 
the rate of flow, as well as the total consumption, 
are thus constantly visible on the instrument. 

Another boiler exhibit is shown by Messrs. Edward 
Bennis and Company, Limited, of Little Hulton, 
Bolton, and consists of actual boiler-firing plant in 
motion. Two of the exhibits are of mechanical 
stokers, one for a water-tube boiler and one for a 
Lancashire, or other internally-fired boiler. The 
first of these is a chain-grate stoker of the cellular 
compartmental type, and the second is of the 
sprinkling type. Both the grates were described 
and illustrated in detail in ENGINEERING, vol. cxx, 
page 701, to which description reference should be 





made for further information. 
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EXHIBITS AT THE CARDIFF ENGINEERING EXHIBITION. 





























Fig. 11. Hanp-Oprratep RatL- AND PieE-BENDING MacHINE; Messrs. BocHUMER Fie. 12. CompressED-AIR OPERATED RaIL- AND Pirk- 
EISENHUTTE HEINTZMANN AND COMPANY. BENDING MacurnE; Messrs. BocHuUMER EISENHUTTE 
HEINTZMANN AND COMPANY. 
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Figs. 13 To 15. TRAVELLING PULLEY BLock For SuiIps’ EnaingE Rooms; Messrs. THE UNI- 
VERSAL SysteEM oF MacuInE MouLpING AND MAcHINERY Company, LIMITED. 


Portable rail- and pipe-bending machines are | similar to that of plate-bending rolls. In machines 
exhibited by Messrs. Bochumer Eisenhiitte Heintz- | having fixed opposing points there is a tendency to 
mann and Company, of Bochum, Germany, for which | form sharp bends, which are difficult to work into a 
firm Mr. J. E. Burnell, of Llanelly, is the agent. They | smooth curve. The grooved rollers on top of the 
are mounted on trolleys suitable for gauges of 18 in., | vertical spindles in both figures are used for bending 
24 in., or 36 in., or as required, and are made in| pipes. The rail or pipe to be bent can be inserted 
two types, for operation by hand and by compressed | vertically ; that is, it does not require to be threaded | 
air, respectively. A cardinal feature of the machines | through the machine. The smallest of the stan- | 
is the substitution of revolving rollers for the} dard patterns will bend horizontally ordinary flat- 
fixed supports which are commonly found in three- | bottomed rails of a section up to 36 Ib. per yard, and 
point bending machines. Fig. 11 shows the larger | vertically—that is, in the plane of the centre web, | Limited, of 13-15, Wilson-street, London, E.C.2, 
of the two hand-operated patterns, and Fig. 12 the | rails up to 20 Ib. per yard. Pipes up to an internal | are shown, for the first time at Cardiff, a number 
machine driven by compressed air, and, in both | diameter of 2 in., and of normal thickness, can be | of different types of the Exo pulley blocks and run- 
figures, it will be seex that the two opposing rollers | bent to a minimum radius of 3 ft. 2 in. The| ways. These blocks are made of steel throughout, 
are driven by toothed gearing. This is machine cut, | larger hand-operated size and the compressed-air-| with case-hardened triple gears, the construction 
and is actuated, in the machine shown in Fig. 11, | driven machine will bend rails in their horizontal | resulting in exceptionally light weight for the lifting 
by hand levers, and in that shown in Fig. 12 by | plane up to a weight of 67 lb. per yard. The mini-| capacity. We described the pulley block itself in 
the compressed-air engine, of which the stop valve | mum radius for pipes is 1 ft. 3 in., and for rails, | ENGINKERING, vol. cxxiv, page 323, and therefore 
can be seen near the gearing. The pressure is|2 ft. 4in. The former machine will bend pipes up| pow confine ourselves to an adaptation of it as a 
applied by a centre roller, which is carried in a/to 4in., and the latter up to 5 in. in internal dia- | runway travelling block for marine purposes. This 
frame moved by a screw with a ratchet handle.| meter. The machines work equally effectively in | is illustrated in Figs. 13to 15. As will be seen from 
The roller runs on ball and roller bearings. straightening rails as in bending them, and for the | the figures, the headroom required is very small, 

The method of operation is to traverse the rail or former purpose can often be used to reclaim dis- | being scarcely more, in fact, than that required for 
pipe whilst bending by the rotation of the opposing | carded rails with resultant economy. All the work- | the joist or T-bar carrying the block. For a }-ton 
rollers. This has the effect of increasing the area | ing parts are lubricated from above the table. | block it is stated that the saving ip headroom 
over which the pressure is applied, and the rail is! On the stand of Messrs. The Universal System | over ordinary blocks is 10} in., while with a 2-ton 
thus bent evenly and gradually, the action being | of Machine Moulding and Machinery Company, | block it is 20} in. The block can be locked and 











Fie. 16. INDICATING AND REcoRDING METER; 
Messrs. GEoRGE Kent, Liwitep. 
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EXHIBITS AT THE CARDIFF ENGINEERING EXHIBITION. 
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Fic. 19. 600-Kyv.-A. TRANSFORMER; Megssrs. 
YoRKSHTRE ELECTRIC TRANSFORMER Company, 
LIMITED. 


held in a stationary position at any part of the girder 
by means of a spring brake on each side, and possible 
damage from movement of the ship when the block 
is loose is prevented by two steel shock bands or 
buffers. A novel point in construction is the suspen- 
sion of the block from the travelling carriage so that 
itis possible to operate it when it is lying as much as 
45 deg. from the perpendicular or either side of the 
girder centre line. This feature is well shown in 
Figs. 14 and 15. 

Of the stands displaying measuring apparatus, 
that of Messrs. George Kent, Limited, of Luton, has 
awide variety, meters for steam, water, gas, and com- 
pressed and low-pressure air being shown in several 
types of each class. We illustrate, in Fig. 16, 
page 646, one of the exhibits, which is noteworthy 
88 possessing, in addition to the ordinary recording 
diagram of steam or water flow, a counter of the disc 
and wheel type from which the aggregate fluid passed 


PoRTABLE MINE SWITCHGEAR; MEssRs. 


A. REYROLLE AND Company, Ltp. 


can be ascertained on inspection. 
The integrating mechanism is actu- 
ated from a lever carrying a disc 
floating upon mercury which is 
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contained in two separate chambers 
with a curved connecting pipe 
between them and fitted with non- 
return overload valves. Movement 
of the float occurs when the mercury 
surface is displaced due to the differ- 
ential pressure set up in the two chambers by a 
Venturi pipe or orifice in the fluid to be measured. 
The differential pressure is proportional to the square 
of the flow through the pipe line concerned. The 
handles of the cocks of the connecting pipes are seen, 
in Fig. 16, lying horizontally right and left of the 
counter dial; the vertical handle operates a cock 
between the two pipes, which is used to equalise 
the pressure in the two chambers for adjusting 
purposes. 

Interesting examples of metal-clad switchgear are 
shown by Messrs. A. Reyrolle and Company, Limited, 
of Hebburn-on-Tyne, who, for upwards of twenty 
years, have carried on the manufacture of mining 
switchgear with flame-proof joints. From the ex- 
amples, both for mining and industrial work, which 
they are exhibiting we select two for description. The 
first of these is illustrated in Fig. 17, and shows a com- 
pact portable distributing switchgear. Three 60-am- 
pere units in earthed metal flame-proof enclosures are 
mounted on skids. Larger units or a greater number 
can be treated in the same manner, or a single unit 
so mounted can be used as a gate-end switch. A 
standard plug is fitted on each unit for trailing 
cables, and the cable-box at the left hand of the 
figure is easily detachable so that cable rejointing 
is rendered unnecessary when the switchgear is 
moved to a new position. An interlock between 
the circuit-breaker and the plug in each unit is pro- 
vided as a safety precaution. 

In Fig. 18 is shown an example of a heavy duty 
plug combined with a three-pole switch. It is rated 
at 100 amperes, 660 volts ; the case of the switch is 
lined with fireproof material. The plug is shown 
separate from the socket, and is mechanically 
interlocked with the switch so that correct operation 
isensured. A fuse may be added, if required, but the 
construction as it stands, with watertight enclosure 
and provision for earthing, makes for safety in use as 
well as durability. 

In view of the increase in electrical power distri- 
bution from high-pressure mains, the exhibits of 
Messrs. Yorkshire Electric Transformer Company, 
Limited, of Thornhill, Dewsbury, is of considerable 
interest. This firm is showing several types of 
trifurcating boxes and sealing bells, in addition to 
two examples of transformers. The first of these is 
a 500 kv.-a. indoor type transformer and is illus- 
trated in Fig. 19; the second is a 25 kv.-a. pole-type 
transformer with petticoat insulators on the extra- 


Fic. 18. Switrcw ann Pirua Box; Mxssrs. 
A. REYROLLE AND Company, LIMITED. 
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Fie. 20. Fry’s 
Dritt CuHuck. 


first, it may be stated that the cores are built from 
selected Stalloy stampings which are interleaved 
and assembled on the key principle. The high-ten- 
sion windings consist of section coils wound with 
high-conductivity copper strip, the end turns being 
reinforced. A special device is used to locate the 
spacing blocks to ensure free circulation of oil and 
the elimination of hot spots. The windings are 
held in position by an insulated clamping ring 
and screws with a locking key. These screws are 
accessible at the oil level, so that adjustments may 
be made without lifting the cores from the tanks. 
The low-tension windings comprise a number of 
copper strips in parallel with suitable reinforced 
insulation. The tappings are taken from the centre 
of each limb and are carried to a bakelite terminal 
board, situated just below the oil level by means 
of a heavy copper rod encased in a bakelite tube 
and securely clamped. The tap-changing arrange- 
ment consists of a swinging link, so located that it 
is impossible to remove either the link or the lock- 
nuts. 

The tank is of heavy steel boiler plate, and the 
circulating tubes are first expanded and then 
welded in electrically. Ample bracing is provided. 
The terminals consist of sunk-type sockets encased 
in the best English porcelain. A drain valve, oil 
gauge, thermometer pocket, and lifting lugs, all of 
a substantial character, form part of the standard 
equipment. The 25 kv.-a. pole-type transformer 
conforms in general to the description given above. 
The high-tension windings are, however, cross-over 
coils with a unique feature in the use of special 
twine, wound in parallel with the conductor, in the 
end reinforcement. 

Messrs. Fry’s (London), Limited, of 24-26, Water- 
lane, London, E.C.4, show a large number of small 
tools most of which are familiar to the engineer, 
but several of them are new and are worth some 
special notice. The Enox hacksaw for sheet metals, 
which we described in ENGINEERING, vol. cxxv, 
page 368, is developed in two directions. One 
pattern consists of two parallel saw blades bolted 
to the frame, one on each side and separated from 
it by washers, so that two parallel cuts may be 
made at any desired distance apart, according to 
the thickness of the washers selected. This saw 
is intended for electricians, and is designed to cut a 
channel in the plaster of a room where wires are to 
be run in wooden casings recessed into the wall. The 





high-tension side and tails on the low-tension side. 








Dealing with the 500 kv.-a., 11,000-volt transformer | 


other pattern is that of a ring saw forming a trepan- 
ning tool. The saw blade is curved into a circular 
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holder to the diameter required, the holder being 
secured to a twist drill, projecting well beyond the 
saw teeth, by a set screw. The whole is operated 
by an ordinary carpenter’s brace, with which it is 
possible to cut a hole 1} in. in diameter through a 
sheet } in. thick in less than five minutes, or one 
2 in. in diameter through +,-in. boiler plate in less 
than twenty minutes when lubricant is used. This 
tool is intended for cutting holes in tanks, sheets, 
&c., in such isolated positions as are met with by 
gas and hot-water engineers. 

Another small tool, illustrated in Fig. 20, on 
page 647, is shown by Messrs. Fry’s. This is 
known as the Stick-to drill chuck, and it is de- 
signed to hold twist drills from about } in. to 
in. in diameter, in such a manner that only 
a little more of the drill than is required by the 
depth of the hole projects from the chuck. It 
is claimed that this method prevents the bending 
and occasional breakage of the smaller diameters 
of drills which, in the normal socket, are usually held 
by the shank only, the fluted portion being left 
unsupported. In this chuck the drill is, or may be, 
depending on the depth of hole, gripped on the 
fluted portion by the long slotted sleeve quite as 
securely as on the shank. This sleeve, which is 
compressed by the wedging action of conical surfaces 
at both ends when the long nut of the chuck is 
screwed up, is very flexible in a radial direction, as 
it is relatively long and has deep slots cut alter- 
nately from both ends. The drill is self-centring, 
and, owing to the fact that such a short length pro- 
jects, is very rigid and free from vibration. The chuck 
is made for Morse taper or parallel-shank drills. 

As examples of a type of publicity which is 
becoming more common, we may refer to the 
cinematograph films shown by Messrs. Babcock 
and Wilcox, Limited, of Farringdon-street, London, 
E.C., and by Messrs. W. B. Dick and Company, of 26, 
Grosvenor-gardens, London, 8.W.1!. Messrs. Bab- 
cock’s film shows the course of the water, steam, 
fuel, and hot gases in a Babcock boiler, and then 
illustrates the general manufacture and erection of 
the boiler. In Messrs. Dick’s film, details of the 
manufacture and testing of lubricating oils are 
shown. Each firm also shows examples of their 
specialities. 

Messrs. Alfred Herbert, Limited, of Coventry, 
are displaying an example of their Atritor coal- 
drying, pulverising and firing machine, which has 
already been dealt with more than once in our 
columns. 

An exhibit that has created considerable interest 
is that of Messrs, Sika-Francois, Limited, of 39, Vic- 
toria-street, London, S.W.1. On the firm’s stand a 
demonstration is given of the effect of coating a 
porous wall through which water is running with 
cement mixed with Sika. While the water is coming 
through in fairly large quantity, but over a large 
area, the prepared cement is applied and sets hard 
in 15 to 20 sec., adhering to the wall and holding 
the water back. Another demonstration exhibits a 
jet of water coming through at the rate of 25 gals. 
a minute, and it is shown that the leak can be 
promptly sealed with Sika and ordinary Portland 
cement. The normal Sika is used for waterproofing 
either new concrete or existing work, and is there- 
fore of primary interest to the structural engineer, 


but the properties of the special Sika are of parti- | 


cular special interest to mining engineers and those 
whose work lies in areas where either a seepage or 
inrush of water is liable to occur. 


(To be continued.) 





Tue Late Mr. A. Eaptr.—-We regret to record the 
death of Mr. Andrew Eadie, chairman of the Scottish 
Tube Company, Limited, 34, Robertson-street, Glasgow, 
which occurred at “ Inverallan,’’ Pollokshields, on 
November 11, when he was in his 75th year. Mr. Eadie 
was formerly principal partner of the firm of Messrs. 
James Eadie and Sons, Clydesdale Tube Works, Ruther- 
glen, which firm was the first to manufacture gas tubes 
in Scotland, having been founded in 1832. In this 
capacity, Mr. Eadie personally identified himself with the 
development of iron boiler tubes, particularly for use in 
marine boilers,.and of loose-flange tubes and joints for 
colliery purposes. When the above firm was incorporated 
in the Scottish Tube Company, Limited, Mr. Eadie 
became vice-chairman, finally being appointed chairman 
and managing director in 1924, on the death of Sir 
Thomas Mason. He was at business only two days 
before his death. 


LABOUR NOTES. 


In the latest issue of the Monthly Trade Report of 
the United Pattern Makers’ Association, Mr. Findlay, 
the General Secretary, directs attention to the fact 
that organising district secretaries are stressing the 
necessity of members in work suggesting to the fore- 
men in their shops the desirability of starting more 
men rather than keeping their regular hands working 
overtime. It will also be helpful, he thinks, if secre- 
taries keep lists of members, with their addresses and 
the kind of work they are used to, so that men can 
be supplied at a moment’s notice. . “‘ If we do, as we 
can,’ Mr. Findlay says, ‘“ prove ourselves capable of 
supplying quickly efficient, serviceable craftsmen of 
good character, and by our policy ensure satisfaction 
to employers, Employment Exchanges and Labour 
managers, I am sure they will find it to their advantage, 
no less than to ours, to co-operate to the fullest extent. 
Co-operation in this way will breed a fuller and freer 
recognition of the increasing possibilities of the workers’ 
contribution to the industry. In view of the increase 
in our unemployed list this month, and the rather 
unhopeful signs ahead, it becomes more than ever 
our duty to do all that lies in our power to help those 
less favourably placed than ourselves.” The total 
number of men on the books is returned as 839, and 
the total membership as 10,998. 





Mr. Wardale, the General President of the United 
Pattern Makers’ Association, says, in his monthly 
contribution to the organisation’s latest official Report, 
that he does not see how rationalisation can help the 
patternmaker. One of the Turner-Melchett proposals 
reads, he points out, as follows :—“ At facilitating by a 
reduction in the variety of patterns (where such variety 
offers no obvious advantage) a reduction of design, 
manufacture, use and replacement of standardised 
parts.”” How, he asks, can a reduction in the variety 
of patterns and designs and a greater use of standardised 
parts help to improve the position of pattern-makers ? 
‘**Can our Falkirk members,” he proceeds, ‘‘ and those 
engaged in the light castings trade, show me how a 
reduction in design will improve their condition ? 
And will our members engaged in the motor car indus- 
try tell me, after a little reflection, that it is to their 
benefit to reduce the variety of patterns of, for instance, 
the 7-h.p. car to one type only; or will our members 
working—or rather those who used to work in our 
shipbuilding areas, tell me the extent of their gain by 
the reduction of the variety of patterns and designs 
of ships and engines to standardised types ? ” 





On November 12, 1928, the number of unemployed 
persons on the registers of Unemployment Exchanges in 
Great Britain was 1,348,200. Of these, 964,800 were 
wholly unemployed, 305,000 were temporarily stopped, 
and 78,400 were persons normally in casual employ- 
ment; 1,059,400 were men, 38,700 boys, 216,200 
women, and 33,900 girls. Of 1,349,776 on the registers 
on November 5, 1928, 953,365 were wholly unemployed, 
318,571 were temporarily stopped, and 77,840 were 
persons normally in casual employment; 1,062,824 
were men, 39,419 boys, 213,334 women, and 34,199 
girls. The number on the registers on November 14, 
1927, was 1,125,735, of whom 897,050 were men, 
32,756 boys, 165,407 women, and 30,522 girls. 





The November issue of the Monthly Journal of the 
American International Association of Machinists, 
contains an interesting article by Mr. D. C. Vandercook, 
entitled ‘The Reappearing Apprentice.” As most 
readers are aware, United States industry has latterly 
largely depended for its supplies of skilled manual 
| workers on this and other European countries. Appren- 
| ticeship had practically ceased, as a matter of fact, 
when the Per Centum Limit Act came into operation 
on June 3, 1921. The new legislation so greatly 





affected the inflow of skilled workers that in the five 
| years 1923-27 there was a total decrease of 42-9 per 
|cent. as compared with the preceding five years, or 
| a net decline, after taking into account a decrease in 
| departures, of 35 per cent. The conclusion to which 
| these figures clearly pointed was that, if nothing was 
| done, American industry would eventually be faced 
| with a shortage of skilled manual labour. Mr. Vander- 
| cook in his article tells what is being done to make 
good the deficiency. In the leading trades in the prin- 
cipal centres lads are now being trained in increasing 
numbers, and no fewer than thirty powerful national 
associations are at work * bringing back the boy who 
wants to learn a trade.” 





According to Mr. Vandercook, all American em- 
ployers are not “ carrying their share of the load of 
training.’ And it is realised that, unless there is whole- 
hearted general co-operation, the movement cannot 
succeed. ‘ When,” a State supervisor of apprentice- 





ship says, “employers spend their own money on 





apprenticeships and feel that they are making a good 
investment; when they co-operate with each other 
and with the State on their initiative to make an 
apprenticeship programme a success ; when they treat 
their apprentices with such fairness that they remain 
throughout the term of training and bring in their 
friends as prospective apprentices, and when the 
vocational school functions in providing the related 
trade knowledge’’ the movement will be justified jn 
claiming that it is progressing. 





An interesting article on the subject of compensation 
for accidents has been contributed by the Bureau of 
Statistics and Information to the Industrial Bulletin, 
published monthly by the Industrial Commissioner 
of New York State. In the course of it, the Bureau 
states that the records of compensated cases show 
strikingly one force that is tending to bring down 
the cost of industrial accidents. There are about 
15 main types of machines that account for more 
than half of the machine accidents in all industries, 
Power presses, power saws, jointers and _ planers, 
abrasive wheels, food chopping machines and the 
like are the instruments that cut off workers’ hands 
and fingers, or cost them the sight of an eye. The 
record of the last few years shows a remarkable 
improvement in the number of accidents charged 
to these machines, while accidents from other causes 
were mounting rapidly. This illustrates, it is claimed, 
both the excellent technical work that has been 
done in inventing and using new safety devices for 
these machines, and the effect of the law in making 
it financially profitable to the employer to find ways 
of reducing his accidents. 





Similar evidence is furnished, the writers say, by 
the analysis of types of injury. The amputation of 
fingers and hands, one of the most expensive and 
most horrible types of accident, is being held in check 
as the number of accidents of other types is rising. 
The saving in money cost to the employer, while 
important, is much less important than the lessened 
suffering for the workers. There has also been a 
decrease of 8 per cent. in infected cases during the 
past year, particularly in infections of the eyes and 
the feet. Since, for one type of accident, handling 
objects, the infected cases averaged 204 dols. and 
the non-infected 86 dols., the saving through control 
of infections is obvious. Among temporary injuries, 
leaving no permanent dismemberment, a similar 
gradual decline in severity is apparent. Three years 
ago the cases averaged 114 dols. apiece. Two years 
ago they averaged 83 dols., and last year there was 
a slight increase to 89 dols. That leaves, however, 
a net saving of 25 dols. a case for about 75,000 cases a 
year. The same causes which are helping to decrease the 
severity of maiming accidents are operating in the case 
of temporary injuries, namely, the steadily increasing 
technical mastery of the types of accident, particularly 
on machines, which cause the most serious injuries. 





According to the Ministry of Labour Gazette, employ- 
ment, on the whole, showed a further decline during 
October. The principal industries in which the rate 
of unemployment increased included coal mining, 
shipbuilding and marine engineering, the building 
trade, public works contracting, brick and tile manu- 
facture, shipping, rail and road transport, hotel and 
boarding house service, and the distributive trades. 
In coal mining, a reduction in the numbers recorded 
as wholly unemployed was more than counterbalanced 
by an increase in the numbers temporarily stopped 
from the service of their employers. On the other 
hand, there was some improvement in a number of 
important industries, including pig-iron manufacture, 
the motor-vehicle industry, the cotton, woollen and 
worsted, linen, hosiery, lace and carpet industries, 
the clothing trades (except hat and cap manufacture), 
the boot and shoe industry, paper making, pottery 
manufacture, and the brush and broom industry. 





Among the workpeople, numbering approximately 
11,880,000, insured against unemployment in Great 
Britain and Northern Ireland, the percentage un- 
employed in all industries taken together was 11-8 on 
October 22, 1928, as compared with 11-4 on September 
24, 1928, and 9-5 on October 24, 1927. The percentage 
wholly unemployed on October 22 was 8-9 as com- 
pared with 8-6 on September 24 ; while the percentage 
temporarily stopped was 2-9, as compared with 2°5. 
The percentages for September have been revised. 





In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes 10 
rates of wages reported to have come into operation 
in October resulted in an increase of 1,125. in the weekly 
full-time wages of nearly 95,000 workpeople, and in & 
reduction of 1,470/. in those of 16,350 workpeople. 
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DEEP SUBMARINE BORINGS IN THE RIVER FORTH. 
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The principal bodies of workpeople whose wages 
were increased were textile bleaching, dyeing, printing, 
&e., operatives in Yorkshire, Lancashire and Scotland, 
who obtained small increases under cost-of-living 
sliding-scale arrangements. The increases amounted 
in Yorkshire to under $ per cent. on current rates, and 
in Lancashire and Scotland to 3d. and 2d. per week in 
the case of men and women, respectively. The 
principal reduction affected commercial road-transport 
workers in the Liverpool district, who sustained a 
decrease of 28. per week. The temporary deduction of 
2} per cent. from gross earnings which was applied 
to most classes of railway workers last August, was 
extended during October to employees of the Metro- 
politan Railway, and to workpeople employed in 
electricity generating stations belonging to the four 
large main line companies. 





During the ten completed months of 1928, the 
changes, reported to the Ministry of Labour, in the 
industries for which statistics are compiled, have 
Tesulted in net increases of 20,6501. in the weekly full- 
time wages of 208,000 workpeople, and in net reductions 
of 169,450/. in those of 1,701,000 workpeople. In 
the corresponding period of 1927 there were net increases 
of 29,7001. in the weekly full-time wages of 275,000 
workpeople, and net reductions of 374,000/. in those of 
I, 734,000 we rkpeople. 





The number of trade disputes involving stoppages 
of work, reported to the Ministry of Labour as beginning 
in October, was 27. In addition, nine disputes which 
began before September were still in progress at the 
beginning of the month. The number of workpeople 
involved in all disputes in October (including work- 
People thrown out of work at the establishments 
where the disputes occurred, but not themselves 
Parties to the disputes) was about 7,000, and the aggre- 
Donnan of all disputes during October was about 
= “y working days. These figures compare with 
an of 10,800 workpeople involved, and 56,000 
105 ing days lost, in the previous month, and with 

‘500 workpeople involved, and 40,000 days lost, in 
27. The aggregate duration of all disputes 
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in progress in the first ten months of 1928 was about 
1,316,000 working days, and the total number of work- 
people involved in these disputes was about 117,000. 
The figures for the corresponding period of 1927 were 
1,081,000 days and 100,000 workpeople, respectively. 





An interesting analysis of the state of employment 
in the insurable industries, and of the movement of 
labour from one industry to another, is given in the 
current issue of the Ministry of Labour Gazette. It 
is based on the returns received by the Ministry of 
Labour from the Employment Exchanges, and the 
figures enable a rough but reliable estimate to be 
made as to the growth or decline of employment in 
various industries. Commenting upon the article 
in the General Council’s official publication Industrial 
News, Mr. Herbert Tracey says that the analysis gives 
by no means so depressing a picture of the state of 
British industry, taken as a whole, as one gets when 
attention is concentrated exclusively upon the unem- 
ployment figure from month to month. More people 
are actually in employment to-day than ever before. 
A large number of industries are expanding. A 
number are or have been, contracting and giving less 
employment. But broadly speaking, there are, approxi- 
mately, half-a-million more people employed in this 
country to-day than was the case five years ago. In 
66 industries there has been an increase of approxi- 
mately 1,025,000 in the number of employed work- 
people, between July 1923 and July, 1928. In 34 
industries, there has been a decrease, within the same 
five year period, of about 628,000. 





British industry, therefore, has not ceased to expand, 
Mr. Tracey points out. It provides work, he says, for an 
increasing number of people year by year. Unemploy- 
ment is not represented by a dead, inert mass, which 
never alters its composition, or its position in relation 
to the various industries. It is constantly changing 


its character, and the resulting position at any given 
moment represents a balance between a number of 
factors. There is a constant wastage in every industry 
through deaths, emigration, the passing out of indi- 
viduals from the scope of the insurance scheme through 





entry into business on their own account, or through 
rises of salary for non-manual workers above the 2501. 
limit, or through retirement from employment, as 
well as the transfer of individuals to other industries. 
On the other hand, there is a constant flow of juvenile 
workers and recruits from other industries which make 
good the wastage and provide for expansion. ‘‘ There 
is, at any rate,” Mr. Tracey concludes, ‘‘ nothing in 
these figures to sustain the belief that British industry, 
as a whole, has ceased to expand. Industry, as a 
whole, is not at a standstill.” 








DEEP SUBMARINE BORINGS IN THE 
RIVER FORTH. 


A sERIEs of submarine borings made under difficult 
conditions has just been completed in the River Forth 
by Messrs. John Cochrane and Sons, Limited, 39, Vic- 
toria-street, Westminster, S.W.1., to the instructions of 
Messrs. Mott, Hay and Anderson, Consulting Engi- 
neers. Boring in river beds from either a fixed stage or 
from a moored barge, when the depth is comparatively 
shallow, presents few difficulties, but quite different 
conditions were encountered in the River Forth estuary, 
where borings were required in depths of from 50 ft. 
to 105 ft. of water. These depths precluded the use 
of any stagings and the conditions of tidal range and 
current, in a locality where storms are apt to arise 
with little warning, made the operations difficult and 
at times hazardous. 

The bores were taken from a barge specially rigged 
so as to give an outboard platform and fitted with an 
overhanging derrick J as shown in the sketches repro- 
duced in Figs. 1 and2 annexed. Power for the raising 
and lowering of drilling gear and pipes, and for the opera- 
tion of the rotary core cutter, was provided by a 5-h.p. 
paraffin motor A housed on the barge; B represents 
the drilling winch. The rotary core cutter C was 
mounted on a trolley and could be run back on rails from 
the bore hole position on the platform to a place of 
safety on the barge. Fig. 1 is a plan of the barge and 
shows the run of the mooring cables M connected to the 
winches F. Owing to the high tidal range, of about 18 ft. 
at spring tides, and the strong tidal current of over five 
knots, special mooring appliances had to be arranged for 
both the barge and the bore pipes, and it is of note that 
the methods adopted enabled the bore holes to be 
pitched, even in a depth of 105 ft., at positions never 
more than 4 ft. from the true as ascertained by theodo- 
lite intersections run from the shore. 

The rise and fall of the platform with the tide was 
taken up by a system of telescopic tubes D, Fig. 2. 
These embraced the actual bore casings E which ex- 
tended from the barge to the sea bottom. To allow of 
complete vertical travel, a careful disposition, arrived 
at only after repeated failures, of the mooring anchors 
and the warping cables on the barge, was found to be 
necessary. The laying of the numerous moorings in the 
strongcurrent called for considerable ingenuity and much 
time was spent on this operation until a method was 
devised whereby a whale-boat was towed by a pinnace 
as an otter or paravane, and from it the moorings were 
dropped in positions where it was not possible to 
use the pinnace directly for the purpose without fouling 
the mooring cables already set. 

Owing to the strong tidal current, in different 
directions at ebb and flow, it was found that the long 
depth of unsupported bore casings bellied to such an 
extent that the drilling rods could not be operated with- 
inthem. A system of bracing with king posts H and guys 
G had therefore to be rigged on the outer casing, and, 
in the deeper holes, an additional submarine guying at 
half depth with anchors and cables was found to be 
necessary. This bracing is represented in Fig. 2. It 
was sometimes found possible to anchor the bottom 
of the casing column by pushing it into the sea bottom, 
but where the latter was too hard to afford a sufficient 
hold, it was usual to fix the column at ground level by 
anchors and cables. The value of this bottom guying 
was shown on one occasion when, during the withdrawal 
of the core cutter, the current caused the casings to 
move off the hole. Although the depth of water was 
about 100 ft. at the time, it was possible to pull the 
whole column sideways and recover the hole. 

The results obtained were entirely satisfactory, 
rock cores ranging from 3 in. to 1 in. diameter being 
brought up from the lowest depths, and these often 
being taken from below alluvial deposits over 50 ft. 
thick. In one case this alluvial deposit consisted of 
slimy mud and entailed the complete casing of the hole 
for a great depth. These casings, firmly gripped in the 
mud and with the added weight of the upper portions 
in the water, were very difficult to withdraw, but 
were successfully raised on completion of the bore 
hole by the application of internal hydraulic pressure. * 
By the completeness of the arrangements made, 
it was possible to carry out operations continuously 
by day and night shifts and throughout the worst 
weather, which, this year, was particularly bad in the 
Forth. 
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HYDRO-ELECTRIC DEVELOPMENTS 
IN SCOTLAND. 


As a general rule, in Great Britain, new power stations 
are built to meet a demand which will exist as soon as, 
if not before, the necessary works are completed. 
On the other hand, in countries where electricity is 
derived from water power rather than from coal it is not 
unusual for a plant to be erected with no particular load 
in view, the idea being that its availability will act as 
an attraction to potential users of electrical energy. The 
reasons for the difference in these two policies is not 
only due to the methods of generation, but that with us 
electricity supply has been mainly a perquisite of the 
local authorities and that districts of any load value 
are already allocated to authorised undertakers of one 
kind or other, including power companies. One result 
of this is that water powers remote from centres of 
population have remained largely undeveloped, the main 
exceptions being due to the enterprise of certain electro- 
chemical firms, which require large quantities of electri- 
city for their operation. 

One of the objects of recent legislation is to alter this 
situation by bringing such sources of power as can be 
economically utilised into the common pool, with the 
assistance of the Central Electricity Board. It is, 
therefore, interesting to see that an attempt is made in 
two Bills, which are being promoted in the present 
session of Parliament, to take advantage of these 
facilities. 

The first scheme is in Galloway, in South-West 


| 
| LAUNCHES AND TRIAL TRIPS. 


| “OrELLA” and “ Serrano.”—Torpedo-boat des- 
troyers. Trials carried out successfully on the Clyde. 
Built by Messrs. John I. Thornycroft and Company, 
Limited, Woolston, Southampton, for the Chilean 
Government. 


| CoastaL Motor Boat.—Successful trials, attaining 
|@ speed of over 39 knots. Fifty-five ft. in length; 
carries Lewis guns, anti-submarine depth charges and 
two 18-in. torpedoes. _ Built by Messrs. John I. Thorny- 
croft and Company, Limited, Woolston, Southampton, 
| for the Finnish Government. 


| “CREOLE Linpo.”—Oil-tank steamer; twin-screw 
| triple-expansion engines. Trial trip, October 31. 
| Built by Messrs. Palmers Shipbuilding and Iron 
|Company, Limited, Hebburn-on-Tyne, to the order 
| of Sir Joseph W. Isherwood and Company, Limited. 


| ‘HicHLAND BricADE.”—Passenger and refrigerated 
| cargo motorship ;_ twin-screw, double-acting, four-cycle 
| Harland-B. & W. Diesel engines. Launch, November 1. 
Main dimensions, 520 ft. by 69 ft. by 35 ft. 9 in., the 
gross tonnage being 14,150. Built by Messrs, Harland 
and Wolff, Limited, Belfast, to the order of Messrs. 
|H. and W. Nelson, Limited. 
ects Divis.”—Coasting steamer; twin-screw, _ triple- 
|expansion engines. ‘Trial trip, November 1. Main 
| dimensions, 152 ft. by 29 ft. by 12 ft. Built by Messrs. 





| Workman Clark (1928), Limited, to the order of the 
| 


| Belfast City Corporation. 
| ‘Marsa.”—Cargo steamer; single-screw, _ triple- 
}expansion engine. Trial trip, November 3. Main 
| dimensions, 384 ft. by 52 ft. 3in. by 28 ft. 3in. Designed 


Scotland, not very far remote from densely-popu- | to carry about 7,340 tons on a light draught. Built 


lated areas. Here it is proposed to utilise the re- | 
sources of about 400 sq. miles of the watershed 
of the River Dee. For efficient development, it will 
be necessary to build no less than five power stations 
in series. The first of these will be at Tongland, near 
the mouth of the Dee, not far from Kirkcudbright, 
and will have a capacity of 48,000 h.p., the operating 
head being 100 ft. It will involve the construction 
of a dam three-quarters of a mile above the station | 


by Messrs. John Readhead and Sons, Limited, West 
Docks, South Shields, for Messrs. Frank C. Strick and 
Company, Limited, of London. 

‘“ BEHAR.”’—Cargo steamer; single-screw, quadruple- 
expansion engine. ‘Trial trip, November 6. Main dimen- 
sions, 452 ft. 6 in. by 57 ft. 4 in. by 40 ft. 9 in.; gross 
tonnage, 6,100. Built by Messrs. Harland and Wolff, 
Limited, Greenock, for the Hain Steamship Company, 
Limited. 


““TrILstnGton Court.’’—-Cargo steamer ; single-screw, 


2 i a j > > \ , . . . . . . 
and a barrage some miles higher up, near Glen Lochar |triple-expansion engine. Trial trip, November 6. 


bridge, so as to regulate the level of Loch Ken. The 
second station will be erected at Glenlee, not far from 
St. John’s Town of Dalry, and will operate on a head 
of 400 ft., obtaining its power from a reservoir which 
will be formed by damming the Black Water of Dee, 
a short distance above the High Bridge of Dee. The 
third and fourth stations will be erected on the Water | 
of Ken, one below Allangibbon Bridge, near Dalry, and 
the other near Carsfad. These will both necessitate 
the construction of dams for utilising the water of the 
river, and will operate on a head of about 70 ft. The 
fifth, and last, station in this scheme will be placed 
near the junction of the Waters of Deugh and Ken, 
which will both be dammed at distances of about 14 
miles from the plant, and will operate under a head of 
170 ft. In connection with this scheme, which will be 
operated so as to deal with seasonal and peak loads 
of more than 100,000 h.p., it is proposed to use Loch 
Doon as a storage and regulating reservoir, while a 
second reservoir will be formed on the Blackwater 
Burn on the eastern watershed of the Water of Ken. 
The second scheme which we have mentioned is 
located in the Western Highlands, in a district which 
has already been largely used for power develop- 
ment. It is based on Loch Quoich in Inverness, 
and this water is to be made the storage basin of an 
area of some 200 square miles, including the rivers | 
Loyne and Doe and Lochs Cluanie and Garry. The | 
main power station will be at the head of Loch Hourn | 
(a sea loch), and by leading the water to it through a | 
tunnel, it will be possible to utilise a head of nearly | 
600 ft. A second power station will be built near the | 
first, the continuous output thus obtained being some 
50,000 h.p. Incidentally, it will be possible to regulate | 
the flow of the River Garry to the benefit of the Cale- | 
donian Canal and other interests. The engineers for | 
both schemes are Sir Alexander Gibb and Partners | 
and Messrs. Merz and McLellan, and the Bills will be | 
promoted by the Power and Traction Finance Corpora- | 
tion, Limited. 


THE Motor Suow, 1929.—At a meeting of the council 
of the Society of Motor Manufacturers and Traders, | 
Limited, 83, Pall Mall, S.W.1, held on Thursday, 
November 15, it was decided that the Motor Show in 1929 
will be held from October 17 to 26. 


ConTRaAcTs.—Messrs. Yarrow and Company, Limited, | 
Scotstoun, Glasgow, inform us that amongst recent orders | 
for Yarrow boilers received by their licensees in Holland, | 
Messrs. ‘“‘ De Schelde,’’ of Flushing, are two for the | 
Nijmegen Power Station, three for Messrs. Philips’ | 
Lamp Factories, Eindhoven, four for the Geertruidenberg | 
Power Station, and two for Messrs. Van Gelder Zonens’ | 
Paper Works, Velsen.—The Société Anonyme des | 
Foytrs Automatiques, of Paris, the French company of | 
Messrs. International Combustion, Limited, Africa House, 
Kingsway, W.C.2, have secured two further orders for 
Lopulco pulverised-fuel equipment from the Société 
Houillére de Sarre et Moselle, of Merlebach, and the 
Compagnie Auxiliaire d’Electricité, of Brussels. 








Main dimensions, 420 ft. by 56 ft. 2 in.; designed to 
carry about 11,000 tons deadweight on a draught of 27 ft. 
Built by Messrs. Sir W. G. Armstrong, Whitworth and 
Company, Limited, Walker-on-Tyne, for the United 
British Steamship Company, Limited. 











|NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Ironmasters report they 
are disposing of the limited quantity of marketable iron 
|left over, after arrangements have been made for the 
needs of their own foundries and steelworks. Pig con- 
sumers, however. in quarters hitherto largely supplied 
from Tees-side, are still accepting rather considerable 
quantities of comparatively cheap Midland iron. Pro- 
ducers here, however, hope partially to recapture lost 
markets. Stocks are low, and output of Cleveland quali- 
ties is not excessive; the position will be bettered by 
Messrs. Dorman, Long and Company, Limited, who are 
rekindling, this week, a furnace that has been standing 
idle at their Acklam Ironworks. Output of the restarted 
furnace will be consumed at the firm’s own steelworks. 
The fixed prices for Cleveland pig that have ruled for 
many months past are very firm. No. | grade of iron is 
68s. 6d.; No. 3 g.m.b., 66s.; No. 4 foundry, 65s.; and 
No. 4 forge, 64s. 6d. 

Hematite.—The strong commercial position of the East 
Coast hematite branch is enabling makers to take a 
very firm stand, and, at length, values have returned to 
almost remunerative figures. Stocks have shrunk to 
almost vanishing point, and the restricted output is 
barely adequate for the continued moderate steady com- 
bined needs of home and Continental consumers. Buyers 
are coming forward quite freely, and are anxious to 
arrange contracts at prices near current rates, but 
makers are not disposed to commit themselves exten- 
sively. Business is passing at the equivalent of 71s. for 
ordinary qualities. 

Foreign Ore.—Sales of foreign ore are few, but mer- 
chants adhere to recent figures on the basis of best rubio 
at 22s. 6d. c.i.f. Tees. 

Blast-Furnace Coke.—Demand for Durham _blast- 
furnace coke for local use shows little improvement. 
Good average qualities remain in the neighbourhood of 
17s. 6d., delivered here. 

Manufactured Iron and Steel.—There is rather more 
activity in manufactured iron and steel, and semi-finished 





| steel is in quite good demand. Placing of a few ship- 


building orders is responsible for a welcome change for 
the better in certain branches. Producers of railway 
material have a good deal of work in hand, and sheet 
manufacturers are very heavily sold. Quotations are 
steady and firm. Commoniron bars are, 10/. 5s. ; best bars, 
101. 15s. ; double best bars, 111. 5s.; treble best bars, 
11l. 15s. ; iron rivets, 11/. 5s. ; packing (parallel), 7/. 10s.; 
packing (tapered), 10/.; steel billets (soft), 61. 15s. ; 
steel billets (medium), 7/. 2s. 6d.; steel billets (hard), 
71. 12s. 6d. ; steel rivets, 11. ; steel ship plates, 8/. 7s. 6d. ; 
steel angles, 7/. 17s. 6d. ; steel joists, 71. 17s. 6d. ; heavy 
sections of steel rails, 8/. 10s.; black sheets (No. 24 
gauge), 91. 17s. 6d. to 101.; and galvanised corrugated 
sheets (No. 24 gauge), 13/. 10s. to 13. 128. 6d. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—While mixed conditions are general, 
there is evidence of a somewhat more optimistic feeling 
which has found expression in the restarting, at a few 
of the more favourably situated works, of plant that has 
lain idle for a considerable period. The production 
of improved types of case-hardening steel is the subject 
of widespread inquiries not only in this country but 
abroad, and at least one firm is busily engaged in supplying 
samples. Strip and bar production is making better 
headway. Special steels are holding their own, despite 
the growth and increased intensity of foreign competition 
in the cheaper grades. While railway work on home 
account is exceptionally slack, and is the cause of wide- 
spread complaint on the part of producers of axles, tyres, 
wheels, and springs, big business is being done, with 
export buyers notably, in patent buffers. The require- 
ments of automobile engineers, while heavy, are reported 
to be less substantial than was the case a year ago, but 
there is welcome activity in electrical plant and machinery 
in chemical trade requisites, in stainless steel and rustless 
iron, and in magnets for various classes of engineering. 
The tool trades show welcome signs of revival on export 
account, despite the fact that severe competition is being 
met with in overseas markets, and that there has been a 
big slump in business in plantation tools. In bulk 
steel prices show a firm tone, though last week’s official 
quotations are unaltered. 

Cold- Working of Metals.—The grant of 8001. per annum 


| for seven years to Sheffield University by the Worshipful 


Company of Ironmongers, London, to found a Research 
Fellowship and two Reseach Scholarships for the study 
of the cold-working of metals, is keenly appreciated in 
Sheffield and district. This branch of industry has grown 
rapidly in importance in recent years. Cold-worked 
material, because of its thinness, accuracy and finish, is 
becoming increasingly useful for a variety of engineering 
and constructional purposes. Its application is seen, 
among other directions, in the production of aeroplanes, 
bicycles, typewriters, sewing machines, safety razor 
blades, ironmongery, and ordnance parts. The co-opera- 
tion that was lacking when research was carried out by 
individual firms is now supplied by this development, 
which it is felt, should tend to improve the quality and 
extend the scope of British trade. 

South Yorkshire Coal Trade.—While export trade is 
reported to have improved under the regulation of the 
Five Counties’ Scheme, restriction of output has resulted 
in an insufficient supply of free coal to meet the external 
demand. In these circumstances prices are well main- 
tained. There is an active demand for furnace and foun- 
dry coke on export account, while gas cokes are making 
full market prices. The house-coal trade is far from 
brisk for this period of the year. Best qualities move 
slowly, and there is a disposition to do business more at 
the level of September prices than at the higher rates 
officially ruling. Quotations: Best hand-picked branch, 
26s. to 27s. 6d. ; Derbyshire best brights, 23s. to 24s. 6d. ; 
best house, 20s. to 21s. 6d. ; screened house, 17s. to 18s. , 
screened house nuts, 16s. to 18s.; Yorkshire hards ; 
14s. 6d. to 16s. ; Derbyshire hards, 14s. 6d. to 16s. ; rough 
slacks, 8s. 6d. to 9s. 6d.; nutty slacks, 4s. 6d. to 6s. ; 
smalls, 3s. 6d. to 48. 








CANADIAN PropucTION oF Pxiatinum.—During the 
first half of 1928 Canada produced 5,035 fine ounces of 
platinum valued at 344,192 dols., as cormpared with 
5,374 fine ounces valued at 424,546 dols. during the first 
six months of 1927. The production and value of 
palladium, rhodium, &c., during the same two periods, 
are reported as 6,336 fine ounces, valued at 281,953 dols. 
and 5,796 fine ounces, valued at 315,940 dols., respectively. 





LiverPoot CorPoRATION WatTeR Works.—The out- 
standing features of the annual report for the twelve 
months ending March 31, 1928, of the Liverpool Corpora- 
tion Water Works, a copy of which has been forwarded to 
us by Colonel J. R. Davidson, the water engineer, are the 
very striking increase in the demands and the heavy 
rainfall. Owing mainly to the industrial troubles of 
1926, the total quantity of water drawn last year from 
all sources was 688-6 million gallons in excess of that 
taken during the previous twelve months, the figure for 
the year under review being given as a little over 16,273 
million gallons. A truer comparison, however, is to 
note that last year’s consumption was nearly 126 million 
gallons greater than that for 1925-26. Air Ministry 
records show that the rainfall for England and Wales, 
for the year 1927, was 24 per cent. above the average, 
while, according to the six standard gauges, the mean 
rainfall on the Vyrnwy catchment area was 21 per cent. 
above the average for the 35-year period 1881 to 1915. 
The volume of water sent out from the works for all 
purposes, except compensation water to rivers, averaged 
44,707,000 gallons per day, which constitutes an increase 
of 1,893,000 gallons over the daily average of the previous 
year. As regards new works, a portion of the Hirnant- 
Morda section of the Vyrnwy supply was completed by 
the contractors, Sir William Prescott and Sons, and 
brought into service in November. In March, 1928, 
tenders were invited for the supply of the necessary pipes 
for a further section between Ashton’s Cross and Beeston 
Valve House on the Malpas-Cotebrook section. The 
tender of Messrs. Stewarts and Lloyds, Limited, of Glas- 
gow, at 46,800/., was accepted. Although no fractured 
pipes occurred on the 44-in. main of the Rivington supply; 
during the twelve months, several serious interruptions 
were occasioned by subsidence of the ground owing = 
the working of coal under the aqueduct, the chief trouble 
being experienced in the neighbourhood of Bamfurlong. 
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NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel Trade——There has not been much 
change in the state of the Scottish steel trade during 
the past week, but buyers have been rather more in 
evidence. The improvement in the outlook of the 
shipbuilding industry has caused a larger flow of inquiries 
for plates, sections, &c., and with the prospect of more 
orders coming to the Clyde in the near future there is 
likely to be steadier employment at the steel works. 
Plant is not running at anything approaching full capacity 
at present, but one or two establishments are nevertheless 
very well placed. In the black-sheet trade there is still 
a dullness in the heavier gauges, but light sheets and 
galvanised varieties are again quite an active market. 
The following are the current prices :—Boiler plates, 
101. 10s. per ton ; ship plates, 81. 7s. 6d. per ton ; sections, 
7l. 17s. 6d. per ton; sheets, } in., 8/. 15s. per ton; and 
galvanised, corrugated sheets (No. 24 gauge), 13/. 12s. 6d. 
to 131. 15s. per ton, all delivered Glasgow stations. 

Malleable-Iron Trade.—In the West of Scotland 
malleable-iron trade the demand for bar iron has not 
improved, and makers are finding difficulty in securing 
sufficient specifications to cover the full week. On 
the other hand, the re-rolled steel bar departments are 
doing very well and conditions are quite active. Prices 
are strong and are quoted as follow :—‘“‘ Crown ”’ bars, 
10l. 5s. per ton for home delivery, and 9/. 15s. per ton 
for export lots; and re-rolled steel bars, 7/. 15s. per ton, 
for home delivery and for export. 

Scottish Pig-Iron Trade.—A dull tone still prevails in 
the Scottish pig-iron trade and the demand continues 
on a limited scale. Export was rather better last week, 
but only on occasional weeks does the tonnage reach 
appreciable proportions. A blast-furnace at the Lugar 
works of Messrs. William Baird and Company, Limited, 
has been blown out, and the number of furnaces now 
in blast in the West of Scotland is 25. Prices are steady 
and are quoted as follow :—Hematite, 74s. per ton, 
delivered at the steel works ; foundry iron, No. 1, 75s. to 
76s. per ton; and No. 3, 70s. to 71s. per ton; both on 
trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending Saturday last, November 17, amounted to 768 
tons. Of this total, 672 tons went overseas and 96 tons 
coastwise. For the corresponding week of last year 
the figures were 766 tons overseas and 30 tons coastwise, 
making a total shipment of 796 tons. 

Clyde Shipbuilding.—Several new shipbuilding orders 
are reported as having been placed on the Clyde, and 
several more as likely to be fixed up in the near future, 
and the prospects of the industry are much brighter. 
The following orders are confirmed—NMessrs. Robert 
Duncan and Company, Limited, Port-Glasgow, to 
build a general cargo steamer of about 9,000 tons dead- 
weight for Messrs. Capper, Alexander and Company, 
London—the Alexander Shipping Company, Limited. 
Messrs, Fleming and Ferguson, Limited, Paisley, have 
received orders from the Karachi Port Trust to construct 
a large twin-screw, grab hopper dredger. 








Tae Speeps or Heavy Motor VEHIcLEs.—An Order 
revising the speeds at which heavy motor vehicles may be 
driven upon the public roads was recently made by the 
Minister of Transport. The Order is dated August 9, 
1928, and entitled “‘ The Heavy Motor Car (Amendment) 
Order, 1928°°; it came into force on October 1 last. 
In the case of the heavy motor vehicle fitted entirely 
with pneumatic tyres, such as the modern motor coach, 
the legal permissible speed is fixed, by the Order, at 
20 m.p.h., instead of 12 m.p.h. as previously. The 
maximum speed of a heavy motor vehicle drawing a 
trailer, if both vehicles are fitted entirely with pneumatic 
tyres, is raised from 5 m.p.h. to 12 m.p.h. If, however, 
the vehicle and trailer are both fitted entirely with tyres 
of soft or resilient material (though not pneumatic) the 
speed is fixed at 8 m.p.h. In all other cases the 
— speeds of heavy motor vehicles remain un- 

ered. 





Ramway anp Harsovr IMPROVEMENTS IN THE 
ARGENTINE.—At the present moment the principal 
item in the programme of public works in the Argentine 
Republic, as far as the State Railways are concerned, 
is the improvement of the combined rail and river service 
from the north. As a result of the favourable reduction 
of 20 per cent. in rates of freight, 620,000 bags of sugar 
came over the river route last year, while large storage 
sheds, covering 8,500 square metres, have recently been 
completed in No. 1 Dock, Port of Buenos Aires. These 
have been specially designed for this class of goods. 
According to the September issue of the monthly review 
— by the Bank of London and South America, 
a the Ministry of Public Works, at the beyinning 
: ast month, issued a decree apportioning 8,000,000 dols. 
lin be spent on the improvement generally of this particular 
_ 4 ther railway work includes a new layout of the 
- 8 in the Santa Fé station and a direct service with 

© port of that city, thereby obviating all intervention 
; ay maritime authorities. As regards harbour works, 
_ tae for the transatlantic passenger service at 
detes hel se Buenos Aires have long been notoriously 
én oo ut it is now reported, in the above review, 
& 188, Ans proposed to construct five new iers, at a cost of 
ie — so designed as to atford suitable berths 
db ter side. Each pier will be equipped with the 
endiin? Passenger services, and baggage and freight 
at A quipment, and the work, which is to be carried 

ey the Department of Navigation and Ports, is to be 
put in hand at once. 
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NOTICES OF MEETINGS. 


PuysicaL Socrety.—To-night, 5 p.m., Imperial Col- 
lege of Science, South Kensington, S.W.7. ‘ The 
Physical Interpretation of Wave Mechanics,” by Dr. G. 
Temple. “The Effect of Superimposed Magnetic 
Fields on Dielectric Losses and Electric Breakdown 
Strength,” by Mr. A. Monkhouse. ‘‘ A New A.C. Poten- 
tiometer of Larsen Type,” by Mr. A. Campbell. ‘“‘ Ferro- 
magnetic Ferric Oxide,”’ by Professor E. F. Herroun and 
Professor E. Wilson. Demonstration of Emulsions 
showing Chromatic Effects, by Mr. R. H. Humphry. 


JuNIoR INSTITUTION OF ENGINEERS.—To-night, 7.30 
p-m., 39, Victoria-street, S.W.1. ‘“‘A Survey of Cad- 
mium,’”’ by Mr. C. F. Moore. Friday, November 30, 
7.30 p.m., ‘*‘ The Manufacture of Decorative Metal Work,” 
by Mr. C. W. Harvey. 


INSTITUTE OF BRITISH FOUNDRYMEN.—Newcastle and 
District Branch: Saturday, November 24, 6.15 p.m., 
Neville Hall, Newcastle-on-Tyne. ‘‘A Consideration 
of the Various Claims for Producing High-class Cast 
Iron,” by Mr. H. J. Young. Hast Midlands Branch : 
Saturday, November 24, Leicester College of Technology, 
Leicester. ‘‘ The Engineer and the Foundryman: What’s 
Gone Wrong?” by Mr. W. H. Poole. Lancashire 
Branch: Saturday, December 1, 4 p.m., College of 
Technology, Sackville-street, Manchester. ‘‘ Venting 
of Dry Sand Moulds,” by Mr. E. Flower. Wales and Mon- 
mouth Branch: Saturday, December 1, 6.30 p.m. 
Technical College, Bristol. ‘‘ The Influence of Tests 
on the Design of Engineering Castings,” by Mr. J. G. 
Pearce. 


INSTITUTION OF ELECTRICAL ENGINEERS.—Monday, 
November 26, 7 p.m., Victoria-embankment, W.C.2. 
Informal Meeting. Discussion on “ Picture Telegraphy,” 
by Mr. E. S. Ritter. North-Eastern Centre: Monday, 
November 26, 7 p.m., Sopwith’s Lounge, Northumber- 
land-street, Newcastle-on-Tyne. Informal discussion. 
** Automatic Network Voltage-Regulating Equipments.” 
North Midland Centre: Tuesday, November 27,7 p.m., 
Hotel Metropole, Leeds, “ Electricity Supply in Rural 
Areas,”’ by Mr. R. A. S. Thwaites. 


BRADFORD ENGINEERING Socitety.—Monday, Novem- 
ber 26, 7.30 p.m., Technical College, Great Horton-road, 
Bradford. ‘* Methods of Oil Extraction,” by Mr. R. A. 
Bellwood. 


Royat Soctety or Arts.—Monday, November 26, 
8 p.m., John-street, Adelphi, W.C.2. Cantor Lecture. 
‘* Biology and Refrigeration” (Lecture III), by Dr. F. 
Kidd. Tuesday, November 27, 4.30 p.m., “ Air Survey 
and Empire Development,” by Col. H. L. Crosthwait. 
Wednesday, November 28, 8 p.m., ‘‘ The Port of London,”’ 
by Mr. J. H. Estill. ; 


Royat InstiruTion.—Tuesday, November 27, 5.15 
p-m., Albemarle-street, W.1. ‘‘ Diamonds’ (Lecture 
II), by Sir William Bragg. 

Institute oF Metats.—Birmingham Local Section : 
Tuesday, November 27, 7 p.m., Engineers’ Club, Waterloo- 
street, Birmingham. ‘“ Electric Furnace Developments,” 
by Mr. D. F. Campbell. 

SHEFFIELD METALLURGICAL ASSOCIATION.—Tuesday, 
November 27, 7.30 p.m., 198, West-street, Sheffield. 
‘** Fighting Corrosion,” by Mr. T. H. Turner. 


Crry AND GuILps (ENGINEERING) COLLEGE UNION 
ENGINEERING Soctety.—Wednesday, November 28, 
5.15 p.m., Exhibition-road, S.W.7. “‘ The Microscope 
in the Service of the Engineer,” by Mr. H. Heywood. 


INSTITUTION OF CIvIL ENGINEERS.—Manchester and 
District Association: Wednesday, November 28, 6.45 
p-m., Manchester Literary and Philosophical Society, 
36, George-street, Manchester. ‘“‘ Problems in Lift 
Service and Their Solution,” by Mr. J. Holliday. York- 
shire Association: Thursday, November 29, 7.30 p.m. 
Hotel Metropole, Leeds. ‘‘ Some Experimentsin Measur- 
ing the Strain in the Reinforcing Bars of Concrete-Steel 
Beams,” by Mr. J. Gilchrist and Mr. R. H. Evans. 


INSTITUTION OF AUTOMOBILE ENGINEERS.—Man- 
chester Centre: Wednesday, November 28, 7 p.m., 
Engineers’ Club, Albert-square, Manchester. “ The 
Comparative Merits of Road and Dynamometer Testing 
for Motor Vehicles,’’ by Dr. E. C. Wadlow. 


INSTITUTION OF LOCOMOTIVE ENGINEERS (LONDON).— 
Thursday, November 29, 6 p.m., Denison House, 296, 
Vauxhall Bridge-road, S.W.1. ‘‘ The Future Develop- 
ment of the Locomotive,’ by Mr. D. 8. Anderson. 


Royat AERONAUTICAL SoctreTty.—Thursday, Novem- 
ber 29, 6.30 p.m., Royal Society of Arts, John-street, 
Adelphi, W.C.2. ‘‘ Production Problems,” by Mr. F, 
Sigrist. 

INSTITUTION OF , MECHANICAL ENGINEERS.—North 
Western Branch : Thursday, November 29, 7.15 p.m., 
Engineers’ Club, Manchester. ‘‘ Power Transmission 
by Belts: An Investigation of Fundamentals,” by 
Dr. H. W. Swift. London: Friday, November 30, 
6 p.m., Storey’s-gate, S.W.1. Thomas Lowe Gray 
Lecture: ‘‘The Possible Vibration of a Ship’s Hull 
under the Action of an Unbalanced Engine,” by Professor 
W. E. Dalby. ° 

Nortx# East Coast Institution oF ENGINEERS AND 
SHIPBUILDERS.—Friday, November 30, 6 p.m., Mining 
Institute, Newcastle-on-Tyne. ‘“‘ Frictional Resistance 
and Ship Resistance Similarity,’ by Dr. E. V. Telfer. 


Roya SAnrTary InstituTE.—Friday, November 30, 
7 p.m., Town Hall, Manchester. ‘‘ The Training of a 
Sanitary Inspector,’”’ by Dr. G. S. Coleman. ‘“ Some 











Aspects of the Housing Problem,” by Mr. F. W. Platt. 





ENGINEERING AND SCIENTIFIC CLUB (WOLVERHAMPTON) 
—Friday, November 30, 7 p.m., Queen-street, Wolver- 
hampton. ‘Cutting Tools, their Treatment and 
Performance,” by Professor D. Smith. 


INSTITUTE OF TRANSPORT.—Manchester, Liverpool and 
District Section: Friday, November 30, 6.30 p.m., 
Manchester. “ Civil Air Transport,” by Mr. J. F. Leem- 
ing. 

INSTITUTION oF PRODUCTION ENGINEERS.—Friday’ 
November 30, 7.30 p.m., Society of Motor Manufacturers 
and Traders, 83, Pall Mall, S.W.1. ‘“‘ Psychology as 
an Aid to Production,” by Dr. G. H. Miles. 








NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 

The Coal Trade.—The Welsh steam-coal trade was 
disorganised during the past week by the action of the 
Great Western Railway Company in seizing coal on 
their lines belonging to collieries in the famous Cambrian 
Combine, pending the appointment of a liquidator to 
wind up voluntarily the five companies concerned. 
Following the appointment of Sir Gilbert Garnsey, as 
liquidator, an arrangement was quickly reached and 
shipments resumed. Individuals suffered some incon- 
venience as a result of the holding up of the coal, but 
generally speaking few ships were delayed. Following 
this dislocation, loading was practically suspended 
throughout Friday by the gale, which brought work at 
the docks to an almost complete standstill. The market 
has, however, developed a steadier feeling not because 
of any expansion in demand, but because of the closing 
of a number of pits which has resulted in an extra demand 
from the collieries working. Stocks, however, continue 
heavy, and consequently shippers experience no difficulty 
in obtaining their requirements of large and small coal 
on the basis of the minima schedule. Sized products, 
however, have become somewhat difficult, especially 
the dry qualities, on account of the closing down of pits 
belonging to Nixon’s Navigation Company, Limited. 
Dry nuts, which a week ago were obtainable between 
18s. and 20s., now command 19s, to 22s. 

The Week’s Shipments.—Shipments of coal as cargo in 
the past week amounted to only 366,960 tons, which 
was 88,590 tons less than in the preceding six days. 
Exports to Argentina were reduced from 47,310 tons 
to 32,500 tons, to France from 107,380 tons to 85,290 
tons, to Italy from 64,430 tons to 33,750 tons, and to 
Portugal from 28,250 tons to 10,520 tons, but to Brazil 
raised from 23,080 tons to 25,200 tons, and to Egypt 
from 17,400 tons to 35,800 tons. Shipments in October 
were increased by 350,387 tons to 1,858,216 tons and 
the average price realised was also advanced by 54d. 
to 17s. 104d. per ton, f.o.b. 

Nizxon’s Navigation Company, Limited.—An_ extra- 
ordinary general meeting of shareholders of Nixon’s 
Navigation Company, Limited, one of the oldest colliery 
concerns in South Wales, has been called for Monday 
next to appoint Mr. R. H. March as liquidator volun- 
tarily to wind up the company, which according to the 
resolution to be proposed, “cannot by reason of its 
liabilities continue its business.’’ Only last week the 
company informed the 5,000 men normally employed 
at its four pits that work had been suspended for an 
indefinite period. 

Iron and Steel Trades.—Exports of iron and steel goods 
in the past week amounted to 14,889 tons compared 
with 21,188 tons in the preceding week. Shipments of 
black-plates and sheets were raised from 482 tons to 
1,801 tons, but of tin-plates and terne-plates reduced from 
8,206 tons to 7,673 tons, of galvanised sheets from 
6,995 tons to 956 tons, and of other iron and steel goods 
from 5,506 tons to 4,470 tons. 








THe Works or Messrs. Petters, Limirep.—An 
important addition has been made recently to the works 
of Messrs. Petters, Limited, Yeovil, in the form of a new 
heavy-oil engine department. The new building has 
an overall length of 332 ft., with two bays each 53 ft. 6 in. 
in width. It is a steel-frame structure, and is sheeted 
with 5-in. corrugated asbestos sheets, 4-in. thick, with 
one length of glazing, 7 ft. 6 in. deep, in the gable end ; 
the quarter pitch roof is glazed on the north side, and 
has corrugated asbestos sheet on the south side. A 
feature of the building is the system of heating by means 
of circulating water from the engines installed in the 
main power house, the latter having been enlarged to 
accommodate additional Petter oil engines, driving 
electric generators, to provide the extra power needed. 
A large number of electrically-driven machines will be 
installed, including a 15-in. combination turret lathe, 
made by Messrs. H. W. Ward and Company, Limited, 
Selly Oak, Birmingham, and exhibited by them at the 
recent Machine Tool and Engineering Exhibition at 
Olympia. This machine was described in ENGINEERING 
on page 279 ante. Cranes of 25 and 5 tons’ capacity 
have been installed in the erecting and testing shop, and 
two others, of 5 and 10 tons’ capacity, in the machine 
shop bay, while, to the south of the building, a gantry, 
with two cranes of five-tons’ capacity, will serve the 
core box and casting dumps. The removal of completed 
engines, and the handling of heavy castings, Xc., is 
greatly facilitated by the fact that both shops are served 
with an extension to the main railway siding, via the 
adjacent foundry. The contract for the construction of 
this new department was placed with Messrs. Braithe- 
waite and Company (Engineers), Limited, Newport, 
Mon., with Messrs. Mellowes ard Company, Limited, of 
Sheffield, sub-contracting for the glazing; building 
operations were commenced at the end of May, and were 
completed in September last. 
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PLATE LXXII. 





THE RECONSTRUCTION OF 





MR. H. H. DALRYMPLE-HAY, M.INST.C.E,, CONSULTING ENGINEER, WESTMINSTER, 


(For Description, see Page 637.) 
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Offices for Publication and Advertisements, 
35and 36, Bedford Street, Strand, London, W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 


TELEGRAPHIO \ “ ENGINEERING,” WESTRAND, 
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“ENGINEERING” may be ordered from any 
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BEYOND THE ELECTRON. 
“Hap Mr. Cotes lived we should have learnt 
something,” said Newton, in deploring the early 
death of Roger Cotes, the ablest of his pupils and 
disciples. Those of us, who, though not profes- 
sional physicists, are nevertheless desirous of 
learning what we can about our wonderful world, may 
well feel that our ambitions in this respect would 
have a much better prospect of realisation were the 
Master of Trinity in his forty-second instead of 
his seventy-second year. Sir J. J. Thomson has, in 
fact, most fruitfully continued the distinctly British 


mechanisms rather than on mere mathematical 
abstractions. Dalton and Faraday, Kelvin and 
Maxwell, all worked and thought along these lines, 
and they found a worthy successor in the discoverer 
of the disembodied electron, and of the corpuscular 
character of light. Throughout the whole of the 
great series of researches by which British science 
was raised to a level unexcelled elsewhere, their 
methods were derided by certain continental con- 
temporaries who, however, met with little support 
from Helmholtz. This eminent discoverer pointed 
out that a tree should be judged by its fruits, and 
that the methods criticised had been amply justified 
by results. Nevertheless, the world has been em- 
phatically informed at not infrequent intervals, 
during the past 100 years, that such systems have 
had their day, and that the future lay wholly 
with the mathematician, content merely to calculate 
results, and who deals with a subject in which, to | 
quote a recognised authority, ‘‘ we never know what 
we are talking about, nor whether what we say is 
true.” There was one of the periodical recurrences 
of this doctrine towards the end of last century, 
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when it was gravely argued, both in France and 


in fact, and that it should be replaced by considera- 
tions founded wholly on thermodynamic theory. 
One eminent exponent of these views was prepared 
indeed to admit the existence of molecules, but 
drew the line at atoms, until asked by Stokes to 
account for the fact that when chlorine and hydrogen 
combined, the total number of molecules was 
unaltered by the reaction. 

The failure of this particular assault on the policy 
of picturing phenomena instead of merely com- 
puting them is now ancient history, but a similar 
view has cropped up in connection with the so- 
called wave mechanics. This method of analysis 
has undoubtedly proved extraordinarily effective in 
providing a mathematical formulation for the dis- 
continuities which experiment has proved to be 
associated with the atom. We were told, however, 
that it was hopeless to try to picture, in terms of 


0 | mechanism, the inner meaning of the mathematical 


expressions. This necessarily implied that the sub- 
ject was one solely for specialists, and that every- 
one else must be condemned to an uncomprehending 
acceptance of the conclusions of this esoteric band. 

At least the possibility of an escape from this 
depressing prospect is opened up by the lecture* 
delivered at Girton College last March by Sir J. J. 
Thomson. In this was explained a way of regarding 
the electron other than that adopted by the 
protagonists of quantum mechanics. The lecturer 
claimed, and with reason, that the highly original 


j |and striking experiments of Professor G. P. 


Thomson, in which it was shown that the electron 
was accompanied by a wave system, proved that the 
electron must have a structure and that such a 
structure, though subject only to the classical laws 
of dynamics, would exhibit just such discontinuities 


7 as led to the invention of wave mechanics. 


That the electron had possibly a somewhat 
complicated structure appeared probable on philo- 
sophic grounds, and Professor G. P. Thomson’s 
observations seem to show pretty definitely that it 
can hardly be a mere hole in the ether, as suggested 
by Sir Oliver Lodge. 

Some of the conclusions reached in the Master 
of Trinity’s lecture are distinctly startling. Thus 
most of us had been led by the relativists to believe 
that no higher velocity than that of light was to be 
met with in nature. It was, however, shown in 
the Girton lecture that this velocity may be 
materially exceeded in the case of waves passing 
through the Heaviside layer—that upper region 
of the atmosphere in which the ultra-violet radia- 
tion is so intense that it splits up into positive and 
negative ions innumerable molecules of air. These 
charged particles may be regarded as “loading ” 
the ether. The consequences are not a little re- 
markable. In such a loaded medium light waves 
will no longer travel all with the same speed, but, as 
in the case of ocean waves, those with the longest 
wave-length will travel the fastest, but all, whatever 
their wave-length, will travel faster than the normal 
speed of light. On the other hand, the energy 
associated with the system of waves travels with 
what is known in hydrodynamics as the group 
velocity. This fact was first established by Scott 
Russell as the result of direct observation of waves 
in water, and is now a commonplace of hydro- 
dynamics. In the loaded medium constituted by 
the Heaviside layer the product of the wave velocity 
and the group velocity will, Sir Joseph stated, be 
equal to the square of the velocity of light. Hence 
the energy, which is what we can observe and 
measure, travels more slowly than light. What 
is possibly a confirmation of this deduction is 
afforded by some results described at the recent 
Leiden meeting of the International Astronomical 
Union. On checking the position of 32 observa- 
tories, as determined by “ wireless”’ and in other 
ways, it appeared that the speed of the wireless 
waves, or rather wireless energy, was 250,000 km. 
per second instead of the normal 300,000. Since in 
a super-dispersive medium the wave speed is 
faster and the energy speed slower the longer the 
wave-length, the effect should be more marked with 
“ wireless’ than with other systems of signalling 
through the ether. 

In his lecture Sir Joseph Thomson suggested that 
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Germany, that the atomic hypothesis had no basis 
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the electron had a dual structure. One part of it, 
that in which the energy was located, was built up 
of lines of electric force, whilst the other part 
consisted of a train of waves in resonance with the 
electron. It was these waves which determined 
the path along which an electron travelled. This 
was explained by noting that in the immediate 
neighbourhood of such an electron the ether would 
be super-dispersive like the Heaviside layer. 
Such a medium had a refractive index less than 
unity. If the electron were far away from any 
charged body the field around it would be uniform. 
For such conditions the electron would move in a 
straight line. If, however, a charged body were 
brought near the electron the symmetry of the 
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|with engineering. British readers have had the 
|advantages of the annual chronicles contained in 
| the reports of the representatives in Germany of the 
Department of Overseas Trade, Mr. J. W. F. 
Thelwall, M.C., and Mr. C. J. Kavanagh, respec- 
tively Commercial Counsellor and Commercial 
‘Secretary to the British Embassy at Berlin. 
|The light which Mr. Thelwall’s reports on eco- 
|nomic and financial conditions in Germany, in- 
| cluding the chapters contributed by Mr. Kavanagh, 
have thrown on the complex situation disclosed in 
| successive years is fully maintained in the report on 
|the same subject to June of this year, which has 
| just been published (H.M. Stationery Office, 3s. 6d. 
inet). Like its predecessors, both Mr. Thelwall’s 


distribution of the lines of force would be destroyed, | report and Mr. Kavanagh’s contributions reach a 
and these lines would be crowded together more | high standard of lucidity in their treatment of 
closely on one side than the other. The refractive | the subject, and their readers are indebted to them 
power would be correspondingly distorted, and the | for a clear and ample description of a very interest- 
waves would crowd towards the region where the | ing situation. 
lines were thickest. As these waves guide the | The practice of taking the chronicle to the middle 
—" the latter would therefore follow a bent | of the year, which has been adopted in these 
path. |reports, has the advantage that it enables the 
It will be seen that the model proposed for the bhi of the completed tt year to be read 
electron is closely analogous to the structure of the | jn context with such indications as may be given 
light quantum suggested by Sir Joseph Thomson in | py those for the first quarter of the current year. 
the Kelvin lecture reported in our issue of May 21,! For the period under notice, the figure of 1927 
1926. According to the model there suggested, the | showed almost universal progress on a large scale, 
light quantum consisted of a closed and vibrating ring | but those of the first quarter of this year marked a 
of electric force, which was accompanied by a system | distinct falling off, though not so great as to seem 
of waves in resonance with it. It was further assumed | more than a slackening in the extraordinary rate 
that it was only in the immediate neighbourhood ‘of progress which the previous figures disclosed. 
_ the a force, — the ether ew stiff a | It will be remembered that 1926 had been a year of 
TaNnsMIt UNC Waves. ence, as each wave reached a | yninterrupted improvement in every branch of 
certain limiting distance from its origin it was|!German trade and industry, due partly to the 
einer back and re ened to the vibrating loop of / natural process of recuperation after the currency 
electric force whatever energy it had originally | had been stabilised, and partly to the consequences 
received from it. The combined system accordingly lof the labour troubles in this country. It is, 





travelled as a unit through space without dissipation 
or dispersion of energy. 

In his Girton lecture, Sir Joseph pointed out that 
an electron built up as suggested might vibrate in 
many ways, but not necessarily with any arbitrary 
periodicity. If there were resonance between these 
vibrations and the accompanying system of waves, 
the energy of the electron would be proportional 
to the frequency of these waves, and the product of 
the momentum and of the wave-length would be 
constant. Hence, wave-lengths and frequencies 
would not range over all conceivable values and 
neither would the momentum and energy, but 
possible values would differ by finite amounts, which 
was exactly what was known to occur. 


The view put forward in this lecture leads, Sir | 


Joseph finds, to estimates of the size of the 
electron very materially greater than the gener- 
ally accepted value of 10- cm. This was de- 
duced on the hypothesis that the electron was a 
point charge of electricity contained within a sphere 
of a certain radius which could be calculated on 
the assumption that the whole mass of the electron 
was due to its charge. On the view put forward at 
Girton the effective diameter of the electron might 
perhaps be as large as 10-°cm. What may possibly 
provide a crucial test of the sufficiency of this model 
may perhaps be made by studying collisions between 
electrons and y rays. With very hard y rays, Sir 
Joseph states, the Compton effect should be 
abnormally large. 








THE RECONSTRUCTION OF GERMAN 
INDUSTRY. 


Some day it may, perhaps, be known whether 
the depreciation of the German currency which 
followed the war was a1 unforeseen consequence of 
the economic situation, or whether it was in part 
promoted by those interests which have ultimately 
benefited by it. Whatever may be the answer to 
this question, no doubt can be felt about the extra- 
ordinary insight and ability with which advantage 
has been taken of what, to a large part of the 
German population, has been an unexampled catas- 
trophe. The consequence of the energy and the 
sound judgment with which an unprecedented situa- 
tion has been met by German industry, and pre- 
eminently by the engineering trades, is an aspect 
of current history which has a general interest 
to economists, and particularly to those associated 





| therefore, the more significant that the period under 
| notice should show a considerable advance over that 

exceptional year. Without referring for the moment 
|to the elements of: progress, their aggregate effect 
|may be seen in the banking returns. In 1927 the 
|seven great banks of Berlin showed a turnover more 
'than a third greater than that of 1926, and their 
}advances against goods were more than half as 
| large again as they had been in that year. Similarly, 
|the savings bank deposits increased by nearly 
/40 per cent. German manufactures are met with 
| so often in export markets that it may be natural to 
|imagine this improvement as having depended 
|mainly on increased exports. The export trade 
|is, of course, a matter of primary importance to 
yerman industries, and it has played its part in 
|contributing to its present prosperity. In 1926 
exports increased by 10 per cent., and in 1927 by 
jabout a further 5 per cent., being now four-fifths 
|of their pre-war amount, and over 10 per cent. of 
|the world’s commerce. They are, however, sub- 
| stantially less than the imports. Ever since 1870, 

indeed, Germany has imported a good deal more 
|than she exported. In the 14 years before the war, 
| for example, the balance of imports over exports 


averaged about 70,000,0001., whereas in 1927 it 
| was just on 200,000,000/. In large part, this excess 
of imports appears to be a sign rather of an active 
| home market than of incapacity to penetrate foreign 
|markets. The home market, as the report points 
|out, has not only the advantage of being large and 
leasy of access, but also of yielding a better price, 
owing to the fact that it is protected in favour of 
{the manufacturer, while export markets for the 
‘most part are protected against him. 
| That the home markets should have responded 
so amply to the new conditions which followed on 
stabilisation of the currency, appears to have arisen 
to an essential extent from the wisdom with which 
the manufacturing industries concerned have used 
the advantages of the protection which was given 
them, and the internal regulation of trade which 
many industries developed for themselves. This 
is seen nowhere more strikingly than in the 
engineering trades. The present report, like its 
predecessors, shows how the process of amalga- 
mations has gone on so as to obtain, not only pro- 
duction units of an optimum size, but also a pooling 
of interests and resources which has added to the 
stability of the industries concerned. The pro- 
ceedings of the recent World Power Conference 





gave abundant evidence of the extent to which the 
coal interests have become associated with those of 
steel. In the reconstruction of their coke ovens they 
have provided for the possibility of obtaining new 
outlets for coke-oven gas as a source of hydrogen 
for synthetic nitrogen manufacture, or of domestic 
and power gas delivered in long-distance mains. 
In this co-operation with the fuel industry, as well 
as in the attention they are giving to the possibilities 
of improved chemical technology, iron and steel 
manufacturers are preparing for their enterprises a 
wider base than the mere sale of pig-iron and steel, 
and both for this purpose and many others they 
are pooling their resources and instituting mutual 
obligations between their constituent firms conceived 
on very broad lines, and adapted to produce effective 
control of the industry in the interest of all firms 
engaged in it. In particular, syndicates have been 
formed for regulating prices of ingot steel, tubes, 
wire rods and netting, all locks except mortise, bolts 
and nuts for permanent way, and wagons, in the 
last instance with the advantage that the syndicate 
is promised 90 per cent. of all orders placed by the 
State Railways. Nevertheless, in spite of this control 
over their industry, the prices charged for billets, 
girders, bars and plates up to May of the present 
year were only from a little over 10 per cent. to 
something under 25 per cent. greater than those of 
1913. This moderation in regard to a market which 
less enlightened manufacturers might have con- 
sidered to be at their mercy is the more remarkable, 
because since 1925 considerable additions had been 
made to wages, and hours had been shortened con- 
siderably. Enormous additions, too, had been made 
to indirect charges, The report, for example, of 
the Vereinigte Stahlwerke, the largest combination 
within the iron, steel and coal industries, estimates 
that the cost of social services is now about three 
times per ton of coal what it was in 1913, and 
double the cost per ton of ingot steel, while the 
taxation incident on these products had increased 
four and nearly fivefold respectively. 

As a net result of favourable circumstances 
outside the industry and the enlightened policy 
pursued within it the output of pig-iron increased 
by nearly three-fourths between 1925 and 1927, 
and of steel by about two-thirds. In the engineering 
trades a similar policy was pursued, and it was fol- 
lowed by similar results. The average increase in 
prices for the home market above pre-war was only 
about 37 per cent., and the sales of machinery in 
1927, though their tonnage was about a fifth less than 
in 1913, amounted nevertheless to over 2} million 
tons, and represented a considerable advance over 
recent years. In this industry, moreover, the utmost 
efforts have been made to enter foreign markets, in 
many cases, as it is said, at considerable sacrifice, 
and Germany now occupies a place second only to the 
United States among exporters of machinery. In 
the manufacturing engineering industries, indeed, 
the exports are many times as great as the imports, 
with a surplus over imports of 34,000,000/. for all 
machinery and 18,000,000I. for electrical machinery, 
including cables, with considerable increases for the 
year in the total turnover. The output of machine 
tools, for instance, is more than 20 per cent. greater 
for 1927 than for 1926, with a present amount of 
about 7,000,000/., and apparently only agricultural 
machinery and sewing machines show any notable 
decrease in exports. In the motor trade alone 
imports are greatly in excess of exports, at least so 
far as concerns cars and cycles. In the use of motors, 
indeed, Germany is conspicuously backward. 
Its use of motor cars and motor lorries per head of 
population is only about a fourth of that of this 
country, and a 34th of that of the United States, 
indicating, as the report points out, a very consider- 
able potential demand for motor vehicles, which is 
likely to materialise within the next few years. Apart 
from motor cycles, of which it contributes more 
than half, the only share obtained by this country 
in the imports of machinery is for textile machines. 
In the aggregate trade, indeed, between the two 
countries Germany exports about a fifth more than 
she imports, and whereas almost all her exports are 
finished manufacturers, most of her imports are Taw 
materials. 

As a whole, the record presented in this report 
is one of continued and remarkable progress. It 
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may be questioned whether anything like the 
development that has occurred in German industry 
would have been possible but for the depreciation of 
the currency, which practically freed German manu- 
facturers from their capital liabilities in respect to 
plant and otherwise. By itself, however, as the 
report insists, this would have been far from 
sufficient to account for the improvement which has 
occurred, but on the other hand it undoubtedly 
furnished German industry, and particularly the 
engineering trades, with a substantial material 
asset, which may well have been of decisive value 
as collateral security when manufacturers sought 
loans and investments for the purpose of improving 
the efficiency of their plants. In taking advantage 
of this asset, on the other hand, they have shown an 
energy, sagacity and broad-mindedness which is 
wholly admirable. It is no detraction from a 
sense of these qualities to accept the report’s 
suggestion that the present results could not have 
been obtained without the vigorous home market, 
which has been fostered not only by the considera- 
tion it has received from the engineering industries, 
but by the fiscal system which has reserved it to 
them. 


THE ADMINISTRATION 
ROAD FUND. 

Tue Roman roads in England, of which many 
traces still remain, were primarily constructed for 
military reasons, but their commercial value must 
have inevitably impressed itself on the mind of 
the people. It is perhaps not surprising that the 
precepts of an alien race should have been forgotten 
in the turbulent times following the Roman with- 
drawal, and several centuries elapsed before road 
construction in England again received serious 
attention. Macaulay, in his History of England, 
refers at some length to the deplorable condition of 
the roads at the close of the seventeenth century, 
and it was not until the beginning of the nineteenth 
century that a new era was inaugurated by the 
work of Telford. Before the war, we were able to 
claim with some justice that our roads were without 
parallel in any other part of the world, but the 
rapid growth of traffic since the Armistice found the 
road engineer somewhat unprepared. Ample experi- 
ence was available regarding the strength of existing 
forms of construction. but these were definitely 
unsuitable in the majority of cases for heavier 
vehicles running at higher speeds. At the same time, 
information regarding new forms of construction 
likely to fulfil the requirements of the new condi- 
tions was lacking. The road constructor had, there- 
fore, no option but to experiment on a large scale, 
and no surprise need be felt that the results were 
not always satisfactory. 

It is clearly unfair to criticise the responsible 
authorities too severely under these circumstances. 
It may be admitted that the foundations of these 
roads are proving of insufficient strength in some 
cases, and that the surfaces at times offer insufficient 
grip for rubber-tyred vehicles. Nothing, however, 
is easier than destructive criticism, and there would 
not appear to be any justification for the charges 
made—in particular against the Ministry of Trans- 
port. As we understand the present system, the 
construction of new roads, or the reconditioning 
of old ones, is mainly in the hands of the county 
surveyor, and the duty of the officials of the Ministry 
18 confined to satisfying themselves that grants out 
of the Road Fund are made only when the proposed 
work is shown to be necessary, and is likely to meet 
the probable traffic requirements. This system has 
the advantage that the county surveyor has the 
best knowledge of local conditions, but it is open 
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of new roads and _ bridges in lieu of those already 





utilise the money available to the best advantage. 
On the one hand, a relatively short length of 
roadway of the highest quality might be constructed, 
and on the other a much greater length which 
would be sufficiently durable to meet all reason- 
able requirements. It is easy to overestimate 
the value of the type of road surface which 
pleases the private motorist, and in adopting the 
second alternative the correct interpretation has 
been placed on the requirements of the public 
as a whole. No doubt in the long run the inferior 
road may prove the more costly, but there are 
excellent reasons at the present time why we 
should not shoulder the financial burdens of our 
descendants. As matters stand at present, the 
expenditure of public money on roads is enormous, 
the total cost of the work this year having been 
estimated at 60,000,000/. in a recent parliamentary 
statement. Exact figures for previous years are 
given in the Report on the Administration of the 
Road Fund for 1927-28, issued by the Ministry 
of Transport, and from this it will be seen that 
the expenditure out of revenue, &c., rose from 
38,749,0741. in 1920-21 to 47,638,965/. in 1925-26. 
There is a tendency on the part of motorists to 
assume that they are paying for the roads of the 
country through the annual taxation of their 
vehicles, but actually the estimated gross receipts 
from licence duties for 1928-29 is only 25,700,000/. 
After deducting 4,400,000/7. for general revenue 
purposes, and 610,000/. for expenses in connection 
with collection, &c., the net revenue available is 
20,700,000/. Approximately two-thirds of the cost 
of the roads, therefore, falls on local rates. The 
more important grants which it is proposed to 
make out of the Road Fund for the year 1928-29, 
as stated in the report, are 12,537,5001. for the 
maintenance and improvement of classified roads, 
2,900,000/. towards similar work on roads for 
which rural authorities are responsible, 1,000,000I. 
for work recommended by the Royal Commission 
on London cross-river traffic, and 1,000,000/. to 
cover liabilities taken over from the Unemployment 
Grants Committee. 

The most important work carried out in the 
past year has been the improvement of a number of 
the trunk roads throughout the country. The 
work includes widening where necessary, the 
construction of by-passes, the elimination of steep 
gradients, the rebuilding of bridges, and so on. 
Such work is rarely spectacular, but an exception 
occurs in the completion of the new high-level 
bridge crossing the Tyne on the Great North Road, 
described on page 488 of our issue for October 19 
last. The cost of this bridge, including approaches, 
exceeded 1,000,000/., and is typical of the 
exceedingly expensive nature of all classes of 
road reconstruction. To quote other examples, the 
reconstruction of 254 miles of the Bristol-Plymouth 
road, with a 30-ft. carriageway in the vicinity of 
Exeter and a 20-ft. carriageway for the remainder, 
cost 206,000/.; while the estimated cost of the 
Colnbrook by-pass, only 2-75 miles in length, on 
the London-Bath road, is 230,000]. By-pass roads, 
while affording the readiest means of relieving 
traffic congestion, are particularly liable to be very 
costly, as they have usually to be laid through 
valuable land areas in the neighbourhood of towns. 
Perhaps the best idea of the expensive nature of 
major improvement works is given in an appendix 
to the Report. In this it is stated that the estimated 
expenditure approved for grant in 1927-28 is 
5,503,0201., to cover widening, and the construction 


existing, the total length of road involved being 
1,127 miles. 
It appears to be still an open question as to 


to the criticism that it may lead to a lack of uni- 
formity throughout the country. The Ministry 
have, however, done much to render this criticism 
pointless by exercising an effective control over 
minimum widths, the load capacity of bridges, and 
So on, and their experience has enabled them to 
offer valuable advice on the form of construction 
to be adopted. 

No _particular difficulty would occur in con- 
structing a road which would stand up to modern 
traffic for an indefinite period. The cost of such 
4 road, however, might well be prohibitive, and 


what is the most suitable foundation and surfacing 
for the main roads of the country, and it may 
well be that there is no one form of construction 
which is suitable for all conditions. The Minister 
of Transport, in conjunction with the National 
Physical Laboratory, are carrying out extensive 
experiments, with a view to the establishment of 
definite data, the work at present in hand covering 
the effect of varying certain factors in the design 
and construction of concrete roads ; the conditions 
which give rise to skidding ; the effect of variations 


resistance. The majority of this work is still in 
the initial stages, but it has been possible to report 
that a long series of observations on the Barnet 
By-pass disclose the fact that not only the road 
itself, but the surface and subsoil of the land 
adjoining, are in a state of continual movement 
owing to variations in atmospheric conditions. 
The information is significant of the difficulties 
which have to be overcome. 








NOTES. 


THE WoRLD ENGINEERING CONFERENCE IN 
JAPAN, 1929. 


WE recently drew attention (page 528 ante) to 
the World Engineering Congress which it is proposed 
to hold in Japan in the latter part of 1929, and then 
expressed the hope that a National Committee 
would be formed in this country to organise 
representative participation in the Congress on a 
scale befitting the relations which have always 
existed between us and the Japanese nation. We 
are pleased to note that it has now been decided 
to hold a preliminary meeting of representatives of 
all the leading technical institutions with a view to 
the formation of a central committee to secure 
support for the Congress. This meeting will be 
held at the Institution of Civil Engineers on Decem- 
ber 10, and we understand that steps will then be 
taken to elect the necessary committee, and to 
consider in a preliminary way what can be done 
in the matter of submitting papers for consideration 
at the Congress. We have already stated that the 
Congress will be attended by some 250 delegates 
from the United States, and that some 30 or 40 
are attending from Germany. In view of our close 
connections with Japan, and the importance of 
maintaining our position in the Far East, we sin- 
cerely hope that everyone will make an effort to 
co-operate effectively in suitable representation of 
this country on such an occasion, when other 
nations have clearly made evident their intention 
of participating in the meeting on a large scale. 


FEDERATED MALAy STATES RAILWways. 


Railway building enterprises in what are now 
known as the Federated Malay States, are of com- 
paratively recent date. The first line to be built 
was that linking up Port Weld (Perak) and Taiping, 
and this was opened to traffic in 1885. Other 
isolated sections of railway were built subsequently 
either by individual States or by private enterprise. 
Some years ago, however, all the interests involved 
were co-ordinated under the Government of the 
Federated Malay States, further lines were built 
and the whole system reorganised. The main line 
of the Federated Malay States Railways runs along 
the west coast of the Malay Peninsula from Singa- 
pore in the extreme south, through the States of 
Johore, Negri Sembilan, Selangor, Perak, Province 
Wellesley, Kedah and Perlis to the Siamese frontier, 
580 miles from Singapore, where junction is effected 
with the Royal State Railways of Siam. An east 
coast line from Gemas, which is on the borders of 
Johore and Negri Sembilan, towards Tumpat, in the 
non-federated state of Kelantan, is under construc- 
tion, and is open to traffic over portions of its 
length. The ports on the west coast, including 
Malacca, Port Dickson, and Port Swettenham, are 
connected with the main railway by means of 
branch lines, and a steam ferry service is run from 
Prai, on the mainland, in Province Wellesley to 
Penang. According to the annual report of the 
general manager and chief engineer of the railways, 
Mr. J. Strachan, M.Inst.C.E., the receipts from all 
sources during 1927 amounted to upwards of 
2,689,800/., compared with 2,524,700/. during 
1926. The net surplus realised at the end of 1927, 
however, was but 420,7001., as against 749,870. 
during the previous year. Much of the increase 
in expenditure, represented by these figures, was 
due to the re-sleepering of the permanent way, 
considerable arrears of which were undertaken 
during the year under review. In addition to this, 
floods occurring early in 1927 resulted in the exten- 
sive destruction of track and buildings, and a sum of 
177,7701. was expended to make good the damage. 
The constructional works on the east-coast line also 
suffered very severely from the floods. Construction 
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camps and stores over a distance of 112 miles, and 
many temporary and permanent structures were 
wholly or partially destroyed; as a result, the 
completion of the line will be materially delayed. 
Difficulties are being experienced with regard to 
the recruiting of engineers. During the year, four 
vacancies occurred for young assistant engineers ; 
the Crown Agents for the Colonies, however, were 
unable to fill these vacancies with men possessing 
the necessary qualifications and railway engineering 
experience. The suggestion was then made that 
it might be easier to obtain young men who have 
just qualified, but who do not possess any practical 
experience. These would be appointed engineering 
cadets for a period of two years, and would thus 
obtain their practical experience in the land of 
their subsequent service. Government sanction has 
been obtained for this proposal but, up till the 
end of 1927, no appointment had been made. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


A GENERAL meeting of the Institution of Mechani- 
cal Engineers was held on Friday last, the 16th inst, 
at Storey’s Gate, Westminster, the chair being 
occupied by the President, Mr. RK. W. Allen. 

At the commencement of the meeting the 
President referred to the loss sustained by the 
Institution in the death of Sir Alexander B. W. 
Kennedy, to which we referred on page 571 ante. 
A letter of appreciation and condolence had been 
addressed by the Council to the son of the deceased 
gentleman. 

The President then announced that the Council 
had resolved to confer upon Sir John A. F. Aspinall 
Past-President of the Institution, the distinction of 
Honorary Life Membership. The proposal was 
endorsed by the meeting with enthusiasm. 

A further statement was made by Mr. Allen to 
the effect that, whilst usually the announcement 
regarding the President-elect nominated by the 
Council was made at the January meeting, he wished 
to inform the members that the Council had that 
afternoon nominated Mr. Daniel Adamson, Man- 
chester, for the Presidency during 1929. 


PoweER TRANSMISSION BY BELTS. 


A paper entitled ‘“‘ Power Transmission by Belts : 
an Investigation of Fundamentals,” by Dr. H. W. 
Swift, of Bradford, was then presented. This paper 
we reprint in abridged form on page 661 of this issue, 
and it may be noted that the experimental apparatus 
used was described in ENGINEERING, vol. cxxiv, 
page 438. Dr. Swift gave a brief abstract of his 
paper, and illustrated his remarks by reference to 
a working model. This model, which was of the 
return-belt type described in the paper, had a slip- 
indicating device attached to the third pulley of 
the series, consisting of a balanced finger, rather 
longer than the pulley radius, and centred on the 
pulley shaft. The end of the finger carried a 
horizontal rod of small diameter resting on the pulley 
rim. The rod was free to revolve on its own axis, 





and carried a large perti-coloured disc for the purpose 
of making evident any rotary movement relative to | 
the finger itself. When no slip of the belt on the | 
pulley was taking place, the rod, when carried round | 
between them, did not rotate. By suitably loading | 
the apparatus, however, slip was caused, and the rod | 
and disc rotated on their own axis as the pulley itself | 
revolved. This device clearly demonstrated, by the | 
increased velocity of rotation of the disc, the increase | 
in the amount of slip towards the part of the pulley | 
circumference at which the belt left the pulley, and | 
the earlier occurrence of the point at which slip 
developed as the amount increased. 

The model was commented on by Mr. H. C. 
Young, who opened the discussion. He thought 
it was an extension of Dr. Lanchester’s instrument 
for gear testing, and considered the principle might 
be used still more widely. Thus, it might be possible 
to arrange it to test the ultimate strength of a belt. 
Present methods of belt testing presented difficulties 
from the use of grips. He could hardly accept 
Dr. Swift’s term “ coefficient of performance” as 
it stood. Dr. Swift had taken most of the well- 
known types of belt, and his table giving their co- 





efficients of performance was perhaps likely to 





be taken as a real measure of the performance of 
the belt. If, on the other hand, another table, 
which gave a comparison of estimated and observed 
creep were used, a quite different set of relative 
values was obtained. The two tables seemed 
contradictory. It appeared to him that belts with 
a high coefficient of performance were not neces- 
sarily the best belts, and it was doubtful whether 
high coefficients of friction, which produced high 
performances, were really what a belt user or 
manufacturer should aim at. 

Professor G. F. Charnock was of opinion that the 
most striking feature of the paper was its demon- 
stration of the connection between slip and creep. 
The true meaning of creep was not always under- 
stood, and, as a result, in many large works belts 
were running with much greater tension on them 
than was desirable. The common method of curing 
anything in the nature of slip or creep was to tighten 
up the belt still more. Dr. Swift had done great 
service in elucidating the basic principles of the belt 
drive, but no practical application of these principles 
had been shown. He thought this should be 
done later. He enquired, for example, how it was 
proposed to deal with maximum tension. A static 
test in a testing machine was of little use; a belt 
was subject to a fluctuating load, and the material 
was therefore subjected to fatigue. The diffi- 
culties in static testing might be illustrated by a 
reference to the time element. When it was possible 
to break a sample of good leather belting virtually 
instantaneously, the ultimate tensile strength 
came out at about 6,100 lb. per square inch. When 
the load was applied for two minutes, the strength 
fell to 4,500 Ib. In about an hour it was 3,800 lb., 
and in 2 hours about 3,400 lb. How, then, should 
the test be made, and what time should be allowed ? 

Continuing, Professor Charnock thought the at- 
tempts now being made to standardise the test- 
ing of belt materials made use of too small a 
testpiece, the cross section working out to about 
one-eighth of a square inch. Such a small speci- 
men was objectionable, as it needed only a small 
load to break it, and this load could not be uniformly 
distributed over the sectional area; the time diffi- 
culty was also present. He understood that the 
practice was to take the average ultimate strength 
of five specimens, which average should not be 
less than 3,700 lb. per square inch, the lowest 
of the series being about 2,500 1b. Dr. Swift had 
utilised an autographic recorder of some sort, not 
fully described in the paper, in studying the elastic 
properties of materials, but the object of the paper 
was not to establish absolute values, but only to 
confirm certain absolute principles. Considering the 
elastic properties of belting, whether of leather or 
other material, the modulus of elasticity was very 
variable, great changes taking place as the load on 
the belt was increased. A test for elasticity was 
much more complicated than a tensile test. Accu- 
rate figures for the frictional properties of belts were 
badly needed. 

In spite of the difficulties of the work in these 
three directions, he hoped Dr. Swift’s investigations 
would be completed to permit of their direct applica- 
tion to practical problems. In the meantime, the 
standardisation of belt tests should be taken up 
either by the Institution or the Engineering Stan- 
dards Committee. Dr. Swift had dealt very 
clearly with the advantages arising from the use of 
an idler pulley. In this connection, a statement 
had been made in a German journal some time ago 
that the idler pulley might advantageously be 
applied on the tight side of the belt. Dr. Swift 
had investigated this, and found that, with this 
arrangement, the results were not so good as if no 
idler pulley were employed at all. 

Mr. P. Monteath said that, with a woven belt, the 
tensile strength could be tested without cutting 
the belt at all. The rubber belt was not truly 
elastic, and solid woven belting, or any other type 
of fabric belt, could not be elastic. Although the 
tensile test of a belt was important, he considered 
that the prime factor in distinguishing a good belt 
from an indifferent one was based on the hysteresis 
loop, which, broadly speaking, indicated the ability 
of a belt to take a shock and yield to that shock 
momentarily, afterwards recovering its original shape 
without having received a permanent set. He was 


at present investigating a method of testing involv- 
ing the principle of degree of extension under load. 

Mr. E. R. Dolby said he would have liked Dr. 
Swift to offer some explanation of the difference 
between English and American practice with leather 
belting, the former using the flesh side and the latter 
the hair side as the contact side. Some allusion 
might also have been made to the properties of the 
well-known type of belting consisting of a number 
of strips of belt fixed together edgeways, although 
he had not found this to give altogether satisfactory 
results. He further thought that it would be an 
advantage to have some definite opinion as to the 
value of the current formule and constants which 
had to be used by a busy man. Perhaps Dr. Swift 
would deal with such points in a further paper, if 
not in his reply. 

Mr. J. Dawson considered that the creep results 
given in Table I of the paper were correct for the 
speed at which the test belts were run, namely, 
1,000 ft. per minute. For higher speeds, however, 
the theory had been advanced that the change in 
stretch in the belt could not follow the quick change 
in tension, and tests had provided some confirmation. 
The figures in Table 1, however, should be taken as 
representative only of the actual belts tested; not 
of the types of belt generally. For instance, the 
stretch modulus of balata belting made from identi- 
cal material, varied from 36,000 Ib. to 96,000 Ib. per 
square inch, depending on the state of maturity of 
the test pieces; a matured piece of balata belting 
had a much higher modulus. The percentage of 
creep for good balata belting should be much less 
than that shown in Table 1. For the same reason, 
some of the curves, as applying to balata belting, 
required modification. He thought also that the 
conclusions from the tests of the gravity idler 
seemed to be somewhat too general. The real field 
of utility of the gravity idler was where there were 
short centres and high speeds with high pulley 
ratio, which conditions were not touched on by 
Dr. Swift. 

Mr. J. R. Hopper pointed out the difficulty of 
obtaining accurate figures of the distribution of the 
slip between the two belts of the testing apparatus, 
because the test belting had an adjustable tension 
controlled by a dynamometer, while the first belt 
had no such arrangement. The tension of the latter 
could vary considerably during a trial, either de- 
creasing by stretch or increasing by supplementary 
tension produced by the transmission of power. 

Mr. Noel Godby was sceptical of the utility of 
such an abstract treatment of the subject as the 
paper presented. As an example, he contended 
that the most favourable running conditions and the 
most correct design might be vitiated by the belt 
joint. In all belts, except the scarfed leather belt, 
the efficiency depended on the type of joint. There 
was a field for investigation as to the best kind of 
joint to use on a specific belt under particular con- 
ditions. Again, the power required by various 
machines was not always accurately known, and 
indeed was often variable when working. 

Mr. D. N. Hunt, said that he thought the reference 
in the paper to a belt slipping down a cylindrical 
drum set slightly askew, was contrary to accepted 
opinion ; as a matter of fact, it sometimes ran up. 
He observed that in the curve for T,-T, no actual 
figures were given, but by making an estimate it 
would appear that the figures per square inch of arc 
of contact on the pulley were much higher in the 
paper than were found in actual use. In practice 
creep did not really occur, because the stresses on 
the leather were so much lower than those mentioned 
in the paper. Slip should not occur to a serious 
extent in any well-designed belt drive. The number 
of belt revolutions was an important factor, not only 
in the life of the belt but also in the way it would 
run. He could not learn from the experiments 
reported what the belt revolutions actually were, but 
they seemed to be on the low side. Again the thick- 
ness of a belt in relation to the pulley diameter was 
important. He considered that further experl- 
ments should be directed to ascertaining the life 
of belting, bearing in mind these factors. 

Dr. Swift being then called upon to reply, said the 
strength of belting and the kind of fastener used 
were important, but his experiments covered neither, 
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effective economic value of the higher of the two belt 
tensions. Until then, the current values, which were 
the result of experience, might be taken. He had 
endeavoured to show that creep and the coefficient 
of performance were distinct functions. Creep was 
purely an elastic function and could not be altered 
by anything except the mean tension, once the belt 
had been made, whereas the coefficient of perform- 
ance depended on the frictional properties of the 
drive which were definitely alterable by means of 
adding dressing, &c. For example, a new rubber 
belt showed a coefficient of performance of about 75 
per cent., that is, the tension ratio at which it bodily 
slipped was about 4to1. After a very small amount 
of oxidised castor oil had been applied, the tension 
ratio could be maintained without difficulty at 
something between 10 to 1 and 20 to 1, or a coeffi- 
cient of performance of 90 per cent. The time 
element in testing was one of the great difficulties 
in interpreting these tests, and would always be 
a difficulty when obtaining quantitative results 
by means of indirect experiments. He had not 
attempted to show that it was practicable to use the 
elastic curve of a belt to determine accurately what 
was going to be the condition when that belt was 
running; he had, in fact, definitely stated in the 
paper that it could not bedone. There was only one 
way of testing conditions of operation, and that was 
to test the belt under those conditions. The placing 
of a gravity idler on the tight side of a belt was 
definitely incorrect, because the increase in the arc 
of contact with the idler on the tight side was, of 
course, much smaller than a similar increase if the 
idler were applied to the slack side. 

The President then announced that an extra 
general meeting would be held on Friday, Novem- 
ber 30, when Prof. W. E. Dalby would deliver the 
Thomas Lowe Gray Lecture on “The Possible 
Vibration of a Ship’s Hull under the Action of an 
Unbalanced Engine.” An informal meeting would 
be held on Friday, December 7, when the subject 
for discussion, viz., ‘‘ Works Committees,’ would be 
introduced by Mr. F. E. Robinson. The next 
ordinary general meeting would take place on 
Friday, December 14, when Mr. E. G. Herbert 
would read a paper on “‘ Machinability.” 








THe British INpusTRIES Farr, BIRMINGHAM.—The 
Birmingham Chamber of Commerce (Incorporated), 
the organisers of the heavy section of the British 
Industries Fair, which is to be held in the Exhibition 
Buildings, Castle Bromwich, from February 18 to 
March 1, 1929, inform us that an outside section of 
the Fair has been decided upon. This section, which 
is 50,000 sq. ft. in area, adjoins the Fair building. 
Space is already being allotted to manufacturers of 
concrete-mixing machines and other road-building 
apparatus, which will be shown in operation. Horti- 
cultural and agricultural buildings, enclosures of ground 
by different systems of cattle- and vermin-proof parti- 
tioning, temporary structures for contract works, and 
such erections as cattle shelters, are other exhibits 
suitable for open-air display. Applications have also 
been received from firms wishing to give demonstrations 
of the operation of tractors, gantries, telpherage, and 
escalator ladders. Railway equipment will probably 
be demonstrated on some miles of private sidings lying 
between the Fair buildings and the main line of the 
London, Midland and Scottish Railway. The offices of 
the Fair are at 95, New Street, Birmingham. 





TeENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
details and information relating to these may be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case :—T'wo separate calls for tenders are reported from 
the Indian Stores Department, New Delhi—one for the 
supply of oil-engine-driven pumping sets (Ref. No. 7141), 
and the other for the supply, delivery, and erection of 
Steam engines and pumps (Ref. No. A.X. 7142). The 
closing date for the first is fixed for December 3, and for 
the second, December 6.—The Ministry of Public Works, 
Cairo, is calling for tenders for the supply of three steam 
lorries. Closing date, December 15. (Ref. No. A.X. 
7149.)—The British Legation at Berne reports that offers 
would be welcomed from British firms for water-gas 
plants, station gas meters, conveyors and hoisting plants, 
&e., in connection with the corstruction of a new gas 
works in Switzerland. (Ref. No. A.X. 7138.)—Tenders, 
to be presented in Sydney by January 2, 1929, are being 
— for by the New South Wales Government Railways 
or the supply of two hydraulic pumps and electric 
motors. (Ref. No. A.X. 7150.)—It is reported from 
Antwerp that the Municipal Council is calling for tenders, 
to be presented by January 8, 1929, for the construction 
ot os reinforced-concrete footbridges. (Ref. No. A.X. 


4152.) 





THE INSTITUTE OF FUEL. 


THE third annual meeting of the Institute of 
Fuel was held in London, at the Institution of 
Electrical Engineers, on Wednesday and Thursday 
of this week. The chair at the opening proceedings 
was occupied by the President, Lord Melchett, 
F.R.S., who, in the course of an address, said that 
Sir David Milne-Watson had consented to accept 
the presidency of the Institute, but, as their Founder 
President, he (Lord Melchett) would do all he could 
to further their interests. 

Continuing, he remarked that the fuel and coal 
industries of the country were unbalanced and, 
although good in parts, were bad in others. For 
example, modern tendencies in progressive industry 
might be contrasted with the spectacle of three 
thousand independent collieries each working its 
own pits in its own way. The pressure of steam- 
generating plants was constantly being increased, 
and a new boiler plant that was being erected in 
one of the factories of Imperial Chemical Industries, 
Limited, would generate steam at a higher pres- 
sure than any other in the country and produce 
electricity cheaper than any equipment in the 
world. Particular movements called for comment. 
Powdered fuel plants were on the increase. A 
great public utility company had taken up the 
Coalite low temperature carbonisation process. Coal 
should be sold on a better classification system, and 
there should be standardisation in cleaning. But 
efficiency was necessary not only in technical 
achievement but in organisation, and he was glad 
that a good deal had been done in this direction 
especially on the selling side. 

If the present position of the coal industry were 
considered, some lessons for the future might be 
learnt. The war vastly accelerated those forces 
which were working against industries which did not 
keep pace with progress, while recent disputes and 
the increasing tendency of foreign countries, 
like Italy and Spain, to fall back on their own 
resources, were contributary factors in placing the 
British coal trade in its present position. The prob- 
lem in the German coal trade had in some respects 
resembled our own. But this industry had always 
had to bear the brunt of formidable competition from 
Great Britain and had organised itself accordingly. 
Had it not done so, it was not going too far to say 
that it could never have weathered its post-war 
difficulties. The main factor in the re-establish- 
ment of the coal industry of this country on a 
sound economic basis was therefore the internal 
re-organisation of its technical, commercial and 
industrial relations, followed by a similar re- 
organisation on imperial and international lines. 

At the conclusion of the presidential address 
the chair was taken by Mr. Arthur Spyer, who 
called upon Sir Henry Fowler to present his paper 
on “ Fuel Conservation in Locomotive Practice.” 
In the course of this communication, the author 
remarked that attempts to overcome the difficulties 
of combustion in locomotive boilers included the 
use of a brick arch in the fire box, the regulation of 
the air admission, the maintenance of an even fire 
and the employment of deflectors to prevent the 
direct passage of the entering air to the tubes. In 
what might be called “positive” directions 
efforts to conserve fuel had been made with marked 
success. The first and most important of these 
was the use of superheated steam, thus allowing a 
saving in fuel of at least 20 per cent. to be obtained. 
Usually the steam was heated to 650 deg. or 700 deg. 
F., though 800 deg. F. had been attained on oil-fired 
locomotives. Compounding had also been largely 
used, though the steam pressures did not usually 
exceed 227 lb. per square inch. Efforts had recently 
been made to employ turbines on locomotives, 
but auxiliary machinery had then to be introduced 
for creating the draught, and there was a difficulty 
in transmitting the high speed of the prime mover 
to the comparatively slow revolution of the driving 
wheel (250 r.p.m. with a 6 ft. 9 in. wheel at 60 m.p.h.). 
Electrical transmission, though not so efficient as 
other methods, was satisfactory. Efficiency in 
mechanism, however, ceased to be desirable when 
unaccompanied by economy. An express loco- 
motive did not usually run more than 45,000 
miles, and would not burn more than 750 tons of 





coal per annum. A saving of 20 per cent. would 





therefore mean 150 tons of coal, against which must 
be set the costs of the extra complications incurred 
to obtain that saving. This extra expense might 
easily absorb more than the quite high saving 
produced by increased efficiency. 

Considerable attention had been given to the 
employment of pressures of the order of 1,000 Ib. 
per square inch in water-tube boilers, though special 
alrangements would have to be made to avoid scale 
troubles. About 10 per cent. of the steam generated 
was consumed when an injector was employed for 
forcing the water into the boiler. Recently, savings 
had been effected by using exhaust steam for opera- 
ting the injector at the expense of a slight increase 
in weight, while feed heaters of various types, 
utilising either exhaust steam or flue gases, were 
also being employed. Experiments were, in addition, 
being made with air pre-heating and pulverised fuel. 

The discussion of this paper opened with a written 
communication from Dr. Oskar Tausig, which was 
read by the Secretary. In this, it was pointed out 
that economy in railway practice depended on the 
use of suitable fuel, its proper handling, the award 
of bonuses for saving it, and its combustion on the 
most efficient lines. On the Austrian railways, 
hand-fired boilers were still used throughout, 
though tests were being made with pulverised fuel. 
Devices which were being adopted to assist fuel 
economy included a draught diffuser to prevent 
unburnt coal being forced out of the chimney, steam 
jets to assist the better mixture of air and gas, so 
as to improve combustion and reduce consumption, 
and special grates for shunting locomotives, so that 
a poorer quality of fuel could be used. It was 
essential that close attention should be paid to 
the purity of the feed water, and means devised 
so that any scale should be deposited outside 
the boiler. He did not regard air heaters with 
favour owing to their weight, and thought superhea- 
ting the best way in which to economise fuel. 
Though the pressure on the Austrian railways was 
usually from 225 to 250 lb. per square inch, experi- 
ments were now being made with a Winterthur 
locomotive operating at 900 lb., and with a boiler 
working on the Loffler system, the pressure of which 
was 1,500 lb. A gear with double-seated valve, 
which was a combination of the Lenz and Caprotti 
principles, was being used with success. A larger 
proportion of the exhaust steam should be utilised 
for feed water heating. 

Mr. T. J. Fellowes-Brown asked whether the 
author thought the best quality coal was the cheapest 
in the long run. Dust losses on the tender and due 
to the draught might amount to 9 or 10 per cent. 
More attention should be paid to analytical charac- 
teristics both when the coal was purchased and when 
it was delivered. 

Mr. E. C. Poultney thought that a great step 
towards economy could be made by utilising steam 
expansively, and by paying attention to such 
details as simplifying the valve motion. More 
should have been said about fuel consumption on 
shunting engines. These engines were practically 
all day in full gear, and their fuel consumption 
could be reduced by 10 or 15 per cent., if the cut-off 
was made not longer than 50 or 60 per cent. This 
would mean a higher boiler pressure or larger 
cylinders, but the results would be worth while. 

Sir Henry Fowler, in reply, said that an objection 
to paying a bonus on savings on coal consumption 
was that the same train might run under quite 
different conditions on two successive days. For 
instance, last week a 50 per cent. greater tractive 
effort had been required on a certain train owing to 
the high side wind. The applications of pulverised 
fuel had been slow owing to the difficulty of obtaining 
an ash-free fuel, but this had been overcome in 
Germany by using a short flame. In this country 
it was probable that numerous small flames would 
be used for this purpose. The losses mentioned by 
Mr. Fellowes-Brown were negligible on the tender, 
but important in the furnace and attention must 
therefore be paid to the physical state of the coal, 
as well as its calorific value. He hoped the British 
Standards Specification would help them with the 
sampling problem. 

A paper on “The Rational Cleaning of Coal” 
was then presented by Dr. R. Lessing. We propose 





to reproduce this paper in a future issue, and 
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it need only be stated here that it dealt with the 
considerations which led up to the author’s pro- 
posal to separate coal by specific gravity only, and 
the resulting application of the float-and-sink test 
on a commercial scale. The principles of the 
process were dealt with, the plant that has been 
erected described, and the results obtained were 
given. 

The Secretary read a communication from Pro- 
fessor H. Louis, who pointed out that the process 
described in the paper was a resuscitation of one 
patented by Bessemer some seventy years ago. 
This had never been seriously adopted in this 
country, so he concluded that it did not prove 
satisfactory. ‘This view was supported by what had 
happened in Germany where it had been tested on 
a commercial scale. According to Jungst, the 
principle on which it worked was one of attractive 
simplicity, but in practice the process would only 
be suitable for material of constant uniform quality. 
Professor Louis added that the future would show 
whether Jungst or Dr. Lessing were correct about 
the commercial value of this process. 

Mr. A. Worsley said a great deal of work had 
already been done on the separation problem, but 
the results were not available. He thought that 
size was not so important in this connection as 
shape, while experience showed that different 
methods were required for different arrangements 
of material. 

Dr. T. Barratt said that the displacement method 
was very similar to the process used in the separation 
of mixed acids in the nitration of gun cotton. He 
would like to know how the free moisture in the 
coal was reduced in so short a time as 2 hours. 

The final paper presented at the morning session 
was one by Mr. J. L. Hodgson on “ Measurement 
of Steam Quantity in Works Practice.” This 
described the construction and installation of 
several forms of steam meter, the precautions to be 
taken in their use, and the computation from their 
readings of the total steam used over a given 
period. The simplest form of meter merely recorded 
the differential pressures existing across the orifice 
or integrated on a time basis the amounts pro- 
portional to the square root of the differential 
pressure at each instant. Examples of the first 
class, of which descriptions were given, were the 
metallic diaphragm meter, the flexible diaphragm 
meter, and the mercury type meter. In these the 
movement of the pen was approximately propor- 
tional to the “ orifice head,” and the simplest way 
to integrate the charts thus traced, so as to obtain 
the total flow, was to use planimeters of various 
kinds, details of which were given, or to arrange 
that for each position of the tracing pointer the 
guiding pointer took up a position proportional to 
the flow. 

A pulsating steam flow might be considered to 
consist of a “ pressure variation” and a “ velocity 
variation,” both of which caused errors in the 
meter, and though that due to the first cause could 
generally be neglected, the effect of the latter 
might be as much as several hundred per cent. It 
could best be reduced by smoothing out the wave 
form of the “ velocity variation” at the metering 
point. The simplest way of doing this was to 
insert a capacity and/or a throttling device between 
the source of pulsation and the throttling point. 

One of the more interesting recent developments 
in steam metering was the rotary steam meter. 
This contained a turbine driven by steam which 
impinged on it from two symmetrically placed 
nozzles. The turbine rotated in a shunt circuit, 
while the main flow of steam passed through an 
orifice the size of which could be varied according to 
the maximum flow. The motion of the turbine was 
transmitted to the counter dial by a magnetic drive. 
In practice this meter was found to maintain its 
accuracy down to one-tenth of full flow over long 
periods, the loss of pressure due to its use being 
about 2 Ib. per square inch at full flow. 

At the meeting held on Wednesday afternoon, 
the chair was taken by Sir Richard Redmayne, 
and three papers on the general subject of ‘‘ Econo- 
mics of Coal Production and Distribution ’’ were 
presented by Mr. George Raw, Professor Henry 
Louis and Captain R. Addy, who dealt with produc- 
tion, preparation and marketing, respectively. 


‘ 





In the first of these the author remarked that while 
the mechanisation of mines in this country was 
steadily proceeding, it could not be accomplished 
at once owing to the need for training the personnel, 
the necessity for the re-arrangement of the workings, 
the fact that the industry had been left to face the 
post-war slump on its own resources, and to recur- 
ring stoppages. One of the difficulties that had to 
be faced in a partially exhausted colliery was that 
the solid coal remaining frequently consisted of 
isolated areas at considerable distances from the 
shafts. To provide the necessary power for working 
these areas would mean considerable capital expen- 
diture, and they were, therefore, still worked by hand. 
In 1927, about 23-3 per cent. of the coal won was 
being produced by machines, while a change was 
being made from the continuous and slow advance 
of a long line of face to the quick advance of shorter 
faces. This had been made possible by the adoption 
of carefully organised methods of production, and 
was becoming recognised as the key to successful 
machine mining. 

As regards the machinery in use at the coal face, 
the chain cutter was gradually replacing the bar and 
disc models, about 66-6 per cent. of the machines 
in this country in 1927 being of the former pattern. 
On the Continent a great deal of coal was won by 
pneumatic hand-picks, from 50 to 70 per cent. of 
the output in France and Belgium being obtained 
in this way, while in the Ruhr the corresponding 
figure was 75 per cent. In England, only 5,679 
pneumatic drills were in use in 1927. Considerable 
use was being made of conveyor and loaders, while 
at the Bowburn Colliery, Co. Durham, pneumatic 
conveyors had been installed. For underground 
haulage, the electric locomotive was largely used in 
the United States, where the conditions were more 
favourable for its employment than in this country. 
On the other hand, the horse-power of electric 
winders in Great Britain had increased from about 
50,000 h.p. in 1920 to 150,000 h.p. in 1927, and the 
efficiency of this plant as an economical consumer of 
power had been determined beyond question. The 
employment of an electric winder, however, depended 
on the relative costs of steam and electric power. 
Compressed air was so inefficient that its use was 
seldom justified, except where electricity could not 
be employed on the grounds of safety. Greater 
economies in labour costs might be effected by 
providing means for the underground transport 
of the workmen. 

In the second paper, dealing with “‘ Preparation,” 
Professor Henry Louis said that the proper prepara- 
tion of coal for the market constituted one phase 
of the very grave problem, which the coal industry 
of this country was, at present, engaged in attempt- 
ing to solve. It consisted in taking care that the 
coal delivered into the railway trucks at the mine 
should be in the state best suited for meeting 
the requirements of the market for which it was 
intended. The first stage in the preparation of coal 
to this end was the removal of the ash. This had 
long been done by screening and washing processes, 
which gave clean though wet coal. During the 
past fifteen years dry cleaning methods had, 
however, been introduced, and it could now be said 
that it was possible to clean coal as effectively by 
air as by water. Another important point was 
sizing, and in this connection a standardisation of 
nomenclature was badly required. It would con- 
stitute an important aid to the marketing of our coal 
abroad, since our competitors graded coal more close- 
ly than wedid. In this connection, attention might 
be called to the large coal fetish. No piece of coal 
larger than 6 in. was ever used in that form, and in 
the majority of cases well-graded 3-in. coal would be 
far preferable to the “ fine large” lumps so much 
admired by the average buyer. 

There was comparatively little difference in the 
first cost of the various forms of coal cleaning plant, 
or in the cost of their operation, providing the con- 
ditions were similar. The total cost might be taken 
as about 6d. per ton, most of which was due to the 
loss of vendible coal caused by cleaning. The 
increase in the monetary value of clean coal was 
not always easy to assess, but in the case of a 
coking coal used in the production of blast furnace 
coke might lead to saving of some 5s. 74d. per ton 








of pig iron produced. 


In the third paper, Mr. Roland Addy defined 
“Marketing” as disposal for sale, and said that 
this process generally anticipated the production 
of the coal. Our present inept and vicious form of 
salesmanship had been described as commercial 
hooliganism, the reasons for which were excessive 
individualism, the large number of different coal- 
fields and qualities of coal and the pre-war prosperity, 
An examination of existing conditions showed that 
drastic changes were inevitable. It was impossible 
to obtain fair play for coal while fifty or one hundred 
sellers were trying to win the favour of a single 
buyer who would be more than human if he did not 
succumb to the lowest price. The ideal system would 
be for collieries to obtain first-hand knowledge of 
their markets, and to exchange views with inter- 
mediaries at home and abroad so as to be able to 
appraise industrial needs, to reward reasonably all 
men who performed useful service, and to go into 
the markets of the world through central selling 
agencies. The urgency for change was great. 

In opening the joint discussion on these three 
papers, the Chairman said that at present there was 
universal depression in the coal industry. In 1927, 
the cost of production was 90 per cent. greater 
than in 1913, while the pit-head price was only 43 per 
cent. higher. Matters could only be improved by 
better organisation. It was satisfactory to find 
that the output per man was as high in this country 
as in others where conditions were similar, and 
that machines were being used to an increasing 
extent. He thought that dry cleaning was likely 
to be more widely used. 

Dr. R. Lessing said that the methods of dealing 
with the coal after it had been brought to the 
surface required substantial amendment. In old 
days size was a guarantee of purity. A difficulty 
was that since the war our methods of utilisation 
had overtaken our methods of distribution and 
thus less coal was being used. This might be 
overcome by improving the quality by various 
methods and thus securing a higher price. 

Professor Neville Moss, in a written communica- 
tion, also referred to marketing. As the demand for 
coal was inelastic some national scheme was neces- 
sary which would not subsidise the export market at 
the expense of the home consumer. Such a national 
market board ought to standardise screens and 
sizes and erect blending plants. The next step 
should be the foundation of an European Mining 
Council to standardise hours and wages according 
to the conditions in each country and thus eliminate 
strikes. 

Mr. Clifford Armstrong said the effect of a Mar- 
keting Board would be to increase the price. The 
question of size might be taken up by the Research 
Association, especially as the same designation 
meant different things at different collieries. 
Blending would have to come, and collieries must 
realise that they would have to provide a definite 
material. Selling coal on a calorific basis was much 
preached, but everyone went on buying coal in the 
old way. 

Mr. J. Charrington said it had been commonly 
taken for granted that distributors would not co- 
operate with the mine owners. It was rather the 
other way round. 

Mr. A. Worsley said the intermediaries between 
the mine and consumer could not be blamed, as 
they were at work in 1914 when the industry was 
flourishing. Their presence probably explained why 
it was possible to sell coal at all. 


(To be continued.) 








THe Dazo Printrxa Process.—Reproductions of 
tracings which are clear and distinct are of so much 
service in offices and works that improvements in the 
various papers in use and in the methods of working 
are welcomed by engineers and others who have need 
of duplicate copies of drawings. The Dazo_ process 
being introduced by Messrs. Norton and ; Gregory 
Limited, Castle-lane, Buckingham-gate, S.W.1, is & 
means of producing positive prints with rich black lines 
on a white ground from ink or pencil tracings with 
the speed of blue-printing. The process may be woes 
in a small office as the development may be ecsrrie 
out by hand, or in a larger establishment where an 
automatic machine may be installed. The surface }s 
merely damped to reveal the image, and thus the prints 
remain “true to scale.” The surface, though treated 








chemically, takes colour readily. 
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THE BRITISH ASSOCIATION AT 
GLASGOW. 


SECTION F.—ECONOMIC SCIENCE AND 
STATISTICS. 
(Continued from page 608.) 
RATIONALISATION AND INDUSTRIAL EDUCATION. 

In presenting his paper, Major L. Urwick said the 
term “rationalisation ’’ had arisen at the Economic 
Conference, held in Geneva in 1927, at which econo- 
mists and industrialists of all nations and descriptions 
had unanimously passed a series of resolutions under 
the collective heading of rationalisation. Interna- 
tional co-operation, the re-casting of economic theory 
and a new attitude in industrial life had been urged, 
and waste of material, intellect and effort had been 
condemned, but the term rationalisation had not been 
defined. It was, indeed, impossible to define with 
respect to any concrete organisation or practice. In 
F, W. Taylor’s phrase, rationalisation would denote a 
mental revolution, and it involved both an attitude 
of mind and a process. The attitude of mind implied 
the belief that scientific methods rendered a more 
deliberate control of economic life possible, while 
the process involved the application of science to 
the problems of organisation, production and distri- 
bution. All industrial States were now more or less 
on an equal plane of opportunity, and a large modern 
undertaking could not be administered in the absence 
of some principle of authority totally different from 
the crude imposition of self-will to which the strike 
was the usual answer. 

Directors of research had to complain that em- 
ployers were unable to make use of technical 
discoveries because their administrative equipment 
was inadequate, while industrial firms spent large 
sums on the investigation of problems long since 
solved. There were less than a thousand students 
of business training in this country, against 10,000 
in Germany and 80,000 in America. Professors of 
commerce and employers were ready to work to- 
gether, but the consultative bodies appointed were 
recruited from retired directors, not from actual 
administrators, and it was not astonishing that 
graduates in commerce were offered low salaries. 


another activity, and the transference of workers 
from one occupation to another might be wasteful. 

A joint discussion was held with Section F on 
the Present Position of Skill in Industry, and, in 
opening the discussion, Professor Pear said that the 
diminishing appreciation of skill was a bad omen. 
Mr. Ford was reported to have stated that proficiency 
in 85 per cent. of the jobs in his works could 
be acquired in two weeks, and this made the 
worker feel insecure and led to easy displacement. 
Professor H. Clay, of Manchester, remarked that 
he inclined to the belief that skill was being 
eliminated by mass production and superseded 
by general knowledge. But a great deal would 
have to be left to the eye and judgment of the 
workman, and the sentimental belief that in the 
Middle Ages every worker had been an artist over- 
looked the fact that the mass of the people had 
had a desperate struggle for existence, which the 
spreading of knowledge had relieved. The con- 
ditions for mass production were not to be found 
everywhere, and if mechanical methods had cul- 
minated in some Amegican works, it was because 
there was a dearth of industrial skill in that country. 
The Lancashire mule frame was cheaper than the 
ring spindle ; it required more labour, but it also 
turned out a better, though dearer, product. 

Mr. C. G. Renold, speaking as a manufacturer of 
repetition articles, said that the disappearance of 
skill, if it were mere dexterity, would not be of great 
moment, but fifteen years’ scientific management of 
his factory had not lowered his appreciation of skill, 
by which he understood a combination of useful 
mental and physical qualities, the acquisition of 
which required considerable training. The skill 
which had formerly been utilised on the direct pro- 
duction of goods was now devoted to the improve- 
ment of the methods of production. The picture 
which was conjured up by Mr. Ford’s development 
was distorted. Mr. Renold had, at three periods, in 
1913, early in 1927, and again recently, made an 
analysis of his employees with respect to their skill. 
His tables showed that the proportion of skill of 
one kind or another had remained constant in the 
fifteen years, although the period had seen a revolu- 
tion in organisation, in processes, and in clerical 





The present training seemed to be designed for the 
purpose of enabling the student to earn 31. a week 
on leaving college rather than a salary of 30/. in 
fifteen years’ time. 


SECTION J.—PSYCHOLOGY. 


and statistical methods. There had been a growth 
in the craftsmen category, both in numbers and 
percentages, a reduction in the number of semi- | 
skilled machine operators and of unskilled labourers, 
owing to the introduction of elaborate machinery 
and the increased employment of women, and a 





THe NATURE OF SKILL, AND SKILL IN INDUSTRY. 

The definition of the word skill which Professor 
T. H. Pear, of Manchester, proposed in his presiden- 
tial address, was that skill is an integration of well- 


reduction in the higher staff. 





VOCATIONAL GUIDANCE. 


Reviewing the Principles of Vocational Guidance, 


adjusted performances. That, he said, meant more| Mr. F. M. Earle, of the National Institute of | 


than an adjustment of a collection of mere habits, | Industrial Psychology, said that vocational guid- | 
and it implied that the adjective “ skilled ” denoted | ance, as a social service, might be defined as the | 
the worker’s performance, and not the potential! giving of assistance and advice with regard to the 
work to be done. One of the first analysers of skill, | choosing of an occupation, preparing for it, entering | 
Mr. B. Gilbreth, had found that the eighteen move-|it and progressing in it. The problems of the | 
ments of a skilled man when laying bricks could be | adviser were essentially problems of measurement, 
reduced to five ; in that case, the original perform- | but were, at the same time, personal. In advising on 
ance could have been skilled only in the popular | vocation, attention had been paid so far merely to | 


sense. Skill was the ability to do a relatively | success in schools and to casual observations, but | and Pe 


complicated series of actions easily and well. the child should be watched at work and at games, | 
Professor Pear passed to the problem of trans- | and special tasks had to be devised to judge know- | 
ferring knowledge and skill to a different industry | ledge and abilities. The study of the individual | 


and to a different material, and this raised the! concerned temperament, hobbies, ambitions, general | 


Methods of Vocational Guidance in use at the 
National Institute of Industrial Psychology for the 
examination of adolescent boys and girls. There 
were tests of the ability to perceive relations of form ; 
assembly tests; tests of dexterity and of accurate 
co-ordination of hand and eye; information tests as 
to the understanding of technical terms ; sentence 
completion tests to indicate fluency of verbal expres- 
sion and imaginative ability ; and tests of quickness 
in checking accounts, copying and filing, &e. The 
examiners always began with intelligence tests, 
verbal and practical. Having ascertained the sub- 
ject’s school records, temperamental tendencies and 
ambitions, they could suggest a type of occupation, 
and direct the further examination accordingly, not 
troubling an accountant, for example, with mecha- 
nical ability tests. As regards the study of the 
occupations, not much more than a beginning had 
been made. They had visited factories and work- 
shops, and discussed the work with employers and 
employees. Having examined the youth and the 
job, it was not always easy to fit the one to the 
other. They had often to be satisfied with a com- 
promise, but they always based their advice upon a 
survey of all the ascertainable facts. 


(To be continued.) 








LETTER TO THE EDITOR. 


SCREW VISCOSITY PUMPS. 
To THE Eprror oF ENGINEERING. 

Str—In the issues of your valuable paper of the 
August 31 and September 28 last, appeared an inter- 
esting article on screw viscosity pumps, the first part 
of which deals with the simplification of the calcula- 
tion of the coefficients A and B which appear in the 
fundamental formula which gives the value for the 
volume of oil delivered, this formula being :— 
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question of the relation between, general and specific 
training in a concrete form. A machine might 
be specially designed to permit the transference 
of a worker from one type of machine or work to 
another. With hand work, the amount of transfer 
was found to be the same whether it occurred from 
one hand’s performance to that of the other, or 
from a double-handed to a single-handed action, or 


}and making x = + the summations including only 


intelligence, abilities and skills, health and physique, | 
and the requirements of the desirable occupation. | the odd values of n. : eo 
The nature and extent of these enquiries varied | _ 1° simplify the calculation of the coefficient B, the 
with time from stage to stage. The guidance of the authors begin by finding an approximate formula for 
. : : : . | large values of x 
young university graduate depended, inter alia, | poe 
upon the effects of the university life upon his | 2 16. 1 
career, and vocational problems should be con- | B(x) = j9~ 35 = 
sidered, even at the earlier stages, in their relation hail 


vice-versa, and there seemed to be no positive transfer | to what the student might become later on. 
of Specific manipulative habit. The agency of | acquired knowledge and skill gave the possessor ay 
positive transfer seemed to be a general mental | power or an ability he lacked, but in-born aptitude | 
attitude, Miss Yates, of Manchester University, | should not be overlooked in judging of training and | 
Subsequently dealt with the subject in a paper|experience. Constructive ability was sometimes | 


b 


Alj | and then show by physical considerations, that the 
| expression B 6‘ should not change when we permute 


and d, that is to say, that 


d b 
no 4 — ea 
p (4)m—n(2)a 


upon the Transfer of Training. The question, she| regarded more as a matter of mind than of skill, | or, what is the same, 


said, might be put in this form : How far does the| but human abilities were generally complex compo- | 


training of any mental function improve other mental | sites, and vocational guidance had to take cog- | 


functions ? Her answer was that there was no direct | nisance of all the component factors in any complex | w 








evidence of transfer. 


activity might actually hinder the learning of 


Dr. Angus MacRae briefly described Practical 


Manual training in one} ability. of 


B (z) = a B (=) ; ~« & 


hich enables us easily to calculate B for small values 


¥. 
The formula (1) could have been proved directly 
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starting from the expression for B (x). For this, from 


the well-known Euler formula, 
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we deduce , : 
4a 4a’ 
eo 4+ e-a=2 (1 + -r) (2 +55): 


and deriving logarithmically 
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the summation extending to odd values only of m. Sub- | 
stituting this value in the expression for B (x), and | 


noting that 
l 64 m=-e n=@® 


Ta77 & L 
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1 _ 64 
nim 76 
we have 
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in which form it is easy to verify that it satisfies the 
functional equation (1). 

This demonstration and the analogy between the 
expressions for A and B suggest the possibility of 
finding a functional relation which would satisfy the 
formula for A (x) and which would simplify its calcula- 
tion. 

Employing a process analogous to the foregoing, 
and substituting the value for tanh “a= given by (2) 
in the expression for A, we obtain 

m=O n= 
32 2 "i — 1 = 
"= Pa x x (m? + n? a2) n2 ‘ 
m=1n=1 
from which is easily derived the desired functional 
relation 
(4) 


= _ A(x) =a A (=) 
2 x 

This formula reduces the calculation of the coefficient 
A to the case of x> 1, which simplifies it greatly, 
since putting the expression which gives the value of 
A (x) under the form 

n=@® 1 

> Hera poet 
nee ‘ n3 (em™X 4. 1) 


A (x) = 0-27137727 ... — 
n 

it can be seen that the second term converges very 
rapidly if x > 1. 

For x = 1, we get directly A (1) = i instead of 
A (1) = 0°2482 as given in the article in question. 

Also as for x > 1 we must have always 

0°2714 > A(x) > 0°25. 

so, for x < 1, we must have 


zx zx 
; — 0-2714 2 < A(z) <4 — 7 


which facilitates the quick verification of the values of 
A(x). Applying this formula to the values of 2 which 
appear in Table I (page 249) of the article we obtain : 


d — 

b 
0-012732 0-006322 < A < 0-006325 
0-016 0-007930 < A < 0-007936 
0-019098 0-009450 < A < 0-009458 
0-030338 0-014919 < A < 0-01494 
0-125 0-0582 < A < 0-0586 
0-22064 0-097 < A < 0-098 
0-34970 = 0-141 <A < 0-144 
0-5 0-182 <A < 0-187 
0-5123 0-184 <A < 0-19 
0.73294 0-22 <A < 0-23 


which, compared with the figures given by the authors, 


64 x 1 1 | 
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232-TON STEAM DRAG-LINE EXCAVATOR. 


CONSTRUCTED BY MESSRS. RUSTON AND HORNSBY, LIMITED, ENGINEERS, LINCOLN. 
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since 


= 0-27137727 ... 
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which is clearly shown in the diagram on page 659. 

The relation (4) is of similar form to (1) and it would 
be interesting to study if, as occurs with (1), it be 
susceptible to a simple physical interpretation. 

Yours faithfully, 
Hvurto FERNANDEZ, 
Sociedad Espanola de Construccion Naval, Cartagena, 
October 25, 1928. 








232-TON STEAM DRAG-LINE 
EXCAVATOR. 


PROBABLY the first important undertaking in this 
country on which excavators were extensively used 
was the Manchester Ship Canal, commenced in 1887, 
some seventy machines manufactured by Messrs. 
Ruston, Proctor and Company, Limited, of Lincoln, 
being employed on the excavation work. It is interest- 
ing to note, however, that this firm were making steam 
shovels as early as 1875, and were thus among the 
pioneers of power-driven excavators, and it is hardly 
necessary to mention that they have taken an im- 
portant part in the development of these machines 
ever since the present name of the firm Ruston and 
Hornsby became inseparably associated with excava- 
tion problems. Several of their excavators have been 
described in our columns, and we may refer more 
particularly to the 250-ton machine, for use in connec- 
tion with the Sutlej irrigation scheme, described on 
page 763 of vol. cxvi of ENGINEERING, and the 175-ton 
drag-line excavator, for use on the excavation of the 
Grand Anicut Canal, described on page 608 of vol. cxxiv. 
The former of these machines was driven by a two- 
cylinder steam engine, and the latter embodied an 
oil-electric drive. 

The firm have recently completed an excavator, illus- 
trated in the annexed figure, having a working weight 
of 232 tons, which, together with a smaller machine of 
112 tons weight, is intended for excavating canals at 
Damodar, about 100 miles north-west of Calcutta. Both 
machines are fitted with a special false roof for working 
under tropical conditions, and the larger machine isfitted 
with a motor-driven pumping set for supplying water to 
the tanks. Special precautions are taken to protect the 
gears from dust, the travelling gears being totally en- 


| closed, and the gears on the superstructure being fitted 


| ° 
| with dust covers. 


| 


| 


It is not necessary to describe the 
excavators in any great detail, as they are generally 


| very similar to the 250-ton machine already referred to. 


The most important difference is that the machines just 


show clearly the errors which appear in the calculation | completed are mounted on caterpillar tracks, whereas 
of the values of the coefficient A, some of them being | the earlier machine was designed to run on rails. The 
| following are the leading particulars of the larger of the 
| two new excavators :—With a 100-ft. jib, the capacity 
| of the bucket is 3 cub. yards, but the jib may be ex- 


only correct in the first significant figure. 
For small values of x it can easily be shown that 


A(z) = 2 —0-27137727 . . . 2%, 


instead of the formula 


A(z) = ; — 0-3151 2%, 





|are 48 rollers in the slewing roller ring, each roller | 


tended to 115 ft., the capacity of the bucket then being 
2} cub. yards. The distance between the axle centres 
is 20 ft., the width across the caterpillar tracks 28 ft., 
and the width of the caterpillar belts 5 ft. There 
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being 10 in. in diameter, while the diameter of the 
roller path is 18 ft. The boiler is of the locomotive 
type, with an overall length of 16 ft. 2 in., a diameter 
of 5 ft. 5 in., and a grate area of 30 sq. ft. The heating 
surface is 925 sq. ft., and the working pressure 125 Ib. 
per square inch. The main engine develops 152 brake 
horse-power, and has two cylinders of 104-in. bore, the 
stroke being 12 in. The slewing engine is also of the 
two-cylinder type, and develops 90 brake horse-power, 
the bore and stroke both being 8in. The capacity of 
the water tanks is 1,140 gallons, and that of the coal 
bunker 4 tons. The coal consumption is 900 Ib. per 
hour, and the water consumption 585 gallons per hour. 

In conclusion, it may be mentioned that this machine 
is practically identical with some of the excavators 
required for use on the Singapore Naval Base, . for 
which the orders have been placed abroad. Con- 
siderable surprise, and not unjustifiable resentment, 
has therefore been expressed that no British firm was 
asked to tender for excavators in connection with this 
contract. Had this been the largest machine ever 
turned out in this country the position might, perhaps, 
have been justified, but we have already mentioned 
that Messrs. Ruston and Hornsby have previously 
made even larger machines, and it may here be said 
that these have performed their work quite satisfac- 
torily. We understand that four types of machine were 
selected for the work, and that some of these were much 
smaller than those already referred to, while the 
largest was well within the capacity of British works, 
and was, in fact, of smaller size than one actually 
under construction at Lincoln. The value of the order 
for excavators was in the neighbourhood of 70,000l., 
and it is satisfactory to note that, when the matter 
was recently raised in Parliament, the Secretary to 
the Admiralty stated that he had been assured by the 
contractors that, in any future contracts of this kind, 
an opportunity would be given to the Admiralty of 
studying whether there is any reason for them not 
going to British manufacturers. 








Roap up Mount Erna.—Prior to the recent eruption, 
although the ascent of Etna offered no real difficulties, it 
was exceedingly tedious, a walk of ten hours over rough 
paths being necessary before the summit could be reached 
from the nearest village. The visit could not therefore be 
carried out in less than two days, anda night had to be spent 
near the summit. A paper read recently before the Asso- 
ciation for the Development of Touring in Sicily, for a copy 
of which we are indebted to the author, Sig. Emirico 
Vismara discussed a proposal to make a road to the 
summit, and also to establish a summer station, with 
hotel accommodation, on a plateau about 5,000 ft. above 
sea level. The proposed road would branch off the 
existing road from Linguaglossa to Zafferana at a — 
about midway between these two villages. It wou 
then ascend the eastern slopes of the mountain for & 
distance of about 10 km., where the plateau referred oh 
reached. The road up to this point would pass ber Bat 
well-wooded country. The plateau commands a view or 
the crater, and affords a panorama of the east coast : 
Sicily from the Straits of Messina to Syracuse. I he secon 
tract of road, from the plateau to the base of the crater, 
would be about 20 km. long, although the distance 
measured directly is only a little over 5 km. No —T, 
tional difficulties would be likely to occur in making the 
road, which is estimated to cost about 22,000,000 lire, 
this price including a hotel, refuge, and accessory wor! 
for the supply of water and electricity. 
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POWER TRANSMISSION BY BELTS 
AN INVESTIGATION 
MENTALS.* 


By H. W. Swirt, M.A., D.Sc. 


Tue extent to which research has influenced the 
design of belt drives and the manufacture of belts is 
an open question, but there is evidence that the more 
progressive manufacturers in this country and in 
America have realized the need for a more complete 
understanding of the fundamentals of belt transmission 
and for methods of testing new developments which 
shall reproduce substantially the conditions of modern 
Through the enterprise of Messrs. British 
Belting and Asbestos, an experimental equipment for 
this purpose has been installed at the Technical College, 
Bradford, and it is due to this enterprise that it became 
possible to undertake the investigation of which the 


practice. 


initial stages are described here.t 


MECHANICS OF CREEP AND SLIP. 


In undertaking any systematic treatment it is of 
primary importance to establish a rational conception 
of the mechanics of the frictional action between belt 


OF FUNDA- 


. | tension will be discussed later. 


Te 


belting material. 


facts of common experience in belt operation. 


workers. 


and pulley, which is clearly the fundamental problem, T 


and in particular to determine once for all whether or 
not the conditions of static and running tests are 





relative motion which obtain. 









































It is fair to state that 
the *‘ slip” theory does not seem to have much hold in 
this country, where it is more generally supposed that 


real slipping occurs only when the value of =} reaches 


a certain limit, and, following Osborne Reynolds, that 
the loss of speed at lower effective values of u is to be 
accounted for in terms of the elastic properties of the 
The main obstacle to the general 
acceptance of this “‘creep”’ theory seems to be its 
failure as usually expounded, to explain how friction, 
which is sufficient to prevent slip will permit creep, or 
why the speed of the ongoing belt coincides with the 
pulley speed. A reasoned development of the creep 
theory, however, not only obviates these difficulties 
but introduces a conception which explains several 
Such 
a development was outlined by Cotterill as early as 
1884, but does not appear to be familiar to more recent 


Commencing with the assumption of a belt which is 
not entirely inextensible and which has a definite 
coefficient of static friction, we are led to infer that 
wherever there is any change of tension in the belt «.8 6 


me , where » must have the limiting value which 


corresponds to the particular pressure and speed of 
Giving u for descriptive 


relation between the loss of speed and power trans- 
mitted for fixed values of the mean tension. In making 
a@ comparison between the creep observed in these 
tests and that computed from the load-extension curves 
there arise certain elements of uncertainty; (1) the 
stress-strain curve for each class of belting used forms a 
rather wide hysteresis loop, the exact form of which 
depends on the conditions and rate of loading; (2) 
it is not easy to reproduce by artificial means on the 
recorder the exact cyclic variations in stress to which the 
running belt is subjected, and a simple harmonic cycle, 
though convenient, cannot be regarded as entirely 
satisfactory ; (3) on account of the bending action of 
the pulley on the running belt the elastic condition and 
stress in the belt at its actual surface of contact with the 
pulley will not be the same as that in the straight belt 
when subjected to the same pull. The stress at this 
surface will clearly be less than the mean by an amount 
which will increase with the stiffness and thickness of 
the belt as compared with the pulley diameter, and 
since it is at this surface that relative motion 
occurs, it follows that the actual limits of stress are 
each less than the mean values deduced from the 
belt tensions. An additional uncertainty is therefore 
introduced with any belt having a non-linear elastic 
curve. 

In view of these considerations, which would hardly 
repay more detailed study, it is clear that no very 
exact quantitative agreement is to be expected from 
the comparison under consideration. In point of fact 
it was found that when the mean curve of a complete 
stress-strain loop covering the whole range of useful 
tensions was adopted, the correspondence between 
measured and computed creep was quite reasonably 
satisfactory. Table 1, which has been compiled 
from typical results for the various classes of belting 
used, shows at least that there is no evidence of any 
systematic disagreement at low values of the tension 
ratio i except in the case of the compound belt, 
where the measured slip is distinctly in excess of that 
expected. Such a considerable disagreement is 
not easy to explain, even allowing for the thick and 
heterogeneous belt section, but its existence has been 
confirmed by repeated tests. At higher values of the 
tension ratio the table shows that the general agree- 
ment is no longer maintained. In some cases the 
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substantially the same. If this be true, then some of the 
most important factors can be investigated very simply 
and the results of Friedrich and Norman accepted as of 
direct value. 

Provided that centrifugal effects and suction effects 
are negligible the changes in tension round the arc of 
contact between belt and pulley are determined by the 


equation 4.80 = oF where the symbols have their 


usual significance, and so long as wu remains constant 
tound the pulley the tension ratio for an angle of 


embrace 6 is a = ev9, This result has been generally 


accepted for many years, but as already mentioned, 
Opinion is still divided as to its correct application. Those 
who seek to justify the static method of testing account 
for the known loss of speed at low effective values of the 
coefficient u by postulating that this coefficient is 
largely dependent on the speed of slipping and has a 
very low value when the speed of slip is small. It was 
4 simple matter to obtain conclusive evidence on this 
point, and a preliminary series of tests carried out with 
the same belts under static and running conditions 
gave relations between the slip and tension ratio of 
which the curves in Fig. 2 are typical. These curves 
show clearly that there is no connection between the 
coefficient of friction and the corresponding speed of 
slip in the running belt except when conditions of 
serious slip are attained, and prove that the results of 


on tests have no direct value in determining the 
‘ation between power and slip under normal working 
conditions, 


Their ability to predict the maximum 


thieh « . . . . 
Power which a belt will transmit with a given mean 
ee 
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0-68 1-40 | 1-48 
0-21 0-39 0-42 
0-35 0-62 0-73 
0-44 0-95 1-00 
0-32 0-69 | 0-70 
0-39 0-62 | 0-88 





purposes a constant value, it follows that the are B 
over which any change of tension occurs is definitely 
measured by the relation i = eB irrespective of the 
arc « of actual contact, and over the remainder («-8) 
of this arc there is no change in tension and no relative 
movement. The peripheral speed of the pulley will, 
therefore, be identical over this ‘“‘ idle’ are with that of 
the belt surface. Further, the fact that the frictional 
traction is in the retrograde direction on the driving 
pulley and in the forward direction on the follower 
demands that the idle arc shall in each case occupy the 
earlier portion of the arc of embrace. On each pulley, 
therefore, the effective arc of embrace ceases at the 
point at which the belt leaves the pulley and extends 
back through an angle 8 as defined above. This angle 
increases with the power transmitted until the whole of 
the arc of embrace « becomes effective, whereafter 
bodily slipping occurs. Until this point is reached the 
actual amount of creep, measured as a fraction of the 
belt speed, is, of course, given by + = tas where 
aE is the chord modulus of stretch for the belt between 
the tensions T; and T,. The characteristic relation 
between power and slip for a belt whose coefficient » 
and modulus E are sensibly constant will therefore 
correspond to such a line as ABC in Fig. 3, in which the 
slope of the portion AB is determined only by the 
elastic properties of the belting material and the position 
of the portion BC is fixed by the value of » and the 
mean tension }(T; + T,). 

Creep Tests.—In order to determine to what extent 
the running characteristics of a belt could be explained 
in terms of creep a series of experiments was made, 
in which measurements of the loss of speed in the 
running belt were compared with the creep computed 
from the stress-strain relationships of the various type 
of belting. From the results of these experiments were 


discrepancy is not great, but it must be admitted that 
the deviation is systematic and gives evidence of a 
certain incipient slip in spite of the fact that each belt is 
still running in a perfectly steady manner and has by 
no means attained its maximum power corresponding 
to the existing mean tension. This may be accounted 
for partly, perhaps, by the natural vibration which 
accompanies running conditions, partly by the presence 
of a belt fastener, and partly by the bending effects 
referred to above, whose influence is likely to increase 
with the tension ratio. The consistency of the results 
with the running belt and the steadiness of working 
suggest that the last factor may be the most important. 
In spite of these limitations, however, it is clear that 
the tests afforded a general confirmation of the creep 
theory as a working hypothesis. Further, no other 
theory can account on a rational basis for such well- 
known facts as the climbing of a belt on a crowned 
pulley and the conditions of operation of twisted 
drives, nor can it explain the existence of the non- 
slipping arc which has been found by direct experi- 
ment by R. F. Jones.* The creep theory may therefore 
reasonably claim to have been established beyond 
controversy. 

Conditions of General Slip.—After examining the 

relation of the load-extension curve to the loss of 
speed in a belt under normal working conditions, it is 

well to assess the value of the Friedrich test in its more 

rational sphere as indicating the conditions under which 

general slipping occurs and the greatest power which 

can be transmitted at a known speed and mean tension. 

In the course of the experiments just discussed each 

belt was subjected to tests of the Friedrich type covering 

the same range of tensions, the same angle of embrace 

(180 deg.) and same size of pulley as obtained in the 

running tests. The speeds of slip covered the range 

from 9 in. to 35 ft. per minute. In order to form a 
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basis of comparison with the running tests the results 
were computed as values of the ratio Ea of the 


1 
tension difference to the higher tension in the belt, 
here referred to as the coefficient of performance, but 
the actual comparison is not without difficulties. Under 
the conditions of the running tests it was to be expected 
that the maximum tension ratio would depend 
definitely on the frictional properties of the belt and 
pulley surfaces. If the limiting value of u were really 
independent of the speed of slip, a well-defined maxi- 
mum power would be found corresponding to the 


tension ratio = = eva, If the value of yu fell away 


2 
at higher speeds of slip this maximum should be still 
more sharply defined, while on the other hand any 
notable increase in the coefficient of friction with speed 
of slip would enable the power transmitted to rise 
above the value at which slip initially occurs, and 
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more or less stable conditions of operation should con- 
tinue to obtain under the combined effects of creep 
and slip. In a general way these expectations were 
fulfilled. In some cases, notably with certain fabric 
belts, the incidence of general slip is well defined and 
the effective tension reaches a definite limit beyond 
which, under the existing mean tension, it cannot 
rise. In other cases, more especially with leather 
belts, the maximum is not well defined and a con- 
siderable increase in power is possible after bodily slip- 
ping commences. These general observations agree 


TaBLE II.—Comparison of Coefficients of 
Performance. 


Mean Tension. 100 Ib. 100 Ib. 


' 


/ 7 

| Run- Static, | Run- 

ning. 35ft. | ning. 
bd permin.| . 


| weight,| Thick- | Static, 
Belt. | Ib. per} ness, | 35 . 
| ft. in. |permin. 
| 





= ! | 
Se ee ee eee 
Hair | 1 yea lo.0,, |0°98 |0:97 [0:98 |0-96 
114 Flesh | 9°166 |0-212 10-885 [0-90 |0-88 {0-87 
Hair | | | j0-96 0-90 
Pe f -180 |0-20, |0-92 : “f ¢ 
ie | 0-180 |0-20, |o-92 [0°98 jo.90 [0-90 
| 


| 


Leather, 





0-152 lo-16 10-92(a) [0-9 |0-88(a) |0-89 
| | | 
| | 
ern ae 0-86(a) |0-89 — |0-85(a) |0-875 
Hy — ..| 0-236 |0-245 {19 -76(8) |o-75(0) |0-76(0) |0-75,0) 
70 


Cotton, Cy 


Hair, | | 


0-186 [0-19 |0-70 0-71 |0-69 |o- 


Mis...30 
Balata, B * 0-192 [0-20 j0-70 — |0-685 [0-70 |0-73 
i eee ee 10°86 yo ge £10°83 YIq 96 
Rubber, R. | 0-207 |0-28 (0-940) }( 855 {lo-a1@}{° 82 
Compound, 0-426 |0-42 |0-98 10 -95T ial 10-94F 
CL | | | | 
| 
* Running values correspond to maximum power and not 
to a fixed speed of slip. 
+t No evident slip. (a) Highest value. ()) Initial value. (¢) At 
0 ft. per min. 





with the results of the Friedrich tests, for it was found, 
confirming generally the experience of earlier workers, 
that with leather belts the coefficient of friction in- 
creased to a marked degree with the speed of slip, 
while with fabric belts the rise, if any, was small; in 
some cases no systematic change was evident, and 


in one case there was an actual fall. Referring now 
to the static tests in detail, these were found to give 


results consistent in themselves so long as the belt and 


pulley remained dry, but in those cases where dressing 
of a semi-fluid nature had been incorporated in the belt 
during manufacture considerable irregularities were 
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found, arising no doubt from local exudation of the 
dressing on the pulley surface. Figures obtained 
with the cold belt on clean pulleys gave rather low 
values for the coefficient of performance which agreed 
well between static and running tests. During the 
process of exudation the running tests showed a 
definite and continuous improvement in the coefficient 
but unequal exudation over the pulley surface made 
the static tests almost worthless. Nevertheless the 
maximum value obtained during these tests compared 
reasonably well with the coefficient finally reached in 
the running belt when the conditions of the pulley 
surfaces under the action of the dressing had become 
steady. 

Taking the various cases into account, it seemed 
that the least unsatisfactory comparison would be that 
between coefficients corresponding to maximum power 
in the running belt and the maximum speed of slip 
obtainable in the static tests. It is on this basis that 











tion of the mechanics of belt action has been to obtain 
a satisfactory conception in terms of the elastic and 
frictional properties of the belt, but at the same time 
these properties are not simple ones in themselves 
so that the autographic record and the Friedrich tests 
are not easy to apply, and it would seem, therefore 
that the running characteristics of a belt cannot be 
determined and ‘compared with confidence from any 
other than running tests. In the light of these results 
it is now proposed to face the more practical problem 
of belt operation, upon an understanding of which 
scientific specification and design should depend. The 
problem to be considered is, briefly, this: given the 
initial or “ light-running” conditions of a belt, to 
determine the conditions when the belt is transmitting 
power in the normal way between pulleys at a constant 
centre distance, and to ascertain in particular the 
maximum power which it will transmit. This problem 
in its most general sense would involve the considera- 


Fig. 13. TENSION CHARACTERISTICS (FREE BELT). 
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| 
| Table II has been drawn up. As a general outcome 
| of the comparison of the two forms of test, it would 


appear that the static test gives a fairly reliable value 
for the coefficient of performance when friction is 
reasonably independent of the speed of slip and when 
no semi-fluid dressing is present. When friction 
increases much with the speed of slip the real signifi- 
cance of static tests, even if carried out over a range of 
speeds, would be uncertain. When the coefficient 
falls with increasing speed of slip, static tests are 
liable to show an over-estimate of the performance of 
the belt. In cases where semi-fluid dressing is present 
these tests do not inspire confidence ; they tend to give 
irregular and generally low values for the coefficient of 
performance. The outcome of the foregoing examina- 
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tion of numerous conditions, sometimes important, 
such as the effects of centrifugal force, size of pulleys, 
changes in angle of contact, &c. This is clearly too 
wide a scope for a single investigation, and it is proposed, 
therefore, to consider the problem under what may 
be regarded as basic conditions ; with speeds that do 
not introduce any sensible centrifugal effect, pulleys of 
ample diameter and angles of embrace of 180 deg. 
Subject to this limitation, the treatment may be 
divided into two parts: (a) the conditions of operation 
under a constant mean tension; (b) changes in this 
mean tension produced by the conditions of running 
and by the transmission of power. 


OPERATION AT CoNSTANT MEAN TENSION. 


In the first instance we shall consider operation 
at aconstant mean tension. The tests already described 
afford data under these conditions and enable us to 
plot curves which show at various fixed mean tensions 
the relation between the loss of speed and tension 
difference and, incidentally, the maximum tension 
difference which the belt can carry. A characteristic 
curve of this type, here referred to as “ Slip charac- 
teristics,” is shown in Fig. 4. 

Some care is needed in interpreting these curves, 
particularly with reference to the maximum power 
obtainable. The power transmitted at a fixed belt 
speed is directly proportional to the tension difference 
or “effective tension” T, —T 2. The permissible 
value of this is dependent in turn on two distinct 
factors: the maximum tension Tj, which is limited 
by the economic strength of the belt, and the permis- 
sible value of the ratio a, which is limited 
by its frictional properties. The question as to the 
correct value to be assigned to the maximum tension 
T, in any given case, depending as it does on the 
strength and wearing properties of the belt, the type 
of fastener, load factor, speed and other conditions, 
is one which is clearly better determined as the result 
of extended experience rather than from direct labora- 
tory tests. Taken in conjunction with this economic 
strength, however, the limiting value of the = 
which the effective tension may bear to the ow 
tension in the belt is clearly an important criterion 





its usefulness. This ratio we have already a 
2 
as the coefficient of performance ; Cp = ! — 4,’ and 


its value under the basic conditions of low speed; large 
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pulleys, and angles of contact of 180 deg. is obtainable | tension T. The hyperbolic curve representing eI fas 


from the curves under consideration. 


OPERATION AT CONSTANT CENTRE DISTANCE. 


From the tests described above it is possible to deter- 
mine the slip and maximum powder of a belt so long 
as the mean tension is known, but as already mentioned, 
this is only part of the information we require for a 
proper understanding of the changes which occur when 
a belt is transmitting power in the normal way over 
pulleys at a constant centre distance. As long ago as 
1886, it was shown by Lewis that when a leather belt 
is run under these practical conditions the mean tension 
does not remain constant but increases with the power 
transmitted. This fact is commonly attributed to the 
form of the load-extension curve for the belting material 
and its increasing modulus at higher tensions.* With the 
notation of Fig. 9, suppose the initial strain in the belt 
to be eg when running without load. Then, provided 


the actual total length of the belt itself does not change | 


as power is applied, and provided its mean strain is the 
same over the pulleys as in the free belt, an increase in 
strain from eg to ey on the tight side will necessarily 
be accompanied by an equal diminution on the slack 
side from €g to €2 where e, + e, = 2e9. The correspond- 
ing tensions in the two sides of the belt will therefore 
be T; and T,, corresponding to e; and eé,, and clearly 
from the curvature of the stress-strain line T; + T, > 
2T and the mean tension will consequently be increased. 
By applying this method to the stress-strain curve of 
a belt it is possible to deduce a relation between the load 
(or tension difference) and mean tension for a given 
light-running tension. In the broken lines A in Fig. 10 
this procedure has been carried out for a compound 
belt, and the curve so obtained is shown in comparison 
with results obtained on actual tests at constant centre 
distance. It will be clear that although the ‘‘ varying 
modulus ’”’ effect operates in the right direction, it is 
totally inadequate to account for the very notable rises 
in mean tension which may actually occur. Incident- 
ally this theory does not help to explain why a hori- 
zontal drive, even with the slack side below, will carry 
considerably more power than a similar vertical drive, 
nor is it able to account for the large increase in power 
obtainable from a long horizontal drive as compared 
with a short one under otherwise similar conditions. 
For a fuller understanding of the tightening property of 
belts it is necessary to consider the path followed by 
the free belt between the pulleys. This will depend upon 
the form of the drive and upon the effects of inter- 
mediate idlers or guide pulleys. We shall consider in 
the first instance cases in which the belt is free between 
the driver and follower, and later discuss the effect of 
intermediate controls. 

(a) Free Belt.—Taking the case of a horizontal drive 
of constant length 7 between centres, it will usually be 
sufficiently accurate to assume that the same length / 
represents the unsupported span of the belt. 

The actual length of the free belt between pulleys 
exceeds the length of the chord joining the points of | 

2 
. 5 where z is the central 
sag, and by virtue of the relation between the sag and 
the weight of the unsupported belt (wl), this excess 
w | 
24 T2’ 
belt. The total length of belt, therefore, exceeds its 


contact by an amount 


may be written where T is the tension in the 





“ geometrical ”’ value by the amount ot (as + =a)? 
S 2 \tT2" T? 
where T; and T, are the tight and slack tensions, and 
exceeds its value under light-running conditions by 
w2 ( 1 1 2). 
“a \S?" x) 
excess may be expressed in terms of the elastic pro- 
perties of the belt. It is for most practical purposes | 
justifiable to assume that the mean tension in the belt 
in actual contact with the pulleys is the same as 


Ti+ T2 
—,— and the excess may then be written with 


the amount 2 = This same 


sufficient accuracy :—t+ 


d 
= (2 + ) ta + eg — 2e) 
where d is the mean of the pulley diameters and ¢}, é., | 
€o have the same significance as above. The equation 
Which connects the tensions may therefore be written :— 


(, 1 aa _s a! 1 
T,? ra) 7 (ae * ws) 
24 


a wd\ 
= ap(1+57)G@—9—-4— 4) 








In Fig. 9 the strain curve is drawn by plotting mean 





values of 24 es ad e against th di 
wR 3 gainst the corresponding 





i bs The assumption that the stretch of a belt is propor- 
tonal to the square root of the tension, quoted in text- 
: oks and sometimes used in calculations is quite 
Troncous and generally no more accurate than the 
assumption of a linear elastic relation. 


+ This will not apply to the case of a very short drive | the conditions are different and require special 


|inextensible and heavy belts and with long drives. 


| various values of T, plotted to the same scale as the 
| strain curve, is shown chain-dotted and superimposed 
| on the strain curve in such a way that the points corres- 
| ponding to the initial light-running tension Tp are 
| coincident (at Po). 

In this figure the tension equation above is satisfied 
if T; and Ts are so chosen that A,B; = AjBy. For 
any value of Tz the corresponding value of T; may, 
therefore, be determined uniquely by simple trial. 
From this diagram we can quickly find the individual 
and mean tensions, the creep (e; — e2) and the 
coefficient of performance corresponding to any 
desired value of the effective tension (T, — T2). 

Tension Characteristics—The data obtained from 
this diagram may be employed to construct curves 
showing the relation between the effective tension 
T; + Tz. 

2 


4 





(T; — Te) and mean tension Curves of 


| this kind are clearly of some importance and are 
|referred to here as “tension characteristics.” They 
are generally of such a form as to become asymptotic 
to the line representing the limiting condition Tz = 0, 
and can, of course, never cross it. Before discussing 
these characteristics in detail it is well to show that 
they do represent with sufficient fidelity the relation 
between the mean and effective tensions as determined 
by experiment. Comparative tests were made with 
a single leather belt, a woven cotton belt and a com- 
pound belt (cotton backing with leather face). In 
each case the results were found to agree closely 
with those deduced from the mean elastic curve and 
other data. In Fig. 10 are plotted the results obtained 
with the compound belt on a 15-ft. drive together 
with curves (full lines) deduced quantitatively from 
the mean eldstic curve and weight of the belt by the 
method described above. This belt, by virtue of 
its weight, stiffness, and high frictional coefficient, 
shows remarkable changes in mean tension from 
50 Ib. to 175 lb. and from 114 lb. to 220 Ib., in each 
case without any evidence of bodily slip. Proceeding 
now to a more general discussion of the tension 
characteristics, there are plotted in Fig. 13 examples 
of these curves based on an assumed linear elastic 
relation, and calculated for various values of the 
3 
dimentionless product which is the criterion 
wt PaE 
of the tensioning effect. From this schematic diagram 
it is possible to determine the mean and maximum 
tensions under any given conditions for an assumed 
value of aE representative of the belt under con- 
sideration. From these curves it will be clear that 
the greater the weight of the belt and the length of 
the horizontal drive, and the less the initial tension 
and extensibility, the greater will be the proportionate 
tensioning effect. The changes represented by these 
curves are due in no way to the frictional properties 
of the belt and pulleys, but the extent to which they 
are able to persist as the demand for power increases 
is limited by the permissible tension ratio. Constant 
values of the tension ratio are represented by straight 
lines radiating from the origin as shown in Fig. 13, 
and the very simple method of construction for various 





values of Cp = 1 — = is clear from the diagram. 


As the load on the belt is increased the ‘‘ point of 
operation” on the diagram moves along the tension 
characteristic from A until it meets the radial line 
corresponding to the limiting coefficient of performance. 
This corresponds to the greatest effective tension 
which the belt will carry under the assumed initial 
conditions, and at this point bodily slipping will 
occur. It will be clear, therefore, from an inspection 
of the diagram that the maximum effective tension 
which a belt will transmit is dependent not merely 
upon the initial tension Tg and coefficient of performance 
Cy, but also to a very important degree upon the 
. . ee 24 To? 
value of the tightening criterion B = whe k’ the 
smaller the value of which, the greater the tightening 
effect. Inspection of the form of this criterion shows 
that the tightening effect will be greater with relatively 


On the other hand, its proportionate effect will be 
reduced considerably as the initial tension Tg is 
increased. 

(b) Constrained Belt.—If instead of the belt being 
free to follow its natural path between the pulleys 
it is constrained by means of an idler, guide pulley, &c., 
then the form of the tension characteristic will be 
modified. If the intermediate idler is fixed in position 
the discussion just given is easily adjusted to the 
special conditions ; generally, of course, the tightening 
effect will be reduced by the presence of such a pulley. 
If on the other hand the idler is not fixed in position 
but operates in such a way as to exert a definite 
force across the belt—if it is a gravity idler—then 


side is unconstrained but whose slack side is acted 
upon by a gravity idler of effective weight W at a 
point distant m,, mzg from the respective pulleys. 
If we express as before the condition that the difference 
between the unstretched belt and its “ geometrical ”’ 
length shall remain constant we drive the equation 
22 / 1 1 we we B 
f(T; T) = =F (= oa) Sr date me + me*) + sy72 


— (? + *) (e1 + e2) = constant = f (To To) 


my m2 wl 


22T2= —“ (w + =) 


If we write : 


where 





= 1— 31M 1 19 Mim ow meat 
A=1-3 2 +12 p (n + 4)? where n = 
_ 24T)3 wd 
B= open (1+ 37) 


where aE is the effective modulus of stretch, then the 
equation reduces to the form 
A (5-1) +BQ-#) = (1 3) B(t—1 
ale = gytreaeh 
oo 2) eee oe 
where 4= T)’ y= T 
This, of course, becomes the same as the equation 
for the unconstrained belt when A=1. When 
A and B have known values the equation in ¢; may 
be solved for various assumed values of tz by the use 
of a diagram similar to that shown in Fig. 9. and a 
simple tabular computation. 








AUTOMATIC SCREW-THREADING 
MACHINE WITH ROD MAGAZINE. 


A SOMEWHAT unexpected concomitant of the high 
manufacturing speeds which are now common in mass 
production is showing itself, at all events in cases where 
large quantities of small parts are concerned, in 
the positive loss of time that occurs from the frequent 
stopping of the machine in order to put in a fresh supply 
of raw material. An example of a machine of high 
output capacity falling within this class, and of the 
means taken to keep pace with its demand for raw 
material, is described in this article and illustrated in 
the accompanying Figs. 1 to 3, on pages 664 and 665. 
The machine in question is a motor-driven automatic 
screw-threading machine made by Messrs. Brown and 
Sharpe Manufacturing Company, Providence, U.S.A. 
It has an automatic rod magazine attached, also made 
by Messrs. Brown and Sharpe. The agents in this 
country for both the machine and its magazine are 
Messrs. Buck and Hickman, Limited, of 2 to 6, White- 
chapel-road, London, E. 








consideration. Consider a horizontal belt whose tight 





between pulleys of very different diameters. 








The machine is designed to produce small screws, or 
similar threaded parts up to + external diameter 
by 1 in. in length. A typical operation is the turning 
of a small sleeve, $ in. long and about % in. in external 
diameter, having a hole bored through the centre and 
with a collar ~ in. in diameter. These sleeves are 
made from brass rods 10 ft. long. Each rod, allowing 
for parting off, will yield 175 pieces, and will supply 
the machine for six minutes only. If the operator is 
not at hand immediately with fresh material, some 
time is inevitably lost and production reduced, as it 
is hardly possible that the number of machines kept 
running can be so timed as to maintain them in con- 
tinuous operation by replenishment at the correct 
moment. If, however, the automatic rod magazine 
is attached to the screwing machine, thirty-two 10-ft. 
rods can be loaded into it, and the machine kept conti- 
nuously working for over three hours. There is, more- 
over, during this long period, a much greater chance 
of keeping the magazines of any reasonable number 
of machines completely stocked. As regards space 
occupied, it will be evident from Fig. 1, that this is 
very little greater than that needed to feed a single rod. 

The screwing machine itself, shown to the right of 
Fig. 1, has a horizontal spindle carrying a die which is 
mounted in line with, and is opposed to, the work spindle. 
Both the spindles revolve in the same direction, but 
at different speeds. This difference in speed enables 
the die to be run on at the required surface speed after 
it has been fed to position byacam. The length of the 
thread is determined by a tripping mechanism which 
stops the die spindle immediately the correct length 
has been screwed. The work spindle continues to 
revolve and the die then automatically runs off. The 
work spindle is driven by a two-step cone pulley 
which, with change gears, gives 18 changes of speed 
ranging from 875 to 5,000 r.p.m. The die spindle is 
driven by a single pulley. Change gears permit of 
18 changes of speed, viz., from 1,094 to 7,000 r.p.m. 
From these speeds result 24 cutting speeds for threading, 
of from 219 to 3,500 r.p.m., and three different ratios 
of thread cutting speeds to turning speeds: 1 to 1, 1 to 
2}, and 1 to 4. The driving shaft runs at a constant 








664 


ENGINEERING. 





[Nov. 23, 1928. 








AUTOMATIC SCREW-THREADING MACHINE WITH ROD MAGAZINE. 


AND SHARPE MANUFACTURING COMPANY, ENGINEERS, PROVIDENCE, R.I., U.S.A. 


CONSTRUCTED BY MESSRS. BROWN 











speed of 240 r.p.m. There are two cross slides which | 
are fed to the work by cams, and a small saw for slotting | 


screw heads, &c. This latter is driven by a separate 
motor from that of the main drive, which is of 2 h.p. 

The work spindle has a Brown and Sharpe spring 
collet and a feeding finger. The automatic stop which 
normally acts when the magazine is not fitted, stops all 
parts of the machines except the work spindle and die 
spindle. It operates when the rod is exhausted, and 
leaves the chuck open. Its action is somewhat modi- 
fied when the screwing machine is completed by the 
addition of the magazine. The mechanism of the 
magazine is connected to the feed mechanism of the 


machine in such a manner that at the moment the | 
end of the rod being cut up passes a certain point, | 
a ratchet is engaged which feeds a stop forward. This | 


stop operates immediately the last piece is cut off the 
bar and the end is ejected, and the machine is stopped, 
while a clutch is simultaneously engaged which sets a 
barrel cam on the rod magazine in motion. This 
cam is shown in Fig. 2, and as soon as it begins to move 
it trips the retaining gear of the magazine and permits 
a new rod to drop into a trough which is in line with the 
feeding position of the machine. Further rotation 
of the cam causes the pusher shown in Fig. 3 to come 
into contact with the rod and so to push it through 
the feeding finger and chuck of the machine. By this 
time the follower on the cam has come to the end of 
its travel and the machine is restarted, to work auto- 
matically as before. The cycle is completed by the 
return of the follower to its original position on the 
barrel cam and the operating clutch is disengaged. 
As the attendance necessary for the magazine is simply 
that of filling it with fresh supplies of rod, it follows 
that this can be done by unskilled labour for a number 
of machines, and the attention required to the machine 
proper by a more skilled man is small. 








Motor VEHICLE REGISTRATIONS IN CANADA.—We have 
received from the Department of Overseas Trade, a 
statement regarding the motor vehicle registrations in 
Canada during 1927, which gives the grand total of 
registrations of passenger and commercial vehicles, 
omnibuses and taxis, motor cycles and dealers, to whom 
the allowance of one car in stock has been made to each, 


as 946,858. This figure represents an increase of 13 per | 


cent. over the previous year. 

RoyYAL SCHOLARSHIPS AND FREE STUDENTSHIP, 1928.— 
The Board of Education, inform us that, as the result of 
the annual competition, the following have been awarded 
Royal Scholarships in the Engineering section: E. W. 
Tucker and J. R. G. Vernon, of H.M. Dockyard School, 
Devonport ; W. C. Pafford, L. W. Groom and S. M. E 
Rousell of H.M. Dockyard School, Portsmouth ; R. Mc- 
Cloghrie, external student, Portsmouth, and L. Rockliffe 
of the Imperial College of Science and Technology, 
London. A free studentship has been awarded to 
A. C. Murdoch of Portsmouth Municipal College. 
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THE PRESENT STATUS OF 
STRUCTURAL STEEL WELDING.* 
By F. T. LLEWELLYN. 

Two an a half years ago, when the need of an 
authoritative committee to consider the welding of 
structural steel was being discussed, a prominent 
engineer, Mr. J. H. Edwards, outlined several questions 
the satisfactory answer to which, he thought, must 
precede any general acceptance of fusion welding as 
a process of importance by the structural industry. 
The questions may be summarised as follows: (1) Can 











MacuineE SET-UP witH MAGAZINE CHARGED. 


their entire period of use. It, therefore, seems timely 
to indicate to what extent Mr. Edward’s pertinent 
questions are to-day capable of being answered, and 
such is the purpose of this paper. 

The replies attempted are the result of the observa- 
tions of the writer, which replies may possibly be 
qualified when the final report of the Structural Steel 
Welding Committee is ready.. In supporting some of 
them he has borrowed from a remarkably lucid study 
on metal-are welding by H. Dustin, of the University 
of Brussels, published in the December, 1926 issue 
of Revue Universelle des Mines, Liége Belgium. 


TABLE I.—Some WEtDED BuILDINGS ERECTED IN 1927-28. 
































| | | a a 
| sales Number | Approximate 
Location. | Owner. Description. les ies of : Steel Class. 
| | width. | tenet, Storeys. Tonnage. 
Derry, Pa. .| Westinghouse E. and M.| Light | Manufacturing 164 460 1 350 1 
Company Building : 
W. Philadelphia, Pa. ..| General Electric Com- | Manufacturing Building 138 552 2 1,000 2 
7 pany with Crane Runways 
Pittsfield, Mass. .| General Electric Com-| Manufacturing Building 39 280 2 250 1 
pany 21 280 1 ‘ 
Chicago, Ill. .| Mississippi Valley S. S. | Steel Warehouse with 135 340 1 400 ~ 
| Company Crane Runways Clear ; 
Emeryville, Cal. .| Associated Oil Company| Automobile shop ee = —- 1 300 ~ 
Clear - | 

c 79 Be 5 
Hot Springs, Va. ..| Homestead Hotel ..| Additiontohotel ..|{ 75 | 133 as - ; 
Atlantic City, N.J.  ..| Chalfonte-Haddon Hall | Power house. “e 72 79 6 350 5 
N. Tonawanda, N.Y. . | Tonawanda Power | Office building .. voll. ae 140 4 200 1 
| Company Ll 28 82 2 | k 
New Haven, Conn. .| Yale University .| Supports for book stacks 150 220 wie — , 














|standard grades of steel be satisfactorily welded ? 
| (2) What effect will the welding operation have on the 
| base metals that are to be united? (3) Can methods 
| of making welds by different processes be standardised ? 
| (4) Can values for the strength of the more usual types 
of welded joint be fixed on some unit basis? (5) Is 
there some way of determining the reliability of the 
completed weld ? (6) Can the welding operations be 
| done at a competitive cost ? 

Since the formulation of these questions considerable 
progress has been made in the art of welding. Many 
commercial structures have been erected by the 
welding process, involving fairly large tonnages of 
steel. Much attention has been given to laboratory 
investigation, microscopic, chemical and mechanical. 
There has been more research into the problems of 
welding within the past few years than had been 





* Paper read before the American Iron and Stee 


| stitute, at New York, on October 26, 1928. Abridged. 





Professor Dustin’s experience is in general agreement 
with that of investigators in this country. 

The facts presented refer primarily to direct-current 
metal-are welding. This limitation does not signify 
that other processes of welding are not suited to 
structural steel work. They may, and doubtless would, 
be entirely adequate, for they have been found to be 
in other fields, but other processes have not been 
sufficiently developed in the structural field to furnish 
actual data from which conclusions can be drawn, 
whereas information as to the behaviour of structural 
members united by the direct-current metal-arc 
welding process is of considerable amount. This is 
the process, therefore, which will be generally referred 
to in the present paper under the brief term“ welding. 
In view of the fact that many of the data on which our 


. ° of +he 
answers are based were secured in connection with the 


given to other methods of manufacture throughout | activities of the Structural Steel Welding ee gare 
. |already referred to, an outline of the work which 


1 In- | this body is now engaged upon will be of interest. 
| The Committee functions under the American Bureau 
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of Welding, a board of research sponsored by the 
National Research Council and the American Welding 
Society. It includes representatives from the leading 
engineering societies, the United States Bureau of 
Standards, the steel mills, the manufacturing firms, 
and the makers of welding equipment. It was organised 


further tests were needed that would (1) confirm or 
qualify previous results by the use of a larger number 
of specimens and a more uniform system of testing; 
(2) supplement the scope of previous data by tests on 
additional forms of joint; (3) determine what degree 
of uniformity in commercial welding may be expected. 


in the autumn of 1926, for the purpose of obtaining | The programme now being carried out covers 57 forms 


TABLE II.—Some Wetpep BripGes EREctTeD IN 1927-28, 


























Spans. 
; Total Approximate 
Location. Owner. Description. ———___———__|_ Iength Steel Class. 
Number.| Length (ft.). Tonnage. 
Ss | (ft.). 
Leavenworth C. and G. W. Railroad | Reinforcement of rail- 3 — 1,100 100 3 
Company way bridge 
Havre De Grace, Md. .. | State of Maryland ..| Double we of high- — 250 3,300 1,500 3 
- way bridge 
Chicopee Falls, Mass. .. | Boston and Maine Rail- Single track railway 1 135 170 100 2 
Bo road bridge Skew 
und Brook, N.J. ah ng Service Corpora- | Renewal of highway 2 85 170 50 3 
pas tion bridge 
Memphis, Tenn, Harahan Bridge ..| Widening of roadway .. — — —_ 250 3 
New York, N.Y, Interboro Rapid Transit | Girders for crane run- _ —_ 1,800 150 Spec- 
Company way ial. 








reliable information upon which safe unit working |of joint in 191 sizes, welded by the gas or the arc 


stresses in the design of welded structures could be 
based. 

_The Committee first studied all available literature 
8iving rsults of tests on welded joints from which unit 
Workin: values could be deduced. This information 


bes sunmarised in the November, 1927, issue of the 
— of the American Welding Society. It was 
ound that the data were insufficient to form an authori- 
tative basis for the establishment of standard working 
stress values. The committee therefore decided that 





process. The specimens are of elemental type and 
embrace fillet welds of lap and tee form, end and edge 
butt welds, and special joints. Single and double lines 
of weld, normal, parallel and diagonal to direction of 
stress, continuous and intermittent, are specified. 
Entire members may be considered later. Specimens 
are to be subjected to static tests for ultimate strength, 
yield point and ductility. These may be supplemented 
by dynamic and other special tests. The general aim 
has been to proportion specimens so that they will fail 


| 

| in the joint and thus indicate unit weld strength, but 
| for check purposes a few types are included that will 
| probably fail in the base metal. 

| In order to determine what degree of uniformity 
|may be expected in commercial practice, multiple 
| specimens of each type and size are scheduled, the pre- 
| paration of which is being distributed among some 
36 representative manufacturers throughout the 
United States and Canada. Welding operations will 
be governed by uniform procedure and _ inspection 
regulations. An important part of the programme 
will be the keeping of records regarding the sufficiency 
of these regulations. The steel needed for the pro- 
gramme specimens (nearly 2,000 in number) has been 
presented by three rolling mills. Offers to do the work 
of preparing specimens have been received from a 
larger number of firms than can be accommodated. 
Co-operation in the testing of specimens has been 
tendered by many laboratories, including the United 
States Bureau of Standards. Special mention should 
be made of Professor Peter Gillespie who, under the 
auspices of the University of Toronto, has made several 
hundred pilot tests for the guidance of the Committee. 

With this introduction we will now take up the 
questions previously recited. 

1. Can Standard Grades of Steel be Satisfactorily 
Welded ?—The unqualified answer is Yes. By standard 
is meant those grades of structural steel that are com- 
monly used for bridges or buildings, conforming to 
Specifications A7 or A9 of the American Society for 
Testing Materials. Silicon steel also seems to be well 
suited to welding, and high-carbon steel and special 
alloys have been satisfactorily welded, but these 
products have not been investigated sufficiently to 
warrant an unqualified statement regarding their beha- 
viour when welded. 

The welding properties of standard grades, on the 
other hand, is established by thousands of tests. Per- 
haps its best confirmation is the well-known fact that 
important commercial structures, in every section of 
the country, framed with members of standard-grade 
steel, have been, and are now being, welded with entire 
satisfaction. Examples are given in Tables I and II. 
Certain less satisfactory results reported several years 
ago, in the welding of thin to very thick metal, have 
been remedied by directing the arc at the thick metal 
so as to secure the uniform fusion of both parts. 

Closely allied to the matter of grades of base-metal 
steel is that of grades of welding wire. Apparently 
the latter isthe more important. As used in the process 
we are considering, welding wire plays a dual role. It 
serves both as electrode and as filler rod. Its use as 
electrode might connect it with answers to questions 3 
and 5, but its use as filler rod makes it more convenient 
to summarise its functions here. Dustin says, ‘‘ the 
wire used engraves its indelible signature upon the 
weld,” and “the feature that outweighs everything 
else is the great importance of a proper selection of 
welding wire.” The most skilful technique can never 
make a sound weld if the wire be not sound. The 
writer will not attempt here to classify the many 
varieties of wire that are now on the market, but he is 
of opinion that mere economy in first cost is a mistaken 
basis on which to judge welding wire. 

The conclusions presented in this paper are based 
upon the use of bare wire of a grade equal to classes 
E1A (maximum carbon 0 -06) or E1B (carbon 0-13 to 
0-18) of the American Welding Society, as applied to 
mild-steel base metal (maximum carbon 0 -30) conform- 
ing to A. S. T. M. specifications A7 or A9. As used 
here, i}« word ‘‘ bare’’ is comparative, for no wire 


Tase III.—2Zffect of Weld on Base Metal (Dustin). 

















Averages of three specimens 
machined to-0‘79-in. diam. 
Le Neat weld 
id metal, 
Unwelded f deposited 
Properties tested. ; rom, 
wy Welded |, Wire-T 
Annealed | with |(Average of 
Un- 10 mins. | T-metal.| Table IV). 
treated. at 
900 deg. C. 
Ult. tensile strength 
in 1,000 Ib.. per 
square inch --| 67-2 50-7 53-4 56°7 
Per cent. elongation 
measured on 7-9 
in. for unwelded 
specimens, and on 
3-9 in. for neat 
weld metal 12-0 32-0 -— 16°8 














ordinarily employed for welding is absolutely bare. 
If it were, it would not make a weld. The process of 
wire-drawing requires a lubricant of lime or some 
other alkali, and enough of this coating is retained on 
the surface of the finished wire to furnish the slagging 
flux essential to the soundness of the deposited weld 
metal. It may be surmised that, if the wire-drawing 
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process had not required such a convenient flux, the 
invention of fusion welding might have been set back 
many years. 

As applied to welding, therefore, the term ‘‘ bare”’ 
refers to wire as it comes from the mill, in contrast 
with wire that is subsequently given an additional 
coating or a covering. The term ‘ coated”’ refers to 
wire that has received a specially applied fluxing coat 
(generally a silicate) of considerable amount. The 
term “‘ covered’ refers to wire enveloped by a fabric 
(frequently of asbestos) which either serves to retain 


TasLe IV.—Slow Tests on 21 Specimens of Neat Weld 
Metal (Dustin). 


All specimens 0-39 in. diameter. 





1,000 Ib. per square inch. 

















| 
| 
| 
Deposited | Per cent. 
Metal. | | fi | Elongation 
| Ultimate Tensile | Yield | in 3-9 in. 
| Strength. Point. | 
| be os | 
(| 72-5 54-5 | 20-0 
| 72°1 50-0 | 22-7 
B ; 71°3 55-0 18-9 
| 71+1 | 50:0 | 24-0 
69-8 | 49-8 | 10-0A 
| 62-6 } 51-2 7°64 
| 
Averages 69-8 51-3 17-2 
(| 59-8 | 46-5 25-0 
| 58-0 | 44-1 18°7 
1 57-0 | 41-7 14-2 
56-1 | 39-4 18°5 
56-0 | 43-9 — B 
U| 52-7 | 42-0 7-64 
| | 
Averages ..| 56-7 | 2-4 | 16-8 
( | 48-4 | 19-3 
| 43-0 | 20-0 
| | | 41-5 | —B 
28-4 | — B 
N 1 | 31-3 4-1C 
34-1 | 3-00 
| | 39-8 | 16-0D 
| | 39-8 12-0D 
L | 38-4 12-0D 
| | 
Averages .. 53:8 | 38-4 | 12-3 


A. No serious defect visible. 
B. Broke beyond gauge-marks. 
D. Broke between shoulders, but beyond range of extenso- 
meter. 
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the coating between it and the wire metal core, or 
which has itself been impregnated with a suitable flux. 
Dustin states that a coating has three functions :— 
(1) To combine with the oxides of the base metal. 
(2) To protect the molten or white-hot metal with a 
deoxidising slag. (3) To serve as a vehicle for the 
introduction into the weld of special elements (carbon, 
nickel, manganese, chromium, &c.) in case it is desired 
to modify properties. By providing a suitable coating 
we can actually deposit a steel of any predetermined 
composition, even stainless or high-speed tool steel. 

2. What effect will the Welding Operation have on the 
Base Metals that are to be United ?—The answer is that 
it will have no harmful effect—certainly not if the base 
metal is mild steel. This feature can be presented 
more clearly with the aid of diagrams drawn to an 
enlarged scale. Figs. 1A and 1B show ideal sections 


Fig. 1C is a macrograph of an actual section through 
a }-in. single-Vee butt weld, after polishing and etching. 
In the diagrams the contact surface of the original base 
metal is shown by full lines, and the extent of the weld 
by broken lines. Referring to the weld as a whole, it 
has been well said that welding wire normally deposits 
a soft steel which is purer than its source. Dustin 
states that, if coated mild steel wire is used, the manga- 
nese is affected but little, silicon disappears almost 
completely, phosphorus is somewhat, and sulphur 
greatly, reduced, while carbon remains unchanged at 
from 0-10 per cent. to 0-14 per cent. If bare wire is 
used, the manganese tends to disappear, sulphur may 
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remain, and carbon be 
reduced to less than 
0-05 per cent. If the 
base metal is mild 
steel, regardless of 


tain three zones, which 
always occur in the 
same sequence and 
with constant charac- 


sition zone at the 
contact surface of 
weld and base metal. 


the body of the weld. 
(3) An external zone 
in the outside layer of 
the weld. 

At this juncture we 
will consider in detail 
only the transition 





metal. Inextent this 

zone never attains a 

thickness of 1 mm., 

and only from two 
to three-tenths of its thickness are occupied by 
the portion in which there is interpenetration of 
base and weld metal. This zone is sometimes invaded 
by impurities from the base metal, but no impurity in 
the weld metal ever penetrates beyond the transition 
zone into the base metal. These facts are established by 
many microscopic analyses. Therefore any effect of 
the welding operation on the base metal beyond must 
be merely a thermal one. We will consider such thermal 
effect after giving a summary of the characteristics of 
the transition zone itself. 

Micrographs show that the transition from base to 
weld metal is marked by a reduction in grain-size, that 
is to say, by a refining effect, but it is also sometimes 
accompanied by more slag inclusions than occur in 
other portions of the weld. In welds properly made, 
with good wire, these inclusions are too minute to be 


through fillet and double-Vee butt welds, respectively. | 


zone adjoining the base | 


visible to the naked eye and should not be considered 
as serious defects. They do mean, however, that the 
metal in'this zone is not always as strong (per unit) as 
that in the body of the weld, by an amount that never 
seems to exceed 30 per cent. and is generally very much 
less. This weaker zone should be, and in current prac- 
tice is, compensated for by providing contact surfaces 
that are greater than the critical throat dimensions, 
In the case of important butt welds, additional area is 
secured by bevelling the edges of the base metal, 
thereby giving to the weld a Vee form. In the case of 
triangular fillet welds no such preparation is needed, 
for the reason that the ratio of the leg of an isos- 
celes right triangle to the normal to its hypotenuse 
is happily greater than is required. This is one 
reason why a fillet form of weld is to be preferred 
in most structural work. It eliminates the cost of 
bevelling. 

Reverting now to the thermal effect of the welding 
operation on the adjacent base metal, it should be 
pointed out that the heat is conducted across a much 
narrower belt than is commonly supposed. The writer 
has frequently touched base metal within 4 in. of a 
progressing weld, without any discomfort. While the 
temperature of the arc is high, its duration at any 
point is brief. But whatever the extent of the heat 
it is proper to investigate its results. In tests on welded 
joints, rupture frequently occurs fairly close to the 
weld. It would seem as if the effect of welding was to 
transfer the locus of rupture to a point on the base 
metal that is one or two times its thickness away. 
A hasty conclusion might be that the effect of welding 
is to cause brittleness in the base metal near the weld. 
The contrary is indicated. by some of Dustin’s experi- 
ments. 

He took three merchant-steel. bars, welded portions 
of them together, and pulled them in a tension testing 
machine. All three specimens necked at points straddl- 








teristics :—(1) A tran- | 


(2) A typical zone in | 





ing the weld and then broke, about 4 in. away from 
the weld, under stresses of 53,500 Ib., 53,500 lb., and 
53,200 lb. per square inch. The average figure for these 
tests is given in Table III. Their elongation was not 
reported. It would be difficult to measure elongation 
over portions of the base metal alone sufficiently close 
to the weld to give a significant result. 

Dustin used other portions of the same bars to make 
two sets of plain unwelded specimens. One set was 
tested without any treatment, and the other set was 
annealed prior to testing. The results are given in 
Table III, which also shows the average properties of the 
weld metal used, as tabulatedin Table IV. These tests 
indicate that the effect of welding was to reduce the 
ultimate strength of the adjacent base metal by 20 per 
cent., accompanied, however, by an increase in ductility 
| as evidenced by the necking. If built up by a method 
| requiring punching, the net area of a plate with usual 
hole spacing would be reduced still more (33 per cent.) 
with no increase in ductility. 

What happens in the process of welding ? The base 
metal is raised to a bright red colour over a belt, the 





grade of wire or weld- | width of which varies with its thickness and with the 
ing conditions, the | 


. | ° 
weld is found tocon-/ This means that near the weld the piece undergoes 


volume of the weld. It then cools freely in the air, 


precisely the same treatment as would normalise mild 
steel. While this indicates that the welding operation 


}has no harmful effect on the base metal, and why 


rupture (in the base metal) is more apt to occur near 
the weld rather than at a more remote point, it does not 
explain why rupture is less frequent in the weld itself. 
The reason is that, while ordinary weld metal has a 
somewhat lower ultimate strength than the base metal, 
it has a much higher yield point (Table IV). Therefore, 
necking, and consequent rupture, is apt to start in a 
normalised part of the base metal rather than in the 
weld. 

3. Can Methods of Making Welds by Different 
Processes be Standardised ? The answer is in the aftirma- 
tive. Specifications covering the making of welds 
by the direct-current metal-arc process, and by the 
oxy-acetylene gas process, have already been prepared 
by the Structural Steel Welding Committee, and are 
being distributed in printed form (Sections C and D) to 
the manufacturing firms participating in the prepara- 
tion of specimens. The Committee prefers to postpone 
any general distribution of these specifications until 
the conclusion of its larger programme, when it should 
be evident whether modification of the requirements 1s 
desirable. In addition, a number of representative 
firms are now engaged in structural welding on a 
commercial basis, and many of these have prepared 
for their own use suitable specifications covering 
methods of making welds. There is reason to expect 
that details will also be standardised. Already we 
are using 3-in. fillets as standard, in much the same 
way as }-in. rivets have been standard in older 
methods of erection. An authoritative specifica- 
tion covering method will doubtless be available to 
the industry within the next year or two. The 
demand is apparent. 


(To be continued.) 
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coSTS AND OPERATING RESULTS 
OF ELECTRIC TRACTION IN SOUTH 
AFRICA. 


In his reply to the discussion on the Paper dealing 


will give satisfactory indications in the presence of 
vapour percentages of at least half the lower explosive 
limit, but only to a trained observer. When the vapour 
| content is smaller than 0-3 per cent., and the observer 
|is not trained, the safety lamp is useless. The 


with “ The Electrification of the Pietermaritzburg-Glen- | tests should be made immediately before the men 
coe Section of the South African Railways,” which was | enter and repeatedly while they are at work since the 
read before the Institution of Electrical Engineers | accumulation of vapours may be local and either gradual 
in March last,* Mr. F. Lydall gave some additional | or sudden, and a favourable report made on the pre- 


information relating to the first and operating costs of 
the system. 

The total cost of electrifying the 170 miles of rail- 
way involved, including all incidental expenses, was 
5,535,044/. The cost of the power station, trans- 
mission system and all the sub-stations, up to and 
including the high-speed circuit-breakers, amounting to 
3,134,244/., has now been transferred to the Electricity 
Supply Commission. During the period from January 
15 to December 25, 1927, 100,551,254 kw.-hours were 
consumed for traction purposes, the overall cost of 
which, up to the high-speed track circuit-breakers, 
was 0-818d. per kw.-hour. During 1927, 26,316]. was 
spent on track maintenance, of which 21,0017. was 
for labour. The gross cost of the locomotive main- 
tenance was 60,7271., of which 28,5261. was for labour, 
99,2811. for material and 2,9201. for sundries. Of this 
sum 10,748]. was recovered, so that the net cost was 
49,9791. The total mileage worked by the 95 electric 
locomotives during 1927 was 6,383,010 miles, an 
average of 67,000 miles per locomotive unit. The 
average cost of maintenance per locomotive unit per 
mile was, therefore, 1-88d. The electric service is 
worked by 85 sets of drivers and assistant drivers, 
as against 300 drivers and 300 firemen under the old 
regime, and the estimated result is a saving in wages 
of between 120,0001. and 180,000/. per annum. 

As regards operation, Mr. Lydall states that during 
1927 there were thirteen interruptions of supply from 
the Colenso station, most of which did not last more 
than 2 minutes. These were nearly all due to the 
occurrence of a heavy load following immediately on 
a time of light load. In the paper, reference was made 
to the probability of lightning conditions in Natal 
affecting the track equipment. During 1927, many of 
the high-speed track sectioning circuit-breakers opened 
1,300 or 1,400 times, and as a result there were only 
seven days on which there were delays to trains 
owing to overhead-line faults. Injury to the overhead 
equipment resulted in interruption of the supply on 
39 occasions without delay occurring. Most of these 
breakdowns were due to insulator failure either from 
lightning, stone throwing or birds, while near Hart’s 
Hill the lines have several times been injured by blast- 
ing in a neighbouring quarry, and damage was caused 
by derailment in one or two cases. 

Some figures given in connection with the wear 
of the overhead trolley wire, show that at a certain 
knuckling point the diameter of the wire decreased 
from 0 -579 in. to 0 -5] in. in two years, while at another 
point in the centre of the span it decreased from 
0-576 in. to 0-474 in. in the same period. In both 
cases the original diameter of the wire was 0 -5923 in. 
This rapid wear is ascribed, at any rate in part, to 
deficient lubrication of the pantograph contact surfaces. 
On the locomotives the average life of 297 tyres before 
removal was 129,045 miles. The average mileage for 
all locomotives between wheel turning has been 75,000 
to 100,000 miles for inner wheels, and 100,000 to 
120,000 miles for outer wheels. In the case of one 
locomotive, however, a distance of 150,700 miles was 
run on all wheels. 








DETECTION OF PETROLEUM 
VAPOURS BY MINERS’ LAMPS. 


Wuice it is generally recognised that no repairs or 
examination of tanks or pipes for crude oil, its distil- 
lation products and petrol should be attempted before 
the absence of vapours has been ascertained by some 
safe method, there is a difficulty in finding con- 
venient portable apparatus for this purpose. Flame 
tests, which may safely be applied to see whether or 
not the air in a wellis foul, are inadmissible on account 
of explosion risks, but miners’ safety lamps have 
en employed, as they would indicate the presence 
combustible vapours by the change in the height 
and the appearance of the Hame. The practice seemed 
tbiectionable for two reasons: In the first instance, 
pate ‘ump might cause an explosion in the presence 
th Yapours, though it may be relied upon not to ignite 
ho meth ‘ne-air mixture of a coal mine; secondly, 
- test might not be sufficiently reliable. The United 
oe Bureau of Mines (Circular No. 6083, by A. B. 
wey W. P. Yant and I). H. Zellers) finds that the 
ia, objection may be disregarded, but that the second 
$ well founded. Miners’ safety lamps are not suit- 


of 


able for determining the content of inflammable and 
Poisonous vapours in and around tanks. The lamp 
—_—_— 





: as 
See ExcrvgERmne, vol. cxxv, page 650, et seg. (1928). 


vious day or even a few hours earlier is no safeguard. 
The detection of vapour, especially near the bottom 
of a tank, involves a certain risk and requires, in any 
case, a trained observer. 

Though ignition of the vapours by miners’ lamps 
was not observed in these tests, the experiments of 
the Bureau are interesting in themselves. The tests 
were made with casing-head petrol or natural petrol, 
consisting essentially of butane, pentane and hex- 
ane, the pentane being the predominant constituent. 
The differences between the quantitative results 
obtained and those found by R. E. Wilson and R. E. 
Wilken in similar tests in 1924, were, probably, partly 
due to the different vapour compositions; in the 
mixtures of the latter experimenters hexane pre- 
dominated. The safety lamps used by the Bureau 
were of the Koehler and Wolf types, fitted with either 
flat or round wicks; some of the lamps were provided 
with internal igniters operated from outside the 6 ft. 
by 4 ft. steel gallery, or the glass gallery, which con- 
fined the vapour mixtures containing up to 4 per 
cent. of inflammable vapours. The mixture was 
stationary or was blown through the gallery by a 
Sirocco fan at speeds of 2,500 ft. per minute maxi- 


ing streams. The height of the flames and their caps, 
and the temperatures of the wire gauze mantles, were 
determined, the former by the aid of a cathetometer, and 
the latter by thermocouples. The maximum tempera- 
ture observed was 324 deg. C., with the inner gauze, 
and 218 deg. C., with the outer gauze; this was in 
still mixtures. In streams of 1,000 ft. per minute 
the temperatures rose to 350 deg. and 300 deg., respec- 
tively ; at higher air velocities, the temperatures were 
lower, owing to the cooling by the mass of air. In 
most cases, air currents of about 100 ft. per minute 
gave the highest gauze temperatures. In general, 
the temperature of the gauze rose the higher, the 
richer the mixture, but the flame actually went 
out in explosive vapour mixtures, and the tempera- 
ture of the outer gauze always remained about 50 per 
cent. below the ignition temperature of the mixture. 
Readings of flame heights and their changes proved 
difficult or impossible with low-burning flames and 
also with high flames; the low flames were weak and 
liable to go out when the lamp was bumped and the high 
flames were unsteady. The changes in height owing 
to the presence of vapours amounted to nearly an 
inch. 


THE IMPORT TRADE OF INDIA. 


Tue Department of Overseas Trade, 35, Old Queen- 
street, London, S.W.1, issued recently a survey of the 
overseas trade of India during the three months April, 
May and June of this year, according to which, the 
situation over that period was encouraging. The value 
of the imports decreased by 2 per cent., as compared 
with the same months of 1927, while the value of the 
total exports rose by 14 per cent. to Rs. 84 crores, 
the value of re-exports actually showing a decrease of 
1 per cent. The grand total of imports, exports and 
re-exports amounted to Rs. 145 crores, or an increase of 
7 per cent. There was, however, a reduction in the 
British share of the total imports from Rs. 29-5 crores 
to Rs. 29 crores, and the percentage figure fell from 
| 47-5 to 46-9; nevertheless, a recovery is anticipated 
during the later months of the year. The share of the 
United States of America fell from 12-8 per cent. to 
8-8 per cent., on account of reduced imports of raw 
cotton and mineral oils. Imports from Japan fell from 
6-9 per cent. to 5-9 per cent., mainly in consequence of 
reduced shipments of cotton yarn and unbleached 
piece goods, while Germany’s share rose from 6-3 per 
cent. to 6-9 per cent., that of Belgium from 2-9 per 
cent. to 3 per cent., and that of Italy from 2-2 per cent. 
to 2-4 per cent. 

An improvement in the total imports of machinery 
and millwork, resulting from a better tone in Indian 
industry, continued over the period under review, 
and it is satisfactory to note that the improvement was 
almost entirely due to increased shipments from British 
manufacturers, the respective figures being Rs. 290 and 
Rs. 373 lakhs. German imports remained stationary 
at Rs. 23 lakhs, but those from the United States of 
America advanced from Rs. 37 to Rs. 50 lakhs. Figures 
for the total imports of the principal classes of machinery 
during the two periods of 1927-28 and 1928-29, were as 
follows, in lakhs: Prime movers (other than elec- 
trical) 45 and 75, electrical machinery 50 and 54, 
boilers 29 and 39, metal-working machinery 12 and 9, 











mining machinery 24 and 29, and paper-mill machinery 


mum, past the lamp, in horizontal, ascending or descend. | 








1 and 12. As regards the imports of iron and steel 
in their various forms, there was a reduction from 
48,000 tons to 39,000 tons in the trade in bars, 
although British shipments increased from 6,543 tons 
to 6,850 tons. The total imports of beams, channels, 
&c., fell from 35,634 tons to 27,759 tons, but it is 
satisfactory to note that the British share was main- 
tained at 13,673 tons, valued at over Rs. 20 lakhs, while 
both the British share and the total trade in the 
other classes, such as bolts and nuts, nails and rivets, 
cast pipes and fittings, hoops and strips, &c., in the 
majority of cases, recorded a rise both in quantity and 
value. 

Imports of electrical instruments and apparatus, 
&c., showed an increase in value from Rs. 71 lakhs to 
Rs. 79 lakhs, the shares of Britain, Germany, Holland 
and Italy all increasing. A slight check is reported to 
the steady increase in the imports of motor cars, which 
has been a marked feature of the past few years, the 
total imports, for the quarter under review, falling 
from 3,725 to 3,579, as compared with last year, 
although the total value rose from Rs. 81-5 to Rs. 81-7 
lakhs. This check was due to a considerable decrease 
in the trade with France, Italy and the United States 
of America, the shares of the United Kingdom and 
Canada having risen in both quantity and value. 








CATALOGUES. 


Central Heating.—Circulars describing the Linfield 
heater-circulator for heating buildings are to hand from 
Mr. Darcy Wentworth, 26, Victoria-street, London, 
8.W.1. 

Office Furniture—We have received illustrated and 
priced lists of office stools and chairs made of pressed 
steel by Messrs. J. B. Brooks.and Company, Limited, 
Great Charles-street, Birmingham. 

Saws.—Messrs. A. Ransome and Company, Limited, 
Newark-on-Trent, have sent us a circular calling attention 
to their saws for woodworking machinery, which they 
make in all sizes and to suit all machines. 

Signalling Equipment.—The Westinghouse Brake and 
Saxby Signal Company, Limited, 82, York-road, King’s 
Cross, London, N.1, have issued a pamphlet of illus- 
trations of their works at Chippenham, Wilts. 


Carbide of Calcium.—Messrs. H. H. Rieser, Norwich 
House, Southampton-street, London, W.C.1, has sent 
us a circular describing the Niguet continuous-electrode 
carbide furnace erected at their works at Montricher. 


Industrial Uses of Gas.—The use of gas for power 
production, boiling liquids, &c., in a paint and varnish 
factory, is dealt with in a recent issue of the journal of 
the British Commercial Gas Association, 28, Grosvenor- 
gardens, London, 8.W.1. 

Electrical Machinery.—A list of their agents in all 
parts of the world is to hand from the Westinghouse 
Electric International Company, 150, Broadway, New 
York, U.S.A., whose European Office, is at 2, Norfolk- 
street, Strand, London, W.C.2. 

Blowers, Exhausters, etc.—The Allen Air Appliance 
Company, Incorporated, 452 Lexington-avenue, New 
York, U.S.A., have sent us catalogues of blowers and 
exhausters and of heavy-duty appliances for vacuum 
cleaning. Both are illustrated and fully explained. 

Investigating Machinery Noises.—The International 
Metal and Specialty Company, Berlin, New Jersey, 
U.S.A., have sent us a circular describing an instrument 
with ear pieces and contact points for listening to the 
sounds in pipes, machinery, etc., as explained on page 231, 
ante, 

Type-Setting Machinery.—The Intertype Corporation, 
of New York, U.S., have sent us a number of circulars 
illustrating the various styles and sizes of type made 
from the moulds used in their composing machines, 
which are of the line-casting type. Their London office 
is at Blackfriars-road, 8.E.1. 

Marine Auziliaries.—A catalogue of ship machinery, 
including blowers, fans, electric-generating sets and 
pumps for fuel oil, feed water, circulating water, con- 
densate, bilge water, &c., is to hand from the Rateau 
Company (of France), 28, Russell-square, London, 
W.C.1. The text is in French and English. 

Electric Grinders.—A catalogue of electrically-driven 
grinding units for mounting on a bench, lathe or other 
machine tool, is to hand from Messrs. Campbeil and Isher- 
wood, Limited, Raleigh-street, Bootle. Both tool-post and 
angle-plate attachments are shown, as well as commutator- 
and valve-grinding adaptations, and a rail grinder with 
truck. 

Tachometers.—A list of their Unique tachometers, 
made in three types for marine and stationary engines, 
portable engines, locomotives, motor cars, &e., is to 
hand from the Lunken Company, Limited, 35, Great 
Dover-street, London, S.E.1. A Jacquet’s indicator 
and a small tachometer for motor boats are also illus- 
trated, and prices are stated for instruments and con- 
nections. 

Electrical Instruments.—Messrs. H. W. Sullivan, 
Limited, Leo-street, Peckham, London, S8.E.15, have 
sent us catalogues of their precision alternating-current 
measuring apparatus for high frequencies ; variable con- 
densers and fixed air condensers for all frequencies, 
for laboratory use ; precision direct-current measuring 
apparatus for laboratories and test rooms; and several 
descriptive circulars of wavemeters. Ample descriptive 
text is given and prices are stated. 
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** ENGINEERING’? ILLUSTRATED | MOTOR ROAD VEHICLES. TEXTILE MACHINERY. 


PATENT RECORD. | 290,330. The Marles Steering Company, Limited,| 291,628. A. Allison, Burnley. Pickers. (2 F; 
SELECTED ABSTRACTS OF RECENT PUBLISHED | London. F. G. Maltravers, Harpenden, and Ada- June 27, 1927.—The invention relates to pickers Piece 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919 |mant Engineering Company, Limited, Luton. /in looms for weaving, and to that type employing an 
: é . : ¥ ; ‘ ‘| Steering Gear. (3 Figs.) February 4, 1927.—Accord-| inclined surface where the pull of the picking band 

The piece ed of views given in the ain Dee is stated ing to the invention, a steering gear for mechanically-| occurs, so that the pull is more nearly normal to the 
in See “he ge ; where none is mentioned, the Specification is not | propelled vehicles comprises a barrel-shaped cam a, 
Where inventions are communicated from abroad, the Names, &c., | keyed on to a tubular shaft ¢ adapted to be operated by | 
| the steering column, not shown. The cam a is formed 


of the communicators are given in italics. : z a ; 
Copies of Specifications may be obtained at the Patent Office Sales | witha cam groove d, and the shaft c is mounted in bearings | a. 


rh ht 





io aah 5, amon” Buildings, Chancery-lane, W.C.2, at | e provided in a portion f of a two-part casing. The other 

uniform price of 18. | portion of the two-part casing is provided with a/| 

The date of the advertisement of the acceptance of a Complete | P 9 - 8 P | ~ 
Specification is, in each case, given after the abstract, unless the | J é 
Patent has been sealed, when the word “‘ Sealed”’ is appended. | 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, | 
give notice at the Patent Office of opposition to the grant of a | 
Patent on any of the grounds mentioned in the Acts. | 


GAS ENGINES, PRODUCERS, HOLDERS, &Xc. | 


289,963. The Wellman Smith Owen Engineering | 
Corporation, Limited, Westminster, London, and | 
A. V. Kemp, Westminster, London. Gas Producers. 
(1 Fig.) February 5, 1927.—The invention has reference | 
to gas producers of the kind in which the blast is delivered | 
to the centre of the fire. 11 is the central tuyere and | 
12, 13, 14 are superposed distributors or blast hoods, these | 
parts being all arranged as ordinarily. Within the central | 
tuyer 11 is a sleeve valve 15. This valve is*mounted on | 
one end of a vertical rod 16, which is movable endwise, 
the other end of the rod being mounted on one end 














(291,628 


| picker. In carrying out the invention, the under-part h 
| Of the picker bridge-portion h1! is made of inclined for. 
| mation, instead of parallel with the axis of the spindle }, 
The inclination is towards the shuttle end and extends 
sepremnneey from one end to the other of the gap 
below the bridge. (Sealed.) 


MISCELLANEOUS. 


283,392. Barford and Perkins, Limited, Peter- 
borough, J. E. S. Perkins, Peterborough, and 
G. w. L. Hood, Peterborough. Road Scarifiers. 
(2 Figs.) May 4, 1927.—The invention is designed to 
provide a simple type of scarifier for direct attachment to 
a road roller. The scarifier frame has radial arms 1 
pivoted to the roller frame and is lifted by means of 
links 9 pivoted to the arms 1 and to the arms 11 
secured upon a cross shaft 12 suitably mounted on the roller 
| bearing h for a rocker shaft 7. The shaft ¢ is arranged | frame. The shaft 12 has secured on it a further arm 17, 
| at right angles to the axis of the camshaft c, and also to | and a link 18 is pivoted at 19 to the arm 17 and at 21 toa 
| one side thereof, so that the two shafts c and? lie in parallel | hand lever 20. The hand lever is pivoted at 22 to the 
| planes. On the rocker shaft ¢ is secured an arm k which | roller frame. In the position shown in Fig. 2 with the 
is curved so that a tooth / carried by the arm & will 
engage the cam on its far side. The tooth 7 may, for 
instance, resemble a truncated cone as shown, and the 
groove d in the cam is cut to correspond. The rocker 
shaft 7 is tapered and formed at its outer end for the 
reception of the drop arm of the steering gear. The 
groove d is of any desired irregular pitch. (Scaled.) 


PUMPS. 


284,411. J. Stone and Company, Limited, 
Deptford, and A. L. Paramor, West Kensington, 
London. Rotary Pumps. (4 Figs.) October 30, 
1926.—The invention relates to rotary pumps of the 
kind in which a star or tooth wheel rotor e revolves 


























of a lever 17 of the first order. This lever is mounted 
on a bearing 18, and is connected at its other end with 
operating means comprising a hand wheel 19 and screw 
nut 20. By rotation of the hand wheel 19, the valve 15 is 
raised or lowered and the area of the passage between the 


eccentrically within a cylindrical casing a and in mesh at 
one point with a revolving ring of teeth or abutments d 
concentric with the casing, there being disposed in the 
crescent space between the star wheel and the ring, at a 





upper end of the central tuyere 11 and the adjacent 
distributor or blast hood 12 is decreased or increased. 
In a modification, the passage between the distributors 
or blast hoods 12, 13 may be controlled by an additional 
valve, mounted and operated as is the valve 15, such 
additional valve being moved either with or independently 
of the valve 15. (Sealed.) 


MINING, METALLURGY, AND METAL 
WORKING, 


289,913. T. E. Holmes, Glasgow. Rolling Mills. 
(8 Figs.) January 8, 1927.—The invention relates to 
universal spindle fittings for rolling mills. As here- 
tofore, the universal spindle or spindles is provided 
with @ trunnion or trunnions, to which are fitted swivel 
blocks accommodated in opposed internal sockets in 
the coupling box. According to the invention, there 
is combined with this ee arrangement, 
known per se, of an adapter on the roll arbor (if fluted) sb calinanete Poe , 
formed with diametrally opposed projections presenting rma gs Tock 7 ol a 
driving feces engaging with internal faces of the According to the invention, the teeth or abutments d 
coupling box. The fluted roll arbor 1 of an existing mill | 27, revolving cylindrical bodies, and these mesh with 
is embraced by an adapter sleeve 2 presenting diametrally | jo, or teeth of the star rotor ‘ which latter teeth are 
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Fiat "4 advantageously of hollow semi-cylindrical formation. 
Up l. 6 7. oe Zr The cylindrical teeth or abutments d are constituted by 
Zz Zy/7 00 be axle pins fitted with freely revolving sleeves or rollers. 
WS | 7 rr - q 12 (Sealed.) 





STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 


290,022. John Thompson (Wolverhampton), 
| Limited, Ettingshall, Wolverhampton, and W. H. 
|Gamble, Ettingshall, Wolverhampton. Chain 
Grates. (4 Figs.) April 13, 1927.—The invention has 
| for its object to provide an improved chain-grate stoker, 


Fig./ 


























opposed projections 3 engaging internal sockets 4 in an | 
externally cylindrical coupling box 5 overhanging the | 
roll end and presenting, in the overhung portion, at | 
right angles to the sockets 4, diametrally-opposed internal | 
sockets 6 which accommodate swivel blocks 7. The latter | 
are freely mounted on diametrally opposed trunnions 8 | whereby percolation of fine fuel through the air spaces 
forged on the end 9 of a universal spindle 10 operatively | between the links is minimised or prevented. Each 
connecting the roll with a pinion shaft 11 through a| link used in the construction of the chain grate is made 
second box coupling similar to the first. Diametrally | of such a cross section that the upper part a is displaced 
disposed keys 12 are fitted between co-operative faces | laterally in respect of the lower part 6, and at a conven- 
of the projections 3 and the sockets 4 in the coupling | ient position along one side of the link a ledge c is formed 
box 5, being secured by screw pins 12, as shown. | by which fine dust falling from the fuel on the grate can 
(Accepted May 16, 1928.) be arrested. (Sealed.) 
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searifier operating, the pivot 21 is below a line joining the 
pivots 19 and 22, so that upward thrust on the tines 
tends to depress this pivot still further and cause the 
hand lever 20 to turn in a clockwise direction. This is 
prevented by the contact of the lever 20 with a boss 
on the arm 17, so that when the frame has been lowered 
it is automatically locked in the operative position. 
When raised, as in Fig. 1, the hand lever may be held by a 
catch, or the position of the shaft 12 may be designed, in 
relation to the end pivots of the links 9, so that the weight 
of the scarifier frame exerts insufficient leverage to cause 
the hand lever to fall or even acts to prevent it falling. 
In the scarifier shown, wheels or rollers 25 are used to 
limit the penetration of the tines. (Sealed.) 


291,656. Aiton and Company, Limited, Derby, 
and J. A. Aiton, Derby. Pipe Joint. (5 Figs.) Sep- 
tember 15, 1927.—The invention relates to joints in 
wrought-iron or steel pipes. In carrying out the inven- 
tion, a corrugation a is formed = the pipe and the 
surplus material b is removed as shown in Fig. 2, so as 
to leave a squared end. The side of the corrugation 
from which the surplus material has been removed is 
then flattened upon the other side of the corrugation, 


Fig.t Al Fig.2 Fig 3 | . 
b 


Fig.4 




















(251656) 


until the corrugation assumes the shape shown in Fig. 3 
and has a squared end abutting upon the curved part 
of the pipe. The meeting surface c of the corrugation 4 
is then ground and machined until it is a suitable thick- 
ness and has a bevelled or chamfered face d, Fig. 4 
adapted to form a welding cavity when associate: with 
a complementary part upon a corresponding corrugstion, 
when the pipe joint components are assembled as_shown 
in.Fig. 5. (Sealed.) 
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THE CONSTRUCTION OF THE DELA- 
WARE RIVER SUSPENSION BRIDGE. 
(Continued from page 614.) 

Anehorage Foundations.—As the side spans of the 


Delaware River Bridge are suspended from the 
cables, the latter reach the anchorages at an inclina- 


adapts the structure to the street grades and 
secures economy of material. Foundations on rock 
were decided upon because it was considered inad- 
visable to have the foundations at less depth than 
those of any future structures that might occupy 
adjacent property, and because it was desirable to 








extend the Camden foundations below a layer of 


liminary designs for the bridge were prepared, it 
was proposed to use 20 pneumatic caissons, each 
10 ft. by 25 ft. in section, for the foundation of each 
anchorage. These caissons were to be sunk on an 
inclination of 1 to 64, which is the direction of the 
resultant pressure when the suspended spans carry 
maximum loads. The caissons were to be sunk to 
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Fia. 37. RECTANGULAR AND CIRCULAR CAISSONS OF THE CAMDEN ANCHORAGE. 


tion of only 8 deg. above the horizontal. The func- | 
tion of each anchorage is therefore twofold, namely, | 
to provide support for the bearing of the cables to | 
permit their deflection to greater inclination, and | 
to provide a mass sufficient to counteract the maxi- | 
mum pull of the cables. The anchorages also serve | 
as abutments for the first spans of the approaches. | 
Under the maximum load conditions for which the | 
main structure is designed. the cables each exert a | 





horizontal pull of 36,000,000 Ib., giving a total| 


horizontal force of 72,000,000 lb. This force is | 
applied at the height of 130 ft. above the ground, | 
where the cables bear upon the saddles on a steel | 
anchorage bent. 
maximum value of 48,400,000 Ib. and the pull in | 
the deflected cables is 72,800,000 Ib., which produces | 
a vertical uplift at the rear of 52,800,000 Ib. These | 
conditions required a distribution of the anchorage | 
masonry into two portions, one at the rear to pro- | 
vide sufficient weight to resist the uplift of the | 
cables, and the other at the forward end to support | 
the thrust of the bent. 
The length of the anchorages was determined by | 
Street locations in Philadelphia. The width was | 
determined by structural and architectural require- | 
ments and was fixed at 148 ft. for the main portion | 
of the structure. The elevation of the bottom of | 
the anchorage masonry was fixed at elevation | 
—3°5 ft. for the Camden anchorage, and —5-0 ft. | 


for the forward portion and +4-5 ft. for the rear| clay shown by the borings to exist at from 50 ft. 
portion for that on the Philadelphia side. The | to 75 ft. below the surface. 


change of elevation at the rear in Philadelphia | 





The thrust of the bent has aj} } 


Fig.38. DIAGRAM OF FORCES IN ANCHORAGE 

SHOWING PLANE OF DIVISION 
BETWEEN FORWARD & REAR 
PORTIONS. 
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| hard bed-rock and could safely have developed a 
| bearing pressure of 50 tons per square foot, which 
|would be equivalent to about 700 Ib. per square 
|inch on the concrete. By being sunk inclined they 
| would have eliminated dependence upon friction 
| at the base to resist sliding. Under other than maxi- 
Cables ;mum load condition, however, the caissons would 
| have been subject to bending and the pressures 
| would have become eccentric. They were also 
‘found to have the disadvantages of low lateral 
| stability ; of high cost, particularly on the Camden 
| side, where the depth approaches the limit for pneu- 
|matic work ; and of the experimental nature of 
| sinking to a predetermined inclination. 


Studies of open dredged concrete caissons were 


| therefore made. It was not anticipated that caissons 
| of this type could be sunk to as hard bed-rock as 
would be possible with the pneumatic type, but, 
because of the lower unit cost, a sufficiently large 
bearing area could be provided to permit founding 
the caissons on the mica schist overlying hard 
rock, and yet secure saving in cost over that for 
pneumatic foundations. 


The adopted design, which was developed gradu- 


ally through study of a number of schemes, pro- 
vides two large rectangular shafts of concrete 
| beneath the forward portion of each anchorage, to 
| transmit the thrust to rock and to give the principal 
stability against sliding, and a series of circular 
shafts of concrete beneath the rear portion, to 
support the masonry in which the cable anchor 


Anchorage Caisson Design.—When the pre-| chains are embedded, and to support the towers at 


the sides of the anchorage. The rectangular shafts 
are each 40 ft. by 140 ft. in plan for the Camden 
anchorage, and 40 ft. by 125 ft. in plan for the 
Philadelphia anchorage, the reduction of length in 
Philadelphia being possible because the depth to 
rock is less than in Camden. In each case two of these 
caissons are placed side by side, with the length 
parallel with the length of the bridge. The circular 
shafts comprise eight of 20-ft. diameter, distributed 
beneath the main portion at the rear of the anchor- 
age, and four of 16-ft. diameter, for the support of the 
masonry towers. All the shafts were constructed as 
reinforced concrete open dredged caissons. Fig. 37 
is a view of the rectangular and some of the circular 
caissons of the Camden anchorage. 

The sizes of the foundation caissons were propor- 
tioned, and the bottom pressures calculated by study 
of the elastic behaviour of both the anchorage and 
the foundations. Since the foundations are dis- 
continuous and the earth between them is incapable 
of transmitting shear, the horizontal component of 
the forces acting on the anchorage is distributed 
between the shafts in proportion to their stiffness, 
and not to their areas. This consideration showed 
that the rectangular shafts carried over 95 per cent. 
of the total horizontal force. 

The distribution of the vertical component was 


first computed on the assumption that plane | 


sections at the top and bottom remain planes. 
This assumption gave results sufficiently close for 
proportioning tentativeiy the sizes of the caissons. 
For plane sections to remain plane, however, the 
anchorage above the foundations wonld have to be 
absolutely rigid. As it consists of two masses, 
connected by relatively light walls, it is not rigid, 
but is subject to elastic deformation. For the final 
analysis, therefore, the anchorage above the founda- 
tions was divided into two portions, as shown in 
Fig. 38, and each portion was considered separately. 
The weight of the front part, acting through its centre 
of gravity was combined with the thrust from the 
anchorage bent, to form a front resultant coming 
upon the rectangular shafts. The weight of the 
back part was similarly combined with the pull of 


the cables to form a back resultant. This back | 
resultant was resolved into two components, one a | 


vertical force upon the circular foundation shafts, 
the other an inclined force acting on the plane of 
division between the front and rear parts. The 
point of action of the vertical force on the cylinders 
was fixed by study of the elastic compression of the 
cylinders and the back end of the rectangular 
caisson. The point of action of the component on 
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| The outer walls were 6 ft. thick ; the centre longitudi- 
| nal wall was 8 ft. thick ; the interior transverse walls 
| were 12 ft. thick for the Camden caissons, and 9 ft. 
thick for the Philadelphia caissons. This arrange- 
|ment of wells was designed to provide means of 
|controlling the caissons during sinking, and no 
| difficulty was found in keeping them in position. 
|The outside walls were vertical. At the bottom 


| portion of the caissons, the inside walls flared out to | 


| form V-shaped cutting edges. In the flared portion, 
| the concrete was “stepped,” or recessed, as shown 
|in the details, Figs 43 to 44, to provide positive 
| bearing between the walls and the concrete filling 
ithe wells, to reduce outward thrust during sinking, 
and to permit the use of blocking to support the 
|caissons during construction. The cutting edges 


| shown in Figs. 43, 44 and 46 to 49, were made of steel | 


| plates and angles, which were stiffened and bedded 
| into the walls by steel frames spaced 8 ft. on centres. 


| The frames contributed to the strength of the toes | 
| against lateral pressure and, in the flaring portion of 





24,000 lb. per square inch, and only the minimum 
number of rods were carried the full length of the 
saisson, the other rods being stopped when not 
required for moment. The portion of the toe plates 
in contact with the concrete was assumed to act as 
reinforcing steel. For heights above 30 ft., allow- 
ance was made for partial support of the caissons 
by skin friction of 200 lb. per square foot, and for 
full buoyancy of the portion below ground. The 
end walls and interior transverse walls were rein- 
forced by 1 in. square rods at 12-in. centres along 
each side, with 6 in. spacing in the first 10 ft. above 
the cutting edges. The caissons were reinforced 
against shear by 3-in. square vertical rods. 

Each of the circular caissons had, as shown in 
Fig. 53, page 684, a dredging well 8 ft. in diameter. 
The walls were 6 ft. thick for the 20-ft. caissons, and 
4 ft. thick for the 16-ft. caissons. The walls were 
reinforced at both sides by 3-in. square vertical 
rods and }-in. square hoops. Recesses, 9 in. wide and 
3 ft. high, were provided to permit the possible use of 





| 


| 


the plane of division was selected such that it | 


would produce tension at the top equal to one-half | 


the average stress on the section. 


Foundation pressures on the cylinders were then | 


determined by dividing the back component between 
the cylinders according to its assumed eccentricity 
and adding the weights of the shafts. The bending 
pressures produced by the small amount of hori- 
zontal force taken by the cylinders were finally 


added to obtain the maximum pressures at the | 
edges. The component acting on the plane of | 
division between front and rear parts was combined | 


with the front resultant, and the weight of the 


rectangular shafts, to give the resultant force on | 


the bottom, from which the maximum toe pressures 
were computed. The calculations for pressures 
were made for maximum conditions of loadings, 
and also for several intermediate conditions, to 
cover loadings during construction and during 
roadway slab reconstruction in the future. 

The pressures, as thus determined, were reduced 
to secure net pressures by allowance for skin friction 


on the sides of the cassons at 400 Ib. per square | 


foot, and by subtracting the weight of soil displaced, 
including water. The foundation pressures averaged 
17 tons per square foot, with a maximum of 22 tons 


per square foot. The quantities involved in the | 


foundations were 27,500 cubic yards for the Phila- 
delphia anchorage, and 51,400 cubic yards for the 
Camden foundation. 

The design of the caissons was governed by 
conditions to be met during sinking. Each of the 
rectangular vaissons, which are shown in Figs. 40 to 
49, page 684, had 12 dredging wells, 10 ft. wide by 
11 ft. 4 in. long, arranged in two rows of six wells 
each on either side of the longitudinal centre line. 





the dredging wells. protected the concrete against ex- 
cessive spalling from blows of the dredging buckets. 
Recesses 9 in. deep and 4 ft. high, spaced 6 ft. 
apart, as shown in Figs. 40 and 42, were provided in 
each well to permit of the installation of bulkheads 
and the use of compressed air in any dredging 
well, in the event of any difficulties during sinking 
making such methods necessary. Sinking was, how- 
ever, accomplished without the use of air pressure. 
The caissons were built to the height of 30 ft., 
and allowed to harden 28 days before sinking was 
|started. Above the 30-ft. height, construction was 
continued in lifts of 10 ft. each, not over 20 ft. 
being permitted to be above ground. Fig. 45 illus- 
trates the form of horizontal construction joint 
|adopted. The reinforcement was designed for bend- 
ing moments that would be produced by bottom 
pressures varying uniformly from zero at the ends to 
twice the average at the centre, or from twice the 
average at the ends to zero at the centre. Bending 
moments and extreme fibre stresses were determined 
for each stage of construction. It was assumed that 
the stresses would be divided between the walls in 
proportion to their thickness. No attempt was made 
to locate the neutral axis or compute the effective 
depth for proportioning the steel. The height was 
divided into sections of 5 ft.each. The extreme fibre 
| stress was taken as the stress in the top and bottom 
| sections, and the stress in the sections nearer the 
| centre was assumed to be proportional to the distance 
of the section from the centre. Sufficient steel was 
| provided to carry the whole of the tension in each 
section, with 1 in. square bars spaced at 12-in. 
centres, at each side of each wall, as minimum 
| reinforcement. The reinforcement was calculated at 











Fie. 39. PHILADELPHIA ANCHORAGE CAISSONS BEING CONCRETED IN WINTER. 


compressed air and to provide bond between the 

valls and the filling of the dredging well, as in the 
rectangular caissons. The cutting edges were of 
steel, similar in design to those of the large caissons, 
but more sharply pointed. ‘The latter feature was 
designed to permit of easier penetration and thus 
to neutralise to some extent the effect of skin 
friction, which becomes an important factor when 
the surface area is large in comparison with the 
weight. The circular caissons weighed about 600 Ib. 
per square foot of exterior surface, thus leaving, 
after deduction for buoyancy, less than 360 lb. per 
square foot effective weight to overcome friction, 
when the top of the caisson was level with the surface 
of the ground. During sinking, these caissons were 
kept built to 20 ft. above ground level when possible, 
and additional weight in the form of pig-iron was 
applied to the top. 

Construction and Sinking of the Anchorage Caissons. 
—It was known that old bulkhead walls existed 
beneath the site of the Philadelphia anchorage, 
remains of building foundations and of wharf con- 
struction along the water front of Colonial days. 
Such timbers would have been serious obstacles 
to dredging operations, and it was therefore provided 
by the specifications that the site should be stripped 
to remove all such material before the construction of 
the caissons was started. Hewn oak timbers, 24 in. 
square, and parts of a boat framed with wooden 
pins, were actually discovered and removed. At 
the easterly or river end of the site, it was necessary 
to excavate to elevation —15 ft.; at the westerly 
end excavation was carried to elevation —9 ft., 
and the site was levelled to this elevation by back- 
filling the river end. 
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The Camden anchorage site, which is well shown 
in Fig. 37, was an old slip between two wharves. 
A sheet steel cofferdam was driven along the river 
end, and left in place as a permanent bulkhead. After 
the cofferdam was in place, debris and mud were 
removed and the site levelled off at elevation — 12 ft. 

The steel cutting edges of the caissons were as- 
sembled on light blocking, and the field splices 
riveted. The construction of the first 10 ft. of the 
rectangular caissons required great care, because at 
that stage the structure weighed about 2} tons per 
linear foot of cutting edge, but had little beam depth 
to resist unequal settlement. Support was obtained 
by lowering the assembled and riveted cutting edges 








panied by jolt or jar, because friction and the cushion- 
ing effect of the material being cut into brought the 
caissons to rest gradually. Drops of as much as 4 ft. 
were experienced with the rectangular caissons, and 
as much as 9 ft. with the circular caissons. 

The south rectangular caisson in Philadelphia was 
started first. When its cutting edge had reached 
elevation — 57 ft., progress became extremely 
difficult, and various expedients were tried. Jetting 
with several forms of jet, and chiselling by dropping 
|a 30-ft. rail, pointed with a steam shovel tooth, 
| proved ineffective. Pumping out the water from the 
| wells, to reduce buoyancy, was then resorted to, 
land further sinkage occurred. It was found, 





into prepared trenches and tamping the soil back | however, that water coming in under the cutting 
as uniformly as possible. Additional support was | edge was dragging in material from outside the 
secured by posts bearing against the exterior forms. | caisson. W hile these expedients were being tried, 
Levelling observations were made as the concrete | One of the circular caissons had been sunk deep 


was poured, and the posts were wedged up wherever 
necessary to correct deformations from uneven 
settlement. After the first 10ft. of concrete had 
been poured, sufficient beam strength was developed 
to assist materially in resisting local deflections. 
During construction to the height of 30 ft., these 
caissons were deflected not more than 2 in. from a 
straight line, although settlement of various amounts 
up to 18 in. occurred, and the caissons were as much 
as 8 in. out of level. 

The caisson forms, except for the flaring portion 
of the dredging wells, were of steel, adapted to 
repeated duplication of work. The forms for the 
rectangular caissons provided a concreting height 
of 10 ft. The forms for the wells were constructed 
with the recess form at the top, as will be seen 
in Fig. 37, so that they could be lifted without 
requiring their complete collapse. The exterior 
forms were braced, and their horizontal alignment 
maintained, by light steel trusses supported in a 
horizontal plane near the top of the form. Special 
provision was made for securing vertical alignment 
through successive lifts. Two lines of bolt holes 
were punched in the forms, one near the bottom and 
one near the top. The upper line served as templets 
for setting bolt fastenings in the walls when the 
concrete was poured. Then, when the forms were 
raised for the next lift, they were bolted in place 
through the lower line of holes. The holes had been 
punched accurately when the forms were made, to 
insure matching and correct alignment. 

Concreting was begun in December, 1922, and 
carried on throughout the winter. The aggregates 
and water were heated before concrete was mixed, 
as protection against freezing, and the concrete was 
kept warm during the period of setting. The usual 
procedure for heating the green concrete was to 
cover the caisson with tarpaulins and support 
salamanders under the edges. An innovation was 
introduced on the Philadelphia side by the use of | 
steam for the rectangular caissons. A steam pipe | 
was extended from the contractor’s plant, about | 
200 ft. distant, to the caissons and was connected 
to a pipe in which holes had been punched, placed 
around the caisson, beneath the tarpaulins. The 
steam, escaping through the holes, produced a moist 
atmosphere favourable for the curing of the con- 
crete. Work under these conditions is illustrated 
by the view given in Fig. 39 on the opposite page. 

The sinking of the caissons was accomplished by 
dredging with orange peel buckets through the 
wells of the caissons. The sinking of the first 30-ft. 
height of the rectangular caissons was the most 
critical stage of the work. Special precautions were 
taken to prevent excessive strains. Careful observa- 
tions were made with levelling instruments as the 
caissons sank, and the deflections were noted and 
controlled by dredging through the proper wells. 
Good alignment was maintained throughout, the 
Maximum deflection being 23 in. 

The behaviour of the caissons during sinking 
varied widely with the class of material penetrated 
by the cutting edges. In sand and gravel the 
calssons usually followed the dredging quite steadily, 
the motion seldom being perceptible to the eye, 
althouzh settlement of several inches might be 
observed within an interval of a few minutes. In 
clay or disintegrated rock, the caissons would 
frequently be held up until excavation was 10 ft. 
or more below the cutting edge, and then a sudden 
drop would occur. These drops were not accom- 


| enough for the edge to rest in the micaceous schist 
all around, and sinking became negligible, even with 
| a load of 200 tons of iron on the caisson, and dredging 
in the well 5 ft. below the cutting edge. As the 
dredge bucket lowered the water level in the well, 
it was apparent that the flow of ground water had 
been partially cut off. It was therefore decided to 
attempt pumping out this caisson and, if possible, 
to reach the cutting edge and excavate by hand. 
The pumping proved successful and indicated that it 
might be feasible to pump out the south rectangular 
caisson. Examination of the latter by divers showed 
that the west end rested on micaceous schist, while 
the east end was in sand, gravel, and clay. The 
four wells at the east end were back-filled to a depth 
of 9 ft. with gravel and clay, to prevent dragging 
in of outside material, and pumping was started. 
Operations were commenced with centrifugal pumps, 
but later reciprocating mine pumps were used and 
found to be more effective. The bottom was ulti- 
mately reached, and the caisson cleared. 

With the experience gained from sinking this 
caisson, pumping was resorted to in every case. 
The pumping conditions differed widely at the two 
anchorages. In Philadelphia, the rock surface was 
uneven and quite hard, and the flow of large volume. 
During the later stages of sinking, four 8-in. pumps 
were required to handle the water. In Camden, 
the bed-rock was much deeper, 104 ft. as compared 
with 63 ft. in Philadelphia, but was overlaid with 
several feet of soft mica through which the cutting 
edges could be forced before the wells were 
unwatered. This mica sealed the edges, and, in 
addition, the flow from higher levels was cut off by 
the clay stratum through which the caissons had 
passed. The flow was so slight that it was possible 
to bail out the wells with buckets, thus avoiding 
staging for pumps. When bottom was reached, 
pumps were installed to handle the slight seepage. 

During the last few feet of sinking by hand 
excavation, the caissons were supported by 12-in. 
by 12-in. timber posts beneath the stepped sections 
of the wells, to prevent local damage to the cutting 
edges beause of uneven rock bearing. After ex- 
cavation had been extended to clear the entire 
cutting edge, the posts were removed simultaneously, 
by blasting, and the caisson lowered to the rock. 
Pumping out and completion of the work by hand 
excavation permitted cleaning off the bed more 
| thoroughly and satisfactorily than would have been 
| possible by any means of dredging through the 
water-filled wells. 

For sealing the rectangular caissons in Phila- 
|delphia, the flow of water was carried by gravel 
|drains into the central wells, while concrete was 
placed in the dry in the other wells, to a height of 
10 ft. above the cutting edges. The central wells were 
then allowed to fill with water and sealed by the use of 
a tremie to a depth of 10 ft. After this concrete had 
hardened, the water was pumped out and the filling 
| of allthe wells was completed in thedry. In Camden, 
| the water was drained from the wells in which the 


| flow was greatest and these wells were sealed first. 
| Finally, the flow in the last wells was pumped through 
|a pipe while the wells were being sealed ; the pipe 
| was then capped. The circular caissons were sealed 
|by placing concrete in the dry, pumping being 
| discontinued when filling was started, and the 
concrete placed rapidly enough to prevent dis- 


turbance by the water. 








(To be continued.) 





THE CHANGE OF STATE FROM 
LIQUID TO VAPOUR. 

On Tuesday, November 13, Professor H. L. 
Callendar, F.R.S., delivered at the Royal Institution, 
the concluding lecture of his course on the above 
subject. 

He said that, as already noted in his last lecture, 
the van der Waals’ theory of a continuity of state 
between a liquid and its vapour had been more 
attractive to the mathematician than to the experi- 
mentalist. It implied that, when the meniscus 
disappeared at the critical point, the latent heat also 
vanished, that the tangent to the border curve became 
horizontal at this point, and that here, also, the 
isothermal corresponding to the critical temperature 
had a point of inflexion. The van der Waals’ equation 
failed to represent the density of the liquid, and as 
regarded the vapour phase, it was inconvenient in 
form. In the case of steam, the speaker had found 
it necessary to use different equations of state for 
the liquid and vapour phases. The hypothesis 
that water held in solution its own volume of steam 
accounted satisfactorily for its thermal properties, 
and gave the simplest possible expression for the 
relative densities of the two phases. 

The equation of state for the perfect gas being 


V—b= aS the corresponding expression for the 
total heat was H — B = oar] -PV. Assuming 


y 

that the defect of volume for steam was due to co- 
aggregation, then the speaker’s first approximation 
gave as the equation of state V—b= as — ¢, 


10 
where ¢ varied as (=) ae 


This equation was proved to be valid from 0 deg. 
to 200 deg. C. The corresponding defect in the total 


3 P 
heat was A H = - a cP, and in the entropy was 
0 P 
Ad = 5 — At very high pressures, the above first 


approximation to the co-aggregation volume must 


be modified to ,—°5,, where Z = * , so that Z 
remained constant in an adiabatic expansion and 
was, therefore, a function of ¢. The corresponding 





corrected value of AH was AH = * : pe and 

. AH 
that of the entropy defect was Ag = 7 
130 1—Z 


The equations for both the liquid and vapour 
phases admitted of ready interpretation. The 
change from liquid to vapour was a molecular 
change, but in the liquid we had molecules of steam 
dissolved in the water, and in the vapour we had 
complex molecules diffused in the steam. The 
dissociation or formation of these co-aggregated 
molecules was accompanied by a corresponding 
liberation or absorption of heat. It might thus be 
said that, in the steam, we had a certain proportion of 
water molecules, and vice-versa. The proportions 
were governed by the laws of the equilibrium of 
heterogeneous mixtures. 

The co-aggregation theory was not reconcilable 
with the conditions assumed by van der Waals to 
exist at the critical point, and these assumptions, 
as it turned out, had been accepted on inadequate 
experimental evidence. It was, in fact, very 
difficult to make reliable experiments in the critical 
region. 

For such experiments, water was by far the most 
suitable material, being very stable and very easily 
purified. The simplest way of testing van der 
Waals’ assumptions was to measure the specific 
volumes of the liquid and vapour. This the speaker 
had done by confining the fluid in quartz tubes, 
which were heated ina very carefully designed elec- 
tric heater. The results showed that, at the critical 
point, when the meniscus vanished, the density 
of the liquid was not equal to that of the vapour, 
but, as shown in Fig. 12, page 627, ante, there was 
quite a considerable difference between the two. 
It had proved possible to measure the liquid 
volumes up to 380 deg. C., but, in the case of the 
vapour, this could not be done by direct methods, 
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so that, in this case, the curve beyond 374 deg. C. 
represented an extrapolation. The water and 


at the point of equal densities, 


In Dieterici’s experiments, on the other hand, the 
silica tubes used had a thermal capacity four times 


steam curves did not meet in a common tangent | that of the water they contained, and, moreover, > 
but in quite a different | the specific heat of quartz was by no means accu- | expressions for both. The value of H,, as derived 


way, although this way was exactly what would be | rately known. 
; ~ : J In the case of steam, the total heat might be) only showed two maxima, but gave the totally 


expected were the co-aggregation hypothesis correct. | 
The term Z, in the equations given above, might be | determined by the throttling method, or by measur- 

|ing its specific heat, or, thirdly, 

| steam. 

For specific-heat measurements, the speaker had | 


regarded as the proportionate mass of the complex 
molecules present in the vapour. The form of 
equation, thus derived, was inherently probable, 


eso Fig 15. 


the purely empirical formula he devised to repre- 
sent specific heats, and he thus got very complicated 





from his formula, was plotted in Fig. 15. It not 


| impossible value of — « at the critical point. Such 


by condensing the anomalies must be expected when purely empirical 


| formule were used. 
In determining total heats by throttling high- 


Fig.16 SECTIONAL DIAGRAM OF JACKETED CONDENSER 
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and fitted in with the experimental determination of 
the’adiabatic. Messrs. Holborn and Baumann, how- 
ever, in their experiments on saturation pressures, 
as represented in Fig. 13, page 627, ante, got results 
in accord with van der Waals’ theory, though 
it might be pointed out that their experiments 
showed quite a large latent heat at a temperature 
only 1 deg. below the critical. These observers 
noted, however, that the water acted on their steel 
containing vessel with a liberation of gas. They 
accordingly changed their water five times in four 
months, but an examination of their paper showed 
that the water used in the experiments represented 
in Fig. 13 was a month old at the time these obser- 
vations were made. Under such conditions the 
results were bound to be erroneous. 

The speaker’s experiments on the density of 
water were made with silica tubes, as explained 
in his first lecture. It was impossible to measure 
the pressure, but this could be estimated from the 
formula. If, however, the latter were correct, the 
volumes observed could be verified by total heat 
measurements. This, however, would involve the 
use of very expensive plant, and the speaker had 
accordingly been compelled to abandon this investi- 
gation until the British Electrical Research Associa- 
tion offered to defray the cost of apparatus and 
other assistance. 

The steady-flow method afforded the best means 
of determining the total heat of water. Working 
in this way it was easy to verify the purity of the 
fluid at all times, and, moreover, no correction was 
required for the heat capacity of the apparatus. 
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used, in 1900, the apparatus 
shown in Fig. 14. The steam 3 500 500 
was throttled down to the & LI 0° 
desired pressure, then passed 
through a gauze plug and its 
temperature noted. It was then 
heated electrically by the coil 3805 
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jacket of fused silica, and, with 2500 


other small improvements, had 
got more accurate results. The 
apparatus worked well at atmo- 
spheric pressure, but difficulties arose with high 
pressures and temperatures. With the latter, the 
heat loss became excessive, whilst with high pres- 
sures there was a danger of leakage and other 
troubles. 

Knoblauch had, however, by means of entirely 
different apparatus, determined specific heats up to 
a pressure of 8 atmospheres in 1905, and in 1922 
had got up to 30 atmospheres. The difficulties 
encountered were, however, very great. His 
measurements were made near the saturation 
line, where he found a very rapid variation in the 
specific heats, which might be due to entrained 
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pressure steam down to the atmospheric pressure. 
it was necessary that the total heat should be more 
than 640 calories, otherwise there would be a mix- 
ture of water and steam at the lower pressure. 
Hence this method could not be used fur determina- 
tions near the critical point. The limiting pressure 
at saturation, with this method of experimenting. 
was about 2,000 lb. per square inch. 

The throttling method could not, of course, be 
used for measurements of the total heat of 
water. 

Hence for determinations of the total heats 
near the critical point, only one method was 





| water. To get the total heat he had to integrate 
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available, viz., that of condensing the steam in 
suitable apparatus. 

The condenser used by the lecturer was shown 
diagrammatically in Fig. 16. The steam, after being 
throttled down to atmospheric pressure, was guided 
in a helical path through the annular tube shown. 
Both the inner and outer surfaces of this were 
washed by the condensing water. Special pre- 
cautions, not shown in the diagram, were taken to 
ensure against loss of heat externally. Both the 
condensate and the cooling water were weighed. 
Ajl temperatures and temperature differences were 
measured by platinum thermometers. Special care 
was necessary to eliminate temperature strains in 
the apparatus. Each tube was, therefore, fixed 
at one end only, and expansion joints used where 
necessary. The design was such that leakage 
between the steam and water sides was impossible. 
As finally constructed the apparatus had proved 
most satisfactory. An electric boiler was used to 
generate the steam. The general arrangement of 
the whole installation is shown diagrammatically 
in Fig. 17. 

The boiler was fed by the three-throw motor- 
driven pump shown on the right, which could work 
against pressures of 5,000 lb. per square inch, 
and drew its supply from a tank containing air-free 
distilled water. From the electric boiler, the steam 
passed to a superheater. 

Its temperature and pressure being taken, it 
was throttled down to atmospheric pressure, and 
passed through the condenser. The character of 
the flow from the latter gave a constant check on 
the purity of the water. With ordinary distilled 
water, the condensate showed a continuous stream 
of bubbles, but with the provisions made for 
eliminating air there was hardly one bubble to be 
seen in an hour’s run. 


The construction of the electric boiler is repre- | 


sented in Fig. 18. It consisted of a bank of Monel- 
metal tubes arranged in series. The water was fed in 
continuously at one end and the steam left at the 
other. The heating was effected by passing an 
electric current through the tubes. This type of 
boiler was very strong; it had a small thermal 
capacity and was easily adjusted. The whole 
bank of tubes was enclosed in an outer tube of 
steel as a guard against the possible consequences of 
a tube failure. A few did fail, but no damage was 
done, and the repairs did not take more than an 
hour or so. 

The superheater was of massive construction, 
so as to steady temperatures as far as possible. It 
consisted of a coil of steel tubing cast into a thick 
walled cylinder of cast-iron. The air-eliminating 
plant had been designed by the lecturer’s son, and 
had proved most satisfactory. The presence of air 
would not only have led to bubbles in the conden- 
sate with consequent irregularities, but might give 
rise to corrosion, and to errors due to nuclear con- 
densation. The condenser worked equally well 
with water and with steam. 

The final results obtained in these total-heat 
determinations are plotted in Fig. 19. The vertical 
lines within the border curve represent mixtures of 
steam and water, and it will be seen that they are 
absolutely parallel to the H axis, whereas the corre- 
sponding lines in Andrews’ original experiments 
had aslight slope. At the temperature of 374 deg. C. 
the meniscus vanished, but the saturation line 
extended beyond this point and latent heats had 
been measured up to about 380 deg. C. The satura- 
tion lines, both for the liquid and the vapour, could 
be traced up nearly to their junction. Beyond the 
critical point, however, the conditions were a little 
unstable. Thus, in the case of the experiments in 
which water was heated beyond the critical point 
in silica tubes, it was possible to mix the two phases 
by inverting the tube three or four times. Appar- 
ently, however, the parties concerned did not like 
this, and tried to separate out again. In fact if 
the tube were left to itself for a short time, the water 
came out almost entirely. The two diagrams, 
Fig. 12, page 626, ante, and Fig. 19, agreed not only 
qualitatively but quantitatively. This latter point 
the speaker had, at first, failed to recognise, but 
when he came to work out his formula the agree- 
ment proved perfect. 

The difference of the total heats was the latent 





heat, so that the difference V —v could be calculated 
by Clapeyron’s formula, and perfect agreement 
was found even beyond the critical point, which at 
first had appeared incredible. In fact, the speaker, 
on first plotting Fig. 19, had thought that it would 
be impossible for any formula to give the sharp 
cusp to the border curve. Of course van der Waal’s 
equation could not, but by expressing the co-aggre- 
ce as already explained, per- 
fect agreement was obtained. 

Above the point at which the meniscus vanished, 
we got water and steam molecules in definite 
proportions. The V in the speaker’s equation still 
represented the proportion of single molecules 
present, and this, as the pressure and temperature 
rose, became progressively smaller, and vanished 
at the junction of the vapour and liquid curves. 
At this point, every steam molecule had been con- 
densed and the corresponding isothermal suddenly 
flattened out, since water was much less compressible 
than steam. The conclusion that water molecules 
only were present was verified by the total heat 
measurements, which showed that only water was 
then left, with no steam molecules dissolved in it. 

It also turned out that the corresponding formula 
for the saturation pressure of steam vanished auto- 
matically at 380-5 deg. C. 

Clausius had devised his equations of state to 
fit the saturation pressures, as he had nothing else 
to goon. Owing to this, he got very erroneous results. 
The speaker, on the other hand, deduced the satura- 
tion pressures from his measurements of v and V, 
and these calculated pressures proved in perfect 
agreement with observation. His final formula, 
based on, the corrected values of the co-aggregation 
volume, was 


gation volume as 


log p= A— : — C log T + (} & R) log ite 

This was valid from 0 deg. to 380-5 deg. C. 

It would be noted that, in Fig. 19, the isothermals 
at first cut the border curve at a large angle. This 
got sharper and sharper until at 380-5 deg. the 
border curve merged in the isothermal and the 
above formula automatically stopped. Comparing 
the value of p thus calculated with measurements 
made by the steady-flow method, the agreement wag 
very good, and even when compared with the 
measurements made by the static method of 
Holborn and Baumann the average divergence was 
only about } deg. C., although these observers 
worked with contaminated water. 

The co-aggregation theory had, therefore, been 
verified by three independent methods, which all 
yielded results in close agreement. Such indepen- 
dent evidence had a cumulative value, and gave 
full warrant for the conclusion that the theory was 
valid over the whole range up to pressures of 
4,000 |b. per square inch. 








THE INSTITUTE OF FUEL. 
(Concluded from page 658.) 


Tue second day of the meeting of the Institute 
of Fuel, held in London on the 21st and 22nd inst., 
was devoted to a symposium on “ Fuel Control in 
Industry.” Five papers were discussed at the morn- 
ing meeting, Mr. Archibald Page being in the chair. 
They included one by Dr.-Ing. F. Miinzinger, which 
described the methods adopted during the past few 
years to enhance the overall economy of public 
electricity supply stations. The coal consumption 
of many stations was higher than was necessary in 
view of present-day technique, owing to their poor 
average load factor; and this was also the reason 
why extra high pressure steam, feed-water pre- 
heating by extracted steam, pulverised fuel, &c., 
had not been more widely used. Many thermal 
improvements, too, required the use of more 
expensive machinery, while operating demands 
required a higher service reliability. The principal 
means of obtaining cheaper electricity were: High 
steam pressures, the employment of more perfect 
working processes and machines and measures for 
lessening the price-raising effect of peak loads on 
operating and capital costs. These factors were 
partly contradictory in their effect, and must be 
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The author then proceeded to discuss ways of 
reducing fuel consumption, dealing under this 
heading with the advantages of higher boiler 
pressures and steam temperatures, with feed water 
reheating by bled steam, with reheating, improve- 
ments in steam turbines and furnaces, including 
the use of pulverised fuel, the effective cooling of 
the flue gas, and the limits within which this was 
economical, air pre-heating, and the advantages 
derivable from the use of first-class measuring 
instruments. 

As regards the cost of a modern generating 
station, he pointed out this was largely dependent 
on size, steam pressure and operating conditions, 
including the existence of interconnection with 
other stations. The total cost of the Klingen- 
berg station, which was the most modern in 
Germany, was 3,148,000/., and its capacity being 
270,000 kw. its specific initial cost was 111. 13s. 
per kilowatt. As 5,500 kw. of this capacity was 
required for “house” purposes, the cost per 
saleable output was 12/. per kilowatt. The effect 
of using pulverised fuel and other improvements 
had been to raise the capital cost. On the other 
hand, the operating cost was only about 50 per 
cent. of pre-war figures, and the heat consumption 
at full load did not exceed 14,200 B.Th.U. per 
kilowatt-hour as compared with the 20,500 B.Th.U. 
per kilowatt-hour of the older stations. As regards 
the effect of higher steam pressures on the cost of 
a station of this size, taking a figure of 100 for 
a pressure of 500 Ib. per square inch, the corre- 
sponding values for 850 lb. per square inch, and for 
1,400 lb. per square inch, would be 104-3 and 109-9 
respectively. 

The most economical steam pressure to use was 
that at which the cost of production was lowest. 
For instance, with a load factor of 37 per cent., 
12 per cent. interest on capital, and coal at 12s. 
per ton, a pressure of 500 lb. would be most 
economical, but with coal at 24s. per ton, an 
800-Ib. pressure would show an advantage, though 
the difference was slight. In general, the eco- 
nomic region of 500 lb. was greater the higher 
the capital charges and the lower the price of 
coal. A pressure of 1,400 lb. was only feasible 
when the capital charges were low, and the price 
of coal and the load factor high. At load factors 
below 30 per cent., pressures much exceeding 
500 lb. were only noticeably advantageous under 
extreme conditions. In spite of the marked improve- 
ments and progress made, each case must be 
thoroughly investigated, in order to ascertain 
whether a pressure higher than 500 Ib. was worth 
while in view of the undoubted risks attendant 
on its use. : 

The high capital cost necessary to supply the 
peak head output might be reduced éither by 
heavily loading the boilers or by the use of Ruth’s 
accumulators, the latter procedure being more 
advantageous at high than at low pressures. The 
overall cost of such accumulator plant was 81. to 91. 
per kw., compared with 121. to 141. per kw. for 
boilers. Five traction stations and four ordinary 
stations in Germany were equipped with this type 
of plant. Of the latter, the largest equipment was 
that at Charlottenburg with a capacity of 177,000 
cub. ft. and a pressure range of 185 to 7-2 lb. per 
square inch, allowing 70,000 kw.-h. to be accumu- 
lated and a peak up to 40,000 kw. to be met. 
Accumulators and special boilers supplemented 
each other admirably, and even when the latter 
had a very small water content, dangerous surging 
was entirely prevented. 

In the second paper, which was read by Dr. E. 8S. 
Grummell, and dealt with ‘‘ Fuel Control in the 
Chemical Industry,” it was remarked that coal must 
obviously be purchased on a relative calorific value 
basis, but there was still a difference of opinion as 
to how that value should be obtained. A definite 
ruling on this point supported by experimental 
evidence would be of great assistance to industry. 
A first essential of accurate analysis was to obtain 
a representative sample and he had, therefore, 
undertaken research work to determine the method 
best suited to this particular problem. As suggested 
by Bailey, accuracy in sampling was proportional 
to the ‘‘size-weight”’ ratio and the experimental 








balanced in order to improve the overall economy. 








results obtained agreed very well with the theory, 
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indicating that the maximum variation of any | 
sample from the true ash test and the maximum | 


difference between two samples varied with the size- 
weight ratio, and that the average of several samples 
bore no relation to the size-weight, and did not 


differ from the true ash test by more than 1 per | 
cent., and probably did not exceed 0-5 per cent. | 
The weight of the sample that must be taken to | 
obtain a certain degree of accuracy from individual | 


wagons and the precautions to be taken in reducing 
the sample were thus indicated, but the following 
difficult points were still being studied by the 
British Engineering Standards Association: How 
was the gross sample to be taken and by what 


increments, how were large consignments to be | 
sampled, how was experimental evidence relating | 
to small coal to be extended to large coal, and how | 
was the ideal scientific method to be reconciled with | 
practice and cost? In practice. the gross sample 
was always taken as the wagon was being dis- | 
charged, and each individual fuel was sampled in | 


reference to taking an average sample of the fuels 
g 


used. In this way not only were technical data | 
obtained, but commercial information regarding | 


the relative values of all the fuels used became 
available. 

Dealing with ‘Fuel Control in the Cement In- 
dustry,” Dr. G. Martin said that a properly designed 
and worked cement kiln employing the wet process 
(40 per cent. slurry) could produce 100 tons of 


cement clinker for a consumption of 22 tons of | 


powdered coal of 12,600 B.Th.U. per pound. Very few 
kilns in actual use, however, burnt less than 29 tons 


and some ran up as high as 45 tons. In fact, as the | 


result of work undertaken by the British Portland 
Cement Research Association, a hopeless state of 
inefficiency was found, the remedy for which was 
properly-designed kilns and the training of personnel 
to use modern methods of control. These remedies 
were still largely in abeyance. 

The records obtained, as the result of these re- 
searches, were utilised to discover the best amount 
of air to use for combustion in a rotary kiln and 
what steps should be taken to effect better control. 
Analyses showed that the composition of the exit 


gases was never steady and that the correct amount | 


of air was hardly ever present, the reason being 


that the attendant was using his eye as an oxygen | 


indicator and adjusting the air valve too roughly. 
Insufficient or excess air equally gave rise to losses, 
and, in general, whenever carbon monoxide was pro- 
duced there was a serious loss amounting to over 
10,000 B.Th.U. per pound of carbon escaping as 
carbon monoxide. <A relationship could thus be 


be obtained between the amount of free oxygen | 


in the exit gas and the loss of fuel corresponding 


thereto. If air was in excess, fuel would be used | 
for heating it instead of producing clinker, the | 


flame temperature would be lowered leading to a 
loss of chemical potential and clinker. Combining 
these two sets of losses it was found that the best 


proportion of air to use was that which would give | 


an exit gas containing 1-1 per cent. of free oxygen. 
The steady air which was necessary for maintaining 
this condition was best obtained by installing a 
suitable gauge on the burner’s platform. 

The next paper, on ‘‘ Fuel Control in Industry in 
U.S.A.,” by Mr. T. A. Peebles, was read by the 
Secretary in the absence of the author. In this 
paper it was pointed out that the relation of fuel 
costs to other materials and labour in the United 
States industries had always been unusually low, and 
the economic gain in the use of fuel saving appli- 
ances was less than in most other countries. The first 
step towards economy was the introduction of the 
Murphy furnace, to enable large quantities of waste 
fuel which could be obtained at a cheap rate to 
be burnt, though not with any great increase in 
efficiency. But as other types of stokers and 
furnaces were introduced with the same end in view, 
investigations were undertaken to improve economy 
and to develop smokeless furnaces, with the result 
that the production of black smoke was reduced. 
This result encouraged the use of apparatus to 
reduce the amount of black smoke when it could 
not be prevented entirely with consequent increase 
in economy. 

The fuel bill had also received careful attention, 
and it was now recognised that the mere installation 


of modern equipment did not ensure low operating 
costs, but only ensured that low operating costs 
were possible with intelligent operation. To obtain 
| the best results, the operators must be assisted by 
automatic devices and indicating instruments, so 
that fuel burning equipment could be adjusted in 
accordance with the load and firing condition. Con- 
tinuous records were necessary so that reasons for 
the failure of any day’s results to come up to the 
required standard could be determined. 


was by Mr. J. R. Edwards, on “ Fuel Control in 
Lancashire Boilers,” wherein it was pointed out 
that by far the greater amount of steam used in 
industrial works and factories in Great Britain was 
generated from coal slacks burned in this class of 
boilers, or in cylindrical boilers of similar type. 
This would probably continue to be the case owing 
to their reliability, low maintenance costs and the 
ease with which they could be operated at com- 
paratively high efficiencies. Many of the plants 
were, however, operating at less than their proper 


remedied. These included insufficient draught, 
|improper firing, unsuitable fuel, too infrequent 
| cleaning, absence of meters and instruments and the 
lack of proper business methods to steam produc- 
|tion. These matters were discussed in detail, 
| while in conclusion it was stated that the more 
|important ways to stop the waste of fuel were : 
| The discovery of the causes of high steam costs and 
| low efficiency ; care to be taken that the operators 
| fully understand what was required of them; all 
waste of steam whether in power or process plants 
|must be prevented; only the most suitable fuels 
should be purchased, and the weight of steam neces- 
sary per unit of product should be accurately deter- 
mined, and when this was exceeded an explanation 
should be sought. To put these suggestions into 
operation might mean some initial expense, but 
important reductions in the cost of fuel and steam 
would certainly result. 

The discussion, which turned mainly on Dr. 
| Miinzinger’s paper, was opened by Mr. W. M. Selvey, 
who pointed out that there was a subtle difference 
between the German and English points of view as 


85 per cent. of the boilers in use in Great Britain 
| were still of the Lancashire type. The English 
| outlook was, therefore, somewhat affected by what 
| might be called considerations of temporary com- 
mercial efficiency, and this did not apply to the same 
extent to German practice. Referring to the 
employment of higher steam pressures, the speaker 
quoted a remark of Dr. Ferranti to the effect that 
| the introduction of new factors in engineering work 
involve a large amount of development work, 
causing costs to appear unduly high in the first 
instance. On this assumption, it was reasonable 
|to assume that the cost of high-pressure boilers 
| would fall as their use was extended. Mr. Selvey 
‘said that he felt rather apprehensive regarding 
the L6ffler boiler, as the design involved the employ- 
| ment of mechanical pumps for the superheater feed. 
Mr. Rosencrants said that in this country we were 
| familiar with riveted and forged steel construction, 
| but no boiler drums were in use having welded seams. 
| The latter had, however, been adopted largely on 
the Continent, and more particularly in Germany. 
There appeared to be a tendency to overstress the 
|importance of the personal element in making the 
| seam, as difficulties in this direction could be over- 
|come by imposing suitable tests on the completed 
drum. 

Mr. E. R. Williamson discussed the question of 
| live steam and re-heaters. He said that the latest 
American practice was to reheat by live steam, thus 
following the method advocated by Dr. Miinzinger. 
It was true that the same thermal efficiency could 
not be obtained as when flue gas was used for this 
purpose, but this was probably more than offset 
by the reduction in capital charges. Referring to 
the comparison given in the paper of steam consump- 
tion and capital charges at various pressures, Mr. 


Williamson said that he differed from the author in | 


that 1,400 Ib. per square inch need not be considered 
| in viewing capital charges, as the thermal efficiency 
| peak appeared to be at about 1,200 Ib. per square 
‘inch and beyond this the increase in the consump- 


The last paper presented at the morning session | 


efficiencies owing to defects which could be easily | 


regarded steam generation, due to the fact that | 


| tion of the auxiliaries exceeded the gain due to 
| increased efficiency. 
| Mr. C. Erith dealt with the cost of high-pressure 
| boilers and asked for details of the plant for the 
| construction of the Loffler boiler. Mr. Patchell, 
| who followed, said that he was a little disappointed 
in that the results obtained with the Klingenberg 
| plant were not included in Dr. Miinzinger’s paper, 
|as they would be of very general interest. Dealing 
| with preheating, he said that it was new to bleed 
auxiliary turbines, but not to use the main turbines 
‘for this purpose. He would like to ask the author 
what means had been taken to deal with the dust in 
the flue gases at the same station. Were the figures 
| regarding heat consumption calculated or operating 
| figures? There was a reference to full load results 
| in the paper, and he would like to know whether the 
| plant had ever been on full load. He was inclined 
| to agree with previous speakers regarding the 
| Léffler boiler, on which he did not feel too sanguine. 
| He had not seen any operating data, and would ask 
|the author whether any had been published. 
Referring to the employment of welded joints in 
| boiler work, Mr. Patchell said that in general, 
|insurance companies were hostile to the practice, 
/and accurate results from actual working practice 
| were urgently needed. 

The remaining speakers devoted their remarks 
|mainly to Dr. Martin’s paper. Mr. C. P. Taylor 
| said that he could not agree that the majority of 
kilns were improperly designed. He was quite 
|familiar with the author’s theories, but had found 
that they could not be applied in practice, as 
actual costs were more important than theoretical 
efficiency, the output from a given kiln being the 
deciding factor in operation. Mr. H. C. Armstrong 
supported the author, and said that there was a 
tendency to regard coal as so common that no 
consideration was given of the heat units regularly 
| wasted. 
| The chairman called upon Dr. Miinzinger to 
reply to the discussion. Dealing first with the 
subject of welded drums, Dr. Miinzinger said that 
they first came into use in 1913-14, but the results 
were not satisfactory, and they were abandoned. 
From 1917 to 1921, riveted drums were largely 
used but developed serious defects which were 
closely investigated both on the Continent and in 
America, with the result that welded drums were 
again introduced in 1923. Owing to the improve- 
ments introduced into the welding process, these 
were found to be entirely satisfactory, and riveted 
drums are now seldom employed for pressures above 
350 lb. per square inch. The manufacture of forged 
drums had recently been greatly improved, and 
these were now offering close competition to the 
welded drum. On the subject of the most econo- 
mical steam pressure, he pointed out that an 
increase in pressure from 500 to 1,400 Ib. per square 
inch gave an increase in cost of 10 per cent., and a 
fuel saving of 103 per cent., hence it was obvious that 
a very careful investigation was necessary to deter- 
mine the most desirable pressure in any case. When 
considering the employment of high pressures, !t 
must be borne in mind that, in future, the increased 
cost would not be so high, as it was generally true 
of all new developments that extended use led to a 
| reduction in this respect. Replying to Mr. Patchell, 
|Dr. Miinzinger said two different types of dust 
| catcher were installed, six catchers being employed 
‘in all. The cost of the installation was very high, 
as the necessary structural work was extensive. 
although the cost of the actual apparatus was 
moderate. He thought it was sufficient to trap 
| about 75 per cent. of the dust, although the electrical 
|eatcher removes about 90 per cent. The cost of 
the latter, including the installation, amount to as 
/much as 10s. to 12s, per kilowatt installed, or in 
‘other words, up to 5 per cent. of the whole plant. 
| Referring to the comments on different types of 
| high-pressure boiler, Dr. Miinzinger said that he 
| preferred the Léffler, as it could be developed in any 
| direction, and could, for example, be employed for 
|marine practice. Replying to a further question 
| by Mr. Patchell, he said that actual figures for the 
Klingenberg plant were not yet available, but it 
was probable that tests would be carried out very 
shortly, and the results would then be published. 
| In the absence of Sir Robert Hadfield. the 





Pa ae ee ee a Se 


an, a. ae a 


0 


Nov. 30, 1928.] 


=NGINEERING. 








chair during the afternoon session was taken by Mr. | 


F. W. Harbord. Four papers were presented for 


ELECTRICITY SUPPLY AND FUEL 
CONSUMPTION. 


discussion. We can deal with them only in out- | 


line. They were ‘‘ Liquid Fuel in Open Hearth 
Practice,” by Mr. M. J. Conway; ‘ Fuel Control 
in Open-Hearth Practice,” by Mr. J. L. Bentley ; 
« Fuel Control in Forge and Rolling Mill Practice,” 
by Mr. H. C. Armstrong; and “Fuel Control 
in Hot Blast Stoves,” by Mr. J. B. Fortune. In 
the first of these papers, which was read by the 
Secretary in the absence of the author, the latter 
discussed the properties of the different fuels com- 
monly used in the open-hearth process, and gave a 
ty pical specification for heavy fuel oil adopted by the 


U.S. Federal Specifications Board. The paper then | 


dealt with a description of a typical liquid-fuel instal- 
lation. The author stated that among the advan- 


THe Return of Fuel Consumption and Units 
| Generated, which is made annually by the Electricity 
Commissioners under Section 27 of the Electricity 
Supply Act of 1919, is a plant whose flowering season 
jis a little uncertain. The return for the year 
|ended March 31, 1927, was only published a few 
| months ago and was reviewed in our issue of April 13, 
| 1928. Nevertheless, within the past few days we 
| have received the corresponding document for the 
| year ended March 31, 1928. This, as usual, is 
| published by H.M. Stationery Office at a price of 
ls. 6d. net. We hope that this comparative punc- 
| tuality will be maintained or, alternatively, that it 
| will not again be found necessary to delay publica- 


tages of employing liquid fuel were the fact that it | tion for more than twelve months after the end of 
did not deteriorate in storage, and that on account| the period to which the return applies. A great 
of the ready control of flame direction, it permitted | deal of the utility of such statistics depends on 
greater refractory life and simpler furnace design. | the celerity with which they are issued. 

Due to the smaller volume of waste gas to be| As we noticed in the case of the previous return, 
— stack i sie ——— rs per the coal strike of 1926 is still affecting the even- 
eent. as compared with producer gas. Finally, aS/ ness of the development that is taking place in 
__ fuel a —- — furnace per- electricity supply. The total electricity generated 
ormance could be readily measured. 

Mr. J. L. Bentley’s paper was mainly devoted to | 9,927,850,630 kw.-h., compared with 8,365,857,198 
the importance of continuous gas sampling, and of | kw.-h. in the previous year, an increase of 18-7 per 
controlling the air supply in such a way as to secure | cent,, while the total coal, coke and fuel oil con- 
__ _— a. — — — — sumed was 9,224,151 tons, compared with 8,856,938 
atmosphere. ie results achieved by careful) tons in 1926-27, an increase of 4-1 per cent. On 
attention to these points in the works with which | the other hand, the percentage seomiaes in elec- 
the author is associated were discussed, and it was | tricity generated in 1926-27, over 1925-26, was 
pointed out that correct control of the gas and air | jess than 3 per cent., while the fuel consumption 
supply led to a saving in fuel, accompanied by an|on the same basis increased by 4:8 per cent. 
increased output, and also to longer furnace life, | The importance of coal in supplying the electrical 
lower brick costs, and improvement in the quality | needs of this country is emphasised by the fact 
. rap cgi Mr. Armstrong stated that | pve et eg — = : . ere | — om 
: aper, Mr. + g stat ) ¢27-28 was produced from this fuel... It is, how- 
fe pele Regge adres leanne oe 
arelessiy Né é SE . ower than that o 6-27, when it was 97-16 per 
steel industry than fuel in its many forms. He cent., the decrease being due to an increase in 
then discussed the method of fuel control adopted | electricity generated by waste heat from 0-94 per 
in some large stee! works, and stated that it was| cent. to 2-19 per cent. and by water power from 
imperative that the fuel consumed by each unit | 9.59 per cent. = 1-05 per cent. We Ps that the 
— be carefully checked. By obtaining a | former, of these results is not due to a sudden deter- 
a ae oe ear a eee vee ie ee 

a eee a> | found in the improved conditions in the coke-oven 
fuel per unit weight of output, the output per | and other contributory industries. This is indicated 
furnace hour, and the fuel per furnace hour could | hy the fact that this percentage is exactly the 
be calculated. Mr. Armstrong stated that the last | same as that for the year 1925-26. The percentage 
item was of much more importance than fuel-per- | of electricity generated in oil-engine stations fell 
_ — and it was the one on which the system | from 0-79 per cent. to 0-63 per cent., that in 
— ent eR ea | refuse destructors from 0-25 per cent. to 0-21 per 

n Mr. Fortune’s paper it was suggestet that Mm) cent., and that in gas producer stations from 
_— to — the ee of any | 9.94 per cent. to 0-19 per cent. 

hatte r re ; ‘ : : ee 

pete peter mays vg — — | Turning to the results obtained by the individual 
ae pe ae a8 SUPPY | stations, which as usual are divided into 13 groups, 

should first be rendered fit for satisfactory burning | |. . . - 1G 
: ; Sore | nine stations (as against seven in 1926-27) generated 
by some method of cleaning. The existing burner | ore than 200,000,000 kw.-h. in the vear, the 
arrangements should then be brought up to their ee es ae rae ee oe 
highe rs Pare ee | Barton station of the Manchester Corporation and 

ighest efficiency by checking on a basis of flue-gas | the N . Stat? J 
Darra od rp sight -’ | the North Tees Station of the Newcastle group of 
analysis, and as soon as the latter indicated a fair | ‘ . . 
dierent oltiaiaen ti line CO, meters | ComPanies being bracketed as the most economical 
dheuid i er i go penne ve 1 ae |in this class with a fuel consumption of 1-39 Ib. 
essiiape ee Fag ee - th apres Petes cme |per kw.-h. generated. In 1926-27 the Barton 
iictineiiie in yan Oe ee oF the application of these | station consumed 1-33 Ib., while the figure for 

Whetileeausion _ one - Prof paren" ' | North Tees was 1-86 lb. The latter station, 

egy Was Opened Dy FTOlessor “Armstrong, | like the Barking station of the County of London 
who severely criticised the present position of fuel | C : . 

: ie Peis 2 : , . |Company, enters group A for the first time. 
economy in the iron and steel industries. Mr. F. J. | ; . : . 
idler. wing Siteeneil Steel wie Aicah-aeaenenn |The station with the lowest fuel consumption in 

wits oe, Pewee oe on ee Te country was, however, the Padiham station 


this 48 7 ~ | 1 i € x | e 
intelligentiy mer ackaaiieaiie. After velenitie te it was 1-37 lb., the output being only 45,176,309 
: : w.-h., or considerably below that of Barton 


the improvement in rolling mill practic | 
mi ractice rende | : 
E = P es lered| When the record figure mentioned above was 


during the year in 570 stations amounted to| 


group of Companies (Carville and Dunston), 
the Norwich Corporation (Thorpe Hamlet), the 
Oldham Corporation, the Plymouth Corporation, the 
Rawtenstall Corporation, the St. Helens Corporation, 
the Salford Corporation (Agecroft), the Scottish 
Central Electric Power Company (Bonnybridge), 
the South Lancashire Tramways Company, the 
South Wales Electrical Power Distribution Com- 
pany, the Stepney Borough Council, the Sunderland 
Corporation, the West Ham Corporation and the 
York Corporation (Foss Islands). The total was 
therefore more than double the figure for 1926-27, 
when it was 16. This may be described as a highly 
satisfactory result, and we hope that the progress 
that is being made along these lines will be con- 
tinued, especially as the fuel consumption of a 
number of other stations only falls slightly above 
the arbitrary line we have selected. It may be 
added that 39 oil-engine stations are recorded 
as consuming less than 1 lb. of fuel per kw.-h. 
| generated, the most economical being that of 
the Bognor Gas Light and Coke Company with 
0-62 Ib. 

| As regards thermal efficiency, the figure for 
| Barton station fell from 21-83 per cent. to 21-07 
|per cent., which is the highest figure for steam 
stations, though it is closely followed by the Padi- 
ham station with 21-03 per cent., while North Tees 
reached 20-49 per cent., so that the number of 
stations exceeding 20 per cent. increased from one to 
three. Actually the highest figure under this heading 
was obtained by the oil-engine station of the Buxton 
Corporation with 28-59 per cent., though several 
other similar stations exceeded the maximum figure 
of 27-91 per cent. obtained in 1926-27. What is 
equally satisfactory is that some of the stations with 
very low thermal efficiencies have improved their 
position. Thus, that of the Hinckley station of the 
Leicestershire and Warwickshire Electric Power 
Company has increased from 6-91 per cent. to 
11-70 per cent., and of the Lots Road station of 
the London Electric Railways from 12-99 per cent. 
to 13-54 per cent., while the Princes station at 
Birmingham improved from 14-11 per cent. to 
16-05 per cent. There are still, however, a number 
of stations with moderately large outputs whose 
thermal efficiencies do not much exceed 12 per cent. 
or 13 per cent. 

On the basis of load factor the very high figures 
of 74-8 per cent., 72-3 per cent., and 67-5 per cent. 
are recorded for the waste-heat stations of the 
Newcastle Company at Redcar, Bankfoot and 








ssible by anti-fricti - | : : . F 
Possible by the employment of anti-friction bear |obtained. Other stations with a consumption of 


ings, Mr. Bailey, referring to Mr. Fortune’s paper, 
said that in practice, cleaning the gas often softened 
the brickwork in the stove, as actually twice the 
quantity of gas might be passed. The remainder 
of the discussion was devoted to a consideration of 
the graphs accompanying Mr. Bentley’s paper. 








CaNaptan Propuction or CapMiuM.—The Dominion 


Burean of Statistics at Ottawa reports that 161,998 Jb. | 


of cadmium, valued at 80,954 dols., were produced in 

Canada during the first half of this year. This is a new 

industry for the Dominion, there being no record of pro- 

duction for 1927. The output is derived from the new 

codmium plant of the Consolidated Mining and Smelting 
ompany of Canada, Limited, at Trail, B.C. 


less than 2 lb. of coal per kw.-h. generated were 


those belonging to the Accrington Corporation, 


|the Bradford Corporation, the Clyde Valic; 


| Electrical Power Company (Clyde’s Mill), the 
County of London Company (Barking), the Derby- 
|shire and Nottingham Electric Power Company 
|(Spondon), the Dundee Corporation (Carolina 
| Port), the Edinburgh Corporation (Portobello), 
the Glasgow Corporation (Dalmarnock), the Lan- 
cashire Electric Power Company (Radcliffe), the 
London Power Company (Bow, Deptford East 
and Grove Road), the Maidstone Corporation, the 
|Mersey Power Company, the Newcastle-on-Tyne 


Horden respectively, while the refuse destructor 
station of the Rhondda Urban: District Council 
attained a figure of 61-8 per cent., which is, how- 
ever, less than that for the same station in 1926-27. 
The Bowden Close waste-heat station had a load 
factor of 60-7 per cent.. There. were eight other 
stations with load factors exceeding 50 per cent. 
On the other hand, the station of’ the Tottenham 
District Light, Heat and Power Company had a 
load factor of only 4-1 per cent., while in the case of 
fourteen other stations it did not exceed 10 per 
cent. Such figures, of course, are not a measure 
of the efficiency of the plant, but probably only 
indicate the presence of special features in the 
operating policy. 

As regards the arrangement of the return, the 
various stations are still placed alphabetically 
with steam, oil and other plants intermingled so 
that the comparison of like with like is not easy. 
New tables giving the stations in each group with 
the lowest fuel consumption per kilowatt-hour 
generated, and highest thermal efficiency, have been 
added. 








Rattway Buitpine AcTIVITIES IN MANCHURIA.—AS8s 
recently pointed out in ENGINEERING, the return to 
settled and peaceful conditions in China, after years of 
warfare, is reflected in the renewal of railway building 
activities. Information has just reached us of projects 
to build three new railways in North Manchuria. The 
construction of one of these has, in fact, been com- 
menced, and it is anticipated that the work will be 
complete in 18 months. This line is from Hailin, a 
station on the Chinese Eastern Railway, to Tungkingchen, 
some 50 miles distant. The second railway is to be about 
180 miles in length, and will link up Tungping and 
Mishan, passing through Fangcheng, Muling, and Poli; 
it is expected to be completed in two years. The third 
line, some 80 miles long, will run from Tsitsihar’ to 
Koshan ; it will have 12 stations, each about seven miles 








apart. 
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| The steel for the ingot was tapped from four 40-50-ton | in area is required. Bend tests are also made with 
WELDLESS STEEL DRUMS FOR |furnaces, and the cmnmaaition at the metal in these | specimens 9 in. long, 1 in. wide and ? in. thick. These 
HIGH-PRESSURE BOILERS. | was carefully adjusted so as to counteract the tendency | must stand being bent cold round a 3-in. mandrel 

As pointed out by Mr. Stromeyer in his final report bes carbon to segregate at the top. During the operation | until the ends of the specimen meet. 
to the Manchester Steam Users’ Association, those | of pouring, moreover, the ingot mould was rotated| The forging, as delivered from the press, has enlarged 
responsible for the inspection and insurance of boilers | at the rate of about 4 turns per minute, so that every | ends, which are ultimately closed in, after the interior 
have met with not a few disquieting experiences with | part of the molfen steel in the mould was stirred up | has been bored to its final diameter and the exterior 
steam drums built up of moderately thick plates and | in turn by the metal flowing in from the ladle. : has been turned to its final dimension over the parallel 
with riveted joints. A demand has accordingly arisen | The next stage in the process of manufacture is to portion. This operation is shown in progress in 
for hollow forged seamless drums, which has been accen- | forge the ingot to a pipe of uniform bore and having | Figs. 12 and 13, Plate LXXVI. The ends are then 
tuated by the advent of really high steam pressures. | approximately the finished dimensions required, plus the heated and closed in under the forging press. The 
We illustrate in Figs. 1 and 2, Plate LX XIII, two drums | requisite allowance for the metal removed in machining. | drum is then returned to the machine shop to have 
of exceptional size which have been made by Messrs. |The greater part of the work is done in an 8,000-ton | these ends finished off both internally and externally, 
Vickers-Armstrongs Limited, at the River Don Works, | forging press, finishing being done in a 4,000-ton press. ‘ this stage being illustrated by Fig. 14. In some cases, 


Sheffield, for Messrs. International Combustion Limi- 
Fig. 15. Fig. 16. Fig. 17. 





ted, Kingsway, W.C.2. The larger of the two drums 
represented in Figs. 1 and 2 measures 44 ft. 5 in. in 
length, whilst the outer diameter is 5 ft. 3 in. and the 
wall thickness 44 in. The boilers for which the drums 
are required are to be installed in a large works 
where the power station is equipped wholly with back- 
pressure turbines, the exhaust from which is used for 
heating and evaporating purposes. In such cases, 
high initial pressures have exceptional advantages | 
in the matter of thermal efficiency, and the boilers | 
have accordingly been designed for a working pressure 
of 800 lb. per square inch. 

In all, seven of the larger of the two drums illustrated | 
are required. The material used is acid open-hearth | 
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steel, which is admittedly more reliable than the basic | B.1 Position—30 in. from edge of hole. l , position + ng from eda oO hol 
steel commonly used on the Continent for similar | 3 i: 15hin. & A 3 14}in. =. 
purposes. | 4 Sin. 4 72 in. oe = 

5 1 in. 5 1 in. : 


The ingot from which these large drums are being | 
forged weighs 165 tons, and measures 87 in. over the 











Fic. 18. Fie. 19. 
faces of its octagonal section. These large ingots are | Typical Analyses ; Weldless Steel Drums for High- as in Figs. 1 and 2, the end manholes are elliptical, 
stripped 24 hours aiter being cast, and are then trans- | Pressure Boilers. and have to be machined accordingly by means of a 
| ES 


ferred to a deep brick-lined cooling pit in which they special tool. 














remain for four or five weeks. The object of this soak- | Position. GC: ° | ain | P. Bi) ase After the completion to this stage, the drums are 
ing is to ensure the absence of all internal stresses due | —_|__| | next tested by hydraulic pressure to 1,600 lb. per 
to rapid or unequal cooling. A view of the ingot after | B.1 | 0-60 | 0-031 0-022 square inch. This pressure is maintained for 1 hour 
its removal from the cooling pit is reproduced in Fig. 3, | 2 0-58 | 0-030 0-021 and is repeated three times. 
Plate LXXIV. The next operation to which it is sub- | 3 0-55 | 0-029 0-023 They have next to be drilled with from 400 to 
jected is the removal of the material discarded from | 4 0-55 | 0-080 | 0-08 500 holes to take the boiler tubes. These holes 
th 11 f. thes t This Og | 5 0-55 0-028 0-022 | 1 es d finished to 
e top and bottom of the ingot. his process is | T1 0-54 | 0-034 0-030 | have to be very accurate y spaced, and finished | 
effected in a special cutting-off lathe, in which the | 2 0-53 | 0-028 0-029 | fine limits. A special horizontal drilling machine 
parting tools move roun1 the stationary ingot; both | 3 0-55 | 0-03% 0-022 | having two heads, each driven direct by an independent 
d a aiiiieiadie Mite dette tthe | 4 0-56 | 0-028 | 0-019 | & i tea ies de aaah. Saawe t0b0 
ends are cut simultaneously. A 24-in. hole is then 5 | | 0-55 | 0-030 | 0-030 | 0-235 | motor, has been designed for this work. é 
put through the ingot by means of a trepanning tool) _ | | |_| __t holes are drilled to two diameters, and the smaller 





which is shown at work in Fig. 4, whilst Fig. 18, on this | ~ : diameter is grooved at two points to prevent the tube 
page, represents the mass after the completion of this | The stages are shown in Figs. 5 to 11, on Plates LX XIV, | from pulling out after it has been expanded in. 1 he 
operation. Samples of the metal are next taken from | LXXV, and LX XVI, and in Fig. 19, above. Between | finished weight of the larger drum is 55 tons. 

each end of the ingot in the positionsindicated in Fig. 18. | these stages, the forging has to be reheated, and Fig. 10 | : 
The innermost of these is only 1 in. from the edge of | representsthis operation in progress. On thecompletion | 
the central hole, and is thus in metal which is ulti- | of these forging operations, the metal of the drum is} Axiusm~rum Founpry Practice.—We have received 
mately removed in the machining processes. Typical | normalised, and rings are then parted off the ends for|from The British Aluminium Company, Limited, 
analyses, selected entirely at random from a large series, | the purpose of mechanicai tests. The tensile test pieces | Adelaide House, King William-street, race =~ te 
are given in the next column, the positions of the | have a diameter of 0-798 in., and are required to stand | ® copy of a pamphlet — —_—.. jee esd 
samples being as indicated in the sketches, Figs. 15 to | a proof load of 11 tons per square inch and to have a | E a age pb yr wegen a as ee = deals with 
17. It will be seen that the composition is even more | tensile strength of 26 tons to 31 tons per square inch, cals ak taens operating conditions, temperature 
uniform than the illustrative examples quoted in the with a yield point of not less than 13 tons per square | oontrol, melting, moulding and casting, and the sub- 
report of the Iron and Steel Institute Committee on| inch. The elongation specified is 25 per cent. on a| sequent machining of the castings. Some additiona! 


the heterogeneity of steel ingots. igauge length of 3 in., and a 45 per cent. reduction | sections give data on welding, polishing, cleaning, c 
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LABOUR NOTES. 

Tus November issue of The Industrial Review, an 
organ of the Publicity Department of the Trades Union 
Congress General Council, contains an interesting article | 
by Mr. Citrine. Dealing with the argument often heard, 
chiefly from Labour politicians, that the workers are | 
worse off to-day than ever they were, the General | 
Council’s General Secretary makes the assertion that, | 
on the contrary, there is nothing more impressive in | 
the story of the last seven years of terrible economic 
depression than the success of the trade unions in 
maintaining the standards of working-class life. This 
has been so to a much greater extent, he says, than is 
generally realised. Labour propaganda, especially on 
its political side, is still influenced by the criticism of 
capitalist society put forward by the earlier spokesmen 
of Socialism. Many of the pioneers of the Socialist 
Movement understood very little about Trade Unionism. 
Few of them had any real appreciation of the place and 
function of the trade unians in social and economic 
life. Most of them were convinced that the social 
revolution was at hand, and believed that the driving 
force was a growing realisation by the mass of the 
people that they were sinking steadily into a morass of 
poverty, becoming ever poorer, while a few people, in 
control of the means of production through their 
ownership of capital, were yearly waxing richer. The 
Socialist propaganda of the period was almost wholly 
dominated by this theory of incredible misery, which 
was held to be the justification of class war. 


| 
| 





In our own time, Mr. Citrine goes on to say, the 
principal spokesmen of this view are the Communists, 
who use the argument of increasing misery as propa- 
ganda for revolution. They have an interested motive. 
There is an organised pessimism which is not based on 
actual facts but is dictated by a theory of working- 
class action, and one of its corollaries is that the trade 
unions can do little or nothing to prevent the poor 
getting poorer or to stop the rich getting richer; that 
the trade unions are not organisations for the protection 
of the workers’ standards, but instruments for the 
revolutionary overthrow of the capitalist order in 
industry; and that a trade union policy which aims 
at securing for the workers the utmost benefits out of the 
existing system, is not merely futile, but is a positive 
misdirection of trade unionist activity. Anyone who 
has followed the criticism directed against the Mond- 
Turner discussions can identify this line of argument. 


Mr. Citrine’s view is that propaganda of that kind 
can serve none of the practical purposes of Trade Union- 
ism. It is calculated, he says, to do serious injury to 
the whole organised working-class movement. Nothing 
could be more injurious than to create in the minds of 
the workers a belief that the problems of industry can 
be solved, in some semi-miraculous manner and more or 
less instantaneously, by making the present system 
unworkable, or by leading them to believe a different 
system can be called into being by a stroke of the pen. 
Reorganisation of industry cannot be brought about 
by the simple expedient of stopping production alto- 
gether. Nor can it be effected by the mere passage 
of an Act through Parliament. A great deal of con- 
structive work has to be done by the trade unions, in 
thought and action, before this consummation 
achieved, 


is 


As a matter of historical fact, Mr. Citrine points 
out, the method of Trade Unionism has always been | 
to endeavour to secure necessary changes in the 
organisation of industry and improvements in the 
status and standards of the workers, without bringing 
production to a standstill. It is, he says, the essence 
of the principle of collective bargaining to secure results 
by negotiation. And it is plainly a serious defect in 
Labour propaganda to reiterate, in season and out of 
it, that the workers are no better off despite the skill 
and ability, the patience and knowledge, with which the 
representatives of the trade unions conduct their 
hegotiations on the multifarious problems of industry, 
as they arise from day to day. The suggestion is, 
he declares, false in fact, and unsound as a theory of 
social tendencies. It can only be put forward by those 
who do not understand the principles of Trade Unionism, 
or by those who are prepared to deny the positive 
- Which the workers have secured through trade 

nion action. 





. At the end of October, 15,516 members of the United 
ree of Boiler Makers and Iron and Steel Ship- 
ilders were “signing the books,” as compared with 
14,590 at the end of September. The number of 
members in receipt of superannuation benefit was 
4418, as compared with 4,403, and the number in 
a oi sick benefit 2,490, as compared with 2,455. 
rhe expenses for October were 9,9571. 10s. 1d.; in 
gPeember they were 10,0311. 7s. 7d. ‘‘ At a launch 
the other day,” writes Mr. Hill, the General Secretary, 

4 big shipowner said that his ships were getting better 
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| satisfy everybody. 


| change cannot come too early.” 


| supported to the same extent. 


| America and the Employers’ Associations in Chicago 
| and Rochester, providing for unemployment insurance 
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| employment, that foreign trade was opening up, and 


that by next year trade would be good enough to 
That is a sweeping prophecy, 
but we will require some more evidence of this big 
turn of the tide of trade before we can accept it. The 


The Year Book of the German Federation of Metal 
Workers states that, in 69 undertakings, rationalisation 
has been followed by an increase of output, but wages 
and the earnings of pieceworkers have not been in- 
creased. In a number of undertakings, rationalisation 
has even coincided with a reduction of the rate of 
wages of pieceworkers; in other words, the workers’ 
increase of efficiency has been achieved to his own 
disadvantage. In the foundries, rationalisation has 
led to dismissals. Out of 161 undertakings which have 
transformed their technical equipment, 40 carried out 
dismissals which the workers’ representatives consider 
attributable to rationalisation. There can be no ques- 
tion of technical advantages for the workers in rationali- 
sation, as the employers declare. That would mean 
that the greater utilisation of mechanical force in 
foundries was accompanied by a reduction of hours of 
work. But this has not been the case. To obtain a 
reduction of hours, the foundry workers, like their 
comrades in the engineering industry, have first had to 
overcome the opposition of the employers. 

On November 19, 1928, the number of unemployed 
persons on the registers of Employment Exchanges in 
Great Britain was 1,364,400. Of these, 970,200 were 
wholly unemployed, 314,200 were temporarily stopped, 
and 80,000 were persons normally in casual employ- 
ment; 1,073,300 were men, 38,200 boys, 219,600 
women, and 33,300 girls. Of 1,348,158 on the registers 
on November 12, 1928, 964,806 were wholly unem- 
ployed, 304,928 were. temporarily stopped, and 78,424 
were persons normally in casualemployment ; 1,059,368 
of these were men, 38,670 boys, 216,230 women, and 
33,890 girls. The number of persons on the registers 
on November 21, 1927, was 1,126,254, and of these, 
898,163 were men, 32,532 boys, 165,848 women, and 
29,711 girls. 


The appeal of the German steel-workers against the 
decision of the Duisburg Labour Court declaring the 
Minister of Labour’s award in the Ruhr wages dispute 
invalid, was heard on Saturday last week. The higher 
tribunal reversed the lower Court’s decision, and 
granted costs against the employers. The employers 
are understood to be of a mind to take the case to a 
still higher tribunal. In a statement issued prior to 
the hearing of the appeal by the Federation of German 
Employers’ Associations and the Reich Federation of 
German Industries, both the strike of shipyard workers 
and the lock-out of steel workers were referred to. The 
attitude of the employers was strongly supported. In 
regard to the Ruhr trouble, The Times correspondent 
at Berlin says, the statement declares that the wage 
increase awarded would have led to an all-round 
increase of prices that would have seriously affected the 
nation and handicapped its industry in the world’s 
markets. The Federation, therefore, ‘‘take their 
stand, in full realisation of the importance of the 
conflict to the whole of German industry, behind the 
employers in the North Western iron and steel industry, 
and have decided to support them with all suitable 
means.’ The shipbuilding employers are to be 


According to the Cologne correspondent of the 
Manchester Guardian, more than a third of the 
employees in the Hagan iron industry and the whole 
of the hands in the Central German metal industry 
have now received notices. The former district 
employs about 35,000 men and the latter over 50,000. 
Some of the notices expire at the end of this month, 
and the remainder on December 31. About 350,000 
men are, therefore, either actually or prospectively 
directly affected by the two disputes, apart from the 
very large number who have had to stop because of 
the trouble. 


The official weekly organ of the International Labour 
Office states that, following on the agreements con- 
cluded between the Amalgamated Clothing Workers of 


for members of the union, the New York Clothing 
Manufacturers’ Exchange has recently reached an 
agreement with the union under which unemployment 
insurance is extended to the New York clothing 
industry. Unlike the Chicago and Rochester agree- 
ments, this scheme does not require the employees to 
contribute to the unemployment insurance fund. The 
fund is to be maintained by a weekly contribution from 
the employers, amounting to 1} per cent. of the total 
labour cost of all clothing. manufactured, whether in 
their own inside shops or in contract shops.- The 











payments by the employers began on September 1, 1928, 
and the fund is under the management of a board of 
trustees consisting of a chairman and an equal number 
of representatives of the employers and the Union. 
No benefits will be paid during the first year, but the 
funds collected during that period will be used to 
establish a reserve from which unemployment benefits 
will be paid after September 1, 1929. 

It will be recalled that recently the General Council 
of the Trades Union Congress circularised the affiliated 
trade unions, pointing out that next year, on April 19, 
the first statutory condition for benefit under the 
1927 Act comes into full operation. This condition 
stipulates that not less than 30 contributions must 
have been paid in respect of the assured contributor 
in the two years immediately preceding the date on 
which application is made. Pending the application 
of this provision, a transitional arrangement has been 
in operation, under which it has been sufficient for 
an insured contributor, aged eighteen years or over, 
to show that not less than eight contributions have 
been made during the two years immediately preceding 
his claim for benefit, or not less than 30 contributions 
at any time; that the claimant has been normally 
engaged in insurable employment; and that he has 
been so employed in the two years preceding his applica- 
tion to such an extent as could be regarded as reasonable 


| having regard to the opportunities of securing insurable 


employment during that time. 

It was felt, states Industrial News, an official organ 
of the Trades Union Congress General Council, that 
these transitional provisions failed to take account of 
the fact that there were persons who have been insured 
for lengthy periods but, owing to the abnormal trade 
depression, could not show 30 contributions paid in 
the preceding two years. Accordingly, it was decided 
to ask the Ministry of Labour to receive a deputation 
on the subject. This deputation, which is to see 
the Minister on December 6, will endeavour to show 
that the provision will harshly affect a number of 
workers, and will ask for an extension of the transi- 
tional period. 


At the first of the area conferences on the subject 
of social insurance arranged by the Trades Union 
Congress General Council, a resolution was unanimously 
adopted to the effect that the conference welcomed the 
efforts of the Trades Union Congress to build up the 
social insurance side of the movement, and pledged 
itself to do all possible to see that every trade unionist 
was a member of his or her trade union approved 
society, and to impress upon all workers the necessity 
of trade union membership in order to get the full 
benefit of social insurance, and particularly of unem- 
ployment insurance. 


The Executive Committees of the: Transport and 
General Workers’ Union and the Workers’ Union have 
now approved the scheme of amalgamation which has 
been under consideration for some time. The com- 
pleted draft has been submitted to the members of 
both bodies, and, if adopted, will come into force 
early in the New Year. The membership of the com- 
bined organisations will be about 430,000. The society 
will, therefore, be, it is claimed, the largest of its kind 
under a unified financial control. 

Industrial and Labour Information states that the 
xerman Central Employment Institute, constituted 
under the Unemployment Insurance Act of July 16, 
1927, completed its first year on October 1, 1928. The 
Institute is a self-governing body administered by a 
Commission, in which employers, insured persons and 
public authorities are jointly represented. One of its 
main tasks in the course of the past year has been the 
administrative reorganisation of the public employ- 
ment exchanges, which were formerly organs of district 
or municipal administration, but are now independent 
of the political authorities and directly attached to the 
Central Institute. The number of exchanges has been 
reduced from 887 to 363. The complete accounts for 
this first year of activity are not yet available, but 
the financial situation is satisfactory, since the Institute, 
in spite of the continuously high level of unemploy- 
ment, has been able to satisfy all its own needs without 
having recourse to the State advances for which the 
Act provides in case of emergency. Receipts from 
the contributions of insured persons reached the 
monthly average of 64 million marks, instead of the 
50 millions which were budgeted for, and they are now 
sufficient to provide continuous relief for about 850,000 
unemployed persons, instead of 750,000, as estimated. 
The average cost of relief per person unemployed 
amounted to 82 marks a month, and the average 
monthly expenditure of the Institute was 40°7 millions 
in the last quarter of 1927, 102-4 millions in the first 
quarter of 1928, and 92-9 million jn the second 
quarter of 1928. 
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LETTER TO THE EDITOR. 
SCREW VISCOSITY PUMPS. 


To THE Epitor oF ENGINEERING. 

Srr,—I have read with much interest the very elegant 
treatment of the A and B functions given by Sejior H. 
Fernandez in your issue of November 23, on pages 
659-660. He may be gratified, as I am consoled, by 
the fact that an eminent professor of mathematics was 
consulted regarding the calculation of the8e functions, 
but without useful result. 

In the final paragraph of your correspondent’s letter 
the question of a physical interpretation for his func- 
tional equation (4) is posed. This is not so simple as 
that for the B coefficient, but it is equally interesting. 
Rewriting his equation (4) with greater symmetry 
thus :— 


1 i 9 
FAW) + 2A(;) 5 °° @) 


and remembering that, with zero pressure gradient, the 
tlow is 
V=A(z)UmbdtA(eyt . . (2) 
ms 


it is seen at once that the first term in (1) is the net flow 
per unit area of cross section with unit velocity of 
sliding. The right-hand term gives the flow per unit 
area with unit velocity for infinite planes, and so the 
second term on the left represents the loss of flow due to 
drag at the sides. This makes equation (1) above very 
pretty. Physically it would appear that the limiting 


value of : A (x) for x = 0 and of «A (=) for x = ® 


1 
equals 5- 
Yours faithfully, 
S. Rowett. 
15, Bolton-road, W.4. November 26, 1928. 








MECHANICAL PROPERTIES OF 
BRITISH RAIL STEELS.* 


By Professor W. E. Datsy, M.A., B.Sc., F.R.S., 
M.Inst.C.E. 

Tuts paper deals with a continuation of the work 
described in the author’s paper on “ The Mechanical 
Properties of Steel,’ + with special reference to the 
mechanical properties of the steels used for rails on 
British railways. The object is to examine and record 
the physical properties of British steel rails made by 
different processes. The five samples examined 
comprised :— 

Rail weight, Carbon, 
lb. per yard, per cent. 

No. 1. British Standard, Bes- 





remove the load, compress to 0.015 in., remove the 
load, stretch to 0-015 in., and remove the load. This 
process establishes the plastic contour of the metal. 
The diagrams obtained showed similarity of plastic 
contour, and further, that the yield-point is lost by 
overstrain. In the torque-twist tests, the process 
applied to each test-piece was: twist to +4 deg., 
remove the torque, twist to — 4 deg., remove the 
torque, twist to + 4 deg., and remove the torque. In 
all the diagrams obtained, the elastic twist changes to 
the plastic twist gradually. There is no record of 
any abrupt yield. The author, in his previous paper 
already referred to, emphasised that, at the limit of 
proportionality, a definite plastic slip begins to impose 
itself on the elastic formation, and that, when the 
plaster slip is predominant, elastic strain ceases to 
increase, and the crystal blocks of the space lattice are 
slipping in all directions. The results deduced from 
the torque-twist diagrams suggest that the crystal 
blocks of the structure commence to slip when the 
stress along their slipping planes reaches from 12 tons 
to 13 tons per square inch for the carbon steels, 1.e., 
one-half of the slipping-stress value derived from the 
direct pull experiments. 

Finally, the question is raised as to which of the 
diverse physical properties exhibited in the various 
tests are those which are specially to be emphasised for 
a good-wearing rail. The wear observed on rails laid 
on the London, Midiand and Scottish Railway near 
Shap, is at the rate of about 0-3 lb. per yard per annum. 
The suggestion is made that this acid-Bessemer steel, 
made at Crewe, which, in quality, approximates with 
type No. 1, ensures durability under hard working 
conditions, and is probably not surpassed by present- 
day steels. 








THE LATE MR. W. JACKSON. 


WE regret to have to record the very sudden death 
of Mr. William Jackson, which took place at Warrix, 
Troon, Ayrshire, on November 19 last. Mr. Jackson, 
who was in his 85th year, had for many years been 
partner in the firm of Messrs. Dunsmuir and Jackson, 
marine engineers, Govan, Glasgow. The firm was 
founded by Mr. Jackson and Mr. Hugh Dunsmuir in 
1878; it ceased business, however, in 1923. Mr. 
Jackson received his early education at Glasgow 
Academy, and subsequentlylat what was then known as 
Partick Academy. Upon the removal of his family 
into the city of Glasgow, he attended Wilson’s Model 
School and the Glasgow School of Art. In 1860, at 
the age of seventeen, he secured employment in a 
cabinet-maker’s workshop, but eighteen months later 
he entered the engineering works of Messrs. Robert 
Napier and Sons, the well-known shipbuilders and 
engineers. After passing through the fitting and pat- 
tern shops, Mr. Jackson served six years in the drawing 


LAUNCH OF H.M.S. ‘‘ RESOURCE.”’ 


ToGEeTHER with the submarine-depot ship, H.M.S. 
Medway, launched last July, the Diesel propelling 
machinery of which was described at some length in 
ENGINEERING on page 270, ante, the completion of 
the fleet-repair ship, H.M.S. Resource, which was 
launched last Tuesday from the Naval Construction 
Works of Messrs. Vickers-Armstrongs Limited, Barrow- 
in-Furness, will form a most valuable addition to the 
equipment of the Royal Navy, rendering the fighting 
ships more independent of repair shops on shore. 
The new vessel is 500 ft. in length, and the propelling 
machinery is to consist of two sets of Parsons’ turbines, 
developing a total shaft horse-power of 7,500, and driy- 
ing twin screws through single-reduction gearing. 
Steam, at a pressure of 235 lb. per square inch, will 
be supplied by four Yarrow water-tube boilers of the 
three-drum type, arranged to burn oil fuel under the 
closed-stokehold system of forced draught. Diesel 
and turbine-driven electric generators, having a total 
capacity of 2,300 kw., will supply the necessary power 
for the large variety of machines to be installed in the 
workshops, the latter being of a most comprehensive 
character, well provided with cranes, &c., for heavy 
lifts, and including a smithy, plate shop, torpedo shop, 
boat shop, foundry, coppersmiths’ shop, electrical 
shop, woodworking shop, heavy machine shop, grinding- 
machine shop, &e. 








CoMMITTEE OF INQUIRY INTO THE Export CreEpDITS 
GUARANTEE SCHEME.—We are informed that, in accord- 
ance with the announcement made by the Prime 
Minister towards the close of the last Parliamentary 
session, Mr. D. H. Hacking, M.P., secretary of the 
Department of Overseas Trade, has, with the approval of 
the President of the Board of Trade, appointed the 
following committee to inquire into the administrative 
expenses of the Export Credits Guarantee Scheme, and 
other matters related thereto :—Sir Otto Niemeyer 
(chairman), Colonel the Hon. Sidney Peel, and Sir 
William Plender. The secretary to the committee will 
be Mr. E. J. Holford-Strevens, of the Export Credits 
Guarantee Department, 9, Clement’s-lane, Lombard- 
street, E.C.4. 





Contracts.—Messrs. Belliss and Morcom, Limited, 
Ledsam-street Works, Birmingham, have received an 
order from the North-Eastern Marine Engineering Com- 
pany, Limited, for four 100 kw. Diesel-driven auxiliary 
generating sets.—The Hiler Engineering and Construction 
Company, Inc., American licensees of Messrs. Heenan and 
Froude, Limited, Worcester, have received an order for 
three refuse destructors, capable of handling 500 tons a 
day, for the Borough of Brooklyn. It is believed that 
this is the largest order of its kind ever placed.—Messrs. 
Lever Brothers, Limited, have placed an order with 
Messrs. Vickers-Armstrongs Limited, for two pairs of 
steel lock gates for their new dock at Bromborough.—An 
order for thirty 500-volt tramear motors, each of 50 h.p. on 
a one-hour rating, together with 60 tramcar controllers, has 


semer acid... one ss 95 0-42 7 : 4 
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ium steel oe mae —- 0-67 
Test pieces were cut from each sample of rail, and 

the physical properties were determined from load- 

extension records as follows: no-load to fracture 














arose between the two men. This resulted, early in 
the following year, in the foundation of the firm of 
Dunsmuir and Jackson, which eventually became one 
of the prominent engineering establishments on the 
Clyde. Mr. Jackson retired from business in 1910. He 








Hertert, Ltd., for firing five Brouhon-type boilers by 
means of Atritor unit pulverisers, at the Mariemont-Bas- 
coup Collieries, Mariemont, Belgium. 





THE Late Dr. Emit ScurépteR.—Dr. Emil Schrodter, 
who, we regret to note, died at Bonn on October 31, was 











diagrams, elastic diagrams, push-pull diagrams, and | was for long a member of the Master Court of the t 1 : : aaa 
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steel No. 1 behaves normally for a carbon steel. ! member of the Committee of the British Corporation. gp Stahl wood ye ae pee subsequently pba nee two 
Although steel No. 2 takes a higher maximum load | Mr. Jackson was elected a member of the Institution manager, for six years, of the Verein Deutscher Eisenhiit- one: 
than does steel No. 1, it is not so good from the elastic | of Naval Architects in 1899. tenleute. Bornat Diisseldorf on February 26, 1855, he was ares 
point of view, since it yields at 22-7 tons per square a the son of a distinguished optician at Diisseldort. After pris 
inch, as against 26-5 tons for steel No. 1. In steel his early education at Diisseldorf, and a year in the work- -, 
No. 3, the stress corresponding to the maximum load is} THE Late Mr. Ernst ZeTzMANN.—We regret to | shops, he went to the Polytechnic at Karlsruhe and reg onal 
43-9 tons per square inch, and the limit of propor- have to record the death of Mr. E. Zetzmann, director of wards to the Gewerbeakademie of Berlin; in genes a. 
tionality is reached at 35 per cent. of this; No. 1|maval construction to the Hamburg-Amerika Line, who | cultivated the society of artists and he — > Rhenish se 
atonl keeps its elastic property to 55 per cent. of its died suddenly last month on board the steamer Columbus couragement later for his artistic —_— _ a. — und 
BRS ye | Se SIGS SES steel No. 4 while on a journey to Southampton, undertaken in con- | home of painters, Diisseldorf. His rst prac — r P F ap an ; 
5 : s eae ase ; j NO. * | nection with his work as a member of committee for the | ment as engineer was in the.works of Ernst Schi ms 
are typical of those given by a high-carbon steel, while promotion of safety at sea. When the Titanic went down | Diisseldorf-Oberbilk. His second appointment, in t . mac 
the data furnished by steel No. 5 are typical of an | jin 1912, an international commission was nominated to | Silesian iron district, was terminated by a severe attack duri 
alloy steel in that the material passes from the elastic | discuss the safety problems. Zetzmann was on one of | of rheumatic fever. In 1885 he succeeded F. rowsaggeed vee 
to the plastic state without discontinuity. the sub-committees which had recently resumed its | editor of Stahl und Eisen, which he, in egy grog ee ‘ T 
The elastic diagrams yielded by all the samples have | deliberations. Born on February 8, 1878, Zetzmann was | H. A. Bueck and W. Beumer, — neg a inally more f 
the same general appearance. The slopes of the educated at the Technical High Schools of Munich and | organs of the iron industry. ~ a — ar apes of 
elastic lines, from which Young’s modulus E is deter- | Charlottenburg, and worked in the construction depart- | interested in the technological than the latter reali 
: ce 2 & ter: res ment of the German Navy in the period 1896 till 1903, | problems of the iron industry, his advice on the ls rad whic 
mined, differ so little that a eapek de heb value of 12,750 | first Dietrich and then Rudloff being his chiefs. Later | questions was so much sought that his directorship of t of 
tons per square inch was assigned for the modulus. | he became chief engineer to the A.-G. Weser, of Bremen. | Association of German Iron Masters came as mimatier presi 
This denotes a constant elastic property of the space | During the war he joined the Germania Werft of Messrs. | course. When Schrédter’s seventieth birthday w - yr sean 
lattice. The loads at which proportionality ceases, | F. Krupp, at Kiel, where he was engaged in the U-boat | brated in 1922, he was féted as the — pss heen 
however, show remarkable differences—namely, 21-65 | division. After the war he returned to the Weser Com- | association. When he resigned aa wn ae such 
tons, 17:80 tons, 15°30 tons, and 15-30 tons per | pany, which he left in 1921, to accept the appointment | an honorary member. | He was mac ag ono ry 1909, So 
ena Meee é N No. 2 |as chief of ship construction of the Hamburg-Amerika | of the American Institute of Mining | pa alle Sout 
ve age inch, respectively, for steels No. 1, No. 2, uine. Next to his work as designer he devoted him- | and of the Iron and Steel Institute in 1912, one * His offer 
No. 3, and No. 4. In the push-pull tests, the process | elf to the general technical problems of ship-builders. | and other honours were reconfirmed after the oe colle 
applied to each test-piece was: stretch to 0-015 in., | Though not an early member of the Verein Deutscher | honorary degree as Dr. Ing. came from the iyon gre nie It 
- Ingenieure, which he joined in 1897, he was president of | School of Aachen ; he held the Lueg —* iS heer W 
* Abstract of a paper read before the Institution of | the whole Verein in the years 1917 to 1920 and took, | ous congresses and exhibitions at Diisseldor pons gee meet 
Civil Engineers on Tuesday, November 20, 1928. subsequently, a leading part in the affairs of the Ham- | further well deserved distinctions. He aap ey stear 
+ Minutes of Proceedings Inst. C.E., vol. cexxi, page 21,| burg branch, as he had previously been particularly | of character, and ready to acknowledge t 4 ge is ve 
(1926). | interested in the work of the Bremen branch. others ; though a critic, he was most popular. wl 
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COAL-WASHING PLANT; CARDIFF ENGINEERING EXHIBITION. 


MESSRS. NORTONS (TIVIDALE) LIMITED, ENGINEERS, TIPTON. 
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THE CARDIFF ENGINEERING 
EXHIBITION. 


(Concluded from page 648.) 


Tue Cardiff Engineering Exhibition this year has 
two features which differentiate it from preceding 
ones. Being held in such a predominantly colliery 
area as that of Cardiff, it is a matter of some sur- 
prise to find that there is not a single example 
of coal-cutting machinery shown. We speak of 
coal-cutters per se, and not with reference to such 
subsidiary appliances as pneumatic picks, &c. We 
understand that this omission is the result of 
an agreement between the several makers of such 
machinery not to take part in any exhibitions 
during the present year, and possibly during next 
year also. 

The other notable feature is a special exhibition 
of steel pit props. Only the mining engineer 
Tealises the serious consequences to life and limb 
which are constantly resulting from the defects in 
present-day methods of propping the steam-coal 
seams of South Wales, in spite of the enormous 
amount of money and labour daily expended in 
suck operations. A member of the council of the 
South Wales Institute of Engineers accordingly 
offered a prize for an improved prop, and the present 
collection of 45 different proposals is the result. 
It would not appear that any one of the designs 
Meets the exacting conditions obtaining in the 
steam-coal seams under consideration; in fact, it 
's very likely that no one type of steel prop would 

suitable for every situation. Evidently there is 








still room for the in- 
ventor. It may be 
noted that, in addition 
to the large number 
of new designs ex- 
hibited, there are four 
samples of steel props 
made by well-known 
firms which are suc- 
cessfully used in other 
coal-fields. 

The exhibition is being held, as before, under 
the auspices of the South Wales Institute of 
Engineers, of which Mr. William O’Connor, F.G.S., 
is the president this year, and Mr. Martin Price 
the permanent secretary. In his address at the 
opening ceremony, the president said that, in some 
quarters, considerable doubt had been expressed 
about the advisability of continuing the exhibition 
under the depressing conditions which the mining 
industry was now experiencing, but the Institute, 
after serious consideration, had felt it their duty, 
more at this time than perhaps in brighter ones, 
to encourage every development in process or 
method. 

Continuing our description of some of the exhibits, 
we may refer to a coal-washing plant shown by 
Messrs. Nortons (Tividale), Limited, Hecla Works, 
Tipton, which they are showing in addition to 
the coal breaker we dealt with last week. It is 
termed an Automatic Unit Washer. The machine 
is illustrated in Figs. 21 to 24, on this page. It 
employs the Baum principle of setting up a pulsa- 
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tion in the washing water by means of air, but is 
in striking contrast to the usual washer of this 
type, in that it is, as its name implies, entirely self- 
contained. The refuse elevators are embodied in 
the washer box, and the air receiver with its blower 
and motor are grouped together on the top of 
the machine. Generally, all external main shafting, 
belt drives, and pipe lines have been eliminated in 
this design. The washer box, as will be seen from 
Fig. 22, cortains two wash beds, of which the whole 
length is available for separation since the shale 
discharge gates are external to them. The most 
important improvement, however, lies in the fact 
that it is no longer necessary for the operator to 
gauge the depth of shale by frequent probing of 
the bed with a rod. This tedious process is super- 
seded by an ingenious automatic contrivance in 
the shape of two pulsating floats. One of these is 
suspended, by a sensitive parallel motion, at the 
end of each bed close to the shale-discharge outlet. 
The float pulsates with the water pulsations and 
makes its way through the coal until its lower face 
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reaches the shale level, when its descent ceases. The 
floats are shown in this position in Fig. 22. 

The shale-discharge gates, which are of the 
quadrant type, are controlled by the floats, the 
actuating mechanism being clearly visible in Figs. 22 
and 23. This mechanism consists of a cylinder which 
is supplied with air from the receiver of the washer- 
box pressure system. The cylinder is fitted with 
a piston valve connected to the parallel motion of 
the floats. When the shale in the bed slightly 
exceeds the best working thickness, the float is 
thereby lifted and opens the piston valve. This 
admits air to the cylinder, the piston rod of which 
pushes over the lever of the discharge gate on its 
outward stroke and opens the gate. The shale is 
then pushed off the shelf, previously closed by the 
gate, owing to the pulsating action of the bed, and 
falls into the elevator chamber. The general 
surface of the shale is lowered by this emptying 
process to the correct working level. The float, 
following the drop in level, is also slightly lowered, 
and the air supply behind the operating piston is 
eut off. The lever is drawn back by the weight 
seen in Fig. 23, and the gate is closed until the 
amount of shale again becomes excessive and the 
cycle is repeated. The gate is always closed when 
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Fig. 29. 


| the plant is at rest. The action is entirely automatic, 

and the pulsating floats ensure a more accurate 
separation than was possible with the old method, 
when, with a rapid variation in the shale amount, 
it was impossible to prevent some loss from coal 
passing over with it, even with the most skilful 
operator. 

The motor, blower, and air receiver are compactly 
grouped together. The blower is driven through 
machine-cut single-reduction gear, and its shaft 
carries a sprocket wheel from which the line shaft 
is driven by a roller chain having a safety device. 
The line shaft is fitted with eccentrics which operate 
the air valves, and with pinions for driving the 
spur wheels of the refuse elevators. The power 
transmitted by the shaft is only about 6 h.p. out 
of the 35 h.p. required for the machine shown, 
which has a washing capacity of 50 tons per hour. 
The arrangement of the air-valve and refuse-elevator 
drive is well shown in Fig. 24, the discharge trunk 
from the blower to the receiver, which is. fitted 
with a deadweight relief valve, being also clear. 
The curved girder at the elevator drive, shown in 
Fig. 21, carries the bearing of the spur wheel in an 
are, so that the elevator chains may be tightened 
whilst retaining proper meshing with the pinion. A 
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| point in connection with the washer box should 
|not be overlooked. This is its complete acces- 
|sibility from the bottom. The centre part of the 
conveyor worm trough is detachable for inspect ion 
lor renewal of the centre bearing, and the lower 
| shafts and sprockets of the elevators can be renewed 
without disturbing the worm-shafts or troughs. 
| The worm-shaft, or anysection of the wormconveyor, 
|can be renewed within one and a half hours, with- 
| out disconnecting any part of the elevators. ‘The 
| machine exhibited occupies, when completed, a 
| floor space of 19 ft. by 15 ft. One of double 
| capacity, 7.e., capable of dealing with 100 tons per 
hour, needs 21 ft. by 17 ft.. and one of half the 
| capacity, viz., 25 tons, occupies 14 ft. by 14 ft. 
| An unusual exhibit in the shape of a 9-ft. length 
| of concrete lining for underground roads, tunnels, 
| tubes and shafts, is exhibited by Messrs. The British 
| Schaefer Company, Limited, of 21, Windsor-place, 
Cardiff. When a seam of coal is being worked, the 
| coal face forms a dividing plane to two areas, 10 
‘one of which, in front of the face, the strata, both 
| over and underlying the coal, are supported by the 
coal itself. In the other area, behind the coal face. 
they are supported only by temporary props t? be 
| packed as the face advances. This packing must he 
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capable of compression under load, as the ground | 
settles down and frequently compresses to approxi- | 
mately 50 per cent. of its original depth. Great | 
stresses are set up in the rock mass near the coal | 
face by this settlement of the strata behind the coal | 
face while those in front of it are still supported by | 
the unworked seam, and it is not until the packing 

becomes compressed that any measure of equili- 

brium is restored. 

A complete solution of the problem of road 
supports does not seem to have been reached in the | 
direction of props. The drawback of props with | 
cross timbers, or of steel arches, is that these | 
take the pressure in planes only, between which | 
collapse occurs when severe pressures are experi- | 
enced. Again, if the roof and floor are weak, it is | 
possible for the head and foot of the prop, or the | 
feet of the arches, to penetrate the ground. The 
movement of the ground in these interspaces further | 
gives rise to lateral and diagonal thrusts which tend | 
to cause the supports to twist and buckle and finally | 
collapse. Stone, brick, or concrete side walls and | 
xirders, depending, as they do, for their efficacy on | 
adequate foundations, which are often, from the | 
nature of things, non-existent, frequently suffer from | 
fracture and breakdown. Mass concrete, which is | 
extensively used, is subject to the drawbacks of high 
cost and difficulty of construction, the latter arising | 
from the impossibility of isolating the concrete from | 
pressure during its maturing period. 
_ Mass concrete, however, has the advantage that | 
it may be made in continuous form, the load being, | 
therefore, more evenly distributed, but it suffers 
from the defect of the older systems in that it is | 
rigid. Jt has been necessary to sketch thus rapidly 
the fundamental requirements for the support of | 
mine workings, in order to appreciate the features of 
the system adopted by the British Schaefer Company, 
Which system, it is claimed by the firm, provides 
4 permanent non-rigid lining for every condition of 
—. weight, and floor movement. The Schaefer 
ining consists of arching constructed of separate | 
fencrete blocks, which are made outside the mine 














| lining in a longitudinal direction is well seen in this 
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and can therefore be properly matured. The arching 
may be circular, segmental, or elliptical, according 
to the requirements of the heading being lined, and 
is made of heavy section for shafts, wide pit-bottom 
roads, pump and haulage rooms, &c. A medium 
section is provided for return airways, face, main- 
haulage, and sump roads, and a light section for 
roads where the conditions of weight, squeeze and 
movement are moderate. 

It is this light section which is illustrated in Figs. 
25 and 26 on page 680. These two figures show the 
characteristic features of the lining. The concrete 
blocks are arranged in a series of independent 
rings abutting one against the other, and of a 
T-shaped cross section. The projecting rib contains 
a cored hole through which a flexible steel reinforcing 
rod is passed in groups of blocks. No cement or 
mortar is used between either the individual blocks 
or the complete rings, though the reinforcing rods 
are grouted in. The flexibility necessary to meet 
ground settlement is provided by wooden compres- 
sion courses, the nature of which is best seen in 
Fig. 29. These courses vary in number and position 
according to the nature of the expected pressure, 
a great degree of movement necessitating, perhaps, 
a compression course separating every individual 
block. The more usual construction is, however, 
shown in Fig. 28, which shows a roadway in which 
settlement has taken place. The flexibility of the 


figure, the relative movement of one ring to another, 
due to local ground movements, being shown by 
the varying position of the compression courses | 
which were originally in line. 

{rection is carried out by forming the individual 
rings on steel centres which are moved forward 
as each ring is completed. The reinforcing rods 
are not continuous throughout the ring, but only 
through sections or groups of blocks between 
compression courses. The outside of the concrete 
lining is packed with small rubbish for a thickness 
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by the lining the packing acts as a cushion. This 
packing is seen in Figs. 25 and 26, but not in 
Fig. 27, which shows a portion of heavy section 
lining, though packing is of course used with it 
also. This latter figure includes a manhole which 
is formed in a similar way to that of the main 
rings, though these are circular in cross section. 
The Schaefer lining has, in addition to its flexibility 
and safety, the subsidiary advantages of presenting 
a comparatively smooth surface. There are, 
therefore, no projections on which coal dust may 
accumulate to a dangerous extent, while the resist- 
ance to ventilation is greatly reduced. We under- 
stand that the company has completed 2,500 yards 
of this system in British mines, some having been 
completed two years ago. 

Mechanical processes of scale removal are repre- 
sented by the exhibit of Messrs. Electric Scaling 
Hammers, Limited, 31-32, Grosvenor-place, London, 
S.W.1. From the variety of apparatus on their 
stand, we select two of the most recent examples 
for illustration. Figs. 31 to 33, on this page, show 
a machine which has been designed for general 
work on shipboard. Thus, it may be used for 
scaling shell plating, when worked from a staging, 
for boilers, or for parts which are normally rather 
difficult of access, such as the interiors of bunkers, 
tanks, and some portions of holds. The motor is 
of the totally-enclosed type, and is of approxi- 








mately one horse-power. It is normally wound for 








varying from 18 in. at the crown to about 6 in. 
at the invert. When the initial pressure is taken 





direct current of the voltage required, but can be 
supplied suitable for alternating current. Its con- 
struction will be clear from the figures, but it may 
be pointed out that the casing is provided with both 
a foot and a handle, so that it may be stood or slung 
as desired, and also easily carried about. It is 
provided with a special switch and three-point plug 
attachments, designed in accordance with the Home 
Office and Factory Act requirements. The flexible 
shaft is made to withstand the very rough usage 
that scaling operations generally entail. The motor 
will drive the scaling tool with a flexible shaft up 
to a length of 10 ft. The tool shown in Fig. 31 is 
of the circular 12-leaf type, with pivoted fingers 
extended by centrifugal action, and is suitable for 
general purposes. Other patterns are provided for 
angles and corners, and for removing very heavy 
scale. Hub-type and disc-type wire brushes, tube 
brushes, grinding wheels and drill chucks, can also 
be attached to the shaft. 

The tool shown in Fig. 30 is intended for the 
internal scaling of the tubes of Babcock and Wilcox, 
and similar boilers having large water tubes. The 
head is kept central in the tube by long guides, and 
the serrated tool is kept in contact with the inside 
of the tube by centrifugal action, it being connected 
to the spindle by a universal joint. This tool is 
used with a pattern of machine which comprises a 
specially-wound motor of about 2 h.p. It can be 
successfully operated on a length of flexible shafting 
up to 37 ft. 

Miners’ lamps are naturally well represented, 
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but the examples exhibited are mostly of well- 
known types. Messrs. Ceag, Limited, of Barnsley, 
however, show, for the first time at this exhibition, 
their new combined electric and oil gas-testing lamp, 
which we described on page 458 ante. It may 
be noted that in the full-size artificial coal seams, 
which are erected in a dark room on the stand, 
a pocket of gas has been provided this year in 
order to obtain means for demonstrating the above- 
mentioned lamp on the spot. The coal face is also 
useful in showing the illuminating power of the Ceag 
cap lamp, which, though not in itself new, has been 
re-modelled. This lamp, a 2-volt one, has a battery 
which is strapped in the small of the miner’s back, 
with a cased lead to the lamp itself, the holder, 
reflector and lens of which carry a hook for attach- 
ing it to the miner’s cap. The lamp is of over 
4 candle-power, and the method of using it would 
appear to increase the illumination of the coal face 
by some 10 times that of a normal hand lamp. 
This method, however, though very popular in 
Scottish mines, has only made slow headway, so 
far, in English ones. 

An automatic fire extinguisher on the stand of 
The British International Fire Equipment Company, 
293, Regent-street, London, W.1, has the novel 
feature of combining the inexpensive grenade form 
with an automatic release. The liquid is contained 
in a glass sealed bulb. It is supported on a bracket 
consisting of a light wire ring which is cut at one 
place and held together by a metal link having 
a fusing point of about 130 deg. F. If the tem- 
perature near the bulb rises to this point, the 
link fuses, releasing the halves of the ring and 
allowing them to spring apart. This lets the bulb 
fall and the resulting breakage sets free the liquid 
which, it is claimed, is highly volatile and sets 
free a gas which extinguishes the fire. The bulb 
will fracture from a fall of 4 ft. to 5 ft. on to carpet, 
and can be used, should anyone be present at the 
outbreak of the fire, as a grenade. The bracket for 
suspension from the ceiling has two fusible links, 
and that for use on shipboard has an additional ring 
for steadying the bulb in a seaway. 

The stands displaying measuring instruments 
show little that is distinctly new. At the same 
time, a close examination will show that not a 
few of the instruments have been still further 
improved in detail. A case in point is the dial 
thermometer with signal devices for galvanising 
baths on the stand of Messrs. Negretti and Zambra, 
38, Holborn-viaduct, London. This instrument has 
a circular indicator dial, graduated to the conven- 
tions of the galvanising trade, and above it is a 
lamp box fronted with three panels of green, white, 
and red glass, respectively. The illumination of one 
of these panels enables an unskilled operator to 
ascertain whether he is controlling the temperature 
of the metal bath to below (green), at (white), or 
above (red) the correct temperature. The standard 
of accuracy obtained is within 2 deg. C. The 
range of the thermometer is from 390 deg. to 
470 deg. C., but the dial is graduated with a code 
scale of —40 deg. to +40 deg. with the 0 deg. 
as the working temperature. The range can be 
altered to suit inaividual requirements. 

Another display of instruments in which im- 
proved forms of established patterns are seen is 
that of Messrs. Gent and Company, Limited, 
Faraday Works, Leicester, where we noticed im- 
provements in the mining bells, telephones, relays, 
tapper keys, and pushes, the designs being, in most 
cases, incombustible and flame-proof and suitable 
for bare wire signalling. 





INDUSTRIAL DEVELOPMENT OF BIRMINGHAM.—We have 
received a copy of a handsome book entitled, ‘* Bir- 
mingham Commercially Considered.’’ It is described 
as the official brochure of the Corporation of the City of 
Birmingham. The book, the letterpress of which is 
by Mr. L. W. Faulkner, has been prepared to invite 
the attention of the industrial world to the advantages 
Birmingham offers as a manufacturing centre. The 
history of the city is recorded in two interesting chapters, 
while other sections deal with the transport facilities of 
the locality, the City’s municipal undertakings, and 
public services, rates and charges of municipal services, 
and the future of Birmingham. The style of the work 
is attractive throughout, the writer contriving to weave 
many facts and figures into an interesting narrative. 
The illustrations, most of which comprise views of 
Birmingham and district, are especially well done. 
Copies of the work may be obtained on application to 
the Town Clerk, Council House, Birmingham. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—There is little new to 
report concerning Cleveland pig iron. Market demand 
is not heavy, but there is little iron available for sale 
after makers have made provision for their own 
foundries and steel works. The bulk of the limited 
output continues to go into direct use at producers’ 
own consuming plant. In the open market local 
ironmasters have to contend with competition of 
Midland firms who are underselling the products of 
this district. Sales of Cleveland pig, however, almost 
take up the iron left for disposal and stocks remain low. 
Fixed prices that have ruled for several months past 
are well maintained. No. 1 grade of Cleveland is 
68s. 6d.; No. 3 g.m.b., 66s.; No. 4 foundry, 65s. ; 
and No. 4 forge, 64s. 6 


Hematite.—East Coast hematite continues very scarce. 
Continental consumers are not disposed to follow the 
recent upward turn in prices, but they are taking a 
fair amount of iron against running contracts, and 
home customers are reported to be paying the rates asked. 
Stocks have been reduced to trifling quantities. Pro- 
duction will be increased in the new year by the 
rekindling of one or two furnaces. Meanwhile there 
is a threatened difficulty in satisfying moderate current 
needs. Quotations are not definitely fixed and they 
vary somewhat, but as a rule makers name 71s. for 
ordinary qualities as the basis of values. 


Foreign Ore.—Business in foreign ore is quiet, but 
merchants are not at all disposed to resort to price 
cutting to induce buying. Freights are firmer and 
best rubio remains at 22s. 6d. c.i.f. Tees. 


Blast- Furnace Coke..—Durham blast-furnace coke is in 
rather better request but local consumers are as dis- 
inclined as ever to negotiate for large quantities good 
medium qualities remain at 17s. 6d. delivered to works 
in this district. 


Manufactured Iron and Steel.—Transactions in manu- 
factured iron and steel show some improvement, and 
semi-finished steel is readily taken up, prices of 
Continental makers of semies being too high to compete 
in home markets. Recent orders for ships have had 
a welcome stimulating influence on departments that 
have been anything but well employed, and specifications 
for shipbuilding requisites promise to be fairly freely 
distributed in the near future, while producers of railway 
material, and manufacturers of constructional engineering 
steel have a fair amount of work on hand. Quotations 
are steady. Common iron bars are 10l. 5s.; best bars, 
102. 15s. ; double best bars, 111. 5s.; treble best bars, 
lll. 15s.; iron rivets, 111. 5s.; packing (parallel), 
71. 10s.; packing (tapered), 10/.; steel billets (soft), 
61. 15s. ; steel billets (medium), 7/. 2s. 6d.; steel billets 
(hard), 77. 12s. 6d. ; steel rivets, 11l.; steel ship plates, 
8l. 7s. 6d.; steel angles, 71. 17s. 6d.; steel joists, 
7l. 17s. 6d.; heavy sections of steel rails, 8/. 10s. ; 
black sheets (No. 24 gauge), 91. 17s. 6d. to 101.; and 





galvanised corrugated sheets (No. 24 gauge), 131. 10s. 
to 13/. 12s. 6d. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—The prevailing conditions in the 
local staple trades afford striking comparisons. Order 
books generally are in a more satisfactory state, but 
forward business will have to expand if the majority of 
plants are to maintain present output. The sicel- 
producing sections provide a certain amount of hopcful- 
ness. The decline in foreign competition is resulting in 
the circulation of an increased number of inquiries, 
Whether orders will mature proportionately depends 
largely on the ability of producers to offer sufficiently 
attractive quotations. In some classes of steel, local 
prices are as low, if not lower than, those of Continental 
rivals. The dearth of railway work continues. Home 
railways show no disposition to place contracts, and 
railway rolling-stock departments are badly hit. Over- 
seas requirements are nothing like as substantial as in 
the past, but producers are not without hope of relief 
from India, South America, and South Africa. A sequel 
to the lack of railway work is the closing of big rail 
mills in the Rotherham area. The demand for ship- 
building requisites continues to be on a restricted level. 
Local industry is not, however, without its active 
sections. There is a brisk demand for wire rope of all 
thicknesses. Output of automobile steel and fittings 
shows expansion. Some firms, in order to cope with 
the demand, are working overtime. Corrosion-resisting 
metals are in active request from the machinery, chemical, 
dye, and building trades. In the tool trades, electrical 
engineers’ supplies occupy the strongest position. Agricul- 
tural and farming implements are fairly robust on export 
account. Saws, and files are unchanged. 

South Yorkshire Coal Trade.—The position does not 
lack encouraging features. Signs are not wanting of 
an expansion in the demand for industrial fuel. Forward 
buying is on a more substantial scale, yet the outlook 
leaves a good deal to be desired. Export requirements 
show little variation. For this period of the year, the 
house-coal market is dull. Stocks are accumulating at 
colliery sidings, and unless an early improvement 
materialises, further short-time working at house-coal 
pits seems inevitable. Bunkering fuel is selling better. 
The coke market maintains its recent improvement. 
Foundry and furnace varieties are strong on export 
account, and prices are well held. Quotations: Best 
hand-picked branch, 26s. to 27s. 6d.; Derbyshire best 
brights, 23s. to 24s. 6d. ; Derbyshire best house, 20s. 6d. 
to 21s. 6d.; screened house coal, 17s. to 18s. ; screened 
house nuts, 16s. to 18s. ; Yorkshire hards, 14s. 6d. to 
16s. ; Derbyshire hards, 14s. 6d. to 16s.; rough slacks, 
8s. 6d. to 9s. 6d.; nutty slacks, 4s. 6d. to 6s.; smalls, 
3s. 6d. to 4s. 








THe Socrety oF CHEMICAL INDUSTRY.—The next 
annual general meeting of the Society of Chemical 
Industry is to be held in Manchester from July 8 to 18, 
1929. It will be recalled that the 1928 annual meeting 
was held in New York in September last, and that 
Dr. A. D. Little, of Boston, U.S.A., was elected president 
for the ensuing year. It is anticipated that many 
prominent United States engineers and scientists will 
accompany Dr. Little on his visit to attend the meeting 
in Manchester. Further particulars relative to the 
meeting may be obtained from the honorary local 
secretary, Society of Chemical Industry, College of 
Technology, Manchester. 





PERSONAL.—The address of the Newcastle and District 
branch office of Messrs. George Ellison, Perry Barr, Bir- 
mingham, makers of electric control switchgear, has been 
transferred to Carliol House, Newcastle-on-Tyne.—Mr. 
L. F. Norrie informs us that he has commenced business 
as a manufacturing engineer under the name and style of 
Messrs. L. F. Norrie and Company, Engineers, 30, South 
Fort-street, Bonnington, Edinburgh. He intends manu- 
facturing various improved specialities for steam power 
users and others.—The Celite Products Corporation, 
Windsor House, 46, Victoria-street, S.W.1, informs us 
that the Johns Manville Corporation, of New York, has 
purchased the Celite Company and all its subsidiaries. 
The Celite organisation is to be taken over as a unit and 
the business carried on as previously.—We are informed 
that Mr. James W. Campbell, M.Sc., A.M.I.Mech.E., has 
been appointed secretary of the Institution of Gas 
Engineers, in place of Mr. Walter T. Dunn, who resigned 
recently, as announced on page 491, ante. The offices 
of the Institution are at 28, Grosvenor-gardens, West- 
minster, S.W.1. 





Tue Works oF Mrssrs. JAMES NEILL AND COMPANY 
(SHEFFIELD), LimirEp.—A machine shop which embodies 
features of interest has recently been constructed at the 
Composite Steel Works of Messrs. James Neill and Com- 
pany (Sheffield), Limited, Napier-street, Sheffield. The 
new shop, which constitutes an extension to the hack-saw 
department of the firm, has been built over a portion of 
the ground-floor premises occupied by the crucible fur- 
naces. It is constructed entirely of fire-proof materials, 
and special attention has been paid to the efficient lighting 
of the machines. A feature of the new shop is the labour- 
saving lay-out adopted. It was considered impracticable 
to adopt a conveying system, on account of the great 
variations in the sizes of hacksaw blades, and instead, a 
system of special racks and trays, made to standard 
measurements, was adopted. These are accommodate¢ 
close to each machine in such a way that no great amount 
of space is taken up and that the blades are readily 
accessible. The blades in their varying stages of produc: 
tion are passed from one process to another by means te) 
specially designed trolleys, and ample gangway space is 





provided for this purpose. 
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NOTES FROM THE NORTH. 


Guiascow, Wednesday. 


Scottish Steel Trade.—While a better feeling prevails 
in the Scottish steel trade, there has been no material 
change, and quite a large percentage of plant is inopera- 
tive at present. A fair amount of buying has been done 
lately, but the tonnage is far short of capacity. Producers, 
however, still look forward to better times, which some 
prophesy will come before long. The continuance of 
the labour trouble in Germany has not made much 
difference here so far, although, should it continue for 
any length of time, a certain amount of business is sure 
to come to this market. The general inquiry is fair. 
In the black-sheet trade the heavier gauges are still 
rather quiet, but light gauges and galvanised varieties 
are in good request. Bookings in the latter amount to 
quite a large tonnage. Prices all round are firm, and the 
market quotations are as follow :—Boiler plates, 10/. 10s. 
per ton; ship plates, 8/. 7s. 6d. per ton; sections, 71. 
l7s. 6d. per ton; sheets, }-in., 81. 15s. per ton; and 
galvanised corrugated sheets (No. 24 gauge), 131. 12s. 6d. 
to 131. 15s. per ton, all delivered Glasgow stations. 


Malleable-Iron Trade.—There has been no change in the 
West of Scotland malleable-iron trade during the week. 
Business is very slow, and in few instances can a normal 
output be obtained on account of the poor demand. In the 
re-rolled steel bar branches there is quite a lot doing and 
makers are fairly well booked up for the present. Prices 
remain firm and are as follow :—‘‘ Crown ” bars, 101. 5s. 
per ton for home delivery and 9/. 15s. per ton for export ; 
and re-rolled steel bars, 7/. 15s. per ton for home delivery 
and for export. 


Scottish Pig-Iron Trade.—No improvement falls to be 
reported in connection with the Scottish pig-iron trade, 
and the number of furnaces in blast continues at twenty- 
five. The demand generally is of small dimensions, both 
on home and export account, and there seems little sign 
of much increase on this side of the year-end holidays, 
unless some unexpected buying movement springs up. 
Prices are without change, and the following are the 
current market quotations :—Hematite, 74s. per ton, 
delivered at the steel works ; foundry iron, No. 1, 75s. to 
76s. per ton; and No. 3, 70s. to 71s. per ton, both on 
trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
Saturday last, November 24, amounted to 677 tons. Of 
that total, 630 tons went overseas and 47 tons coastwise. 
For the corresponding week of last year the figures were 
608 tons overseas and 42 tons coastwise, making a total 
shipment of 650 tons. 


Shipbuilding—Messrs. Archibald M’Millan and Son, 
Limited, Dumbarton, recently received instructions to 
build two cargo steamers for the Mediterranean services 
of the Moss Steamship Company, Limited, Liverpool. 
These two vessels. are to of about 4,500 tons 
deadweight and of the following dimensions :—Length, 
332 ft.; breadth, 47 ft. ; and depth, 32 ft. Messrs. David 
Rowan and Company, Limited, Elliot-street, Glasgow, 
will supply triple-expansion reciprocating engines for the 
vessels, 


Wages in the Manufactured-Iron Trade.—Sir John M. 
MacLeod, Bt., has intimated to the joint secretaries 
of the Scottish Manufactured Iron Trade Conciliation and 
Arbitration Board that he has examined the employers’ 
books for September and October, 1928, and certifies 
that the average net selling price brought out was 101. 
8s. 11-2ld. This means that there will be no change in 
the wages of the workmen. 











TENDERS,—We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
details and information may be obtained on application 
to the Department at the above address, the reference 
number given below being quoted in each case. It is 
reported from Constantinople that a Turkish firm is 
desirous of purchasing machines for crushing and drying 
valonea acorns. (Ref. No. A.X.7166.)—The closing 
date for the tenders invited by the South African Railways 
and Harbours for the supply of 150 fruit wagons, as noted 
on page 491 ante, has been postponed to December 20. 
(Ref. No. A.X. 6987.)—With reference to the tenders 
invited by the Indian Stores Department, New Delhi, for 
the supply of two oil-engine-driven pumping sets, as 
hoted on page 657 ante, it is now stated that the closing 
date has been postponed until December 17. (Ref. 
No. A.X.7141.)—The Deputy Director of Posts and 
Telegraphs, Melbourne, invites tenders, to be presented 


by January 15, 1929, for the supply of timing clocks. 
(Ref. No. B.X. 4905.}—Tenders are being called for 
by the Ministry of Communication; Administration of 
Bridges and Roads, Egyptian Government, for the con- 
struction of a bridge over the canal Ibrahimieh. Closing 


ote, January 3, 1929. (Ref. No. A.X. 7183.)}—The 
‘eyptian Ministry of Education is calling for tenders for 
the supply of machine tools, a steam engine, boiler and 


Workshop < quipment. Closing date, December 20, 1928. 
(Ref. No. 


A,X. 7188.)—Tenders, for the supply of water 
meters, stop cocks and cast-iron surface boxes, are being 


rvgg by the Municipality of Grahamstown, South 
AX = ¢.08ing date, January 22, 1929. (Ref. No. 
A,X, 7184.)—Tenders, 


D to be presented in Egypt by 
yet 20, are being called for by the authorities 
o the Egyptian Ministry of the Interior for the supply 


of pumps. electric motors, filters, air compressors, and 
71904," the sinking of an artesian well. (Ref, No. A.X. 


| NOTICES OF MEETINGS. 


| InstrTuTION OF MECHANICAL ENGINEERS.—To-night, 
6 p.m., Storey’s-gate, S.W.1. Thomas Lowe Gray 
Lecture: ‘‘ The Possible Vibration of a Ship’s Hull under 
the Action of an Unbalanced Engine,” by Prof. W. E. 
Dalby. North-Western Branch : Wednesday, December 
5, 6 p.m., 9, The Temple, Dale-street, Liverpool. Joint 
Meeting with the Liverpool Engineering Society. 
** Weighing Machinery,” by Mr. W. A. Benton. York- 
shire Branch: Wednesday, December 5, 7.30 p.m., 
Mappin Hall, St. George’s-square, Sheffield. Chairman’s 
Address. ‘“‘ Power Developments, Past, Present and 
Future,”’ by Prof. F.C. Lea, also on Thursday, Decem- 
ber 6, 7.30 p.m., Hotel Metropole, Leeds. Glasgow 
and West of Scotland Branch: Thursday, December 6, 
7.30 p.m., Royal Technical College, Glasgow. Joint 
Meeting with the Institute of British Foundrymen. 





General Discussion on “Steel Castings.’’ London : 
Friday, December 7, 7 p.m., Storey’s-gate, S.W.1. 
Informal Meeting. Discussion on ‘‘ Works Com- 


mittees,”’ introduced by Mr. F. E. Robinson. 


JUNIOR INSTITUTION OF ENGINEERS.—To-night, 7.30 
p.m., 39, Victoria-streeet, S.W.1. ‘‘ The Manufacture of 
Decorative Metal Work,” by Mr. C. W. Harvey. Friday, 
December 7, 7.30 p.m. Royal Society of Arts, John- 
street, Adelphi, W.C.2. Presidential Address by Lieut.- 
Col. J. T. C. Moore-Brabazon. 


INsTITUTION OF PRODUCTION ENGINEERS.—To-night, 
7.30 p.m., Society of Motor Manufacturers and Traders, 
83, Pall Mall, S.W.1. ‘* Psychology as an Aid to Pro- 
duction,” by Dr. G. H. Miles. 


INSTITUTE OF BRITISH FOUNDRYMEN.—Lancashire 
Branch: Saturday, December 1, 4 p.m., College of 
Technology, Sackville-street, Manchester. ‘‘ Venting of 
Dry Sand Moulds,” by Mr. E. Flower. West Riding of 
Yorkshire Branch : Saturday, December 1, 6.30 p.m‘, 
Technical College, Bradford. ‘* Shrinkage Holes in Small 
Grey Iron Castings,’”’ by Mr. P. A. Russell. Wales and 
Monmouth Branch : Saturday, December 1, 6.30 p.m., 
Technical College, Bristol. ‘‘The Influence of Tests 
on the Design of Engineering Castings,’ by Mr. J. G. 
Pearce. Birmingham Branch : Thursday, December 6, 
7.30 p.m., Engineers’ Club, Waterloo-street, Birmingham. 
“Aluminium Alloy Castings,” by Dr. N. F. Budgen. 
Scottish Branch : Saturday, December 8, 4 p.m., Royal 
Technical College, Glasgow. ‘Heat Treatment of 
Cast Iron between 15 deg. C. and 600 deg. C.,”’ by Dr. J. W 
Donaldson. East Midlands Branch : Saturday, Decem- 
ber 8, Technical College, Derby. ‘‘Coal Dust: Its 
Use and Abuse in the Foundry,” by Mr. B. Bird. 


Royat Society or Arts.—Monday, December 3, 
4.30 p.m., John-street, Adelphi, W.C.2. ‘‘ The Sugar 
Industry of India,” by Sir J. Mackenna. Wednesday, 
December 5, at 8 p.m., ‘ Fuel for Ships,”’ by Sir E. 
Tennyson d’Eyncourt. 

UNIVERSITY COLLEGE.— 
p-m., Gower-street, W.C.1. 
and 


UNIVERSITY OF LONDON. 
Monday, December 3, 5.15 
Lecture: ‘‘Chemical Engineering Education 
Research in Great Britain,” by Dr. W. E. Gibbs. 


INSTITUTION OF AUTOMOBILE ENGINEERS.—Bristol 
Centre: Monday, December 3, 6.45 p.m., Merchant 
Venturers’ Technical College, Bristol. ‘‘ Experiments 
on Self-Energised Brakes,’ by Major C. G. Nevatt. Derby 
Graduates Branch : Wednesday, December 5, 7.30 p.m., 
Technical College, Derby. Joint Meeting with the 
Derby Society of Engineers. ‘‘ The Heat Treatment and 
Mechanical Properties of Alloy Steels,” by Mr. J. H. 
Dickenson. 


INSTITUTION OF ELEcTRICAL ENGINEERS.—North 
Midland Centre : Monday, December 3, 7 p.m., The 
University, Edmund-street, Birmingham. ‘“‘ Practice 
and Progress in Combustion of Coal as Applied to Steam 
Generation,” by Mr. F. H. Rosencrants. London : 
Wednesday, December 5, 6 p.m., Victoria-embankment, 
W.C.2. Wireless Section Meeting. ‘‘ Attenuation of 
Wireless Waves over Towns (Effect of Towns, including 
Buildings, Tuned Aerials, etc., on Wave Damping),” by 
Mr. R. H. Barfield and Mr. G. H. Munro. Thursday, 
December 6, 6 p.m., Ordinary Meeting. ‘‘ The Con- 
tinuously Loaded Submarine Telegraph Cable,” by 
Mr. A. E. Foster, Mr. P. G. Ledger and Dr. A. Rosen. 
Friday, December 7, 7 p.m., Meter and Instrument 
Section Meeting. ‘“‘ Load Levelling Relays and Their 
Application in Connection with Future Metering Prob- 
lems,”’ by Mr. W. Holmes. 


InstiruTE oF TRANSPORT.—Bristol and _ District 
Section: Tuesday, December 4, 5.40 p.m., The Uni- 
versity, Bristol. ‘‘ Staff Organisation for Road Trans- 
port,” by Mr. F. R. Imison. 

INSTITUTION OF CIVIL ENGINEERS.—Tuesday, Decem- 
ber 4, 6 p.m., Great George-street, S.W.1. “ The 
Gezira Irrigation Scheme: Canalization of the Gezira,” 


by Mr. H. V. C. Johnstone. ‘‘ Sluices and Machinery of 
the Gezira Irrigation Scheme: Blue Nile Dam and 
Canalization,” by Mr. J. R. Russell. Wednesday, 


December 5, 6.30 p.m., Students’ Meeting. Lecture : 
“The Renewal and Strengthening of Railway Bridges,” 
by Mr. J. W. F. Gardner. 


INSTITUTE OF MetTaALts.— North-East Coast Local Section: 
—Tuesday, December 4, 7.30 p.m., Armstrong College, 
Newcastle-on-Tyne. ‘‘ Electric Furnaces,” by Mr. A. G. 
Lobley. Swansea Local Section : Wednesday, December 
5, Thomas Café, High-street, Swansea. ‘* Refractories,” 
by Mr. R. M. Doidge. 


INSTITUTION ENGINEERS AND SHIPBUILDERS IN 
December 4, 7.30 p.m., 39, 


‘“‘ Gear Transmission,” by 


OF 


ScoTLAND.—Tuesday, 
Elmbank-crescent, Glasgow. 





Dr. H. E. Merritt. 





SHEFFIELD METALLURGICAL AssocIATION —Tuesday, 
December 4, 7.30 p.m., 198, West-street, Sheffield. 
«« Some Questions Concerning the Theory and Practice of 
Steel Heat-Treatment,’’ by Mr. W. T. Griffiths. 


NORTHAMPTON ENGINEERING COLLEGE ENGINEERING 
Socrety.—Wednesday, December 5, 5.15 p.m., St. John- 
street, E.C.1. ‘‘ Modern Road Construction,” by Mr. 
B. L. Stephenson. 


INSTITUTION OF SANITARY ENGINEERS.—Wednesday, 
December 5, 6.30 p.m., Denison House, 296, Vauxhall 
Bridge-road, S.W.1. ‘“‘ Non-Corrodible Steels and Their 
Application,”’ by Mr. J. A. Clements. 


VENTILATING ENGI- 
p-m., Caxton Hall, 
Pressure Thermal 


INSTITUTION OF HEATING AND 
NEERS.—Wednesday, December 5, 7 
Caxton-street, S.W.1. ‘ Constant 
Storage,”’ by Mr. S. Hopkins. 


INSTITUTION OF CHEMICAL ENGINEERS.-—Thursday, 
December 6, and Friday, December 7. Chemical 
Society, Burlington House, Piccadilly, W.1. Conference 
on Drying. Thursday, December 6, 10.30 a.m. ‘ The 
Seasoning or Drying of Timber,” by Mr. S. T. C. Stillwell. 
“Tunnel and Stove Drying,” by Mr. A. T. Henly. At 
2.30 p.m., ‘‘ Film and Spray Drying,” by Mr. J. A. 
Reavell. _‘‘ Drying by Pressure,’ by Professor J. W. 
Hinchley. Friday, December 7, 10.30 a.m. ‘“ Rotary 
Dryers,” by Mr. T. J. Horgan. ‘“ Vacuum Drying,” by 
Mr. G. W. Riley. At 2.30 p.m., “The Hygroscopic 
Nature of Textile Fibres,” by Dr. 8. G. Barker. ‘‘ Tho 
Drying of Agricultural Products,” by Mr. B. J. Owen. 
‘Some Drying Problems in Tropical Africa,”” by Mr. 
A. C. Barnes. 


RoyaL AERONAUTICAL SocieTy.—Thursday, December 
6, 6.30 p.m., Royal Society of Arts, John-street, W.C.2. 
“Control of Aeroplanes by Alulas,” by Dr. A. P. 
Thurston. 


INSTITUTION OF WATER ENGINEERS.—Friday, Decem- 
ber 7, 10.30 a.m., Geological Society, Burlington House, 
Piccadilly, London, W.1. Annual General Meeting. ‘“‘ The 
Consumption and Waste of Water,” by Mr. J. Bowman. 
** Legal Considerations Relating to the Administration of 
Engineering Contracts,’ by Mr. E. J. Rimmer. ‘“ The 
Sandfields Filtration Installation, with Special Reference 
to some Chemical and Bacteriological Observations,” 
by Mr. A. W. Burtt. ‘* The Corrosive Attack of Moorland 
Water on Concrete,” by Mr. W. T. Halcrow, Mr. G. B. 
Brook, and Mr. R. Preston. 


NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 


The Coal Trade.—Except that dry coals have become 
scarce and developed a firmer tendency, the market 
shows no change of any consequence. The alteration in 
the position of drys is not due to any improvement in 
the demand, but to the fact that some pits producing 
this class of coal have closed down, with the result that 
the collieries still working have been called upon to 
make up the deficiency. In consequence of this, salesmen 
have been able to secure higher levels, best dry large 
commanding 18s. 3d. to 18s. 9d., compared with 17s. 9d. 
to 18s. 3d., and ordinary drys from 17s. 6d. to 17s. 9d. 
against 17s. to 17s. 6d. Dry sized coals, too, have 
benefited, nuts realising 19s. 6d. to 23s., compared with 
18s. 6d. to 21s. Bituminous coals, however, continue in 
plentiful supply, with prices on the basis of the minima. 
Supplies of tonnage continue to be scarce owing to vessels 
being delayed by the bad weather, and though many 
collieries are booked up with orders, they have been 
unable to avoid temporary stoppages because of the 
inability of the railway company to clear wagons, 
due to the scarcity of shipping. The coal-owners have 
drafted the scheme for the regulation of output, which 
it is hoped to bring into operation in January. A meeting 
of the coal-owners is to be held next week to consider 
the scheme, which is to operate in conjunction with the 
minimum-prices scheme. Despite adverse weather 
conditions, shipments of coal in the past week were 
raised by 45,000 tons to 412,050 tons, of which 252,100 
tons went from Cardiff, 63,450 tons from Newport, 
59,870 tons from Swansea, 33,630 tons from Port Talbot, 
and 3,000 tons from Llanelly. Exports to France were 
raised from 85,290 tons to 100,480 tons, and to Italy 
from 33,750 tons to 62,820 tons, but to Argentina 
lessened from 32,500 tons to 29,900 tons, and to Egypt 
from 35,800 tons to 24,370 tons. 


Loading Facilities Withdrawn.—A special meeting of 
the Cardiff Chamber of Commerce yesterday supported 
the Great Western Railway Company in their decision 
to withdraw from service six coaling appliances in the 
East Docks, Cardiff, on the grounds of economy, in 
view of the continued depression in the coal trade. 
Mr. Ben Carpenter, assistant docks manager, pointed 
out that coal shipments from the South Wales docks this 
year would amount to only 26,000,000 tons, compared 
with 28,000,000 tons in 1927 and 39,000,000 tons in 
1913, and that, on an average, this year there had been 
30 berths vacant daily. He, however, gave an assurance 
that the appliances would be put into operation within 
two days if there was the necessary revival in trade. 


Iron and Steel T'rades.—Exports of iron and steel goods 
amounted to 17,111 tons in the past week, compared 
with 14,899 tons in the previous week, shipments of 
tin-plates and terne-plates being raised from 7,673 tons 
to 9,131 tons, and of galvanised sheets from 956 tons to 
2,225 tons. Clearances of black plates and black sheets 
were, however, lowered from 1,801 tons to 1,463 tons, 
and of other iron and steel goods from 4,470 tons to 
4,293 tons. 
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OVERHEAD LINES 

OnE of the results of electrical development in 
this country has been the erection of a considerable 
mileage of overhead lines operating at both high and 
low voltages. It is asserted by some people that 
this work has not been carried out without un- 
necessary difficulty, owing to obstacles raised by 
landowners and unsympathetic officials, with a con- 
sequential increase in first cost. In fact, it was 
recently stated by Mr. R. Borlase Matthews, in bis 
Presidential Address to the Overhead Lines Associa- 
tion, that he had designed a line “in accordance with 
modern engineering practice,” the cost of which was 
1601. per mile, but that if this line had been erected 
“‘in accordance with the Electricity Commissioners’ 
regulations,” it would have cost 213/. per mile. Mr. 
S. E. Britton, too, in an address to the Mersey 
and North Wales (Liverpool) Centre of the Insti- 
tution of Electrical Engineers remarked in more 
general terms that “further relaxation [of the 
regulations] is necessary to enable the supply to 
be extended to the utmost limit.” 
The not unfair inference from these criticisms— 
and one could quote many others of similar tenour— 
is that. the Commissioners are wilfully hampering 
progress, the corollary being that if every supply 
engineer were allowed to erect lines in accordance 
with his own taste and fancy a supply of electricity 
would be more generally available than it is at 
present. This opinion, which we have no desire 
to exaggerate, ignores the fact that there has 
been a more or less profound ignorance of how the 
materials used for constructing towers, poles, insu- 
lators and conductors should be proportioned and 
arranged, so that they may successfully withstand 
the stresses they will be called upon to bear under 
working conditions. This may seem: strange since, 
when the Electricity Commissioners issued a revised 
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for both supports and conductors. From this it might 





months ago,* they were vigorously attacked for not 
permitting a reduction in the factors of safety allowed 


be deduced that the critics knew from experience that 
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these factors were too high, and that the Commis- 
sioners were therefore reactionary in insisting that 
they should be maintained. The true position is, 
however, that accurate information upon the strength 
of overhead line equipment and material is meagre, 
and that construction has been carried out on an 
empirical, rather than an experimental, basis. That 
being so it is hard to blame the Commissioners for 
adopting the much-vaunted policy of “Safety 
First.” 

Ample justification for the apparent conservatism 
of the Commissioners is to be found in the paper 
on “Overhead Electric Lines,” which was read 
by Mr. W. B. Woodhouse before the Institution 
of Electrical Engineers on Thursday, November 8. 
This contains a description of work that has. re- 
cently been undertaken to determine the strength of 
wooden poles and the wind pressures on the wires and 
cables used on overhead lines, these investigations 
being parts of a comprehensive research, which has 
been inaugurated by the British Electrical and Allied 
Industries Research Association. It is satisfactory to 
be able to add that the resulting information has 
proved of immediate practical use. The first series of 
tests were carried out on full-sized, single and com- 
pound poles under practical conditions, the poles 
being set upright in the ground and then loaded to 
destruction by a pull exerted near their upper ends. 
| The results showed that wood is a material for which 
'a substantial margin of strength must be allowed, 
and that inferentially the factor of safety (3-5) laid 
down by the Commissioners does not give: too wide 
amargin. Tests made on compound poles also pro- 
duced important results. It has been generally held 
that the strength of an A pole is from four to five 
times that of a single pole. The tests described by 
Mr. Woodhouse show that this assumption is unjus- 
tified, since failure is preceded by a relative move- 


~ |ment of the pole’s members in the ground, and is 


| itself due to distortion of the structure, owing to the 
resistance to shear stress being insufficient. More- 
over, the usual foundations were proved to be 
lamentably weak. For instance, with a factor of 
safety of 3-5 the safe loading of a typical A pole 
should, according to theory, be 2,240 Ib., and the 
pole should fail at a load of 7,840 Ib. Actually, 
a load of 450 Ib. was sufficient to overturn it. 
It would, therefore, appear that the only reason 
why these poles do not fail more often in practice 
is that the actual factors of safety are even higher 
than those allowed by the regulations. The results 
obtained with H poles led to similar conclusions, 
It was found, in fact, that an additional 2 ft, in the 
depth of setting in one case gave a 67 per cent. ir- 
creased strength against overturning. French poles, 
too, showed a very much lower strength than would 
have been expected from the claims made for them. 
The outcome is more satisfactory. As a result 
of an examination of the various weak points in 
the usual poles, disclosed by these tests, two new 
designs have been put forward by Mr. J. E. Rutter 
and Mr. E. B. Wedmore respectively. The first 
consists of two poles placed side by side and a 
short distance apart, the connection between them 
being made by blocks notched into the poles and 
secured by bolts, so as to resist shear stress. The 
second is similar in design, except that the poles 
forming it are initially stressed by bending, in 
such a way that the two outer faces are in tension 
and the two inner in compression. This arrange- 
ment is stated to permit an increase in the 
transverse load of 50 per cent. and to give a strength 
eight times or more that of asingle pole. Mr. Wood- 
house went on to claim that the results of these 
investigations were that for the first time the 
design of compound poles had heen placed on a 
sound basis, and that many types in common use 
had been condemned as unsound and uneconomical. 
It is difficult to deny the truth of this. At the 
same time it must be pointed out that the real weak- 
ness in the pole structure is obviously in the founda- 
tion. There is therefore some force in the criticism, 
made during the discussion, that what is required is 
better foundations rather than stronger poles. 
Incidentally, this applies, whatever the material of 
which the pole is made, and makes the research more 
valuable than those who believe that the wooden 
pole should be discarded seem to care to admit. 





* See ENGINEERING, vol. cxxv, page 545 (1928). 





Equally interesting and valuable are the results 
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obtained from the wind-pressure tests, which were | 
described in the same paper. For as Mr. Woodhouse 
rightly said an accurate knowledge of the loads 
imposed by this natural force is essential to the eco- 
nomical design of overhead lines and is, of course, 
of importance in branches of engineering other than 
that concerned with the transmission of electricity. 
In this connection advantage has naturally been taken 
of the results of the experiments made in the wind 
tunnels at the National Physical Laboratory, especi- 
ally as regards the pressure on smooth wires. These 
were extended by aseries of tests on smooth cylinders 
to represent pole sections and showed the existence 
of violent critical effects at certain velocities. The 
results indicate that pole dimensions must be carefully 
considered in relation to the maximum wind velocity 
likely to be experienced. On the other hand, data 
regarding wind pressure on stranded cables are not 
only very meagre, but the investigations under- 
taken on this problem gave results which were not 
consistent. Further study is therefore necessary. 
Valuable results have, however, been obtained from 
the experiments made to determine the wind pressure 
on lattice structures and, without going into these 
in detail, it may be stated that it has been found 
that in any structure, such as tall masts, where 
wind pressure is an important part of the total 
load, a consideration of the best form of section 
in relation to the coefficient of wind resistance may 
substantially reduce the cost of construction. More- 
over, the data thus made available make it possible 
to estimate with reasonable accuracy the wind pres- 
sure on various types of structure. 

The two important matters, which we have dis- 
cussed above, are not the only problems relating to 
overhead line design with which the British Elec- 
trical and Allied Industries Research Association 
are dealing, still less do they comprise all the factors 
which require investigation in this connection. 
This body has, in fact, already conducted one 
research into the mechanical properties of hard- 
drawn copper wire, which has established a new 
value for the modulus of elasticity* and another into 
the properties of compound steel and aluminium 
cables, which has led to an important practical 
deduction enabling the calculation of the strength 
and behaviour of such cable to be made simply and 
accurately.t It is now carrying on an investi- 
gation into the reactions at the foundations of 
overhead line supports, an investigation which the 
work we have dealt with above shows to be very 
necessary. 

Apart from the Research Association’s work, 
Mr. E. C. Walton has been conducting experiments 
into the electrical properties of galvanised steel 
conductors for overhead transmission lines, including 
their effective alternating current resistance and 
their internal inductive resistance, two values which 
must be found by experiment, owing to the variation 
in the magnetic permeability of the material with 
the current flowing. As a result he has found that 
the effect of spacing on the value of these two 
resistances is negligible, until the conductors are 
brought very close together. Professor E. H. Lamb 
has been investigeting the behaviour of overhead 
transmission lines in high winds, and as a result has 
been able to formulate a theory of swaying, which 
suggests the desirability of obtaining more direct 
evidence on the motion of the loops. This motion, it 
appears, does not depend on the length of the span 
and is the same for all spans of the same loop, 
provided the sag and density of the wire are the 
same. Work is also being carried out on insulators 
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investigations indicate in a very definite way the 
value of ordered research, a value which is likely | 
to be even higher in the future than in the past. 
As pointed out by Mr. Woodhouse, as some millions 
are to be spent on the erection of overhead lines in 
the near future, it is worth while to lay out a few 
thousands on discovering something about their 
properties, even if the saving on the first cost is 
only 5 per cent. This should be patent. Yet the 
Electrical Research Association is hampered in this 
most useful work by lack of funds, a state of things 
which is little to the credit either of the electrical 
industry itself or those other industries which are 
closely allied with it. For instance, the Commis- 
sioners have been blamed for insisting that ferro- 
concrete poles should bear so high a factor of safety 
as 3-5. But little is known publicly about the 
properties of these poles under working conditions. 
It would therefore seem to be not unprofitable for 
those interested in the sale of the material, of which 
they are made, to finance an investigation into the 
subject. As we have already pointed out the tests 
that have been, and are being, conducted have a 
value to others than the electrical engineer, and 
some assistance from those who will no doubt make 
use of the results might, therefore, in equity be 
expected. In any event it is not only the duty, 
but in the best interests of the electrical industry 
freely to support work which, it is evident, will 
return them so much in profit. 








ECONOMIC AND INDUSTRIAL 
CONDITIONS IN SPAIN. 


TuHE historic and economic link between Great 
Britain and Spain and Portugal is so real that the 
Iberian peninsula was, in this country, no great 
while ago, commonly referred to as The Peninsula, 
in much the same way as the Cape of Good Hope is 
spoken of as The Cape. Apart from historical 
associations which are so well known that comment 
is scarcely necessary, it is a household word that 
for many years past Spanish products, fruit and 
iron ore being the more important, have been 
shipped to this country in exchange for British 
coal and various classes of manufactured goods. 
The importance to British steel makers of Spanish 
hematite, in the early days of steel-manufacturing 
operations on a large scale, was emphasised by 
Mr. Benjamin Talbot, the president of the Iron and 
Steel Institute, in the course of a speech made at 
the recent Bilbao meeting of the Institute. He 
stated that the commencement of the systematic 
exploitation of the ore reserves of Northern Spain 
coincided approximately with the rise of the Bes- 
semer process, and that during the ‘seventies of 
last century the demand for Bessemer steel increased 
so rapidly that unless British steel makers had been 
able to obtain an ample supply of the very pure ores 
of the Spanish province of Biscay it would have 
been impossible for them to keep pace with that 
demand. 

Of late, however, the Spanish Government has 
been doing its utmost to instil into the Spanish 
people the ideal of the self-sufficing State. That 
this movement is meeting with success constitutes 
the keynote of a Report on the Economic Conditions 
in Spain, drawn up by Mr. Alexander Adams, British 
commercial secretary at Madrid, and issued recently 
by the Department of Overseas Trade. The support 
given to the policy of the Government is largely due 
to the fact that the average Spaniard is a patriotic 
citizen, and trade slogans to the effect that home 





and on other parts of the equipment, which goes to 
make up an overhead line. 

Our object in drawing attention to these investi- 
gations is two-fold. In the first place they indicate 
a saner outlook than that which is exemplified in a 
mere criticism of regulations. If it is possible to dis- 
cover how each component of a pole line can be most 
economically dimensioned, and how it will behave 
under all the conditions likely to be experienced 


in practice a strong position will have been age 'cent. of the national coal, while the corresponding 
J fy, "Kk ig . . . . 
from which the regulations can be attacked and, if| goure for lines of secondary importance is as high 


necessary, amended with a quiet mind as to the 
results of the change. 





* See Journal of the Institution of Electrical Engineers, 
vol. lxi, page 997 (1923). 
+ Ibid., vol. oxi, page 1,041 (1923). 


In the second place these 





| products and home-manufactured goods are best, 
|have made an impression on the popular mind. 
| From a British point of view one of the more 
;important steps in this direction, on the part of 


[Nov. 30, 1928. 
ceptional, considerable quantities of coal having been 
purchased to replenish stocks depleted during the 
coal stoppage of 1926. It is not anticipated that 
imports will fall below the 1,500,000-ton average 
during 1928, but the stringency of the regulations 
now in force will, it is thought, inevitably bring 
about a decline during the succeeding years. 

The exploitation of the national water-power 
resources was initiated in 1901, and various esti- 
mates of the total capacity of the hydro-electric 
plants actually in operation have been made. No 
official statistics are available, and the report 
mentions 1,300,000 h.p. as being the probable 
aggregate energy derived from waterfalls at the 
present time, and 7,500,000 h.p. as the total power 
latent in Spanish waterfalls. A number of schemes 
for utilising the waters of the Douro, Tagus, Ebro, 
Segre and other rivers are under consideration, and 
in some cases concessions have been, granted. It is 
expected that in the not too distant future some 
3,000,000 h.p. will be added to the energy at present 
available. A number of railways have recently been 
electrified, and several other lines are being con- 
verted from steam to electric traction. The situa- 
tion in the Biscayan iron-ore fields was fully dealt 
with in a paper by Mr. J. Balzola read before the 
Tron and Steel Institute at the recent Bilbao meeting, 
a brief summary of which will ke found on page 432 
ante. The position may be summed up by saying 
that the high-class rubio grade of ore is gradually 
becoming exhausted, and that exports are falling off 
in consequence. The future of the district is 
dependent on spathic ore, much of which is as 
yet little tapped, but it seems unlikely that outputs 
of Spanish iron ore, which stood at just over 3,000,000 
metric tons in 1926, will ever reach again the 1913 
total of nearly 11,000,000 tons. On the other hand, 
the consumption of iron ore in Spain itself has 
steadily increased during the past few years. 
Spanish industry has made great progress of late, 
and particularly so since 1924. Moreover, the 
metallurgical industries may be singled out as having 
made exceptionally rapid strides. In 1913 the 
value of their output was about 303,000,000 pesetas ; 
in 1918, a year of great prosperity and of high 
prices, the value had reached the sum of 841,000,000 
pesetas. In 1919 a reaction set in and the value 
dropped to 519,000,000 pesetas. Prosperity 
gradually returned, however, and by 1926 the output 
was valued at 918-9 million pesetas. Steam and 
electric locomotives and rolling-stock, road rollers, 
cranes and excavators, steamers and motorships, 
and aeroplanes and seaplanes are being produced in 
considerable numbers. The Government’s tariff 
policy has, for the time being at any rate, brought 
prosperity to the engineering and metallurgical 
industry. 

Although British trade has suffered from the 
customs tariffs and from other causes, the general 
position, as set forth in the report, may be regarded 
as satisfactory on the whole. During the first 
nine months of 1927 an increase was recorded in 
imports of iron and steel products, as compared with 
the corresponding period of the previous year. This 
advance was due to the increased consignments of 
British galvanised sheet, tin-plate, and scrap iron 
and steel, which came into the country. In the 
matter of high-grade carbon and _ alloy steels 
Great Britain fully maintained her position. [m- 
ports of British machinery of all kinds, including 
internal combustion engines, have remained prac- 
tically stationary, although the trade in Diesel 
engines is experiencing keen competition from other 
countries. 

Great Britain heads the list of suppliers of 
textile machinery, but is losing much ground in 
the agricultural-machinery market. British motor- 





the Spanish authorities, was the introduction in 
| February, 1926, of regulations enforcing the use of 
|a high percentage of Spanish coal on the railways 
| and in various other industries. Main-line railways 
| are now obliged to employ fuel consisting of 85 per 


as 90 per cent. Prior to 1925, imports of coal from 
| this country averaged approximately 1,500,000 tons 
a year. During 1926, imports fell to 785,417 tons, 
only to rise again to 2,361,012 tons during 1927. 


cycles are growing in favour and imports of these 
| vehicles are not only greater than those of any 
| other country but have made considerable further 
headway during the first nine months of 1927. 
Imports of motor-cars from the United Kingdom, 
on the other hand, have fallen off, and it is thought 
that the chief reason for this decline is the aimost 
total absence of sales organisations in Spain. That 
the market is well worthy of the attention of British 
manufacturers is obvious from official statistics 
which show that, in all probability something over 





| This large total must, however, be regarded as ex- 





20,000 cars will have been sold in Spain before the 
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end of the present year. The imports into Spain 
during the first nine months of 1927 had a total value 
of 1,834,000,000 pesetas, the United Kingdom’s 
share being 225,000,000 pesetas. Exports from 
Spain, during the same period, were valued at 
1,412,000,000 pesetas, and Spanish goods, consist- 
ing chiefly of agricultural produce, landed at British 
ports during the period from January 1 to Sep- 
tember 30 last, were valued at 268,000,000 pesetas. 

As by far the greater part of the Spanish popula- 
tion of 22,000,000 is engaged in agriculture and in 
mining, the manufactured goods which such a 
population can absorb, it will readily be agreed, 
are more or less limited both in quantity and in 
type. It seems doubtful therefore if the ideal 
towards which the authorities are aiming, namely, 
the building up of the home manufacturing in- 
dustries by the application of heavy tariffs, in order 
to enable them eventually fully to satisfy the home 
market, is essentially sound. The high customs 
duties which the policy now in vogue involves and 
the increases which are foreshadowed have had 
the effect of materially raising the cost of living, 
which had been comparatively low for many years 
past, and opposition to the Government’s general 
policy is beginning to gain ground. None the less, 
it seems likely that the country’s attitude towards 
the tariff question will remain unchanged for some 
years, and whatever they may think of the policy 
foreign manufacturers must reckon upon having 
to contend with high customs duties for the next 
decade at least. 


THE FARADAY SOCIETY. 


On Friday, the 9th instant, the Faraday Society, 
celebrated the twenty-fifth anniversary of its foun- 
dation by a luncheon, and by the delivery of the 
first lecture in the memory of its original secretary, 
the late Frederick Salomon Spiers. Professor T. M. 
Lowry, of Cambridge, who presided at the luncheon, 
and Mr. James Swinburne and Professor F. G. 
Donnan, who spoke, were founder members, and 
Sir Oliver Lodge, who delivered the Spiers Lecture, 
is the senior surviving Past-President of the Society. 
Early in 1903, a small group of chemists and engi- 
neers resolved to form a society “‘to Promote the 
Study of Electrochemistry, Electrometallurgy, 
Chemical Physics, Metallography and Kindred 
Subjects.” A German society with kindred aspira- 
tions, afterwards known as the Bunsen Gesellschaft, 
had been founded in 1894, and the American Elec- 
trochemical Society had been established in April, 
1902. At the preliminary council meeting of the 
new English society, held on February 11, 1903, the 
name Faraday Society was decided upon, and the 
honorary secretary announced that 160 promises of 
membership had been received. The new members, 
Mr. Swinburne said, in responding to the toast of 
the Society, proposed by Professor Biilmann, of 
Copenhagen, felt that electrochemistry and physical 
chemistry had been somewhat neglected in this 
country, and they wished to carry on the work of 
the Society as informally as possible under the 
presidency of eminent figureheads. The first Presi- 
dent, Sir Joseph Swan, was not asked to deliver an 
address, and, in fact, was not present at the first 
ordinary meeting, of about fifty members, held on 
June 30, when Mr. Whetham, of Cambridge, and 
Mr. Swinburne, the chairman, read papers. 

Mr. Spiers, to whose energy and initiative the 
Society largely owes its continued existence, also 
Initiated the general discussions which, more than 
any other feature, have served to establish the 
high reputation of the Society. Since 1907, when 
a group of papers on Osmotic Pressure was 
discussed, fifty general discussions have been 
held, several in two-day meetings, arranged in 
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out the war years, during which the Council 
appointed advisory committees to consider electro- 
chemical problems and inventions; from these 
Committees the Nitrogen Products Committee was 
formed. The very slow increase in the membership of 
the Society is regrettable. The 224 members resident 
in Great Britain in 1903 have only increased to 353 
at the present time, while the foreign members have 
increased from 30 to 109 in the sameperiod. 

The Spiers Memorial Lecture, on Some Debatable 
Problems in Physics, was delivered in the lecture 
theatre of the Royal Institution under the presi- 
dency of Sir Robert Hadfield, Bart., who was 
president of the Society from 1913 to 1920. The 
other past presidents were Sir Joseph Swan, Lord 
Kelvin, Sir William Perkins, Sir Oliver Lodge, Mr. 
J. Swinburne, Sir R. T. Glazebrook, Professor A. W. 
Porter, Sir Robert Robertson, Professor Donnan and 
Professor C. H. Desch. 


Some DEBATABLE PROBLEMS IN PuysIcs. 


The first of the two debatable problems, to which 
Sir Oliver limited himself in his discourse, was the 
seat of the electromotive force in the voltaic pile, 
a problem contested since 1801. When plates of 
zine and of copper were dipped into an acid, he 
remarked, nothing happened until the two metals 
touched ; then a current flowed. What was driving 
the current ? The energy was supplied by the zinc 
dissolving, but the propelling force, in Volta’s view, 
was in the junction. When plates of the two 
metals were brought into actual contact and pulled 
apart, the copper was found to be negatively 
charged, and the zine positively charged. The 
junction of the two metals had apparently trans- 
ferred electricity from the copper to the zine. 
That might be only an example of contact fric- 
tional electrification. Kelvin joined two bars, of 
copper and zinc, suspended the charged needle of a 
quadrant electrometer over the junction, and 
observed a deflection and a potential slope in the 
air from the copper to the zinc. There was no 
chemical action in that case; neither was there 
when copper filings were caused to fall through a 
copper funnel, resting on a zinc cylinder, into a 
copper pan connected by a wire to the zinc. In 
this case the work was done by gravity. The neces- 
sity of a junction suggested a contact force; but 
the order of the voltaic series of metals was broadly 
the order of their oxidisability. 

In a paper on the conservation of energy, Kelvin 
showed, in 1851, that the mechanical value of the 
chemical action going on in the voltaic cell must 
be equal to the work done by the resulting electro- 
motive force. The oxidation of zinc gave 84,000 
calories per gramme, equivalent to 1-8 volt, copper 
37,000 calories or 0-8 volt. This meant, Sir Oliver 
said, that a piece of bright zinc was not at the 
potential of the air, but at 1-8 volt below it, and 
copper 0-8 volt below it. While the air was all round 
the two bars of metal, nothing happened; but 
when the air was swept away, and actual contact 
established, the two metals must be at the same 
potential, apart from thermo-electric effects, and 
electricity flowed from copper to zine, 1.e. from the 
low to the lower potential, setting up a strain in 
the medium. Kelvin defined the potential of a 
metal as the potential of the air around it, and in 
that sense the two metals were at different poten- 
tials ; but inside the metals in contact there was 
the same potential. That had been the position 
he had taken at the Montreal meeting of the British 
Association in 1884, to which we referred on page 
389 of our issue of September 28 last, in com- 
menting upon Professor A. W. Porter’s address on 
the Volta effect. 

If that view were correct, the medium should be 
all important. A great many experimenters had 








©0-operation with other bodies and held in London, | 
Cambridge, Oxford, Manchester and Sheffield. | 
Eminent foreign scientists have been invited to these 
discussions, to which they have made noteworthy | 


contributions. How greatly that policy has helped | almost impossible to remove the gas films ad- 


to stimulate progress in physical chemistry was | 
panowledged at the luncheon by Professor K. | 
ajans, president of the Bunsen Gesellschaft, and | 


all the other speakers, among whom was Senatore | 
Marconi. 


to surround the metals with another gas and to 
assume that measurements could then be made in 
the second gas. 
rconi. The activities of the Society were fully | many methods, Spiers heated iron-platinum couples 
maintained, in spite of financial difficulties, through- | by the blow pipe and observed that, in vacuo, 


tried different media and high vacua. The best 
series of such experiments had been made by 
Spiers in 1899, then working under Ayrton at 
South Kensington. Spiers found that it was 


hering to the metals, and that it was useless 


After trying many couples and 
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the potential of 0-6 volt gradually changed to — 0-4 
volt. Sir Oliver remarked that the experiments of 
O.W. Richardson and Millikan, now made in the best 
modern vacua, promised to settle this part of the 
problem. 

Referring to Professor Porter’s address, he added 
that he still hoped to keep thermo-electric and chemi- 
cal effects apart. For the present, he reminded 
his audience of Poynting’s theory, elaborated 
by himself, that energy, like matter, preserved its 
identity, though it might pass through many forms, 
and of Poynting’s diagram of energy paths or ether 
stresses. When the plates of a charged condenser 
were connected by a wire, there were closed curves 
of ether stresses round the plates. The stress lines 
cut the wire, and the energy was in the space 
around the conductor, and not in the conductor 
itself. This applied to an Atlantic cable and to 
the voltaic pile as well. Although the energy 
emanated from the junction, it did not actually 
start from that point. 

The other problem which Sir Oliver discussed, 
viz. spontaneous radioactivity, also arose from a 
laboratory observation which had assumed great 
importance. Why did uranium atoms break up, 
each atom probably not more than once in a 
century, and what was it that broke up? One 
suggestion was that the atom, in some way, 
accumulated energy gradually up to a certain point. 
when it began to pay interest at a compound rate. 
According to others, the atom was stimulated and 
disturbed by taking up radiation energy from the 
ether, but only by radiation of the right wave- 
length or frequency. When the radiation was not 
of the right quanta, it did not affect the atom. 
This was Einstein’s idea that spontaneous radio- 
activity was a universal phenomenon, not limited 
to a few elements, and that it was always going 
on. 
When the radioactive atom broke up, part of 
its matter was converted into radiation. The 
consequence of this view, that matter changed 
into radiation, seemed strange, but modern physics 
frequently forced us to alter our ideas; the old 
views were not false, but were incomplete and in 
need of amendment. In a lecture on the Physics 
of the Universe, delivered last month at Bristol, 
Sir James Jeans pointed out that any structure 
would be disturbed by radiation if the wave- 
length were less than 860 times the dimension of 
the structure acted upon. In photography, the silver 
salt was decomposed by wave-lengths 860 times, or 
less, the dimensions of the silver atom ; longer 
waves (red light) had no effect at all. If we wished 
to disintegrate an atom, the nucleus of which was 
so much smaller, we required waves of only one 
100,000th of that length. 

Physies did not now discriminate between high- 
speed particles and waves, and waves of high 
frequency meant high temperatures. Really high 
temperatures were unknown on our earth, and 
matter was therefore fairly stable on the earth. 
But in the interiors of stars we had to reckon with 
temperatures of millions of degrees, and then 
matter might be destroyed and converted into 
radiation. Thus radioactivity became of cosmic 
importance, and this argument led to the coriclusion 
that the universe need not come to an end by 
becoming a cold mass, on Kelvin’s view of the 
degradation of energy. In those days the atom had 
been regarded as a fundamental and permanent 
unit; now we considered it to be a complex 
structure in which enormous stores of energy were 
accumulated. To a person standing on the bank 
of a river, the water appeared always to be run- 
ning down hill and never returning; it did return, 
however, in the form of vapour in clouds and rain. 
If the conversion of matter into radiation were 
similarly reversible, and radiation could change 
into matter, the material universe might be a 
cyclical process—a continual pulsation without 
beginning and without end. The reconversion of 
radiation into matter might require very high tem- 
peratures, but temperature increased with the 
square of the speed. Particles beaten about by 


waves, like Brownian particles, might be driven 
in definite directions in stars until they attained 








What would happen 


the limit velocity of light. 
then, we did not know. 
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NOTES. 
New INTERNATIONAL ASSOCIATION FOR TESTING 
MATERIALS. 

WE have on previous occasions referred to the 
activities of the New International Association for 
Testing Materials which was formed as a result of 
the Amsterdam Congress, held in September, 1927. 
We may remind our readers that some months ago 
a British committee, comprising representatives of 
some of the leading engineering and technical institu- 
tions in this country, was formed for the purpose of 
arranging British participation in the Association. | 
At the first meeting of the permanent committee of | 
the Association, held at Zurich in January last, it 
was decided to divide the work of the Congress into 
four sections, namely, Section A, metals ; Section B, 
inorganic non-metallic materials, such as cement 
and concrete ; Section C, organic materials, such as 
oils, paints, and india-rubber; and Section D, 
general methods of testing. The next Congress is to 
be held at Zurich in 1931, and with a view to pro- 
viding ample time for the preparation of reports and 
discussions, the permanent committee, at its first 
meeting, issued an invitation to all the participating 
countries to forward suggestions for subjects for dis - 
cussion to be considered at the second meeting of the 
Committee, which was held on June 21 last, in Paris. 
The invitation brought a good response from sixteen 
countries, and suggestions ranging in number from 
40 to 60 were received for each of the four sections. 
From this wealth of material it appeared impossible 
to make a definite choice of only four or five subjects 
in each group for discussion at the Congress of 1931. 
Consequently an invitation is about to be issued 
inviting each participating country to prepare a 
number of preliminary summary reports, on a small 
number of subjects selected at the Paris meeting. 
These comprise about 10 subject headings, together 
with a few sub-headings, for each of the sections. 
The preliminary reports will constitute a valuable 
collection of data and opinion, and will be published, 
it is hoped, early in 1930. When the permanent 
committee has before it the whole of these prelimi- 
nary reports, it will be in a better position to consider 
the final selection of subjects and will subsequently 
appoint reporters to deal with them. These 
Congress reports will in due course be circulated to 
members intending to take part in the Congress 
so that the whole of the time of the meetings will be 
devoted to free international discussion of the 
questions involved. In the past, the activities and 
interests at international congresses of this type 
have been scattered over a wide range of subjects, 
each of which had to be hurriedly and inadequately 
dealt with in discussion. By having preliminary 
reports prepared and selecting those subjects most 
likely to be of general interest and importance, it is 
hoped to avoid this scattering and to achieve a 
thoroughly satisfactory discussion on a limited range 
of subjects. 


New South Wates Pusiic WorKS. 


Ranking as the oldest of the Australian Colonies, 
New South Wales was founded in 1787; it has an 
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plant and the construction of service reservoirs, have 
been completed at Blackheath, Goulburn, Lithgow, 
Muswellbrook, Nyngan, Queanbeyan, Yass, and at 
other places. Similar works are in progress in a 
number of other country towns. It is interesting 
to note that in many localities steam pumps are 
being replaced by electrically driven plants. Inves- 


tation of existing supplies to five Government 
institutions. The other activities of the Public | 
Works Department include the setting out and | 
maintenance of sewerage installations and_ the | 
construction and repair of harbour works, sate, 
and bridges. Good progress has been maintained | 
on various sewerage and storm-water drainage works | 
at Sydney and Newcastle and also at Tamworth, | 
Lismore, and other country towns. In the Har- | 
bours, Roads, and Bridges branch of the Depart- | 
ment the expenditure on various port improvement | 
and dredging works totalled 426,489/. during the | 
year under consideration. Repairs and extensions | 
to jetties, moorings, and wharves have been carried | 
out at Newcastle, Woolgoolga, Byron Bay, and at | 
other ports. The quantity of material dredged 
aggregated 3,974,665 tons, the cost of which worked 
out at 12-4d. per ton raised. The total expenditure 
on the construction, renewal, repair, and main- 
tenance of bridges amounted to 215,038/., and that 
on the building, upkeep, and operation of national 
ferries totalled 76,6941. The progress made in 
connection with the construction of Sydney Harbour 
bridge has been satisfactory. A critical phase of the 
work was carried out during the year—namely, the 
erection and concreting in position, at Dawes Point, 
of the two main bearings, each of which weighs 
296 tons. The total quantity of concrete placed in 
position during the year amounted to 11,176 cub. 
yards, and the tonnage of steel members assembled 
in the workshops was 4,914. Up till June 30, 1927, 
the cost of the bridge and approaches had amounted 
to 1,852,241. 
Co-OPERATION ON MINING PROBLEMS. 

A good deal has been heard lately about the need 
for international co-operation in the utilisation of 
fuel, so that by interchange of information natural 
resources may be employed as economically as 
possible. The recent World Power Conference is 
an indication that this need is appreciated, and we 
have no doubt that it will lead to valuable results 
for all concerned—not the least the consumer. 
There is no reason, however, why the fundamental 
idea of mutual assistance need stop at either utilisa- 
tion or production, and that being so, we are glad 
to recall that there has been close co-operation 
between the Safety in Mines Research Board in this 
country and the United States Bureau of Mines, 
and that this has led to a good deal of useful infor- 
mation being published. The latest example of | 
this arises from a visit paid by Mr. L. C. Ilsley of the 
latter body to the mine safety testing stations in 
Great Britain, Belgium, Germany and France, 
the directors of which are all concerned with the 
problem of designing electrical equipment which 





area of 310,372 square miles, i.e., more than five 
times that of England and Wales, and a population 
of 2,310,000. The climate is dry and_ healthy, 
but, in common with most other portions of the 
Australian continent, New South Wales suffers 
from occasional droughts. Consequently, the ques- 
tion of water supply has engaged the attention of 
the Government of the Colony for many years past, 
and large numbers cf reservoirs, wells, and water 
works of all descriptions have been established in 
both urban and rural areas. According to the 
report of the Department of Public Works of New 
South Wales for the year ending June 30, 1927, 
public water-supply undertakings are now in opera- 
tion in 70 towns and in many country districts, 
and the work of establishing others is continuing 
unceasingly. The Cordeaux reservoir, which forms 
part of the Sydney water-supply scheme, was com- 
pleted during the year under review at a capital 


cost of 969.6271. The Avon reservoir was almost | has on the number of accidents fatal and otherwise. | 


| will not ignite in gassy atmospheres. The account 
| of Mr. Ilsley’s survey in this country has recently 
| been published. It mainly consists of a summary of 
| the legislation and regulations in force to secure 
| safety, and of the tests made to ensure that that 
| safety is obtained, but it concludes with a paragraph 


| prising the erection of electrically-driven pumping | faults, thinness of seams, extreme depth of shafts, 


and the difficulty of properly supporting the over- 
burden render the installation of electrical equip. 
| ment much more difficult here than in American 
mines. Mr. IIsley concludes with the remark that 
“without danger of contradiction ” the regulations 
| are better in Great Britain than in America. But 
|in regard to the practice of using strictly safe 


tigations were carried out during the year regarding | equipment in gassy sections of mines there js 
complete new schemes in 18 towns and the augmen- | much yet to be done in both countries. 

| 

| 


State TRADING v. PRivATE ENTERPRISE. 

Trading by the State has proved generally so 
unsuccessful, and in some cases so disastrous, 
that it is remarkable what a large number of 
advocates the nationalisation of industries still 
claims. Many apologists for State trading are 
personally quite disinterested from a financial stand- 
point, and are probably influenced solely by political 
motives, but the numerous instances of failure of 
attempts at nationalisation might have been ex- 
pected to discourage new attempts on similar lines. 
The example afforded by the present-day situations 
in the United States and in Russia might have 
been expected to convince the most prejudiced 
exponents of State trading of the fallacy of their 
conceptions. Both countries are rich in mineral 
wealth and in agricultural possibilities; in the 
former private initiative has had full scope, and 
country and people are prosperous, whilst in Russia 
the State controls everything with consequences 
of quite a different kind. A further instructive 
example of the unsoundness of State trading was 
described by Count de Fels in a recent issue of 
La Revue de Paris. According to this article the 
need for explosives during the war led to the putting 
down by the State of an additional powder factory 
at Toulouse. After the war the installation remained 
idle until 1923, when it was decided to transform it 
into a factory for the manufacture of synthetic nitrate 
on the Haber process. The whole plant was placed 
gratuitously at the disposal of a National Industrial 
Nitrate Bureau. An Administrative Board was 
established, 2,000 workmen were enrolled, and 
French agriculturists were promised a daily supply 
of 100 tons of nitrate as a commencement. But 
as time went on the installation gave no sign of 
its existence. The original process of manufacture 
was set aside, first for one different process and then 
for another, these changes entailing repeated altera- 
tions to the plant. After three years this finally 
yielded nitrate in small quantities, but expenditure 
had accrued to such an extent that Mr. A. Tardieu, 
Minister of Public Works, is reported to have 
stated in the course of a debate in the French 
Chamber that “nobody manufactured nitrate at 
such a high cost as did the French State in its 
Toulouse works.” And this result has cost the 
State 250 million francs. 








ENGINEERING TRAINING AND 
EDUCATION. 


Naval Architecture and Marine Engineering Scholar- 
ships.—The Martell Scholarship, valued at 130/. per 
annum, the Fajrfield Scholarship, worth 150/. per 
annum, and the Denny Scholarship, valued at 75l. 
per annum, all three of which are awarded in naval 
architecture are to be offered for competition in 1929, 
as is also the Parsons Scholarship in marine engineering, 
valued at 150]. per annum. The Denny Scholarship 
is open to British boys under 19 years of age from 
public or secondary schools, who have not yet begun 





| contrasting the electrical equipment used in the 
| two countries, from which we make the following 
| extracts: Attention is first called to the fact that 
‘in British coal mines there are no trolley locomo- 
| tives, while there were 11,986 in use in the United 
States in 1924. It is more startling to learn, 
however, that while in this country “‘ every piece of 
apparatus and practically every conductor is 


their apprenticeship. The remaining scholarships 
| are open to British apprentices or students between 
| the ages of 18 and 23, who have not yet entered upon 
| a University course. The four scholarships are tenable 
| for four years at Glasgow University, or for three years 
| at other colleges which include Durham, and Liverpool 
| Universities, the City and Guilds (Engineering) College, 
| the Royal Technical College, Glasgow, and the Royal 
| Naval College, Greenwich. The alternative colleges 


/earthed” no earthing is resorted to in American| yary for each scholarship. Further particulars may 


mines, except to connect the frames of stationary 
|motors to a pipe or rail return within the mine. 


| We should like to know what effect this procedure 


3 | : P R 
completed, and good progress was made with the | Alternating current, it appears, is not used exten- 


preliminary construction works of the Nepean dam. 
Work on the Hume reservoir, on the River Murray, 


sively in American mines, while, as the latest report 
shows, 79-8 per cent. of the motors employed in 


has been actively continued. Turning to the water | our own collieries are operated on this system. It 


supply of country towns, a number of works, com- 





is added that the natural conditions as to grades, 


| be obtained from the secretary, Institution of Naval 
| Architects, 2, Adam-street, Adelphi-terrace, W.C.-- 








Packine-Case LaBEL.—Our attention has been 


| drawn to a patent two-way packing-case label, printed 
| by Messrs. Phillips and Probert, Limited, The Caxton 
| Press, Lowesmoor, Worcester. The use of the label 
obviates the trouble of readdressing on the part ol the 
addressee, and should greatly assist the despatching frm 
in the checking of returned empties. 
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THE CONSTRUCTION OF THE 
AIRSHIP R. 101. 

Ar the Spring Meeting of the Institution of Naval 
Architects this year, a paper describing the design and 
construction of the Airship R.101, which is being built 
bythe Air Ministry at Cardington,: was read by Lieut.- 
Colonel V. C. Richmond and was reprinted in an abridged 
form in ENGINEERING (vol. exxv, page 457). The 
airship, it may be stated, has an overall length of 731 ft. 
4in., a maximum diameter of 13] ft. 8 in. and a gas 
capacity of about 5,000,000 cubic ft., while the hull is 


Fug. 1. 
Main Longitudinal. 


Frame 
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with the construction of two experimenta! longitudinal 
girders of the type ultimately adopted for the con- 
struction of the ship, and after these had been tested 
and approved at Cardington, an experimental section 
of the airship was constructed to enable the suggested 
methods of detail construction to be tested out. The 
results proved eminently satisfactory, and a contract 
for the complete hull, fins and rudders was subsequently 
awarded to the firm. In connection with the work it 
should be explained that line diagrams of the section 
of the ship were stressed by the staff of the Royal Airship 
Works, and the geometrical form and loading of the 








radial struts, the positions of all of which are indicated 
in the isometric sketch reproduced in Fig. 1. The main 
longitudinals are of triangular section, 45 ft. in length, 
the three booms being formed of close-jointed stainless- 
steel tubes spaced on 30-in. centres, with struts of 
Duralumin and diagonal bracing wires. They are 
made continuous with the frame longitudinals by means 
of joints with fitted bolts, and are all curved to conform 
with the desired form of the envelope. A very high 
degree of accuracy has been necessary for this part of 
the work, which involved a difference in the spacing 
of the struts on the inner and outer booms as well as in 
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built up of 15 main longitudinal girders and a number 
of transverse frames which have been made of sufficient 
Strength to resist all transverse forces without employing 
the usual radial bracing wires. For further particulars 
of the structural features of the airship we must refer 
our readers to the above-mentioned paper, our present 
purpose being to describe some of the manufacturing 
methods employed in the production of the structural 
framework of the hull, as carried out at the works of 
Messrs. Boulton & Paul, Limited, at Norwich. This 
work, which we have recently had an opportunity of 
Morahan progress, was entrusted to the firm in view of 
in a ptional experience in light-metal construction 
i ction Ww ith the manufacture of aircraft of the 
avi r-than-air type. 
The work was commenced in the latter part of 1924, 





members thus determined were supplied to Messrs. 
Boulton and Paul for the actual design of the members 
and joints. These were all manufactured to jigs at 
Norwich and transported to Cardington for erection, 
and we understand that this part of the work, which is 
now approaching completion, has been carried out 
without difficulty. Throughout the work, the closest 
possible collaboration has been maintained between 
the design staffs of the two organisations, and this has 
been assisted by the appointment of Mr. J. D. North, 
Messrs. Boulton and Paul’s chief engineer, to act as 
consultant in light-metal construction to the Director 
of Airship Development. 

The main members of the structure, with the con- 
struction of which we propose to deal, are the main 
longitudinals, frame longitudinals, ridge girders and 








Fig.2. 
> Fig.3. 
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Fig. 6. SpectaL LONGITUDINAL; FRAMES 12 AnD 13. 


the overall lengths of these parts. The positions and 
lengths were calculated by using ares of circles for each 
of the main and frame longitudinals, and that the 
differences in lengths were small may be gathered from 
the fact that the total length of the main longitudinals 
lies between | deg. and 2 deg. of an are having a radius 
of the order of a quarter of a mile. The frame longi- 
tudinals, which are 10 ft. in length, are of similar 
construction to the main longitudinals, and they form 
the base of the triangular section of the circumferential 
frames. They also carry the main shear bracing, which 
is connected to a joint situated approximately on the 
neutral axis of the longitudinal. The features of special 
interest in the construction of the longitudinals, in 
addition to the use of tubular booms formed from 
stainless-steel strip, are the use of die castings for the 
joints between the struts and the booms, the use of 
shear bushes for transmitting heavy loads to these 
members, and the method of employing light drop- 
forged steel shackles, which provide the means for both 
connecting and adjusting the bracing wires. The 
ridge girders are constructed of stainless steel booms 
with webs formed from Duralumin sheets, as will be 
explained later, and the radial struts are of similar 
design, except that, in this case, the boom tubes are 
also of Duralumin, since the loads involved are lighter. 
All types of members and joints used have been tested 
either at the maker’s works or at the Royal Aircraft 
Establishment, Farnborough, and have been found 
capable of withstanding the loads specified. 

The stainless-steel strip used for the production of 
the close-jointed tubes for the longitudinals had a 
composition within the following limits: Carbon, 
0°16 to 0-22 per cent.; silicon, not exceeding 0-5 
per cent.; nickel, not exceeding 1-( per cent.; and 
chromium, 12-5 to 14 per cent. After the heat 
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treatment described below, it was required to have 
a proof stress of not less than 65 tons per square 
inch, with an ultimate stress between 88 tons and 
95 tons per square inch, and to withstand a close 
bend test to three times the thickness. The proof 
stress, it should be explained, is defined as that stress 
at which the stress-strain diagram departs from the 
straight line of proportionality by 0-1 per cent. of 





the gauge length. Solid-drawn tubes are not available 
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the section shown in Fig. 2, and up to 70 ft. in length, 
are produced in this way. It should be noted that 
the gauge remains constant throughout the drawing 
operations, which only involve the bending of the 
material to the required form. The next operation 
is the hardening of the tube, and for this purpose an 
electrically-heated furnace, automatically maintained 
at a temperature of 1,050 deg. C. in the case of stainless- 
steel tubing, is mounted on the drawbench. A die is 
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carried out on each end of every tube after cutting 
to length, the necessary allowance being made on the 
length for this purpose. In addition, tensile tests are 
carried out on specimens from every cast of steel used, 
from every gauge of strip, and from each annealing 
heat carried out by the manufacturers of the strip. 
The results obtained on the Rockwell machine are 
correlated with the tensile test results by making 
Rockwell tests on each of the specimens pulled in the 
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in this material of the length and thickness required, 
and, after considerable experimental work, it was 
decided to manufacture close-jointed tubes by a 
drawing process, using soft annealed strip, and 
subsequently heat treating it. As an example of the 
requirements it may be mentioned that tubes 1} in. in 
outside diameter, from 26 gauge to 20 gauge in thick- 
ness and up to 47 ft. in length were needed, and some 
30,000 ft. of this tubing alone have been produced. 
The plant employed for tube manufacture com- 
prises four draw benches, each 70 ft. in length, two 
rolling machines, a strip cutter and a section cutter. 
The draw benches, one of which is shown in Fig. 4 
on page 689, are driven through a friction disc, and 
arrangements are made to permit the operator to 
vary the speed from a point close to the die head. 
In the case of the close-jointed tubing, corrugations 
are first formed along the edges by drawing the strip 
through suitable dies. The strip is then bent to a 
curve and the final seaming is carried out by drawing 
the curved section through a circular die and over a 
mandrel shaped so as to fold the corrugated edges 
one over the other and form a close joint. Tubes of 
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mounted at the entry end of the furnace, the diameter 
of the bore of the die being made just sufficient to 
oppose a slight frictional resistance to the passage of 
the tube, and a water-cooled die is fitted into the die 
holder of the drawbench close to the exit end of the 
furnace. The tube is then pulled slowly through 
the furnace in which it is heated, and, on leaving the 
furnace, the tube is rapidly quenched by its passage 
through the water-cooled die. Tempering is carried 
out in a similar manner, except that a lower tem- 
perature is required, viz., 420 deg. to 450 deg. C. 
in the case of stainless-steel tubing. To increase 
the rate of drawing in the tempering process, two 
furnaces mounted in tandem are employed, and these 
can be seen in position in Fig. 4 on page 689. The 
hardened and tempered tubes are cut to length by 
means of a portable friction saw, consisting of a mild- 
steel disc, about 16 gauge in thickness, rotated at 
a high speed by an electric motor. A quick-clamping 
device is fitted on a moving table on the machine, 
and, by turning a hand wheel, the disc is brought up 
to the tube, which it rapidly cuts through. 

Rockwell hardness tests and close-bend tests are 
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Fic. 11. Jia ror Pyramip ENDs. 


testing machine for the tensile tests, and this renders 
it unnecessary to carry out tensile tests on spe imens 
from each of the finished tubes. In connection with 
the Rockwell tests, it may be mentioned that special 
combinations of loads and penetrators are necessary 
for dealing with very thin strip, which is tested down 
to 30 gauge in thickness. Down to 24 gauge, a diamond 
penetrator is employed, but for thinner material a 
steel ball 4 in. in diameter is used. For the close- 
bend tests, the specimens are pressed into a matrix 


of lead. 
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The lipped-tube sections, shown in Fig. 3, and used 
for the booms of the ridge girders, are formed by rolling, 
a series of horizontal rolls, followed by one pair of 
vertical rolls, being employed to form the section from 
a strip of soft material. The formed section is sub- 
sequently hardened and tempered in a manner similar 
to that described above. Tubes of both sections are 
also required in Duralumin, but, owing to the parti- 
cular properties of this material, the heat treatment is 
carried out prior to drawing or rolling. The Duralumin 
strip is first cut to the required width on the strip- 
cutting machine, above mentioned, and the strip, 
rolled into coils, is heated in a salt-bath furnace. After 
washing, the coils are dipped in a bath of molten bees- 
wax and tallow, which serves as a lubricant for the 
subsequent drawing or rolling operations. These 
must be carried out within two hours of the heat 
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line, and this fact involved certain difficulties in arrang- 
ing the other longitudinals, which had thus to be set 
out of line. The method adopted was to set the frame 
longitudinals for each ring in their correct relative 
positions and build up the main longitudinals between 
them. The front face of frame 12 and the rear face 
of frame 13 were of the standard type, arranged for 15 
longitudinals in each case, so that, in constructing the 
main longitudinals, it was necessary to regard one of the 
frame longitudinals of frame 13 as fixed in position 
at its rear end and to displace the corresponding frame 
longitudinal of frame 12 by a calculated amount. 
For this purpose, the frame longitudinals for frames 12 
and 13 were assembled on the jigs shown in Fig. 6, in 
which the fittings carrying the fork ends could be 
adjusted in the vertical plane and also turned about 
a vertical axis. 
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Fig. 13. Spot-Factna AND DRILLING JIGs. 


treatment, as the material rapidly hardens, owing to | 


The Duralumin webs for the ridge girders and radial 


the well-known age-hardening phenomenon. Duralumin | struts were made by pressing from strip metal. The 
tubes, of the section shown in Fig. 2, are used as side- | first operation, viz., that of punching the circular and 
bracing members for the main longitudinals and for | triangular holes, was carried out with the press tools 
the boc ms of the radial struts. | illustrated in Fig. 7, page 690, the punched strip being 

The frame and main longitudinals are finally erected | afterwards heat treated in a salt-bath furnace, as in 
between jig plates mounted on planed-steel benches. | the case of the Duralumin tubes. The edges of the 
a », on page 689, shows the jig for erecting the | holes were afterwards flanged and the edges of the strip 
‘tame iongitudinals. The fittings on the jig plates| bent to an angle of 30 deg. by means of the press tools 
are set out to the standard triangular section and the | shown in Fig. 8, the strips then being cut roughly to 
distance between the plates is fixed by end-rod measure- | length. The webs and booms for the ridge-girder 
“ag the inclination of the plates to the vertical| bodies, having been cut to the exact length, were 
The determined by measurements with a plumb line. assembled in the jig shown in Fig. 9, the jig being 
fork vanes for the booms are cut to length and the | provided with standard plug ends to suit the triangular 
‘ork ends are inserted while the tubes are held in| form of the girder. The drilling was done in this jig by 
special jigs. The whole of the longitudinals are cam- | portable electric drills the shafts from which can be 
brig as previously explained, and the cambers are | seen in Fig. 9, and a few rivets were inserted by hand 
“*; in the final assembly jigs by tensioning the bracing | to hold the parts together, the girder then being removed 








— = d taking measurements at different points | and the riveting completed by pneumatic tools on a 
rite plese of the bench. Between frames 12} bench. For fitting the fork ends on the ridge girders, 
se a Kg: the vertical and horizontal fins commence | separate jigs were used. One end frame of the jig was 
the i ongitudinals change from 15 to 16 members, | fixed and the other adjustable, being dowelled in posi- 


xe Rhy ‘ongitudinal branching into two arms at a/| tion according to the length of girder required. The 
eng about 12 ft. forward of frame 13. The two arms | fork ends were assembled in the girder booms, the whole 
Joined to longitudinals on each side of the centre | assembly then being placed in the jig and one tape. 








pin inserted through each fork end to fix, the position 
of the latter. The girder was then removed from the 
jig and the other taper pins inserted on the bench ; 
each girder, after completing the pinning of the fork 
ends, was checked by inserting it in the jig set to the 
correct length. 

The radial struts for the transverse frames are of a 
design similar to that of the ridge girders, but are 
connected to the latter by three tubes arranged as a 
pyramid, with a socket formed from a Duralumin 
stamping at the apex end. The pyramid ends were 
prepared in advance of the general girder assembly, 
it being necessary to ensure that each tube should form 
an accurate butt joint in the sockets at each end. 
Adjustable end gauges were used to determine the 
length of the tubes, which were assembled with the 
sockets in the jig shown in Fig. 11. The purpose of this 
jig was to control the dimensions and angles of the 
pyramid. The jig for the final assembly of the double 
radial struts is shown in Fig. 10, and is practically self 
explanatory. As will be seen, the fixed end carries a 
rotating shaft on which flats are formed to take the 
socket pins, the flats being set to the correct angle by 
means of a clinometer mounted on a block secured to 
the shaft. The other end of the jig is movable, and is 
secured in position by dowels, the setting positions 
being determined by standard end bars. 

For connecting the outer ridge girders to the longitu- 
dinals, and for other similar important joints, Duralu- 
min stampings were employed, and the machining of 
these presented a number of interesting problems. 
The whole of the machining work was carried out in 
jigs and, owing to the fact that the lugs and bolt holes 
in many cases had to be located accurately at various 
angles, the design and construction of the jigs called 
for considerable ingenuity. Considerations of space 
prevent us from dealing with the whole of the opera- 
tions and appliances involved, but, as an example, 
we may briefly explain the method employed for 
machining the outer-ridge main-joint stampings. The 
stamping, in four stages of production, is illustrated in 
Fig. 12, on this page; the view in the top left-hand 
corner shows the stamping in the rough form, as 
received, while that below it shows the stamping 
prepared for milling the angular lugs. In the view in 
the top right-hand corner, the stamping is shown with 
the lugs milled and drilled, and the remaining view 
shows it in the completely finished state. The jigs had 
to be designed to permit of the rotation of the work about 
two axes and to deal with stampings which, although 
generally similar, differed in certain angular dimensions 
over a wide range. It was also necessary, of course, to 
hold the work so as to prevent distortion under heavy 
cuts. The machining operations in the stamping 
shown in Fig. 12 were as follows :—A centre line was 
first marked on the stamping, which was then mounted 
on the fixture shown on the right of Fig. 13 for spot 
facing the projections shown. The lugs at the vertices 
of the triangle were then milled, drilled and reamed, 
the drilling jig for this operation being shown on the left 
of Fig. 13; these lugs were then used for the location 
of all subsequent work. The next operation was the 
rough milling of the two main angular lugs, for which 
the jig shown in Figs. 14 and 15, page 692, was used. 
This jig, it will be seen, is adjustable in two planes, 
being secured in each position by dowel pins, and being 
provided with scales marked with the number of the 
stamping corresponding to each angular position. 
After rough milling the lugs, the stamping was lightened 
by milling out superfluous metal, for which purpose a 
special fixture was used, enabling it to be quickly 
clamped in any position, and set to any angle in three 
planes. For the finish milling of the main angular lugs, 
the jig shown in Figs. 14 and 15 was again employed, and 
the final operation of drilling these lugs was carried out 
with the aid of the bar shown in the foreground of 
Fig. 14, and in its correct working position in Fig. 15. 
The bar, it will be seen, is provided with two accurately 
located bushes for the drill, and is clamped on two 
removable supports, which are bolted and dowelled on 
to the base of the jig. It may here be mentioned that, 
owing to the importance of the accurate production of 
these stampings, each has its part number marked on 
while in the jig, the number being checked by an 
inspector against the jig setting, as indicated by the 
numbered scales above referred to. 

In designing the cable bracing to take the shear on the 
hull, the main desiderata were the reduction of weight, 
a high figure for the apparent value of E for the cable 
complete with its end fittings, and the reliability of the 
latter. These points were all carefully investigated by 
Messrs Boulton & Paul before the actual designs were 
commenced. To determine the value of E, cables about 
8 ft. in length, complete with end fittings, were gradu- 
ally loaded in a testing machine, the extensions being 
measured at each stage of the loading. Preliminary 
tests, it should be mentioned, were carried out to 
determine at what percentage of the normal breaking 
load all initial settlement had taken place. It was 
found, as a result of these tests, that after loading 





up to half the nominal breaking load, no further 
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permanent set occurred under further loading. In all 
tests for the determination of the value of E, therefore, 
the cable was first subjected to a load equal to 50 per 
cent. of the breaking load. The value of E for cables, 
complete with end fittings, was found to be from 10,000 
to 11,000 tons per square inch in the case of cables for 
rated loads between 25 cwt. and 135 ewt.; for heavier 
cables, up to rated loads of 180 cwt., the value of E was 
lower and of the order of 8,000 tons per sq. in. The 
reduction occurred when the formation of the cable 
changed from that of a single rope to one comprising 
a number of smaller ropes. [n consequence of this, 





several of each size were tested to destruction. In 
practically all cases, the cables failed at about 8 per 
cent. above the nominal breaking load, and in all cases 
the latter was exceeded. Out of 24 tests, 11 failures 
were due to the breaking of the cable, six to the shearing 
of the pins, and the remainder to the failure of the end 
forks. 

The cables for use on the airship were cut to length 
by placing them in an angle-iron trough, on the inner 
surface of which a steel surveyor’s tape had been fixed, 
Before making the cut, a clamp was fitted on the cable, 
about 2 in. from the point at which the cut was to be 
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made, in order to prevent the wires from 
unravelling. After cutting, the wires 
were splayed out as far back as the 
clamp, and the cone ends were slipped on, 
the wires being held lightly together to 
enable this to be done. The wires were 
then secured by melting a zine-cadmium 
solder, known as Cazin, into the cone 
end, a little pure resin being used as a 
flux. The solder adheres to the steel 
wires, filling the space between them, 
but does not adhere to the inside of 
the cone end, this having been previously 
Sherardised and being slightly oxidised ; 
it is thus possible to draw back the 
cone end and examine the conical mass 
of solder adhering to the wires. With 
the cable in its correct position in the 
cone, the end surface was ground off 
square, and the fork end fitted to the 
cone. The Cazin solder, it may here be 
explained, is the cadmium-zine eutectic, 
containing 82-6 per cent. of cadmium 
and 17-4 per cent. of zine; the whole 
quantity required was made in Messrs. 
Boulton and Paul's foundry under labora- 
tory control. Its advantages for the 
application described are that its shear 
strength, which is 7 tons per square inch, 
is sufficient to prevent extrusion under 
the full load, and its melting point, viz.. 








Fig, 15. 


no single cable for loads exceeding 135 ewt. has been 
employed in the airship, greater loads being carried 
by duplicate cables. 

To determine the effects of creep in the cables, 
several were tested by suspending dead weights from 
them for long periods, the loads being selected to give 
a stress of about 25 tons per sq. in, in the wires, As a 
typical example, it may be mentioned that a 45-cwt. 
cable, with a load of LL owt. applied for 282 hours, 
crept a distance of 0-065 in. on a total length of 99 in. ; 
the extension mentioned, however, was recorded after 
a few hours and did not increase. In order to check the 
reliability of the cables fitted with end connections, 
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263 deg. C., is low enough to avoid any 
likelihood of the mechanical properties of 
the cable or end fittings being affected by 
the heat. Moreover, since cadmium is 
closely related chemically to zinc, and since no acid 
or chloride flux is required, the solder can be used 
with galvanised cables and zinc-proofed end_ fittings 
without risk of corrosion. 

The cables completea as described were finally 
loaded up to 50 per cent. of the breaking load in order 
to bed the end cone into the fitting, and also to stretch 
the cable sufficiently to prevent subsequent permanent 
set, as explained above. For this test, a long bench 
with a winch at one end and a calibrated lever at the 
other, was employed. The cable was attached to the 
winch and the lever by its end fittings, and the winch 
was turned by hand until the lever, carrying a suitable 





weight, lifted. For small cables the lever arm was 
replaced by a spring balance. 

The whole of the Duralumin used, including tubes, 
sections, stampings, rivets and parts machined from 
the bar, has been rendered corrosion resisting by the 
anodic-oxidation process, which was fully described in 
ENGINEERING, vol. exxii, page 274, a coating of lancline 
being applied after the oxidation. This process, it 
may be remarked, has been found to exercise a selec- 
tive attack on any faulty places in the material, and 
thus to render obvious defects due to flaws, segrega- 
tion, &c., which would pass unnoticed in an ordinary 
inspection. Steel parts, other than those of stainless 
steel, were all treated by a modified Sherardising pro- 
cess, with which it has been found possible to control 
the thickness of the coating within very close limits ; 
the increase in the dimensions of the part due to the 
application of the coating was always between 0 - (003 in. 
and 0-0006 in. 

In conclusion, we may quote a few figures which will 
serve to give an idea of the magnitude of the work 
involved in the construction of the structure of an 
airship of the dimensions of R 101. The total length 
of the longitudinal girders is 2 miles, and their con- 
struction has involved the use of 6 miles of tubing for 
the booms, 180,0C0 side and base struts, 26,952 tie 
rods and 27,000 shackles. The 980 ridge girders 
required have a total length of 2 miles, and the radial 


| struts a length of 1-2 miles in the aggregate. The 
| total length of all types of tubing used in the ship 


amounts to 27 miles, and that of the bracing cables to 
11 miles. As an example of the standard of accuracy 
required, it may be mentioned that the maximum 


| limits allowed for the main longitudinals, 45 ft. in 
| length, was + 0-030 in., and for the frame longitudinals 


10 ft. in length, + 0-020 in. The limits for the radial 
struts, the length of which is 11 ft., were + 0-015 in.. 


| and in all cases, excepting the main longitudinals, it 


has been found possible to keep within about one- 
third of the maximum tolerance allowed. The work 
of erection at Cardington has progressed so far that 
15 continuous girders, each 500 ft. in length, are now 
in position. The completion of the work and the 


| subsequent trials will be awaited with interest by engi- 


| may be. 


neers throughout the world, whatever their views 
on the subject of airships as a means of transport 
All must admit, in any case, that the com- 
pleted vessel will represent a remarkable achievement 
in structural engineering, and the majority will join 
us in expressing the hope that the efforts of the designers 
and constructors will be rewarded by a satisfactory 
performance in service. 


OLD CAST-IRON TRAM PLATES. 


WE are indebted to Mr. J. F. J. Reynolds, M.Inst.C.E. 
for details regarding some old cast-iron tram plates 
recently dug up in South Wales. The plates were found 
during the progress of the work of laying one of the 
pipe-lines for the Taf Fechan Water Supply Board. 
In June, 1926, a trench was opened in made ground 
at Abercynon, near the Glamorganshire Canal, between 
the Dowlais Cardiff Colliery and Travellers’ Rest Halt 
on the Taff Vale Section of the Great Western Railway. 
The plates, which were attached by means of spikes 
to the original stone sleeper blocks, were found about 
18 in. below the surface of the ground. Although the 
plates were considerably corroded, they were still 
in excellent condition, and the effect of wear on the 
treads could clearly be seen. The sleeper blocks varied 
in shape and size, but were seldom less than 18 in. across 
and 6 in. thick: they consisted of rough stones, but 
the area carrying the plate ends was carefully worked 
in order to give a good bearing surface. The adjacent 
ends of the plates resting on the block were secured by 
a single wrought-iron spike about 8 in. long. No fixing 
material appears to have been used, a hole was simply 
drilled into the block and the spike driven home. 
The plates, each of which weighs about 58 !b., are ex- 
cellent, well-designed castings of cold-blast iron. They 
are L-shaped in section, the vertical portion forming 
the web and the horizontal portion the tread. Sn 

It is known that the Glamorganshire Canal origin- 
ally terminated near the spot where the tramplates 
were found. The Canal was subsequently extended to 
Merthyr Tydfil by way of a masonry aqueduct across 


the River Taft. Prior to the carrying out t this 
extension, the products of the Penydarren Ironworks, 
Merthyr Tydfil, were brought to the Canal at Aber- 
eynon by means of a tram road specially laid for the 
purpose. It was over this tram road that R hard 
Trevithick ran his locomotive in 1804, to demonstrate 

Information on 


its superiority over horse traction. 





this matter is given in the * Life of Richard Trevithick, 
by Francis Trevithick, and published in 1S7- The 
area of track was not sufficient for the gauge to be deter 
mined. A cast-iron bar found close to the track. new 
ever, appears to be a gauge bar; if so, the gauge wowle ral 
about 4ft. 7$in. Samples of the rails, spikes, and 10 o 
7 am 


have been deposited in the museums at ( 
Merthyr Tydfil. 
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THE BRITISH ASSOCIATION AT 
GLASGOW. 


(Continued from page 659.) 


SECTION F.—ECONOMIC SCIENCE AND 
STATISTICS. 


In a paper entitled Suggestion Schemes as a 
Means of Promoting Individual Co-operation by 
Workpeople, Mr. Sam Mavor stated that National 
Councils and committees of representatives of 
capital and labour, could do much to improve 
industrial relations with willingness on both sides 
to sacrifice present advantages, real or supposed, 
to the common cause. Goodwill was lost in the 
workshop, and could only be regained in the 
workshop; the initiative was with the employer. 
The firm’s relations with its employees should 
be inspired by human sympathy and considera- 
tion for the interests of the workers. Where that 
fundamental condition existed, many methods 
of promoting co-operation of the workers were 
practised with success, but one of these methods, 
viz., suggestion schemes, had received less con- 
sideration than it deserved. Idleness of costly 
machinery was regarded as serious waste, but the 
great waste due to dormant creative abilities of the 
men was not recognised. The purpose of suggestion 
schemes was to induce work people to apply their 
intelligence to the work in hand and to suggest how 
time, effort and material might be saved. 

Suggestion schemes provided for the workman a 
wide scope for his laudable ambition, increased his 
self-respect and pleasure in his work, and enabled 
him to have a conscious share and proper pride in 
promoting the general advance, while reaping appro- 
priate reward for his effort. The foreman should 
study the personality of each worker. Committees 
of management, foremen and workers, meeting at 
regular intervals, gave opportunity for free discus- 
sion. A works magazine would stimulate interest 
in a scheme. In some industries, the highly- 
developed productive machinery and processes left 
little scope for initiative by the operators ; but that 
did not apply to engineering, with its endless variety 
of workshop methods and processes. The main 
designs and methods were laid down by the staff, 
but methods became obsolete, and the men’s intimate 
contact with the materials, and their experience, 
could help in many ways and could secure orderliness 
and tidiness in the shops. Blank forms for sugges- 
tions should be available in special receptacles, 
and the suggestions should be brought promptly 
before the manager, rather than a committee. 
Rejections should be explained with encouragement 
to try again. Remuneration for suggestions should 
be by payment. The term award had a flavour 
of patronage. Assessment might be difficult, but 
payments should err on the side of liberality and 
should be prompt. Mr. Mavor illustrated his 
remarks by reference to a comparatively successful 
scheme that had made progress during the last 
three years of the 12 years of its existence. In the 
eight months of the current year, 1,667 suggestions 
had been submitted, and 42 per cent. of these had 
been adopted; 69 per cent. of the workers had 
made more than one suggestion ; five suggestions 
per worker was the average number. The average 
payment per suggestion was 13s. 4d., the highest 
direct payment for one suggestion made this year 
was 101. Owing to the trade depression, some men 
had been temporarily suspended ; one of these men 
received 4/. for a suggestion made during the nine 
days of his suspension. The benefits of the sugges- 
tion schemes could only be developed by degrees as 
the management and men became educated as to 
their value. 








to earn a reasonable profit. 
depression had decreased the iron and coal traffic 


freight did not affect the road traffic which, how 





respects. 
railway and season tickets. 


by rail of parcels, milk, fish, vegetables, &c. 


ordinary goods trains. 





the main traffic routes. 


ing its separate identity as an equal partner. 


subsidiary to the railways. 


the London Traffic Advisory Committee. 





liable to outside attack. In the second category, 


unremunerative branch lines, but the predominant 
partnership would develop into a monopoly. The 
quasi-legal co-ordination would mean that, failing 
voluntary agreement, outside authorities would step 
in. The difficulty in that would be that a central body 
for the whole country could not exercise due control 
owing to its magnitude, whilst, with regional com- 
mittees, the railways, which now transcended local 
boundaries, would be at a disadvantage, though 
common management, pooling of receipts and safe- 
guarding of the public interests would be to the 
general benefit. Some form of co-ordination would 
have to be adopted, and unless an agreement were 
reached the task would fall to an outside body. For 
city transport, the quasi-legal form, on the basis of 
urban areas, seemed to be the probable solution. 
To protect the public, some body such as the 
Ministry of Transport or the Rates Tribunal, might 
be given power to investigate abuses. Dr. Fenelon 
summed up in favour of some form of this quasi- 
legal co-ordination on the basis of regional traffic 
committees, if co-ordination could not be achieved 
by voluntary effort. 

(To be continued). 

















Some Aspects or Roap AND Rat TRANSPORT. 


The rapid development of mechanical road 
transport since the war, said Dr. K. G. Fenelon 
in his paper bearing the above title, had brought 
many difficult problems into prominence, and the 
a problem, the relation between road and rail 
aoe was complicated by the grave railway 
ca Since 1925, the percentage of full 
rallway fares had gone down, the percentages of 


ay fares gone up, while there had been little 


nge in the numbers of workmen’s tickets issued. Ss 


LECTURES ON HYGIENE IN THE TROPICS.—The autho- 
rities of the London School of Hygiene and Tropical 
Medicine, 23, Ensleigh-gardens, Euston-road, London, 
W.C.1, have recently completed arrangements for 
courses of lectures and practical demonstrations to 
be given, at suitable intervals, for the guidance of 


employees of business firms who are about to proceed 
to tropical or sub-tropical countries. 
providing simple rules for guidance in regard to 
preparation for life in the tropics and personal hygiene, 
the courses will also include a short account of some 
of the more common diseases, and advice on simple 
methods of self-treatment will be given. 


In addition to 


Further 
articulars may be obtained from the Secretary of the 
chool at the address given above, 


The raising of fares had not enabled the railways | 
The general trade | 


but the coal traffic still amounted to 50-25 per 
cent. of the total freight ton-miles, in 1927. That 


ever, seriously competed with railways in other 
There was a marked decline in ordinary 
Motor *buses could 
be operated at fares of ld. per mile, while rail- 
ways had to charge 14d., and long distance motor 
routes were developing. The statistics of transport 


supported the idea that the railways should run 
more braked freight trains; shorter, but faster, than 


The railways contended that the road competition 
was unfair, because they had to purchase land and to 
provide and maintain their relatively safe permanent 
way, and yet to contribute as taxpayers to the 
maintenance of the roads, on which motors operated 
without being hampered by the restrictions of 
common carriers as the railways were. Motor trans- 
port companies, however, asserted that they were 
not subsidised, but heavily taxed in many special 
ways, from which others using the public roads were 
free, and that the railways had not moved with the 
times and would not have adopted electric traction, 
if it had not been forced upon them by competition. 
Co-ordination, Dr. Fenelon suggested, should be 
substituted for competition, and each traffic area 
| should be treated as one unit, feeder and develop- 
ment service being operated in conjunction with 
Each mode of transport 
had its own sphere, but the two spheres over- 
lapped, and a definite attempt to co-ordinate 
rail, road, air and inland water traffic had been 
|made only in Germany. Three types of co-ordi- 
nation might be distinguished: (1) There might 
be voluntary co-operation between road and rail 
companies, including municipalities, each maintain- 
(2) 
Railway companies might provide motor services or 
financially control the latter which would become 
(3) A quasi-legal 
co-ordination might be devised like the scheme of 
The 
voluntary co-operation scheme had advantages, but 
there would be rivalries and jealousies which might 
be difficult to reconcile, and both partners would be 


co-ordinated road services could be substituted for 














































































THE PRESENT STATUS OF 
STRUCTURAL STEEL WELDING.* 


By F. T. LLEWELLYN. 
(Concluded from page 666.) 


4. Can Values be Fixed on some Unit Basis for the 
Strength of the more Usual Types of Welded Joint ?— 
To this question the writer would give a qualified answer. 
For quiescent static loads, Yes. For dynamic loads, 
Probably Yes. Welded joints subjected to consider- 
able shock require further investigation. Some of the 
writer’s associates in the welding fraternity may con- 
sider the qualification as regards dynamic loads to be 
unduly conservative ; but there is evidence that forms 
of welded joint, which have a known resistance under 
static load, cannot, when merely increased by the usual 
impact ratio, be considered to have the same resistance 
under shock. It does not follow that welded joints are 
unsuited to resist shock. Many structures are now in 
use which perform this function very efficiently. 
It is a fact, however, that our knowledge regarding 
their precise behaviour under shock is limited, and the 
need for further investigation along this line is urgent. 
The situation with regard to welded joints subjected 
to quiescent or static load is entirely different. We have 
hundreds of tests under this kind of loading, the results 
of which agree with as much uniformity as do those on 
unassembled steel, and with more uniformity than 
many of the tests that have been made on steel built 
up by other methods. 

In discussing the properties of welds it is necessary 
to distinguish between the strength of the neat 
deposited metal and the strength of the joint as a 
whole. Dustin reports a series of tests, made at 
Brussels, on deposited metal without reference to the 
members to be joined, using three different brands of 
coated wire. He does not state whether alternating 
or direct current was employed. The three brands of 
wire are here designated respectively by the symbols 
B, T, and N. All of them were of mild steel containing 
0-10 to 0-14 per cent. carbon. Wire B was very high 
grade, but costly. It was electroplated with 1-25 per 
cent. of nickel and carried a thick coating confined by 
a braided asbestos covering. It is not representative 
of grades commonly used in America for structural 
work, but its results are interesting as showing the high 
physical properties that can be secured by the use of a 
suitable wire. Wire T carried no nickel and had no 
enveloping fabric. Except for its heavy coating, it 
seems to be similar to the better grades of wire used in 
this country for structural work, its carbon being inter- 
mediate between our classes E 1 A and E 1B. Wire 
N was a cheap grade, corresponding apparently to 
material used here for minor repair work, except that 
it had a thin coating. 

Table V, page 695, shows the ultimate tensile strength 
of 105 specimens, of three sizes, consisting of neat 
weld metal deposited by wires B, T, and N. Their 
approximate averages are 70,000 lb. for metal B, 
56,000 lb. for metal T, and 50,000 lb. for metal N. The 
uniformity of the results for each metal is very satisfac- 
tory. Not less so is the fact that even those specimens 
that showed small visual defects developed values well 

above the yield point of mild rolled steel. Table IV, page 
666, ante, shows the results of slow tension tests on 21 
small specimens. The values for ultimate tension agree 
fairly well with those of Table V. The yield points 
average approximately 51,000 lb. for metal B, 42,000 Ib. 
for metal T, and 38,000 lb. for metal N. The elonga- 
tion values definitely reflect the respective qualities of 
the wires used. Other tests on metals B and T indicated 
moduli of elasticity under tension of 29,000,000 Ib., and 
under shear of 21,000,000 lb. These are substantially 
the values for mild rolled steel. They also indicated 
average ultimate strengths, under shear, of 48,000 Ib. for 
metal B and 41,000 Ib. for metal T, with corresponding 
yield points of 27,000 lb. and 22,000 lb. Dustin’s test 
for impact and fatigue were not very regular or con- 
clusive. He deprecates the use of any but high grades 
of wire in structures in which much shock is to be 
withstood, or in which there will be alternating repeated 
stress of considerable amount. Lloyd’s Rules require a 
weld, which is to be subjected to fatigue, to resist 12,800 
lb. per square inch for 5,000,000 cycles. This value is 
about half the yield point of sound weld metal deposited 
by good grades of wire. 

In order that working values may be useful they must 
be expressed in units that can be readily checked in 
shop or field operations. For butt welds (Fig. 1B, page 
666, ante) the throat area (in square inches) is a suitable 
criterion. Incomputing this the writer recommends that 
any reinforcement be disregarded and that the base 
metal thickness be considered as net throat. For 
fillet welds (Fig. 1A) the throat would also be a proper 
criterion, but its use is less convenient than is that of the 
leg and, as the mathematical ratio between them is 
constant, the latter is equally correct. In practice it 
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> 








* Paper read before the American Iron and Steel In- 
stitute, at New York, on October 26, 1928, Abridged. 
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seems advantageous to express fillet values in terms 
per linear inch for each size of weld. 

The use of gauges is recommended in order that the 
welds, as actually made, shall conform to theoretical 
dimensions within reasonable tolerance. In Fig. 2 is 
shown a set of five convenient gauges, each only 
44 on. long, which can be applied to }-in., 3-in., $-in., 
$-in., }-in., J-in. and 1 in, butt welds, and }-in., g-in., 
h-in., $-in., ?-in. and {-in. fillet welds. The method 
of application is shown at the bottom of the figure. 
The limiting dimensions are tabulated in Table VI. 
These gauges have been used commercially by the New- 
port News Shipbuilding and Drydock Company for 
some years, and are now being employed in the larger 


Fig. 2. GAUGES FOR FILLET-AND BUTT-WELDS 
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small weld is measurably greater than that of a large 
one (a small weld also requires proportionally less weld 
metal), but from a practical standpoint this superiority 
in unit strength is probably counterbalanced by the 
larger proportional effect of a minor defect in a small 
weld. 

Reference has not yet been made to the disposition of 
the line of weld with relation to the direction of stress. 
In many specimens tested under static load, welds 
aligned normal to the direction of stress have shown 
somewhat higher unit values than have welds aligned 
parallel with the direction of stress. The difference, 
however, does not seem large enough to warrant 
different working values. On the other hand, in the 
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during handling. Therefore it is desirable to weld 
fillets on both sides of a member, making them short 
or intermittent if their duty so permits. 

Perhaps the most convincing proof that unit values 
for the strength of welded joints can be determined js 
the fact that such values have been, and are now being, 
employed commercially in the design of a large number 
of important structures with entire satisfaction to al} 
concerned. A year ago Professor McKibben compiled 
a list of 55 such structures. A few examples of recent 
welded construction in America are cited in Tables ] 
and II, pages 664 and 665 ante. The classification js 
explained in our answer to question No. 6. 

5. Is there some way of Determining the Reliability of 
the Completed Weld ?—This is doubtless the most 
important question to be answered. All the foregoing 
features are secondary as compared with the question 
of reliability. Whether a structure be designed with 
unit stresses of 2,000, 2,500, or 3,000 Ib. per linear 
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programme of the Structural Steel Welding Committee. 
A system for checking the number and location of welds 
is essential. 

Allowable working unit values for fillet welds appear 
to be crystallizing at about 28 per cent. of the ultimate 
strength, under shear, of the neat weld metal. This 
percentage assumes the depth of throat to be the 
minimum permitted by the gauges. Thus, a value 
of 3,000 Ib. per lineir inch is in frequent use for the 
popular g-in. fillet. Pending the final report of the 
Committee, this value (under static load) appears to 
be suitable for properly made welds, and, further, it 
seems as if a safe value for other usual sizes of fillet 
can be calculated on the basis of 1,000 Ib. per eighth 
of an inch of nominal size. 

Values approximating 12,000 Ib. per square inch have 
been employed for butt welds in tension. The writer is 
inclined to think that, in the present state of the art, 
in the case of the comparatively few structural butt 
welds that are called for, a working value of not over 
10,000 Ib, per square inch is preferable. In many 
structures details can be arranged so as to eliminate 
all butt welds and this seems to be desirable whenever 
it can be done. In discussing working values no dis- 
tinction has been made between large and small welds. 
Other things being equal, the unit strength of a perfect 
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case of the few specimens that have been tested under 
impact, welds aligned parallel with the direction of stress 
have shown higher and very much more regular values 
than have those at right angles. The behaviour of welds 
under such dynamic conditions is a feature that calls for 
further investigation. It will be noted that, whereas 
the yield point of mild rolled steel is usually a little 
more than half its ultimate strength, the yield point 
of weld metal, as shown by Table IV, is from three- 
to four-tifths its ultimate strength. This means that, 
with the same factor of safety, as referred to ultimate 
strength, the weld has a considerably higher factor 
of safety, as referred to the more critical yield point. 
In the design of welded structural joints there is a 
specific feature that should be watched with care. The 
possibility of any considerable eccentric stress is to be 
avoided. A designer of the old school will naturally 
provide for joints that are symmetrical when once the 
structure is complete. It is equally important to 
avoid non-symmetry in the details of each part, 
primary or secondary, during transportation or erection. 
For example, Fig. 3 shows that a fillet welded on one 
side of, say, a minor joint has only one-ninth the lever 
arm that a single 2}-in. riveted angle would have. 
Such a weld lever arm would offer no appreciable 
resistance to those prying actions that are apt to occur 
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inch of fillet weld is of little consequence unless the weld 
is good. On every hand one is asked, ** How can we 
be sure whether a weld is sound? (Can we eliminate 
the human equation ?"" These are natural and proper 
questions, and nothing is to be gained by side-stepping 
them. There have been developed a umber ot 











n 
methods for investigating reliability in welding. such 
as visual inspection for shape and colour, flame test, 
X-ray examination, and the electric conduct vity test 
for potential-drop. Automatic processes are als0 find 
ing increased fields of application. All these age 
are good (visual inspection is especially f racers 


significant), but from a really rigorous sta! 


2 ‘ 5 , ia at 
writer believes that we can no more be certain - 
a specific portion of weld is sound, without « fille the 
it, than we can tell whether a specific rivet Bis & 











hole, without destroying it. Expressed c y,™ 
is just as possible to determine the reliability oe 
completed weld as it is possible to determin 
reliability of a riveted joint. 

We have confidence in rivets, and right!s ye 
because the inspector’s hammer rings true © i. 
applied to their heads (it is well known 4 ar 
driven rivet can be given a resonant head), Dut — 
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growth. Thirty-five years ago all structural specifica- 
tions limited field rivets to only two-thirds the value 
allowed for shop rivets. To-day that classification has 
gone, and the distinction is between hand-driven and 
machine-driven rivets. We have acquired confidence 
in the machine-driven rivet. 

If welding is to be considered seriously as a structural 
process, similar confidence in its results must be given 
opportunity to develop. This may be done in several 
ways :—(1) By familiarity. Let every structural shop 
do some welding, no matter by what process. If there 
be any hesitancy regarding major joints, then weld the 
minor ones, but install at least one equipment and use 
that as a nucleus. (2) By flame-cutting out short 
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assembly. The higher costs appear to be reflected, 
not so much in the expense of making the welds 
themselves, as in the labour involved in preparation. 
In certain kinds of work this labour resulted from the 
need of cutting rolled steel members to closer length 
tolerances than is the established practice at the 
mills. In all cases where material had to pass through 
a shop, costs were augmented by the fact that so far 
there has not been a sufficient volume of structural 
welding to keep a given shop continuously busy. 

In the case of erecting works organised along existing 
lines, in which welded jobs-are undertaken only 
occasionally, the following classification of work from 
an economic standpoint seems to represent our experi- 





TABLE V.—TeEsts on 105 SpectmeENS oF NEAT METAL (DustTIN). 


Ultimate tensile strength ir 


2 1,000 lb. per square inch. 
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Metal B. | Metal T. | Metal N. 
Diameter (Inches). Diameter (Inches). | Diameter (Inches). 
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}] | | 
Net averages disregarding 13 specimens || | | 
(A) with visual defects ee + i 59-0 59-0 | 56-2 i 54-0 i 51°3 44-4 
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TABLE VI.—-DIMENSIONS FOR WELD GAUGES (INCHES). 





























Fillet Welds. 
= = 2 ee same bi 
Throat. | | 
Nominal | Radius | Dimension | 
Size [A] | | | [C} Dj. = 
Min. [B]. | Normal. | | | 
| | 
} 0-177 | 0-221 tr 3 Note.—Dimension [D] is symmetrical about 
é 0-265 0-309 } Ps 45 deg. axis from corner of gauge. At no 
} | 0-354 0-398 2 } | point shall weld fall below triangle of its 
é | 0-442 0-486 $ | i nominal size, nor exceed triangle of nominal 
3 | 0-530 | 0-57 : | 2 | size } in. greater. 
H | 0-619 | 0-663 } | a | 
Butt Welds (Angle between Bevels 75 Deg. to 90 Deg.). 
oe = 2 —- a 
Reinforcement for Single | Reinforcement for Double | Width 
Nominal Vee [V]. | Vee [><] Each Side. 
Size [E] | — a ee a rs 
Plate l | Feces | Maxi 
Thickness. ee | Maximum | Normal. | — — Normal. = | — 
i}. | IG). | } | {6 | ene 
a l ae l 
4 0-068 | 0125 | ae a i , | 7 
3 0-063 | 0-156 | as -- — — 42 1,5, 
4 0-094 | 0-187 } | — | — | = 1} 18 
} = | =«— | -— | Ce | eam is 2 | 1 
i — — — {| 0-063 | 0-162 3% | 3a 1 
i — — — | 0-075 | 0-175 i ye! 13 
f — —_ — 0-088 | 0-187 5 | in ly 
l = a = | 0-100 0-200 ; 14 1 


| 
| 





sections of weld and examining their interior. They 
can readily be replaced by the process of welding 
without detriment to the joint. (3) By occasional 
non-destructive tests on portions of.a completed struc- 
ture, with loads of, say, one and a-half times those for 
which it was designed. (4) Most important of all, by 
qualification of the welder. This is very necessary, 
and fortunately it is both feasible and significant. 
The Structural Steel Welding Committee has prepared 
* specification for qualifying welders (Section B), the 
requirements of which cover what may reasonably be 
&xpected in commercial practice. (5) By a proper 
selection of welding wire. The importance of this 
feature has already been emphasised in answer No. 1. 
0 6. Can the Welding Operations be Done at a Competitive 
ot?—To this question the writer would give a 
qualified answer. For certain classes of work, Yes. 
or other classes of work, costs so far available have 
been higher than for older methods of erection and 
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| 
| time as there is enough business of this character to 
| occupy a shop continuously. There is a class of tall 
beam-and-column buildings which, from a broader 
| economic standpoint, can be welded with advantage, 
regardless of present costs for such work. This class 
ervccnger additions to buildings already occupied, 
where the elimination of noise during construction 
| has real monetary value. Hotel owners are becoming 
| alive to this feature and it is also a factor in some other 
| commercial buildings, as well as in the case of hospitals 
|and colleges. The saving of space during alterations, 
| and the smaller amount of demolition made possible 
| by welding, also make this process economical as 
| applied to the detailed connections of a new to an 
| existing structure. 
| The American Welding Society is being frequently 
asked for advice by public building ofticials who desire 
to amend city and other building codes so as to provide 
| for welding as an established industrial process. The 
| Society is endeavouring to compile authoritative 
| Specifications as rapidly as is consistent with safety. 
| Until such specifications are available, it is recom- 


_|mended that the welding of structural framework be 


covered by special permit, with due attention to the 
responsibility and skill of the applicant. The writer 
does not consider that welding is necessarily a com- 
petitor of the older methods of erection, such as 
| punching. He believes that in many _ structures 
| the two processes can be suitably combined, with 
'results that will prove more advantageous than if 
either were used exclusively. Such a combination is 
illustrated in Fig. 6. He would urge, however, that 
| welding be given ample opportunity to prove what is its 
| proper scope as a process of importance in the structural 
| industry. 

In conclusion, it may be convenient to sum up the 
answers here attempted : (1) Standard grades of 
structural steel, such as those covered by A.S.T.M. 
| Specifications A-7 or A-9 can be satisfactorily 
| welded. Many special grades also seem well suited 
/to welding. (2) The welding operation does not 
|adversely affect standard structural grades of base 
|metal. It gives a highly localised normalising treat- 
ment, with exactly the same results as accompany 
| the well-known process of heat treatment. (3) Methods 
| of making welds by different processes have been stan- 
dardised to a considerable degree. (4) Unit values for 
| the strength of welded joints can be readily determined. 
| Safe values for the most usual forms of joint, under 
| static load, are already known. Investigation is now 
going on in the case of other forms under static load. 
| The need for further research as to the behaviour of all 
| forms under shock is urgent. (5) The welded resembles 
|the riveted joint in that its absolute soundness is 
| determinable only by destructive test. The practical 
soundness of a welded joint is readily determinable, 
| without destructive test, by the taking of certain pre- 
cautions, among which the most important are the 
| periodical qualification of each welder by specific test 
| and the selection of suitable welding wire. (6) At 
the present time the economic advantage of welding 
| varies with different classes of work. 








|THE DETERMINATION OF STANDARD 
EFFICIENCIES OF INTERNAL-COM- 
BUSTION ENGINES BY THE ENERGY 
CHART.* 

By Professor Witt1AM J. GouptE, D.Sc., M.I.Mech.E., 

A.M. Inst.C.E. 

| THE figure of merit which shows how near the actual 

| performance of an internal-combustion engine, operating 

| on a given cycle with a given working fluid, approaches 

| the ideal possible for that cycle, is its efficiency ratio 

| or thermodynamic efficiency. This is the ratio of the 

| actual thermal efficiency to the ideal efficiency, or that 

| of the actual output per cycle to the ideal output. 


k 

| 2 | ; | The actual efficiency is obtained from the test data. 
| The calculation of the ideal efficiency is dependent 
|on the “ Standard ’’ conditions chosen for the cyclic 


ence : Competitive costs can be secured on low beam- | processes, and also on the properties of the working 


and-column buildings, the details of which are suffi- | 
ciently simple to permit the rolled steel members to 
be shipped unassembled from the mill direct to the 
site, thereby requiring only field welding. Com-| 
petitive costs can be secured on certain types of shop- | 
welded structures in which considerable savings in | 
weight are obtainable, notably in truss-work wherein | 
the net section of tension members is a criterion, and 
where gusset plates and other expensive details 4 
be largely eliminated. Such work is exemplified in 
Fig. 4. Competitive costs are frequently obtainable 
on existing bridges and other structures which require 
reinforcement to meet added loadings. The saving 
here is largely due to the avoidance of the expensive 
hand-drilling of holes in the field. 

Competitive costs may not be secured on the taller 
beam-and-column buildings, the details of which are 
so important as to require shop preparation, until such 





fluid employed. For the ideal case, it is assumed that 
there is no loss of heat from the combustion chamber, 
and that, in the cylinder and piston type of engine, the 
compression and expansion processes are adiabatic. 








* Paper read before Section G of the British Associa- 
tion, at Glasgow, September 10, 1928. Owing to the 
length of Prof. Goudie’s contribution it has only been 
found possible to reproduce it in greatly abridged 
form. The sections omitted constitute, in the main, an 
elaboration of the methods of calculation advocated by 
the author in connection with the construction of the 
energy chart described in the paper and il!ustrated in the 
appendices dealing with Values of Standard Efficiencies 
Calculated from the Energy Chart, and Tables of Data for 
Energy Chart Construction. It has, further, not been 
possible to reproduce the large-scale energy charts them- 
selves. It will be realised, therefore, that the paper, in its 
abridged form. only represents a small part of the work 
put into the subject by Professor Goudie.—{Ep. FE. | 
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There is, however, a difference of opinion regarding 
the properties of the working fluid. 

In 1905, a representative committee of the Institution 
of Civil Engineers recommended “ideal air” as a 
standard working substance, because, at that time, the 
knowledge regarding variation of specific heat with 
temperature was uncertain, and the expression for the 
ideal-air standard efficiency was simple. Ideal air, 
being a permanent gas, has a constant specific heat, 
and, in the case of a symmetrical cycle, that is, where 
the mode of heat reception and rejection is the same, 
the ideal efficiency is simply a function of the com- 
pression ratio. The properties of the actual working 
substance of an internal-combustion engine, however, 
differ considerably from those of the ideal air, and, in 
consequence, when the actual substance is taken, the 
ideal efficiency is appreciably lower than the corres- 











In the present paper I venture to submit, for the con- 
sideration of internal-combustion engineers, a further 
development of the energy chart method, which takes 
account, as far as the present state of knowledge of the 
working substance permits, of the effect on the ideal 
efficiency of the fuel composition, air-fuel ratio, varia- 
| tion of specific heat, and the dissociation of products at 
| high temperatures which is supposed to occur in petrol 
and alcohol engines. For each class of fuel, a standard 
chart can be drawn, and from it, a close approximation 
to the ideal or standard efficiency of comparison of the 
particular cycle employed can be as easily and quickly 
obtained as the ideal efficiency of the steam engine or 
turbine from the Mollier diagrams for steam. 

Elements of the Internal-Combustion Energy Chart.— 
The form of chart used is obtained by superimposing 
a temperature-heat diagram on a temperature-entropy 
























































Let the working substance be compressed adiabati. 
cally, the volume ratio of compression being 7»,,, the 
initial temperature T, and the final temperature T., 
As shown in Fig. 2, set off ad = yy,, from the volume 
curve BC on the T, line, and draw the vertical dc, which 
will cut the curve at c on the required Tz line. The 
horizontal distance a’ d’, between the points a’ and c’, 
where the T; and Tz lines cut the constant-pressure 
curve BD, gives the corresponding pressure ratio +», 
Conversely, if the pressure-compression ratio is given, 
Tz can be obtained by setting off a’d’ = y,,, and 
projecting to cut the curve BD atc’. The volume. 
compression ratio is then given by ad, the horizontal 
distance between a andc. The same process holds for 
an adiabatic expansion from T3 to T4, the yy, value 
being set off to the left of the curve at the upper 
temperature line Ts, and a projector drawn downward 



































































ponding air standard efficiency. In other words, the| diagram. Its essential elements are shown in| to cut the curve at the lower T, temperature line. 
air standard method of calculation gives a fictitiously | Fig. 1. These are :— Temperature, entropy and| In the original form of chart referred to, scales of 
be # g 
9. - Internal Energy.I, or Total Heat H — A IorH Scale 
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low value of the thermodynamic efficiency, and there- | 
fore does not afford a proper standard of comparison. | 
This fact is now generally recognised, and it is desir- | 
able that the air standard method of calculation should | 
be replaced by a more satisfactory one, based on the 
properties of the actual working fluid used. 

Sufficiently reliable data regarding variation of 
specific heat with temperature are now available, and 
enable the calculation to be made with some degree of 
confidence. There is also a certain amount of data 
regarding dissociation of the products of combustion 
at high temperatures which may be used tentatively. 
The thermodynamic calculations necessary for the 
estimation of the ides] efficiency, are, however, in- 
volved and tedious* if the purely arithmetical method 
is used. In order to obviate this drawback I suggested, 
twelve years ago, that a special form of heat-entropy 
chart might be employed, and showed how it could be | 
applied for the estimation of ideal efficiencies of gas 
and Diesel engines.t and for the thermodynamic 
analysis of engine performance. This graphical scheme 
of calculation, however, is defective, as it applies only 
to one post-combustion mixture of gases. It does not 
take account of that important element, the pre- 
combustion air-fuel ratio, on which the post-combustion 
mixture depends. 





* Sev paper by Professor Hopkinson, Proc. I. Mech. E., 
1908. 
t Trans. Inst. Engineers and Shipbuilders, 1916-1917. 


heat scales on the co-ordinate axes; a constant- 
volume, entropy-change curve BC; a constant-pres- 
sure entropy-change curve BD; an internal-energy 
curve OE; an auxiliary total-heat axis OA; and 


a portable scale of volume or pressure ratio FG. | 


At any temperature T, the internal energy I, reckoned 
from absolute zero of temperature, is given by the 
intercept between the axis OY and the curve OE. 


The total heat H is obtained by adding * T tol, 


where J 


given by the intercept between OA and OE. Reckoned 
from some arbitrary datum of temperature T,, the 
change of entropy at constant volume ¢,, is given 
by the intercept between the axis OY and the curve 
BC, and the change of entropy at constant pressure, 
¢, by the intercept between OY and the curve BD. 
The total entropy change, reckoned from T,, when 
pressure, volume and temperature vary, is obtained by 
adding a further entropy value, given by 


“ loge ye to dp, or = loge yp to @p. 

J J 

This quantity, when the ratio values are marked 
against it on the entropy scale, gives the logarithmic 
ratio scale FG. This is the portable element used to 
determine the temperature at the end of an adiabatic 


| compression or expansion. 


R “ee = 
= 1-986, is the universal gas constant. It is | 


| internal energy and total heat were drawn on axes 
| parallel to the temperature axis. In this case, they are 
| replaced by the auxiliary axis OA, and the energy curve 
| OF, Fig. 1, to enable heat values to be estimated for 
| varying air-fuel ratios. The curves shown on com- 
| plete charts are drawn for the mixture of gases in 
| the cylinder, which results from the combustion of the 
| fuel in a specified air-fuel mixture. The adiabatic work 
of compression of the pre-combustion mixture differs 
very little from the work which would be done on the 
| post-combustion mixture, if this replaced the pre- 
| combustion one, and the difference of the final compres- 
sion temperatures, owing to the small variation of 
specific heat of the two mixtures at the low temperature 
ranges obtaining, is also small. The post-combustion 
mixture may therefore be regarded, without appreciable 
error, as the working substance which goes through 
the series of cyclic changes, and its properties may be 
used in the thermodynamic calculations for the ideal 
efficiency. 

The three curves shown in Fig. 1 are drawn for the 
mixture of post-combustion gases resulting from one 
air-fuel mixture, for the particular fuel used; there 
will be another set for a different air-fuel mixture, and 
soon. When these curves are drawn for several air-fuel 
ratios, the complete chart for this fuel, applicable to 
any unsymmetrical cycle, where heat may be rece!V 
or rejected partly at constant volume or partly at 
constant pressure, is that shown in Fig. 3. For the 
symmetrical constant-volume cycle of the gas, paraffin. 
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petrol and alcohol engines, only the sets of I and v curves 
arerequired. The energy and entropy curves can be drawn 
either for the lb.-mol or the Ib. As it is the usual prac- 
tice of internal-combustion engineers to take the heat per 
unit mass, the internal-energy curves have been drawn 
for the lb.-mass. In this case, the equation to the line 


OA, Fig. 1, is I’= 24, and as R varies slightly with 


each gas mixture, there is a series of OA lines. The 
slope of these lines, however, varies so little over a 
wide range of mixtures, that no appreciable error in 
the total-heat values is caused by taking OA as the 
mean line. This is obtained by taking I” = 210 
CHU/Ib. at T = 3,000 deg. C abs. If the entropy- 
change curves are also drawn for 1 lb., a series of y 
scales is required. By drawing the curves for the lb.- 
mol, the y scale is the same for all gaseous mixtures, 


since R is aconstant. The $y, ?p curves and the + scale 
have therefore been drawn for the Ib.-mol. 








Application of the Energy Chart to Representative 
Cycles.—This chart can be applied to any type of 
internal-combustion cycle, but, for economy of space, 
illustrations of its practical applications are here 
confined to the cycles of four representative commercial 
internal-combustion engines and one internal-combus- 
tion turbine. In each case, the chart solutions for the 
ideal efficiency are supplemented by the corresponding 
sketches of the P V and T ¢ diagrams, in order to show 
clearly the modes of heat reception and rejection. The 
starting point of each cycle is denoted by the sub- 
script 1. The compression and expansion ratios are 
denoted by the subscripts c and e, respectively. With 
the exception of the explosive gas turbine, which is 
assumed to work with isothermal compression, the 
compression and expansion curves are adiabatics. 

I. Gas, Petrol, Alcohol and Paraffin Engines.—In 
each case the given quantities are the compression 


| ratio yye = expansion ratio yye, the initial compression 























place at constant volume and rejection partly at con- 
stant volume and partly at constant pressure. In 
addition to the initial suction temperature T;, the com- 
pression and expansion ratios yy-_ and yye, are known, 
as the corresponding stroke values are given. The 
temperature T, and internal energy I, at release are 
obtained as in the previous case. The temperature 
T;, at the beginning of constant-pressure rejection, is 


given by T; = T; a The ideal heat rejected is 
vC 
thus, g =(I, — I;) ++ (Hs; — H) and the ideal efficiency 
(I¢ — I5) + (Hs — mm] 
=, Se 1) | 
“ [ Q 
The complete Atkinson cycle has been applied to the 
Humphrey gas pump.* In this case, the expansion is 
carried down to the exhaust pressure, so that T, = T;, 
and hence q = (Hy — Hi) and 
ya — He =) 
Q 
III. Diesel Engine.—This well-known cycle of the 
heavy-oil engine is shown in Fig. 6. It is unsym- 
metrical, heat reception taking place at constant 
pressure and rejection at constant volume. The solu- 
tion for the ideal efficiency can be effected in two 
ways. (a) Given the volume-compression ratio yc and 
initial suction temperature T;, the compression tem- 


Fig.7. 
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For the practical operation of the chart, it is not 
necessary to know the values of the entropy changes, 
and the entropy scale, in consequence, is not shown on 
the entropy axis of the complete charts. It has, how- 
ever, been added separately to enable the chart to be 
used for the thermodynamic analysis of an engine per- 
formance, if desired. It will be noted that the energy 
curve determines the temperature limits for the cyclic 
Process of heat reception, while the entropy curves 
determine the temperature limits for the energy trans- 
formations during the adiabatic processes of compression 
and expansion. In any ideal cycle, the heat converted 


into work is here termed the “ eycle heat” and is| 


denoted by H,, and the corresponding work by E,. 
The cycle heat is the difference between the heat Q 
Teceived and the heat q rejected by the substance, 
or H, = (Q — q), and the ideal efficiency is 


~~. oe +) 

r= =(1-). 

For a given case, Q, the heat received per unit mass of 
the stuff in the cylinder, is known from the test data. 
The calculation of the ideal or standard efficiency of 
aa betison thus narrows down to the estimation of 
‘he ideal amount of heat rejected by the substance when 
working on the particular thermodynamic cycle specified. 














(665.1) fem Te a 


temperature T,, and the heat Q added per lb. per | perature Tz is found as before. By setting off the heat 
cycle. The cycle is symmetrical, heat being received | supply Q from the I curve at T: and drawing ef parallel 
and rejected at constant volume. The graphical | to OA to cut the curve at f, the upper tempera- 


solution is shown in Fig. 4. At T,, set off ad = yy, | ture limit Ts is obtained. 


from the v curve, and draw the vertical de, 


determine Tz. Add Q to I, and draw the vertical Yee = 


The expansion ratio is 


Yve = Setting this off from the v curve as 


ef, to cut the I curve at T3. At Ts set off gk = yye,|g%, and projecting vertically to cut the curve at I, 
from the v curve and draw the vertical k1 to determine | the temperature T,.and internal energy I, at the 


the final temperature T,, and the internal energy 


I,. Then the ideal heat rejected is g = (Ig — I) 
and the ideal efficiency ; 
(I4 — Th) 
n=l _ 
Actually, the lines de, ef and kl need not be drawn, 
as the points c, f and / can be obtained by moving the 
edge of a strip of paper, with the energy and ratio 
values marked on it, vertically up and down the 
chart. 

If. Atkinson Cycle: Andreau-Citroén Variable- 
Stroke Engine.—The cycle of the Atkinson engine, with 
incomplete expansion, recently revived by the Citroén 
Motor Company* as a petrol engine, is shown in 
Fig. 5. It is unsymmetrical, heat reception taking 





end of expansion are obtained. (6b) Alternatively, T, 
and I, can be found without reference to the 
expansion ratio, by using both the constant-volume 


} and constant-pressure curves, as shown in Fig. 7. 
| Draw the vertical g’l’ through g’ where the Ts line 


cuts the p curve. From c’, where the Ts line cuts the 
p curve, draw the vertical c’d’, to cut the T line at d’. 
Move the line ad’ up the chart, with point @ on the 
v curve, till the point d’ falls on the vertical g’l’. 
The point d’ lies on the required T, line. The ideal 
heat rejected is g = (I, — 1) and the ideal efficiency 
(Ig — I1) 
ob Se, 
bs Q 
IV..—Solid-Injection Oil Engine (Dual Cycle).— 
This is another unsymmetrical cycle, heat reception 





* See ENGINEERING, vol. cxxiv, page 613 (1927). 


Proc. I. Mech. E., March, 1909. 
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| 
taking place partly at constant volume and partly at | 
constant pressure, and rejection at constant volume. | 
The solution is shown in Fig. 8. Whatever method of | 
calculation is adopted, the difficulty of dividing the 
heat supply between the two modes of reception arises. 
Where a reliable indicator diagram is available, from 
which the initial and final compression pressures and 
the maximum pressure can be scaled, the approxi- | 
mate ratio of the actual temperatures for the constant- 
volume addition can be calculated, and the apparent 
increase of jnternal energy can be read from the 
chart. If it is assumed that this value h’, represents | 
some value » per cent. of the actual heat A, added | 
= °. and the heat 
added at constant pressure is hy = (Q— hy).  As- | 
suming that these values are estimated, and the com- | 
pression ratio yy- and initial temperature T, are 


at constant volume, then A, 


specified, the final temperature Ty is obtained as | 
follows:—Find the compression temperature T. as | 


before, add h,, to Ig, and draw the vertical ef to cut the 
I curve at f on the Ts line. 


Add hy to Hg and draw | 


ef’ parallel to OA to cut the I curve atf’ on the Ty line. | 


As in the case of the Diesel cycle, ye = yve = From 
4 


g, Where the Ty line cuts the v curve, set off gk 


Fig.10. A\ ¥ 


| 
| 


are known. At T, set off yy¢ = ad from the v curve, 
and mark the point m where it cuts the pressure curve. 
Add Q to the Ig value, and draw the vertical ef to cut the 
I curve at f on the Ts line. Draw the vertical gl from 
the point g where the Ts line cuts the v curve, and move 
the line ad up the chart with the point m on the pressure 
curve till the point d falls on gl. This determines the 
final temperature of expansion Ty. The ideal heat 
rejected at constant pressure is (Hy — Hj) and at 
constant temperature T; is given by zlog, yy:, where 
z is the intercept at T; between OA and OY. Hence, 
the ideal heat rejected is g = (H4 — Hy) + z loge yy, 
and the ideal efficiency 
er [= — Hi) + z loge ee. | 
sch | 
Q | 
When the negative pump work is done by regenerated | 
heat, the ideal heat rejection is (Hy — Hj), and | 
_ (Ha — Hi) 
Q | 
Data for Energy-Chart Construction.—Assuming, in | 
the first instance, that there is no dissociation, the | 
working substance consists of CO,, H,O, O, and Ny. 
The proportions of these constituent gases are deter- | 
mined, in the usual way, from the given pre-com- | 








1=1 


Yre | bustion mixture of air and fuel. | 


Company and the South Metropolitan Gas Company 
London. These are given in Table II. : 

In the case of a volatile fuel, like petrol or alcohol, 
the question of the effect of dissociation of the products 
of combustion arises. The subject has been very 
exhaustively treated by Tizard and Pye* in a series 
of articles on “The Character of Various Fuels for 
Internal-Combustion Engines.” They have shown 
that the effect of the supposed dissociation is a slight 
reduction of the value of the ideal efficiency when 
the correct mixture of air and fuel is used, or an 
excess of fuel is present. For this paper, I have 
endeavoured to obtain the modified curves of energy 
and entropy for petrol and ethyl alcohol, by an adapta- 
tion of their method for correct and weak mixtures 
only. Where the richness fraction is negative, the 
form of the modified curves is shown in Fig. 11. 
The procedure followed is to calculate the I and o 
values for the non-dissociated mixture and obtain 
the curves Oca and Bo’d. 

The composition of the dissociated products at the 
temperature Ty, resulting from a given heat input Q, 
is then calculated by a trial and error process. The 
heat of combustion hg of the proportion of CO and H, 
supposed to be present, is calculated per lb. of mixture, 
and set off as aa’ from the I curve at the T, level. 
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TABLE I.- ieee = msc tl Constants for Speci fic- | TABLE I1I.—Compositrion oF Town GAs, 
eat Equations. | An eee em ealraee - = SME a ee. = 
” —s?.: Wy . . ; | Constituent Gas. He co CHs CrHm coz | O2 | Nz 
Gas. | A. ! 5. U. | | | | 
— | a eres odes sees a aaa | | _ } 7 if 
| (pa | Birmingham | 0-480 0-136 | 0-212 | 0-019 0-033 | 0-005 | 0-115 
COZ... “ | 5-396) 5-057 x 10-3 —1-02 x 10-6 | Dundee... ay 3 ae a 0-382 | 0-160 | 0-220 | 0-012 0-058 | 0-008 0-160 
O2, N2,CO  .. --| 4°9467 0 | 9°31x 10-6 | Edinburgh. . es = ee ..{ 0-4811 0-1842 | 0-2115 | 0-0288 | 0-0342 | 0-0011 | 0-0591 
H20 273—2,000 deg.C.| | ; Pes | Glasgow (South) | 0-483 | 0-1625 | 0-207 | 0-027 | 0-053 | 0-0085 | 0-059 
(absolute) .. «| 7249 | —2-468X10°5 | 2-34 10°6 | Glasgow (North) .. = 0-475 | 0-166 | 0-202 | 0-027 | 0-060 | 0-008 | 0-062 
H,O 2,000—3,000 deg. ; oo | Gas Light & Coke Company 0-465 | 0-158 | 0-223 0-034 | 0-033 | 0-007 | 0-085 
C.(absolute).. —..) 19-044 | 24-69 X 10°3 |—4-67 X 10-6 | Liverpool carat 0-419 | 0-160 | 0-194 | 0-035 | 0-044 | 0-012 | 0-136 
ee Bene a Es | Manchester — - ~ 0-419 | 0-121 | 0-221 0-031 0-046 | O-007 | 0-155 
; L kl ; 1 ; | South Metropolitan Gas Company 0-514 | 0-075 | 0-281 | 0-036 | 0-017 0-002 | 0-075 
and draw the vertical ’/ to cut the curve at / on the : 
Average composition .. s 0-457 0-146 0-219 0-028 0-042 0-007 0-101 


Ts line. 


Alternatively, the T; and I; values can be obtained | 
from the constant-pressure and volume curves, without | 


reference to the expansion ratio. As shown in Fig. 9, 


set off gk on the T, line from the p curve, equal to the | 
intercept mn between the v and p curves at the Ts 


line, and draw the vertical fl. Move the line ad up 
the chart with the point a on the v curve until the 
point d falls on the vertical 4! and hence on the final 
temperature line Ts. The ideal heat rejected is q 
(I, — 1,) and the ideal efficiency 
(Is — 11) 
Q : 

V.—Explosion Gas Turbine (Holzwarth).—In the 
internal-combustion engine, the cycle is carried out in a 
single cylinder, which serves both as a motor and a 
pump element. The turbine type requires a separate 
motor and a pump element. For the ideal case, the 
pre-compression in the pump should be isothermal. 
The cycle of the explosion or constant- volume turbine 
developed by Holzwarth is unsymmetrical, heat being 
received at constant volume and rejected partly at 
constant pressure and partly at constant temperature. 
As practically applied, however, the turbine is of the 
binary-vapour type, the waste heat of the turbine 
exhaust being utilised in an auxiliary steam turbine 
plant consisting of a waste-heat boiler and a turbo- 
blower. In this case, the negative compression work of 
the pump is not done at the expense of the positive 
work done by the motor element. The solution for the 
ideal case, either with or without regeneration, is 
shown in Fig. 10. 


y= 1- 


It is assumed that the isothermal-compression ratio | 


Let n = number of mols. of any constituent. 
I’ = internal energy per mol. of constituent at | 
temperature T, 
then the internal energy of the mixture at T is 
Ip = = nl’ heat units/lb.-mol. 


(1) 


Ip x nV’ heat units/Ib. 


Ak 
™ Mp 
where Mp = molecular weight of the post-combustion 
mixture. The values of the internal energy (I) 
for CO,, H,O and the diatomics CO, O, and N, have 
been calculated in the usual way by the equation 
Lp 
1’ CyedT,. . © (2) 
Ir =o 

where C, is the molecular specific heat of the con- 
stituent. Partington and Shilling’s equations for 
C, have been adopted.* 

The specific heat is given as a quadratic function 
of the temperature 

Cy = A+ ST + UT’. 

The values of the coefficients A, S and U, used to 
obtain the internal energy values are given in Table I. 
For each type of fuel, a separate chart is required. 
For average town gas, the author has been able, 
through the courtesy of the various managers, to 
obtain the average composition of the present quality 
of town gas now supplied by the Corporations of 
Birmingham, Dundee, Edinburgh, Glasgow, Liverpool, 


and Manchester, and by the Gas Light and Coke | 


* Snecific Heat of Gases, Partington and Shilling, 





Yve and the initial air temperature T; at the turbo blower | page 209. 








| resulting from a given input of heat. 





|The state point a’ is taken as defining the virtual 


internal energy Ig. It can be seen that the effect 


| of dissociation is to reduce the maximum temperature 


T, is the tempera- 
ture at which the CO and H, are zero, that is, the lower 
temperature limit at which dissociation is supposed 
to commence. Between c and a’, at any temperature, 
the mixture is supposed to be in chemical equilibrium. 

In the calculations of tables, and also in the prepara- 
tion of the charts, I have received valuable assistance 


| from Mr. E. W. Geyer, B.Sc., and Mr. A. M. Chapman, 


B.Sc., and I desire to tender to them my thanks for 
their work. 








Motor VEHICLE REGISTRATIONS OveERSEAS.—The 
following statistics have been received recently by 
the Department of Overseas Trade, regarding the 
registration of motor vehicles and cycles overseas. 
It is reported from Lourengo Marques that 696 touring 
cars and 341 motor lorries were in use in Portuguese 
East Africa on June 30, 1928, and that 108 and 10 motor 
cycles were in use in the districts of Louren¢o Marques 
and Inhambane, respectively. The acting British ¢ onsul 
at Tamsui reports that 247 motor cars and 66 lorries 
and omnibuses were imported into Formosa during the 
first six months of the year. Five motor cycles were 
registered in the Patna district, India, during the second 
quarter of the year. The total number of motor \ chicles 
in use in Germany on July 1, 1927, and July 1, 1928, are 
reported as 679,895 and 933,312, respectively. 





+ See The Automobile Engineer, February, March, and 
April, 1921. 
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FLAX-PULLING 


CONSTRUCTED BY MESSRS. ROBERT BOBY, 


MACHINE. 


LIMITED, ENGINEERS, BURY ST. EDMUNDS. 





- 





FLAX-PULLING MACHINE. 


Fiax differs from the majority of crops in that it 
has to be pulled, leaving the roots and any weeds 


in the ground, so that a reaping machine cannot be | 


employed. Until comparatively recently, hand pulling 
was resorted to, and a considerable number of workers 
was required to deal with a large field. In these cir- 
cumstances, the gathering operation was both slow 
and expensive, but it is obvious that the design of 
a practical machine to imitate the motion of hand 
pulling offers considerable difficulties. Such a machine 
was, however, produced some little time ago by 
Messrs. Robert Boby, Limited, St. Andrew’s Works, 
Bury St. Edmunds. That the machine performed its 


york in an efticie é is § ie hown b 
work in an efficient manner is sufficiently s y the | hese Saheuiens. 


fact that it gained five awards in France in open 
competitions. An improved model has been brought 
out this year, of lighter construction than earlier 
designs. This machine, which also for the first time 
embodied a binding attachment, was thoroughly tested 
on the Continent during the last pulling season, and 
gave every satisfaction, securing additional awards in 
France and Belgium. 

It is claimed that the latest machine, which is 
illustrated in the above figure, has brought the pull- 
ing of flax into line with the harvesting of other 
crops in completeness of operation, and that the 
flax is delivered in better condition than when pulled 
by hand. The flax is not tangled and is level at the 
root ends. Weeds are left in the ground, and the 
stems are free from earth. An important feature is 
that the pulling mechanism is readily adjustable to 
vary the height from the ground level, so that the 
machine will pull long or short flax equally well, 
the grip being taken just below the seed pods, at 
precisely the same height as in hand pulling. 

_The machine is provided with a series of movable 
fingers on the near side, which enter the growing 
flax in advance of the gathering device. As the machine | 
travels forward, these fingers raise the growing flax 
from any position to a vertical standing. By this 
means the flax is raised clear of all weeds, and is 
prepared for the subsequent pulling operation. The 
actual construction of the machine cannot be described 
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| be adjusted to a point when it is sufficient to pull the 
flax without in any way tearing or injuring the tissues. 
After the flax has been pulled, it is carried round 
| between the belt and the wheel until it reaches the 
binding attachment. The latter is similar to that 
fitted te reapers and binders for grain crops, and the 
pulled flax is finally delivered from the offside of the 
| machine in sheaves. 

| The machine will pull from 6 acres to 8 acres a 
|day, which is equivalent to the work of more than 
30 persons engaged in hand pulling. The weight of 
'the machine is only about 10 cwt., and it can be 
|easily drawn by two horses. Two operators are 
required, and the machine is so simple to work that 
|} it can be readily handled by any ordinary unskilled 
It is also simple to maintain, and 
normally requires no attention beyond periodical oiling. 














THE THOMAS RECORDING GAS 
CALORIMETER. 


In our issue of August 24, page 230, an account 
was given of the Thomas recording gas calorimeter, an 
instrument in which practically all the heat produced 
by the combustion of a measured quantity of gas is 
transferred to a counter current of heat-absorbing 
air, the inlet and outlet temperatures of which are 
measured on electric resistance thermometers. As 
mentioned briefly in the account then given, the instru- 
ment is so constructed as to make automatic correction 
for variations in the specific heat and saturation tem- 
perature of gas and air caused by changes of temperature 
or barometric pressure. By the courtesy of the makers, 
the Cambridge Instrument Company, Limited, we are 
able to give details of the simple and interesting method 
now adopted to obtain this compensation. 

The heat produced by the combustion of a cubic foot 
of gas of a given calorific value, whether saturated or 
not, varies directly with the weight of dry gas it con- 
tains. The rise in temperature which will be produced 
by communicating a given quantity of heat to a cubic 
foot of saturated air will vary inversely with the heat 
capacity—specific-heat density—of the air, which is the 





in any detail without drawings, but it may be ex- 
plained that the moving fingers are operated by inclined | 
wheels mounted in the forepart of the machine, and | 
driven from the road wheel by a chain and pair of | 
bevel gears. The frame carrying the fingers, and also the | 
driving chain, can be seen in the illustration. Dividers | 
gather the flax together and feed it into the mouth | 
of the puller. During the feeding process, it is | 
impossible for the flax to move from its vertical | 
Position, in which it is held by the fingers ; neither | 
can it fall backwards or forwards. The actual pulling 
is done by gripping the flax between the surface of | 
a large cone-shaped wheel and a belt. The latter is | 
carried on three pulleys spaced round the outside of 
the wheel, but independent of it, only the outer side 
of the belt passing round the middle pulley, while 
imner side is in contact with the surface of the 
arge wheel for a short distance. The belt pulley 
remote from the dividers is driven from the road wheel | 
through bevel gearing. The tension of the belt can | 


sum of the heat capacities of the dry air and water 
vapour, and it will be represented on some scale by the 


| ratio of the weight of dry gas to the heat capacity of 


the air. Each of the quantities required to form these 
ratios varies with the temperature and pressure, and 
their values are already available in accepted tables or 
formule. Thus, assuming the barometric pressure to 


be constant at 30 in. of mercury, the weight of dry | 


air in a cubic foot of saturated air is known to be 

30 — tr 460 + 60 

30 «* GorT *?P 
where ¢y is the vapour tension of water at the tempera- 
ture T, T is the temperature of observation, and D is 
the density of dry air at 60 deg. F. The same formula 
will give the weight of dry gas in a cubic foot of gas 
similarly saturated, or, omitting the density of the gas, 
will give the relative weight of dry gas in a cubic foot 
of gas saturated at the temperature. The vapour 
tension and the weight of water vapour in a cubic foot 


| of saturated air are given for various temperatures in 
| the Marks and Davis Steam Tables, the density of dry 
| air at 30 in. of mercury and 60 deg. F., can be calcu- 
| lated from the data in Glazebrook’s Dictionary, the 
| specific heat of dry air is given in Kaye and Laby’s 
| Tables, and the specific heat of water vapour by Carrier’s 
|formula 0-4423 + 0-00018 T. (A.S.M.E. Journal, 
| vol. 33). 

| These data enable the ratio to be worked out for 
| each temperature and pressure, and it is thus found that, 
| taking the ratio to be correct at 60 deg. F., and the 
| barometer to be constant at 30 in., the ratio, and there- 
| for the temperature rise shown by the difference in the 
| readings of the thermometers, decreases as the tem- 
perature rises above 60 deg. F., and increases as it falls. 
If, therefore, the thermometers had a flat characteristic 
i.e., an equal rise in resistance per degree F. rise at all 
temperatures—they would read low at every tempera- 
ture above 60 deg. I". by the same percentage as the 
ratio had decreased at that temperature. ‘The change 
in the ratio is continuous, and its extent is such that, 
at 85 deg. F., the ratio is about 3 per cent. lower than 
at 60 deg. F. To compensate fully for this error, the 
thermometers are wound with nickel wire, which has 
an increasing temperature coefficient, and wires are 
chosen of which the characteristic increases by about 
2 per cent. between 60 deg. F., and 85 deg. F. 

A formula which gives the wire the characteristic 
| necessary for the desired compensation is 
| Rr = Reo {1 -- 0.0025 (T — 60) + 0.000002 (T — 60)*}, 
where Ry is the resistance at any temperature T, and 
it is found that, with care, wire can be selected for these 
thermometers with the desired characteristic. The 
selection is made for pairs of coils out of consecutive 
lengths of the same reel, both of which are rejected if 
either fails to conform to the required characteristic. 
| The reason for the variation of temperature co- 
| efficient in nickel wires which chemically seem to be 
indistinguishable is obscure. No information seems to 
be available to show whether it is due to segregates 
drawn out into very fine threads, or to a more occult 
cause, 

Similar tables prepared for a barometric pressure of 
28 in. of mercury show that this difference, which 
may be taken to represent the extreme likely to be met 
with, produces a maximum error of only about 0-2 per 
cent., and no separate correction is, therefore, required 
in this respect. 

Not only the accuracy of the calorimetric readings of 
these instruments, but the extreme robustness of the 
recording mechanism, have shown them to be parti- 
cularly well adapted for practical work, and we under- 
stand that, in the United States, where this calorimeter 
was first developed, over 500 instruments are now at 
work. 








| 
| 
| 
| 








British STANDARD SPECIFICATION FOR CONCRETE 
Kerss, CHANNELS AND QUADRANTS.—The _ British 
Engineering Standards Association has issued a specifica- 
tion for concrete kerbs, channels and quadrants made 
with Portland cement. The specification contains clauses 
governing the composition of the aggregate, the prepara- 
tion of the concrete and the moulding, and includes tests 
for transverse strength and absorption, and the minimum 
weight per cubic foot. Provision is made for the use of 
rapid-hardening cement, while seven sections of kerbs, 
with quadrants to match, and one section of channel, 
have been standardised. Copies of this new specifica- 
tion, No. 340—1928, may be obtained from the Publica- 
tion Department of the B.E.S.A., 28, Victoria-street, 
London, 8.W.1, price 2s. 2d., post free. 

THE SoutH ArricaAaN MEETING OF THE BRITISH 
AssocIATION.—The arrangements for this meeting are 
so far advanced that invitation circulars have been issued 
to old members requesting them to inform the Secretary, 
Burlington House, Piccadilly, W.1, as early as possible 
whether they hope to attend. The circular contains the 
preliminary programme, dates of sailings and of meetings, 
and: approximate estimates of expenses. The meeting 
will be opened at Cape Town on Monday, July 22. On 
July 28 the party will leave for Johannesburg via Kim- 
berley, arriving at Johannesburg on July 30, where meet- 
ings will be held concluding on August 3. Some meetings 
will also probably be held in Pretoria between August 1 
and 7. Eight different excursion tours, including the 
Victoria Falls and Rhodesia, have been arranged, and 
members may return by either the West Coast or East 
Coast routes. The latest date of sailing for Cape Town is 
July 5; intermediate steamers and other mail boats sail 
on June 27 and earlier. A member spending 16 days in 
South Africa after the meeting, 33 days in all, may be 
back in England by September 9. The shipping lines 
will grant a rebate of 20 per cent. on ordinary ticket 
rates, and the railways in South Africa a rebate ranging 
from 35 to 50 per cent. ‘Travelling first class right 
through, it is estimated that the cost of the journey will 
be about 1501. This does not include actual expenses 
during the meetings at Cape Town, Johannesburg, and 
Pretoria, but includes the cost of a tour not extending 
into Rhodesia. New members should have their appli- 
cations endorsed by a member of the General Committee. 
The President of the Association will be Sir Thomas 
Hoiland. The visit takes place under the auspices of 
the South African Association for the Advancement of 
Science, and is supported by the Government of the 
Union of South Africa. 
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THE ECONOMICS OF RURAL | and 2}d. to 14d. for power. With the object of 
| obtaining an income of at least 20 per cent. of the expen- 


ELECTRICITY SUPPLY. | diture, a guarantee was required from each consumer. 


In the course of an address, which, as chairman, he | The method of fixing this guarantee was to allocate 
delivered at a meeting of the Mersey and North Wales | 20 per cent. of the estimated cost of an extension 
(Liverpool) Centre of the Institution of Electrical | between the occupiers of the premises affected in 
Engineers on Monday, October 22, Mr. S. E. Britton, | proportion to their rateable value. An important 
city electrical engineer, Chester, gave some interesting | advantage of this method was that the minimum pay- 
figures relating to electricity supply in rural areas, | ment required was usually in advance of the cost of the 
with special application to the district round Chester. | electricity a consumer would require for lighting. The 

The total area of England and Wales, he said, was | result was that he used electricity for other purposes 
58,340 square miles, of which 6,500 square miles was | to the full value of the guaranteed amount, and in this 
urban, and 51,840 square miles rural. Of the latter, | way the electrical habit was developed. In general, 
29,350 square miles, with a population of 5,468,514, | where the mileage of transmission line did not exceed 
was already within the area of an electricity supply | the mileage of distribution line, and the number of 
undertaking. The fact that so large a rural area was | potential consumers was not less than 30 per mile, there 
electrically occupied might create a favourable impres- | was the prospect of a remunerative supply. 
sion, but the service actually given was very limited and 
the majority of the population in these districts was 
not provided for. The problem of how to alter this ACID MINE DRAINAGE. 
position involved a consideration of ways and means of| (yx of the problems arising in connection with the 
providing economic systems of supply, the alternative investigation, by the United States Public Health 
methods being for existing undertakers to extend into | gervice, of stream pollution and the self-purification of 
adjacent areas, and for statutory authorities to be set rivers, to which we drew attention on page 544 of our 
up in those districts which were not yet supplied. The | j..u¢ of May 4 last, is the question of the discharge of 
former was the more capable of producing satisfactory | 3.iq waters from mines, active or abandoned, into 
service. Rural electrification was primarily controlled | river courses. From time to time, complaints have 
by economic principles, and while at present the nature | gpjcen regarding this, but no quantitative data have 
of the demand was similar to that in urban areas, histharta Geen cavalo milion necanintainestbone: 
development, owing to low density of potential con-| fore selected two streams in the Pennsylvania coalfields 
sumers, would have to proceed relatively slowly. It} 9. the subject for an enquiry, a first account of which 
was essential that undertakers should be obliged by | j, given in the Investigation Report of the Bureau of 
legislation to adopt a tariff based on services offered, Mines, Serial No. 2889. recently issued. The first 
which should be co-ordinated with the expenditure | cclected was a stream, about 18 miles in length, into 
necessary for the provision and maintenance of that| .pich the waters of 25 SSR PRED s 
service and with the ability of the consumer to pay. mines are abandoned, and six are at present inactive ; 
To enable this to be done, it was important to know | the coal beds are low in sulphur. The other ditaieh 
the economic value of electricity for domestic purposes, | o¢ 9 rather inferior high-sulphur bearing coal, ated 
and to educate the public in its utilisation for those concerned with a stream of 35 miles length and seven 
purposes to the fullest extent. | active mines, seven inactive, and 15 abandoned mines. 

From information obtained in the Chester district, | Most of the last were caved and shut in, and did 
it appeared that farm employees, occupying two to | not appear to drain into the stream. 
four rooms, spent from 1/. 10s. to 3l. per annum on | are rugged, the rainfall is slightly above the average 











candles and oil, and from 7. to 12/. on fuel. Those | for the State, and the run-off rapid. With three installations. 
occupying from three to seven rooms spent from 2I/. exceptions, all the mines are drift mines; the | 
to 7l. per annum on light, and from 61. to 12/. on fuel, | exceptions are one abandoned shaft and two active | 


Two of these | 


The districts | 


selves by caving in. The water from such naturally 
or artificially-sealed mines can frequently be used, even 
for drinking. 








CATALOGUES. 


Transformers.—Messrs. Bruce Peebles and Company, 
Limited, Edinburgh, have sent us a copy of a new 
catalogue of static transformers. 

Aero Engine—We have received a catalogue and 
some circulars describing the Junkers aero engine, from 
Messrs. Trost Brothers, 104, Victoria-street, London, 
S.W.1. 
| Transformers.—A new descriptive catalogue of their 
core-type oil-immersed self-cooled transformers has been 





| issued by the Brush Electrical Engineering Company, 
| Limited, Loughborough. ; 


Cables.—We have received a list giving full particulars 
of paper-insulated cables in a very extensive range of 
sizes, from Messrs. British Insulated Cables, Limited, 
Prescot, Lancs., and also a list of firms to whom high. 
tension cables have been supplied. 

Heat-Insulating Materials.—The Cellite Products 
Company, 11, Broadway, New York, U.S.A., have sent us 
a catalogue describing kilns, still-settings and other 
works for which their insulating bricks, mortar, cement 
and waterproofing materials are suitable. 

Turbo Alternators.—The English Electric Company, 
Limited, Queen’s House, Kingsway, London, W.C.2, 
have issued a new catalogue of turbo-alternators from 
5,000 kw. upwards. All the main parts are fully described 
and a number of machines are illustrated. 

Air Filter—The Wellman Bibby Company, Limited, 
Victoria Station House, London, 8.W.1, have sent us a 
pamphlet describing their filter for extracting dust 
from air and gas. The apparatus is claimed to be rapid 
and efficient and to require only a small space. 


Well Boring.—The Oil Well Engineering Company, 
Limited, Chadle-Heath, Stockport, have sent us a 
number of pamphlets dealing with well-boring plant 
such as portable boilers, drilling engines, rotary tables, 
Stellite tips for tools and special steel joints for cement 
tubing. 

Telephones.—A catalogue to hand of Strowger auto- 
matic telephones, deals with the application of the 
| system to large town exchanges and to local and industrial 

The makers of the apparatus are the 

Automatic Telephone Manufacturing Company, Limited, 
Liverpool. 

Clocks.—Messrs. Gent and Company, Limited, Leicester, 





while farms expended from 8/. to 1401. per annum on ‘slope mines. All the mines are small, and there is little | ama tatanndok i & aeeeiens Ok ieee omens 


these services, including power. The running and | pumping in most cases. 
maintenance costs of oil-electric sets used only for! 
lighting varied from 201. to 1001. per annum. As regards | V-notch weir in the wet and the dry (summer) season, 
the various applications of electricity, the order of use | and samples were taken at intervals of about half a mile 
seemed to be : lighting, motors for barn machinery, | for the determination of the acidity and the hydrogen- 
irons, fires, motors for dairy use, motors for pumping, | jon concentration, Py. The total acidity is expressed 
cooking, vacuum cleaners, fans, wash boilers, washing | in the report in parts of calcium carbonate required 
machines, and water heating. | to neutralise 1,000,000 parts of water (p.p.m.). The 

The rural districts served by the Chester Corporation | Py indicates the presence of free hydrogenions. Neutral 
covered 139 square miles and comprised 95 parishes, | water has a Py of 7; when the figure is smaller, the 
with a population of 33,664, and 395 miles of main and | water is acid, and as the figures are on a logarithmic 
secondary roads. Supply was now available in 52 | scale, a Py = 6 means that there are 10 times as many 
parishes, and in March, 1928, there were in use 25 miles | H-ions present as in the neutral water. 
of high-tension overhead-transmission lines, 23 sub- | greater than 7, the water is alkaline. The acidity found 
stations, 36 miles of low-tension overhead lines, and | in the streams was generally small, the Py value ranging 
seven miles of underground cable supplying 1,459 | from 6-4 to 6-8. Hydrochloric acid of one-tenth normal 
consumers. The latter figure represented 40 per cent. | concentration would have a Py = 1:04. Alkaline or 
of the occupied premises along the routes of the dis- | neutral waters were seldom detected, and the acidity 
tribution lines, and 21 per cent. of the premises in the | changed but little at different points down the stream, 
area. In Eaton, however, 91 per cent. of the premises | showing that there was no neutralisation by the river 
were connected, while in Blacon and Mickle Trafford, | water. Most of the beds of the streams and tributaries 





the figure was 60 per cent. It was estimated that com- | are sandy in character. Organic life is destroyed near | and machinery. 
plete economic electrification could be obtained with | the entrance of drain channels, but reappears below | 
75 miles of high-tension line and 90 miles of low-tension | owing to the dilution by the stream. The diluting borough and 


line, the supply being ultimately available to 75 per cent. | effect of heavy rains was also noticeable. 
of the existing population. At March, 1928, the capital | 


expenditure was 46,732I., equivalent to 6871. per mile | might be expected to become partly neutralised. That | 20zzIes, 


of high- and low-tension line, 341. per consumer and | change, however, has not been observed, probably 
1s. 1d. per kw.-hour sold. The income for the year was | because the drain channels become coated with a 
10,0641., equivalent to 148/. per mile of line, 6-91. per | protective deposit of iron oxide. The source of the 
consumer, 2-8d. per kw.-hour sold, and 21-5 per cent. | acidity is the oxidation of sulphides, mainly iron 
of the capital expenditure. The electricity sold was | pyrites, yielding ferrous and ferric sulphate. 
861,926 kw.-hours, or 12,675 kw.-hours per mile of line, | through the cleavages of the layers of coal, the sul- 
590 kw.-hours per consumer, and 122 kw.-hours per | phate solution becomes concentrated, and dry crystals 


head of population. In urban areas it was not unusual | of the sulphate form and may be shovelled from the | 
to find that the density of artisan dwellings was as high | floor and coal face, and may even fill whole cavities. | 


as 800 per mile of road, while in residential quarters it |The further oxidation of the ferrous sulphate yields 
might be 150 per mile, the population being of the order | ferric oxide and free acid. 
of 4,290 and 910 per mile, respectively. In the rural | easily neutralised by means of ground limestone or 
area round Chester, on the other hand, the population lime, but the thin sludge of iron oxide and an 
was from 111 to 353 per mile of road, and the spend- excess of limestone, which results, is too thin to 


The rate of flow was measured by means of a portable | 


If the Pu is | 


Acid water from mines having limestone floors | including hydrants, standpipes, valves, pipe 


The acid in the water is | 


ing power was only from one-tenth to one-fifteenth | shovel and too thick to pump. One company has | 


that in urban areas. for several years been sending the mixed water and 


This demonstrated clearly that a supply given on a | limestone through a Dorr thickener into a settling tank, | 


requisition of six or more consumers in a rural street | and then in a spray on to a heated revolving drum | 


might absorb all the potential consumers, and involve | from which a yellowish oxide powder can be scraped off. 
the undertakers in perpetual loss. 


on the cheapest practicable lines. The tariff, therefore,|a problem as the acid neutralisation. As regards 
consisted of a fixed charge of 20 per cent. on the rate- | abandoned mines which continue to discharge acid 
able value of the premises, plus 1}d. per kw.-hour con- | waters, and are known to have done so for 15, and even 
sumed, or alternatively, flat rates of 74d. per kw.-hour | 45 years, the best way of dealing with the acid nuisance 
for lighting, 13d. per kw.-hour for cooking and heating, | seems to be to seal the mines, if they do not seal them- 





, It also emphasised | So far no market has been found for this iron oxide, and | 
the importance of rural electrification being developed | the disposal of the neutralised sludge is as troublesome | elect 


| clocks and impulse-operated clocks, which may be con- 
nected electrically to indicate uniform time at a number 
of points in works, offices, &c. The apparatus is known 
as the Pul-syn-etic system. 

Pumps.—Two catalogues from Messrs. Robert Warner, 
(Pumps), Limited, Pottery-lane, Newcastle-on-Tyne, deal. 
respectively, with steam pumps for land or marine 
service, and treble-ram pumps and double-acting pumps. 
In both catalogues, particulars are given of a full range 
of types for low and high lifts. 

Handling Machinery.—What is now known as handling 
machinery, which includes hoists, conveyors, elevators, 
stackers and all kinds of apparatus for moving goods, 
either in packages or in loose form, is well represented in a 
catalogue to hand from Messrs. R. Boby, Limited, Bury- 
St.-Edmunds. Capacity tables are given for grain, 
minerals, &c. 

Refrigerating Machinery.—Messrs. Seagers, Limited, 
Dartford, Kent, have issued a catalogue of COg refrigerat- 
ing and ice-making machinery showing a large variety 
|} of plants, equipment, instruments, &c. The company 
| have also issued, in pamphlet form, two technical papers 
| by Mr. Henry Brier, M.I.Mech.E., explaining the process 








Fire-Extinguishing Equipment.—Messrs.. J.  Blake- 
Sons, Limited, Brighouse, Yorks., have 
| issued a catalogue of equipment for fire ——— 
ings, 
containers, and small accessories, and also 
| portable fire engines and pressure containers for the 
| foam used in oil fires. : 
| Ball Bearings.—Messrs. Ransome and Marles Bearing 
|Company, Limited, Newark-on-Trent, have issued a 
|new edition of their catalogue giving dimensions and 


Oozing | prices for the ball and roller bearings most frequently 


employed, with useful notes on mounting, maintenance 
and tolerances for shafts and housings. The catalogue 
is very conveniently indexed for easy reference. 


Portable Crane.—A useful form of portable crane, 
|mounted on one of the standard McCormick-Deermng 
industrial tractors, is illustrated and_ described in a 
pamphlet to hand from Messrs. Frederic H. Poor, — 
of 50, Church-street, New York. The crane, known as the 
Loadmaster. can handle a load of 3,000 Ib. at any radius 
up to 8 ft., or one of 2,400 Ib. up to 10 ft. radius. W oa 
not employed as a crane, the tractor can be used for ordl- 
nary haulage work on the road, or elsewhere. 
Compressors.—The Rotary Air Compressor Company 
Limited, 12, Victoria-street, London, S.W.1, have sent 
two-stage rotary 
direct-coupled to 
hown in the 


lin a catalogue of single-stage and 
| air compressors and vacuum pumps 
ric motors. The complete units are 8 a 
| stationary form, mounted on rails for mine work, = 
| mounted on railway trucks for such operations * 
sandblast cleaning of bridges, &c. A catalogue ° 

| automatic alarm for compressors, engines, cooling t 
&c., which gives an alarm when the water supp 
insufficient, has also been received. 
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RESEARCH WORK OF MESSRS. 
METROPOLITAN-VICKERS = ELEC- 
TRICAL COMPANY, LIMITED. 


Nor a few of our historical engineering firms fell 
on evil days, or even found themselves compelled 
to close down, from a failure to recognise that whilst 
mere experience may provide adequately for the 
needs of the moment, the prospective requirements 
of the future cannot be adequately met without a 
reasonable expenditure on experiment and research. 
Unfortunately, some establishments, when the 
march of events has shown the need for innovations, 
even of a minor character, are inclined to purchase 
these ready made from abroad, with, on the whole, 
very unfortunate results. Mind is unquestionably 
the main factor in the creation of wealth, and it is 
socially and economically undesirable that British 
engineers should become mere hewers of wood and 
drawers of water, relying on the foreigner for all 
creative thought. Fortunately, the practice depre- 
cated is not universal, and the research depart- 
ment of the Metropolitan-Vickers Electrical Com- 
pany has no reason to fear comparison, either in 
staff or equipment, with the best of its Con- 
tinental competitors. 

The laboratories have a floor area of 30,000 sq. ft., 
and include mechanical, electrical, metallurgical | 
and chemical departments. Much of the work done 
is naturally of a routine character, being directed to 
ensuring the quality both of purchased materials 
and final products but, in addition, much original 
and valuable investigation is carried on. An 








eddy-making power. The type of apparatus, is 
described more fully in the first Report of the 
Nozzles Committee,* and was chosen as being the 
most suitable. The apparatus at Trafford Park 
is, as already mentioned, slightly larger, and 
has a larger cage than that used by the Com- 
mittee. It can test actual commercial nozzles, 
which can be made with from three to ten or 
more passages, according to pitch. The sensi- 
tiveness and accuracy of the tester is strikingly 
shown by some experiments described by Mr. K. 
Baumann at a meeting of the Manchester Section 
of the Institution of Mechanical Engineers held on 
February 2 last, and reported in our issue of Febru- 
ary 17, 1928. In order to determine the effect of 
size, three sets of nozzles of different dimensions were 
prepared. These were intended to be geometrically 
similar, but slightly anomalous results were at 
first recorded. After much trouble an apparently 
trifling departure from perfect geometric similarity 
was noted, and on correcting this the whole set of 
experiments became consistent. A less sensitive 
form of tester would undoubtedly have failed to 
establish the anomalies disclosed in the earlier tests. 

Since its first installation the tester at Trafford 
Park has been provided with windows glazed with 
wired glass. The interior is lighted by electric 
lamps, and advantage has been taken of. this 
arrangement to trace the currents of steam inside 
the discharge box. Exploration of the interior 
by means of a search tube has shown that the 
pressure inside the box is sensibly uniform, any 
differences that may exist being too small to be 


the nozzle tester. On the extreme left, partly 
obscured by the nozzle tester, are the tank and 
weigh-bridge for the small condenser, and further 
back along the wall those for the main condenser. 
In the background on the right, behind the demon- 
stration turbine, is a little glass office for the calcu- 
lation of test results continuously during a series 
of tests. During a test the results of the previous 
test is worked out sufficiently fully to make sure 
that nothing had gone wrong, and to establish the 
trend of the results so that plans can be modified 
\if necessary, or the range of the tests extended. 
| At the end of the run or at latest by the following 
morning, the curves of the results are available 
for discussion and preliminary conclusions. The 
small glass office also contains a galvanometer and 
resistance bridge, to which are brought the leads 
from all platinum thermometers, a Fortin baro- 
meter, &c. The calculations are finally worked 
over again more fully, and plotted as fair curves. 

The present methods of conducting the tests have 
taken some years to develop. An accuracy is 
required in which errors are something like one- 
tenth those inevitable in an ordinary commercial 
test. The necessity for this will be appreciated 
when it is realised that the improvement of the 
blading of a given machine sufficient to show up 
on test may have been achieved as the result of 
several minor improvements each of which has had 
to be tried and tested separately. 

In all apparatus the weighings of steam quantity 
are closely checked by leading off the steam through 
calibrated measuring nozzles. In this connection it 





example of this is given in the experimental steam | detected on a water gauge. 
research department, and the research on turbine 
blade root forms which we describe below. machine. A small batch of the runner blades, to 

Attention has already been called in ENGINEERING be tested, is suspended in front of a nozzle having a 
to the fact that the impulse blading designed few passages. There is the same clearance between 
by this firm has established a record in the | the two, the same overlap on blade height, the same 
efficiency of this type, as gauged by the published | shrouding and so on, as it is intended to use in a 
results of tests of commercial machines. This| turbine. The batch of blades is suspended by guide 
achievement has been the direct result of an ex-| Wires which allow it to move solely in the same way 
cellently planned and intelligently conducted research | as the blades would travel in a turbine. ; The steam 
on blade forms. The work was started some five or | from the nozzle urges the blades in this direction 
six years ago, when an experimental steam re- | and this impulse is resisted by a spring balance, the 
search department was established, and has since | Teadings of which are frequently checked against a 
worked continuously under the direction and control | dead weight. The experimental turbine, as already 
of the chief mechanical engineer. The main equip- | noted, is a single stage machine, though further 
ment consists of a nozzle tester, a blade tester, a | stages could be added if desired. It has been 
single-wheel turbine, which is known as the experi- | designed free from diaphragm gland clearances and 
mental turbine, and a multi-stage turbine, which has | the whole of the spindle gland leakage is collected 
been dubbed the “demonstration turbine.” Forms | and weighed in a separate small condenser. The 
which have given promising results in the nozzle | wheel works with full admission. It has only an 
tester and blade tester are next tried in combina- | emergency governor and no power is lost in driving 
tion in the single-wheel experimental turbine. If any speed recording mechanism or oil pump or 
the results here are satisfactory, they are then | Speed governor. The blade clearance can be easily 


given a further test in the demonstration turbine. | altered during running. Blade speeds as high as 


These experiments have shown, very conclusively, | S°me 750 ft. per second can be attained. Three 
that mere eye designing may yield very indifferent | Totors are kept, so that two can be in the blading 


results, whilst some forms easy to manufacture, | department while the other is being tested. The 
but which the eye designer might consider bizarre, load is usually from 100 to 120 h.p. but sometimes 
have proved very distinctly superior to many so-called | UP to 500 h.p., and 18 measured by a water dy: na- 
stream-line forms, and only a little inferior to the |mometer. The multi-stage demonstration turbine 
very best of these. ’ has been run with ten and eight stages. At 
The nozzle tester provided is of the impact type, present it is being run with six, with which the 
and is very similar to the one at the Dickinson- |°UtPUt is about three times that of the experi- 
street Power Station of the Manchester Corporation, mental turbine. It can be coupled to the same 
which has been used by the Steam Nozzles Research dynamometer as the latter. Provision is also made 
Committee of the Institution of Mechanical Engineers for measuring the load electrically by coupling the 
for their tests. It is, however, larger, and has a turbine to a generator. The maximum load so far 
larger cage, the cage being the name given to the taken has been 1,400 h.p., but this was with a larger 
apparatus which receives the impact of the jet. condenser than that now in use. 
It has long been known that if a simple flat plate A small subsidiary condenser is used to collect the 
be used to receive this impulse, anomalous results | steam from either the nozzle tester or from the 
are apt to be recorded, owing to the effect of the blade tester, and it also takes the spindle gland 
eddies generated in the mass of vapour surrounding | steam from either turbine. The condensate is 
the jet. The cage is essentially a deep cylinder, | delivered into a tank on the bed of a weighing 
the walls of which are built up of a succession of machine. A general view of the steam research 
wide slats, between which any fluid entering or department is given in Fig. 1, on Plate LX XVII. 
leaving the cage must pass. The slats being wide This gives a good view of the dynamometer, coupled 
and the spacing between them small, any such fluid | the moment to the experimental turbine. Resting 
tirbave no senalilie eieeniens along “the axis of | 0” trestles may be seen a spare rotor of this turbine. 
the cage, and will not affect the impulse recorded. On the trestle is placed a typical batch of a dozen 
Still more important is the porous pad consisting of | TU™NeT blades in a holder ready for inserting in the 
a thick layer of wire netting and wire gauze, which blade tester. Further back is the rotor of the 
lines the face of the platé on to which the jet is demonstration turbine on trestles; on the left 
directed. The object of this porous pad is to trestle is placed a typical nozzle made for test in 


knock the velocity out of the steam before it escapes | “+ Proc. Inst. Mech. E., 1923, page 12; ENGINEERING, 














The blade tester is also a steam impulse weighing 


has been easy, simply by operating the nozzle in the 
exhaust line with a pressure ratio above the critical, 
to provide that the strokes of the air and condensate 
pumps never cause fluctuations at the pressure gauges 
onthe turbine. Temperature and pressure measure- 
ments are duplicated or triplicated or quadrupli- 
cated. All pressure measurements are made by 
means of mercury or water columns fitted with the 
Stoney air leak device which prevents moisture from 
condensing in the connections. Turbine speeds are 
recorded by a counter which absorbs a fraction of 
a watt and is now being supplemented with an 
electrical speed indicator. Torque is measured 
as already mentioned,on a water brake and the 
same brake can be coupled to either turbine. The 
power is also checked from the quantity and the 
rise in temperature of the water passing through 
the brake. Mechanical losses can be deduced from 
changes in the turbine efficiency under different 
conditions but are also estimated from the quantity 
of oil supplied to the bearings and its temperature 
rise. Superheat is controlled by a separately 
fired superheater using either gas or oil as its fuel 
and temperatures up to 700 deg. F. can be attained. 
The department has its own circulating water pump 
connected to both condensers, but the small con- 
denser is usually run off the works supply. This 
is also used for the water brake, but an extra ball 
valve in the overhead cistern is connected to the 
town’s water which is turned on automatically should 
the works’ supply ever prove inadequate. The oil 
to all apparatus is supplied at 16-lb. pressure from 
an overhead tank. A separate steam driven recipro- 
cating pump returns the oil to the overhead tank. 
Great care is necessary in interpreting the results 
recorded. Thus a change of blade form or of pitch 
which has been an improvement in the blade 
tester may show a much smaller improvement 
when applied under the changed conditions of a 
turbine. The performance of blading is not 
amenable to exact prediction as the hydrodynamics 
of the subject is difficult in the extreme. Even 
in cases where the experiments give only qualitative 
results their evidence is regarded as of first import- 
ance. There is no doubt that on certain occasions 
quite wrong decisions as to blade forms would 
have been made had there been no experimental 
section. 

The nozzle tester and the blade tester allow some 
opinion to be formed about the efficiency of proposed 
blading, only half a dozen or a dozen blades being 
needed for the test which is thus made quickly and 
cheaply. The experimental turbine gives better 
information and is used for further tests of those 
blade types which have not been condemned on the 








from the cage ; which it does accordingly with little | March 23, 1923, pages 356 and 377. 


showings of the nozzle and blade tester. This turbine 
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having only one wheel, cannot deal properly with 
those properties of guide and runner blades which 
allow them to utilise kinetic energy carried over from 
apreceding stage. Therefore, the more important or 
promising blade types are, as noted above, put to 
a further test in the demonstration turbine. These 
tests involving the blading of many wheels and dia- 
phragms are the most expensive, and this multi- 
stage turbine is thus the last of, virtually, a series 
of sieves for the sorting out of the best blade types. 

A line of research which began as subsidiary, but 
has grown sufficiently important to be one of the 
main branches, is that of efflux angle testing. 
Blades are supplied with steam from a steam chest 
in the open air, and the direction of the steam as it 
leaves the blades is measured by placing small 


DOVE TAIL NOTCH. 


Tsoclinic Lines.| Lines of Principal 
Stresses. 





Fig. 18. 
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fabric or metal vanes or “indices” in, the jet, or 
by photographing the jet. When photography is 
wed it is necessary to have some visible particles 
introduced into the steam. Water has been tried, 
and a white powder such as ammonium chloride 
and a dari: powder, such as jeweller’s rouge. The 
metal indices have, however, proved the most 
Satisfactory of the indicators tried. The index is 
‘short strip of metal foil, mounted on pivots, which 
a like a weathercock and shows the direction of 
. stream of steam in which it is placed. The 
gle assumed by it is measured either optically 
Y observing it through a telescope placed some 





10 ft. away, or by a pointer attached to the vane, 
and moving over a protractor scale. Much experi- 
ment was necessary before a fully satisfactory 
arrangement was reached. At first, a design similar 
to that used by the Nozzle Research Committee 
was tried, but this only gave the directions of the 
jets at some distance away from the nozzle face. 
This was, no doubt, sufficient for the purposes of 
that Committee, which was to set the nozzles 
correctly in their nozzle testing apparatus. 

But further data were desired at Trafford Park, 
where one aim has been to determine the character 
of the flow before the steam has got far from the 
nozzle or runner blade. To get the direction of 
flow close to the nozzle face, it was necessary to 
use the smallest possible index and, moreover, the 


& 
§ 930 Lb. 


and a noticeable smoothing out of the efflux angle 
has taken place. In Fig. 17 the blades have a curved 
chamfer, and a still further approach is made to a 
uniform straight line for the graph of the efflux angles. 
The improvement is greatest at the highest veloci- 
ties. It will be seen, too, that all the efflux angles 
more and more nearly approach sine ~'K, where K 
is the throat opening divided by the pitch. It need 
hardly be mentioned that this nozzle was tested in 
the nozzle tester to get independent evidence of the 
improvement effected by chamfering. The improve- 
ment due to the flat chamfer was very noticeable, 
but the additional improvement due to the curved 
chamfer was very little, and was greatest at the 
highest and the lowest velocities, indeed, at an 
intermediate velocity region the flat chamfer 
appeared to be, if anything, slightly 
better than the curved one. This 
isin complete accord with the tests 
of the Nozzles Research Committee. 
This investigation shows very 
clearly the disadvantage of the 
“parallel throat” so strongly ad- 
vocated by most Continental de- 





per inch* 




















signers, and text-books writers, 
who claim for it the advantage 
that it steadies the jet and gives a 
perfectly definite angle of discharge. 
As will be seen, the effect is just 
the contrary. 

This method of testing is directly 
useful in design, as the discharge 
angles of the blades are required 
for fixing the entrance angle to be 





Compressu™ 





given to a succeeding row of blades. 
The apparatus gives explanatory 
facts instead of merely an overall 
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figure as with other methods. It 
gives the characteristic, if there be 
any, of the individual blade pas- 
sage. Leakage of steam between 
blades, special eddies, &c., can be 
seen. Files and other tools can be 


indicating pointer which moved over the protractor | kept handy, and as the work is done in the open 
scale had to be placed outside the stream and to be | air in a good light the blade forms can actually be 
shielded from any stray eddies bya brass partition. | carved, while set up for test, so as to improve the 
Many of the indices tried so far from giving a stable | character of the stream. 

reading seemed, if anything, to increase the tendency | Runner blades can also be laid over the nozzle, 
to the phenomenon of jet flapping. The vane | and their efflux angle measured in the same way 
seemed capable of dividing the stream into two, and | as for the nozzle alone. It has thus been found that 
might lie in either of two definite positions of rest. | the discharge from these blades is, in general, rather 
A slight push by hand would send it from one to the | steadier than that from nozzles. 

other. It seemed at first almost impossible to make' The two illustrations, Figs. 2 and 3, on Plate 
a vane which would not by its very presence affect LX XVII, show a specially designed nozzle, with a 
the stream lines, but this difficulty was at length | small batch of runner blades laid over it. In Fig. 2 
overcome, and reliable measurements made of the | there is a pressure drop corresponding to a velocity 
direction of the flow well within a tenth of an inch | of 1,350 ft. per sec., and in Fig. 3, 2,050 ft. per sec. 
from the blades. The size of the vane still seems, Another interesting research conducted under 
to have a slight effect on the results. At least, | the immediate direction of the large electrical 
when a very small vane was used the efflux angles| machine department, assisted by the research 
came out a trifle higher, showing that the steam | department, had as its object the determination 
is flowing in curved lines just at exit from the of the best proportions for the dovetails, by which 





nozzles, thus indicating that the union of the steam 
jets is not quite complete at the plane of exit. 
Curves were plotted of efflux angle against steam 
velocity, and the increase of angle at velocities 
greater than that of sound was recorded (see Figs. 12, 
13 and 14, page 702). It was soon found, however, 


|that an apparently confused medley of curves was 


obtained varying widely with different positions of 
the vane along the nozzle face. By cross plotting, 
curves were drawn, showing the variation of angle 
along the nozzle face for a constant steam velocity, 
(Figs. 15, 16 and 17). These curves take the shape of 
waves having a pitch equal to that of the blades out 
of which the steam is flowing. Such curves give an 


| idea of the merits of a given blade without further 


ado. Obviously, with ideal blades the steam would 
come out in a smooth stream, having uniform efflux 
angle. As it is, the curve of efflux angle is a wavy 
line, the shape and height of the waves being asso- 
ciated by experience with certain defects. A good 
example is given in the three figures herewith. They 
show how greatly a nozzle is improved by chamfer- 
ing the outlet edges of the blades, as had already 
been demonstrated by the Nozzles Research Com- 
mittee using their nozzle tester. Fig. 15 shows the 
run of the efflux angles with the outlet unchamfered. 
In Fig. 16 the blades have been given a flat chamfer, 


the pole pieces of water-driven generators are 
secured to their rotors. To this end, full-size 
models of dovetails were made out of {-in. steel 
plate. The mating piece was designed to give as 
high a degree of lateral support as is afforded by 
| the rotor of a generator. A system of quarter-inch 
squares was scribed over the faces of the joint, 
the distortion of which, under load, showed clearly 
‘the flow of the metal. By testing these specimens 
to destruction the weak points of alternative designs 
were clearly brought out. The results showed con- 
'clusively that a purely mathematical treatment of 
| these complicated cases involves so many simplifying 
assumptions, that only very rough approximations 
| to the truth can be expected. Thus the form reached 
' by analysis in the article published by Franz Koff in 
the issue of December 12, 1926, of the Elektrotech- 
_nische Zeitschrift is very far from the most efficient 
| shape as determined by actual experiment. 

The pattern first tested is shown in, Figs. 4 and 5, 
on Plate LXXVIII. In the former case it is under 
'a load of 60,000 Ib. and the yield point has been 
|exceeded at the points of maximum stress. In 
| Fig. 5 the dovetail is shown on the point of 
| pulling out under an extreme load. A study of 
this test led to the conclusion that the neck of 
! the dovetail was wider than necessary, but before 
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proceeding to vary the design it was decided to 
get Professor E. G. Coker to investigate the matter 
by photo-elastic methods. For this, quarter-scale 
models in Xylonite were adopted. The network 
of principal stresses as thus determined for the form 
of dovetail already tested mechanically is shown 
in Fig. 18, on page 703. Colour photographs were 
also taken, which showed clearly the points of 


maximum stress, and the intensities of the stresses | t 
| wharf walls, jetties and lading stages, dry docks, 
|lock entrances, dock and wharf buildings, equip- 


were evaluated as shown in Fig. 19, on page 703. 
These showed that there was high tensile stress at 
each end of the dovetail neck, whilst at mid-point, 
the tensile stress was only about } as great. There 


the axis of the pull, at the lower edge of the 
dovetail. 





| maintenance. 
was, however, a large compressive stress normal to | and an index. 


The maximum tensile stress on the neck | 


was found to be 23 the average value. On the basis | in a brief 


shared with other writers, the author has given a 
large amount of data from his own experience, 
rendered even more serviceable by comments and 
expressions of opinion. To give a comprehensve 
idea of what the book contains would be rather 
difficult, short of transcribing the whole table of 
contents. There are 26 chapters, dealing in 
sequence with ancient history, organisation and 
management, forms of accommodation, dock and 


ment and machinery, dredging, construction and 
Finally, there are five appendices 


As already remarked, the purview of the book is 
too extensive for adequately detailed examination 
review. All that can be done is to 


of these results the design of dovetail was modified | select for notice a few outstanding points of interest, 
to the form shown in Fig. 6, on Plate LX XVIII, and | and these must inevitably be taken at random. 
this is now the standard form used by the Metro- | In the first place it seems a pity that the purchase 
politan-Vickers Company for their water-driven | price of the volume is so high as to place it beyond 
generators. With this design the yieldpoint of | the resources of the ordinary student and the 
the material was not reached until the load exceeded | young engineer, to whom it would be of great service. 
some 76,500 lb., which is what was carried when the | This is a matter which, of course, has to be decided 
photograph reproduced in Fig. 6 was taken. In | by the publishers in relation to the cost of produc- 
Fig. 7, on Plate LX XVIII, the same specimen is | tion, but it is to be regretted that the price could 
shown with the dovetail on the point of pulling out. | not have been kept within more moderate limits. 

A number of other forms of joint have also been | As regards the subject matter of the book, it is 
tested. The simple T-headed joint represented in | interesting to note the views of the author on the 
Fig. 10 is under a load of 50,000 Ib., and Fig. 11 shows | vexed question of State responsibility for ports. 
the same specimen, under a load of 80,000 lb. With | He is in favour of construction and maintenance 


es 


works, can be regarded as an economical propvsition, 
The author does not touch on this point. 

The author’s intention is avowed to be to make 
the book useful both to the engineer and to the 
manager by confining it mainly to practical consi. 
derations, and it is in regard to its practical character, 
more especially as regards the minor details of dock- 
work, that the book will be found most useful. He 
gives intimate information on a number of homely 
matters which show that he has had to deal with 
them in the course of his daily experience. A special 
kind of eye for fog chain, a design for reinforced 
concrete fencing posts, an improvement in the type 
of fairlead for snatch blocks, a new hinged cover 
for hydrant pits—these and many other details are 
noticed in the course of his remarks, and the chapter 
on fittings and equipment is one of the most valu- 
able in the book, because it touches on matters 
that are not generally to be found in text books, 
The chapter, too, on dock and wharf machinery 
is very informative with its diagrams and statistics 


.of pumping machinery performances. 


Fresh ground has been broken in the chapters 
on construction and organisation of works, and 
the author’s remarks on the subject of estimating 
and tendering are very pertinent and just. As a 
concrete example to illustrate his ideas on works 
organisation, he assumes the construction of a 
dock, but no plans are given, and this somewhat 
detracts from the serviceability of the statement of 
plant and labour required as the physical difficulties 


joints of this type, the compression at the points of | 


contact is extremely high, as was very clearly brought 


out in Professor Coker’s photo-elastic experiments, | 
the results of which are plotted in Fig. 20, on| 


page 703. Another form of T-joint in which an 
attempt was made to check the spreading of the 
slot into which the T is fitted, is shown in Fig. 8, 
on Plate LX XVIII, the load carried being 56,000 Ib. 
The same joint on the point of pulling out under a 
load of 70,000 Ib. is represented in Fig. 9. Although 
more costly to make than the dovetail represented 
in Fig. 6, this form is, it will be seen, distinctly 
inferior in holding power. 
(T'o be continued.) 
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Construction and Maintenance of Docks, 
Wharves, and Piers, By F. M. Du-Puat-Taytor. 
London: Ernest Benn, Ltd. [Price 70s. net.] 

Tuat there is scope for technical literature on port 

works will be freely admitted. The number of 

existing books dealing with engineering aspects of 
port undertakings ‘is limited, and interest cannot 
fail to be aroused at the appearance of a book by | 

a new author whose qualifications for the task, as 

set out in the preface and in the introduction by 

Sir Joseph Broodbank, are considerable and_ full | 

of promise. Major Du-Plat-Taylor has had thirty | 

years’ experience as a dock and harbour engineer at 
the two leading ports of this country, so that 
his practical knowledge and his intimate acquaint- 
ance with the matters about which he writes are | 
unquestionable. 

In his preface, the author quite justifiably points | 
out that dock engineering probably covers more 
ground than any other branch of engineering. | 

It is this extraordinarily wide purview which makes 

it not only difficult for an author to compile a| 

book on the subject, but also for a reviewer to | 
criticise some almost inevitable omissions, and to 
point out what may be considered its shortcomings 
or defects. What to one engineer may be a matter 
of primary, if not fundamental, importance may 
take a secondary place in the estimation of another. | 

There is no authoritative standard of reference. 
Reviewing the volume of some 500 pages as a 

whole, with its profusion of diagrams and photo- 

graphic illustrations, there can only be cordial 
commendation for the patient industry with which 
this mass of data and information has been collected 
and arranged. A certain proportion of the matter 


The Design, 


is naturally not altogether new ; some of it is to 
be found in very similar form in other text books, | 
and the author has incorporated a number of | 
articles from his pen which have appeared in one 
But apart from material | 


of our contemporaries. 





to be encountered on the site cannot readily be 
visualised. The attempt, however, is creditable, 
and in a rough and ready way it gives some idea of 


by the State of all works up to quay level, the 
operation of the port with the provision of all 
equipment above quay level being entrusted to 
management commissioners, elected locally, who what the dock engineer has to provide for. 

are to pay interest to the State on the cost of the| Anumber of other matters might be touched upon, 
works provided from the national funds. Then | but the foregoing will suffice to show the general 
follows the outline of an organisation for such a | character and style of the book. Some few defects 
system. Sir Joseph Broodbank, who contributes | and inaccuracies may be noted for future correction. 
the introduction to the book, is careful to disclaim |The author of Ports and Terminal Facilities is 
agreement with the views expressed by the author, | Dr. R. 8. MacElwee, not McEwen, as given in the 
and it is to be doubted whether they are likely in this | bibliography, which, it must be added, omits 
country to obtain general acceptance. Of the Several important books germane to the subject. 
responsibility of the State for harbours specially |The author of Dock Engineering and Harbour 
required as naval harbours for national service | 2ngineering is correctly given as Dr. Cunningham 
there can be no question, and in the case of small} on page 23, but the only reference in the index 
fishery harbours and harbours of refuge for im- | is wrongly placed under the letter B. The initials 
perilled shipping along a storm swept coast, | of Mr. Chamberlain of Belfast are, further, W. Y. not 
there is also good ground for State concern. But |W. V. The list on page 198 of the largest dry docks 
for commercial ports with intense trade competition | recently constructed or projected, is unfortunately 





| ant des transformations ou des modifications essen- 


among themselves, State intervention raises ques- | 
tions of extreme delicacy and the alleged favouring | 
of one port to the possible detriment of another in | 
their business relations would rouse a considerable | 
degree of general opposition and local resentment. 

Some such system as the author advocates | 
undoubtedly obtains generally in France, or rather | 
it has obtained in the past. For there has been a | 
noticeable breaking away from the principle of State | 
control in recent years, and a tendency towards | 
autonomous control. Two ports of the first rank | 
(Havre and Bordeaux) now have Administrative | 
Bodies with powers similar to those of port authori- | 
ties in this country, despite the fact that major 
works (“‘ projets des travaux ou d’outillage entrain- 


tielles dans les ouvrages ou accés du Port, ou qui 
sont effectués avec le concours financier de L’ Etat’) 
are still withheld from their jurisdiction. It would 
seem that this restriction will in time disappear ; 
it may be taken to mark a stage in development. 
The whole question of port administration and 
operation, however, is too complex, for a short 
chapter of 18 pages. Strangely enough, both in 





'it and in the bibliography, the author ignores the | 


existence of an English work on the subject pub- 
lished in the past four years, which has certainly | 
anticipated the present book in giving a series of | 
typical port organisation diagrams. 

The author discusses accommodation for the 
1,000-ft. ship, which he confidently expects to appear | 
in force in the near future; he puts forward some | 
interesting designs specially thought out for the | 
particular purpose of receiving vessels of this calibre. | 
The plans embody an appropriate entrance lock, | 
a turning basin and a dry dock in addition to berth- | 
age for two or three vessels. The question which | 
suggests itself is whether a self-contained system of 
this kind, with its heavy expenditure on olin 


incomplete : at least three of the very largest and 
several other notable examples are missing. The 
statement on page 444, that “the doors of sheds 
are usually of the sliding pattern ” may be correct 


|as regards this country, but is not applicable to 


American practice. 


Modern Coal-Washing Practice. By R. C. R. MINIKIN. 
London: Ernest Benn, Limited. [Price 45s. net.] 
THE advantages of the preparation and classification 
of coal were first realised and practised on the 
Continent, the inferior quality of German coal 
leading to the development of coal washing on a 
large scale to make it saleable in competition with 
British coal. More recently, modern commercial 
requirements and the competition of other fuels 
have made it necessary for British collieries to adopt 
improved methods of cleaning coal, the working 
of poor seams and the necessity of obtaining the 
best prices for all products being among the several 
factors which have contributed to make coal 
washing essential. a 

It is becoming usual for large consumers to insist 
on a fixed minimum ash content in the coal supplied 
to them as removal of waste material obviously 
tends to increased economy and efficiency. This 
can be readily realised when it is considered that a 
raw slack may contain anything up to 30 per cent. 
of waste, and that by treatment 20 per cent. of 
unnecessary deadweight can be removed, thus 
saving materially in transport and handling costs. 
The advantages of clean coal for use in the manu 
facture of coke, and in obtaining a coke sufficiently 
free from ash and sulphur for steel making, ar 
sufficiently obvious. In the former case with the 
reduction of the amount of dirt in the coal the 
actual utility of the ovens is increased, and at the 
same time the value of the product is greater. > 
the case of steel-making, the sulphur and as 





] 


— 
— 


cont 
thet 

Al 
wash 
ment 

in B 

favol 

coun 
soun 
prov 

This 

upke 

is CO! 

No 
subje 
deals 

The 

Pract 

authe 

be wi 
neers. 
comp! 

the n 

reade! 

specif 
headit 
provic 

and p 

collier 

timbe: 
work | 
in firs 
durabi 
either 
emplo 
cost, : 
advan! 
or ext 
Conere 
costs 

expens 
alterat 
brick . 
easily 
for sic 
area, 

of all t 
practic 
each | 
buildin 
sumps 
concret 
machin 
designe 
half-bri 
steels 
space t 
value o 
the inf 
invalua 
washer’ 
oxisting 

After 
chapter 
and pr 
feed he 
convey¢ 
dewater 
flotation 
coal are 
but in j 
Priced « 
usually 
Which a 

cons 
Tender t 
coal, 

In a 
Principle 
at suffic 
for the 
with th 
In disc 
Sideratio 
as the ar 
Necesgar: 
Separatic 

hay 
hecegsarm 








ion. 


lake 
the 
nsi- 
‘ter, 
Ick- 

He 
nely 
vith 
cial 
rced 
‘ype 
over 

are 
pter 
alu- 
ters 
oks. 
nery 
stics 


ters 
and 
ting 
\s a 
orks 
f a 
vhat 
it of 
Ities 
, be 
ible, 
a of 


pon, 
eral 
‘ects 
tion. 
$ is 
the 
mits 
ject. 
bour 
ham 
idex 
tials 
not 
ocks 
tely 
and 
The 
heds 
rect 
e to 


[KIN. 
t. | 
ition 
the 
coal 
on a 
with 
rial 
fuels 
dopt 
‘king 
: the 
veral 
coal 


nsist 
plied 
ously 
This 
hat a 
cent. 
t. of 
thus 
osts. 
Janu- 
ently 
, are 
h the 
] the 
t the 

In 
ash 








DEC. 7, 1928. | 





795 








content of a coke may often be greatly reduced by 
the removal of ash or shale, which is high in sulphur. 

Although most of the successful processes of coal- 
washing originated in Germany, extensive improve- 
ments have been introduced during recent years 
in British practice which enable the latter to bear 
favourable comparison with that of any other 
country. In some respects the dependability and 
sound construction of British-built plants have 
proved superior to those of foreign manufacture. 
This is of especial importance when the cost of 
upkeep and the avoidance of expensive breakdowns 
is considered. 

Notwithstanding the growing importance of the 


subject, no work has hitherto been published which |machinery and equipment which appertain to the 
deals with coal-washing as a complete subject.; modern washery plant. The publishers are to be 


The recent publication of Modern Coal-washing 


Practice, by R. C. R. Minikin, who is a recognised | valuable addition to modern technical literature. 


authority on the subject, will, therefore, undoubtedly 
be warmly welcomed by colliery owners and engi- 
neers. This volume covers the subject in a most 
comprehensive manner, and the subdivision of 


the material is admirably arranged, so that the | 


reader may obtain information on practically any 
specified matter by merely referring to the chapter 
heading. The author emphasises the importance of 
providing suitable buildings for coal washeries, 
and points out that in Scotland and in the smaller 
collieries in various parts of England rough-sawn 
timber buildings strengthened by light steel frame- 
work have been constructed which, although cheap 
in first cost, have grave disadvantages as regards 
durability and usefulness. In the best practice 
either brick, concrete, or steel construction is 
employed; steel is the most economical in first 
cost, and although expensive in upkeep, has the 
advantage of being readily adaptable for alteration 
or extension, and occupies but little ground area. 
Concrete also requires little area, is more durable, 
costs little or nothing for maintenance, but is 
expensive in first cost, and difficult to adapt for 
alteration or extension. The old-fashioned massive 
brick is the most durable, requiring no upkeep, 
easily adapted for alteration and extension (except 
for sidings), but occupying a very large ground 
area. To combine the advantages as far as possible 
of all three materials, the best and most economical 
practice is to employ a composite structure in which 
each has a place. Thus, the lower part of the 
building comprising coal bunkers, pump and sludge 
sumps and workshops should be built of reinforced 
concrete directly over the sidings; above this the 
machinery is supported and housed by specially- 
designed steel framework, completely enclosed by 
half-brick panels built in between the vertical 
steel sections. Mr. Minikin devotes considerable 
space to details of construction, and the relative 
value of materials to the design of the plant; and 
the information and advice provided will be found 
invaluable both in the design and extension of 
washery buildings; the data being provided from 
sxisting plant and actual experience. 

After dealing with general considerations, separate 
chapters are devoted to each of the main units 
and processes employed in coal washing, such as 
feed hoppers, wagon tipplers, feeders, elevators, 
Conveyors, &c., sizing, crushing, dust extraction, 
dewatering, slime recovery, concentration and froth 
flotation, &c. The principles involved in cleaning 
coal are similar to those which arise in ore-dressing, 
but in the case of coal a larger volume of a lower- 
Priced commodity has to be dealt with than is 
usually the case when treating ores, hence processes 
Which are suitable for the latter must frequently 
be considerably modified or limited in scope to 
— them commercially economical in handling 
-0al, 

In a chapter on the theory of coal washing, the 
Principles involved in wet separation are dealt with 
at sufficient length, but presented in practical form 
for the use of the practical engineer rather than 
- the meticulous exactitude of the physicist. 
7 discussi: x modern plants and systems con- 
sideration is « nly given to the better examples ; for 


as the author insists, “ the plant to be modern must 
nity show a large efficiency, not only in the 
rary of the shale from the coal, but must 

© have suitable and efficient apparatus for the 


| 
| 





ne ; > : : 
*essary preparation and classification of the coal 


for sales purposes.” Commercial considerations 
are so closely connected with those of a technical 
nature that the two can scarcely be considered 
apart, but it is not always the plant which is the 
cheapest in first cost which will be the most profit- 
able in the long run ; in fact the efficiency may be 
so much greater with better class machinery and 
equipment as to overwhelmingly counterbalance 
the interest chargeable on the increased initial 
capital outlay incurred. 

We have here only referred briefly to some of 
the more general aspects of coal washing dealt with 
in Mr. Minikin’s work, which, however, provides 
detailed descriptions of all the more successful 





congratulated for their enterprise in providing a 


The volume is excellently printed and more than 
usually well and profusely illustrated—the number 
of plates, diagrams, and photographic reproduc- 
tions being together no less than 269. 


Costs for Manufacturers. A New Simplified Method of 
Works Costing. By CHARLES SmitrH. London: Sir Isaac 
Pitman and Sons, Limited. [Price 5s. net.] 

In introducing his book, Costs for Manufacturers 
Mr. Smith states that probably one of the more 
important developments in the future of costing 
will be to enlist the interest and co-operation of 
foreman, shop clerk and workman in this question. 
He goes on to suggest that costing is as vitally 
important to the workman as to the manufacturer, 
resulting in economical production, and that both 
the foreman and the workman of to-day being 
better educated than were their predecessors, they 
are the more able to appreciate this; he thinks 
that “an understanding co-operation between all 
sections of employees on this basic principle of 
manufacture will give a tremendous uplift to the 
prosperity of industry.” In writing thus, the 
author strikes a note quite in harmony with the 
trend of present-day opinion ; the important value 
of accurate costing, as an instrument of management 
quite apart from its need for accounting purposes, 
is now being widely recognised. 

In his introductory chapter the author states 
that his purpose “is to suggest to the manufacturer 
an entirely new principle in the application of over- 
head charges to the cost.” He goes on to say that 
the customary, but unscientific percentage relation- 
ship between overhead charges and labour is en- 
tirely abandoned and, in its place, a unit rate of 
expense is prepared, accurately based on the cost 
and expenses attached to each machine, group, | 
bench, or work space, determined by production 
time and the space that the producing factor occu- 
pies in the factory. This is entirely sound, and the 
author goes on to explain how this is to be done. 
The working expense, the author lays down, must 
first be determined for every square foot of floor- 
space allotted to the machine, and then be associated 
with a unit hour of production from the machine, 
thus giving the unit rate per square foot per hour. 
To obtain this, the working floor-space in square 
feet of the various shops must be ascertained, and 
used as a divisor into the annual expenses, the 
answer giving the working expenses cost per square 
foot. This amount, divided by the normal working 
hours, per annum, gives the working expense cost 
per hour per square foot. 

An example is given of how to associate this 
unit of productive space with the unit of produc- 
tive time—the hour. The three floors of a production 
building are taken, different classes of work, equip- 
ment and hours worked being assumed to be the 
conditions. These are worked out to show the unit 
rate per hour. The author then goes on to indicate 
the need for revision of production costs due to 
breakdowns or other causes. In the case quoted, 
for purposes of illustration, a very large machine 
must be under consideration because, in most cases, 
no firm would think of altering their oncost figures 
because a machine had been broken down. What 
is more useful, under ordinary circumstances, is to 
assume a certain normal machine activity based on 
one, two or three shifts, and include in this an allow- 
ance for breakdown or idleness. The suggestion 





a question for the sales manager to decide upon an 
increase in the price of the goods or some other 
alternative may be justified in specialised industries, 
but can hardly be considered good business. The 
better line would appear to be to allow always for 
these unavoidable risks, making sure, from time to 
time, that these allowances were sufficient. The point 
is made that, under a percentage method of appor- 
tioning expenses, the wages paid for the inter- 
mittent working of an expensive machine must be 
unsatisfactory. Obviously, this must be so; at the 
same time, no method will be found satisfactory 
unless a certain machine activity be assumed, 
which is approximately accurate. Thus, if a machine 
works 1,200 hours only, per annum, instead of the 
usual minimum of 2,400 hours, all the expenses 
incurred by its being installed and used must be 
divided by 1,200 to get the correct hourly figure, 
and any variation, up or down, renders this figure 
inaccurate inversely and in proportion to the 
variation, under any system of apportionment 
which may be used. 

Other aspects of the cost question are treated, 





one of which is a bonus which is to reflect the 
saved expense consequent on increased output. 

In one chapter the question of wages is considered, 
more particularly from the standpoint of the record- 
ing and booking of time. The treatment recom- 
mended, however, appears to have reference to a 
class of manufacture in which very large machines 
are used, a number of men or women being engaged 
oneach. Another chapter is devoted to the handl- 
ing of material costs, including ordering, receipt, 
and issue. 

Generally speaking, that portion of the book, in - 
which the apportionment of oncosts is discussed, 
makes useful reading because the arguments used 
are sound, but the remaining portions have nothing 
of special merit to recommend them. It is a little 
unfortunate, perhaps, that in his introductory 
remarks the author indicates his considerable lack 
of knowledge of what the trend of thought and 
practice has been for the last twenty years, for he 
says that he is suggesting an entirely new principle. 
The ineptitude of the percentage method of appor- 
tionment of oncosts has long been recognised, at 
any rate by engineers, and it has been due 
to their insistent demand for a more intelligent 
method that the professional accountant has been 
forced to realise that costing is as much a matter 
of technics as it is of arithmetic. This new principle 
is old in practice although all too uncommon. 








THE APULIAN AQUEDUCT. 
(Continued from page 547). 
ConTinutneG the description of the branch lines, 
it may be mentioned that these were located, 
whenever possible, in such a manner that the 
pressure should not much exceed 44 Ib. per sq. in. 
In many cases, however, special means had to be 
adopted for limiting the maximum pressure. In some 
localities, as already mentioned, falls were intro- 
duced, of which advantage was taken to generate 
power for pumping purposes. Where such a 
scheme would not have been convenient or econo- 
mical, the arrangement illustrated in Figs. 97 to 100, 
page 706, was employed. This consists of a circular 
structure of reinforced concrete, with an inner and 
outer wall united by four partitions. The water 
enters the space to the left of the two diametrically- 
opposed partitions shown in plan in Fig. 99, and 
flows over the top of these partitions, which are 
1-1 m. high, into the two chambers formed between 
the inner and outer walls of the building, and the 
two sets of partitions. The two partitions on the 
right, as viewed in Fig. 99, are provided with rect- 
angular openings near the bottom, and the water, 
passing through these, enters the chamber on the 
right, from which it finally again passes to the pipe 
line. The maximum height of the water is regu- 
lated by means of two overflow weirs, shown in 
Figs. 97 to 99. After passing over these weirs, 
the water falls down two circular passages formed 
in the concrete constituting the inner wall of the 
building, and is delivered to a discharge pipe, 
provided with an ordinary trap, and shown at the 
bottom of Fig. 97. From the same figure, it will 





that an extensive stoppage of the factory becomes 





be seen that there is also a branch, provided with 
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THE APULIAN AQUEDUCT, SOUTHERN ITALY. 


Fig.98. SECTION E.F. 
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a valve, to by-pass the water directly to the outlet, 
the object of this being to empty the preceding 
section of the branch line when required. 

In the simple arrangement described, the energy 
of the water is destroyed by eddy-current effects 
in passing through the various chambers, and it 
will be evident that only comparatively small 
changes of head can be dealt with in this way. For : 
larger heads, the arrangement is modified by the most advantageous position for the reservoir, 
introduction of long pipes, closed at the end, and exciseennc: | Which would have required to be of 25,000 cub. > 
perforated with small holes throughout their (888,300 cub. ft.) capacity, was a short —— 
length. The water is delivered through these pipes, rapidly to the low-iying tableland of Lecce, having | below Oria, and the ground in this neighbour 
and afterwards passes through a series of chambers an average elevation of about 46 m., only to rise again | was quite unsuited for the purpose. 
similar to those already described. Other arrange- to nearly 200 m. in the region adjacent to Cape} In the scheme finally adopted, which dgyeno o 
ments are provided on the great Leccese Syphon, S. Maria di Leuca. It was originally proposed to| by Sig. Ing. Cusani, of the Genio Civile, the sy : 
which may conveniently be dealt with at this point. supply the whole area involved, which constitutes | will be carried in a single pipe to a reservoir a © 
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reservoir, from which the intermediate low-lying 
lands would have been supplied. It is unnecessaly 
to emphasise the difficulty of this scheme. which 
would have involved a syphon having a length 

about 180 km., and a head of over 200 ™. The 





was suggested 





It will be recalled that the principal canal termi- the “ heel” of Italy, by a single syphon with its Paolo, about 7 km. south of 8. Pancrazio, — the 
nates at Villa Castelli at an elevation of 323 m.,and_ intake at Villa Castelli, and its outlet on the Salentina| then bifurcate, one branch passing pean 


that, beyond this point, the land to the south falls: peninsula. There would have been a large terminal outskirts of the town of Lecce, and being ‘ 
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THE APULIAN AQUEDUCT, SOUTHERN ITALY. 
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to Galugnano, while the other will be carried through | 
Nardo to Galatone. The location of the lines is | 
shown in Fig. 1, page 91, ante, and it may be men- 
tioned at this point that the portion as far as S. | 
Paolo, together with the Galugnano branch as far as | 
Lecce, is now in use, while the Galatone branch | 
remains the only important work required to com- | 
plete the aqueduct. Only half the S. Paolo reservoir | 
has actually been completed, as it consists of two | 
independant portions, one for each branch, and it | 
was desired to carry the water to the town of | 
Lecce at the earliest possible moment. The distance | 
from Villa Castelli to S. Paolo is some 38 km., 
from S. Paolo, via Cellino, to Galugnano, 53 km. ; | 
and from §. Paolo to Galatone, 34 km. At the | 
termination of the principal canal, there is a fall of | 
about 120 m., the water being conveyed in steel | 
pipes to the hydro-electric station of Contrada | 
Battaglia, equipped with Brown-Boveri turbines | 
givinz a total output of 1,686 kw. at 3,200 volts. 
The syphon commences at the discharge chamber of 
the power-house, and the inlet is therefore some 
203 m. above sea level. The trace of the syphon 
generally follows the higher ground, so as to keep the 
head as small as possible, and by careful attention 










ENGINEERING” 


to the location, the maximum pressure has been 
limited to 73°5 lb. per sq. in. It has thus been 
possible to utilise reinforced-concrete pipes prac- 
tically throughout. The centres of habitation on 
the high lands lying beyond Galugnano and Gala- 
tone will be supplied from the terminal reservoirs 
by pumping plant, utilising the energy of the fall 
at Contrada Battaglia. 

Although it would, of course, have been possible 
to supply the towns on the Leccese tableland from 
the S. Paolo and terminal reservoirs, such a scheme 
would have involved an excessive length of secon- 
dary pipe line, and it was ultimately decided to 
feed these centres by lateral branches on the syphon 
itself. Had it been possible to introduce a com- 
pensating reservoir at the end of each branch, 
this proposal would not have offered any particular 
difficulty, but the very small head available in the 
neighbourhood of the towns and villages rendered 
such a scheme impracticable. It was, however, 
impossible to take the branches directly from the 
pipe line for a variety of reasons, of which, perhaps, 


| the most important would have been the danger of 
overloading the line, by water-hammer effects, 


when the control valves on the branches were 


operated. This difficulty, together with others 
associated with directly tapping the line, has 
been overcome in an extremely ingenious manner. 
A series of water towers have been introduced in 
the length of the syphon, the surface of the water 
in each tower corresponding with the hydraulic 
gradient. The arrangement is shown diagram- 
matically in Fig. 101, page 706, from which it will 
be seen that the tank at the top of each tower is 
provided with a weir. The syphon is thus sub- 
divided into a series of detached sections, each 
of which is under static loading. The branch 
lines for the various towns and villages on either 
side of the syphon terminate in the tanks, where, of 
course, the water is under a free head. 
| There are fourteen of these towers, of varying 
height, on the completed section of the syphon 
between Contrada Battaglia and Lecce. The com- 
pleted tower at S. Bonaci, about 22 km. due south 
of Brindisi, is shown in Fig. 102, Plate LX XIX, 
while others in course of construction are shown in 
Figs. 103, 104 to 108 and 113, on the same plate and 
on this page. Fig. 103 shows the tower near the town 
of Lecce, the second smaller tower on the left forming 
part of a small, and earlier, system of water supply 
for the town. The water obtained from the latter 
system was of poor quality. Fig. 113 shows the base of 
the tower at S. Pancrazio. The design of one of the 
towers is shown in detail in Figs. 104 to 108, and 
may be taken as typical of the remainder. It is 
constructed in reinforced concrete throughout. The 
total height is just under 28 m., the diameter at 
the base is 10 m., and the diameter below the tank 
is 5-5m. There are eight inclined outer support- 
ing columns of rectangular section, stiffened by 
five circles of braces. The tank is 5-3 m. in 
diameter by 3 m. deep, and has an access shaft, 
1-3 m. in diameter, at the centre. The height to 
the lip of the overflow is 2-1 m., giving a normal 
capacity of 43-5 cubic metres. The vertical inlet 
and outlet pipes are of cast iron, and are provided 
with a simple sliding expansion joint, sealed with 
packing, at the point where they enter the tank. 
They are connected by a branch, provided with 
a full-way valve, at the bottom, to short circuit 
the tank for inspection or repairs. From the 
particular tower shown in the drawings, the supply 
is drawn off for the towns of Campi and Squinzano, 
and the pipes for this purpose can be seen in all 
the figures. It will be noticed that the supply 
for these towns is drawn off from the inlet side of 
the tank. In addition to these pipes, there is a 
large overflow pipe, from which the water is allowed 
to run to waste. This terminates at the top in 
|a funnel-shaped orifice, and is provided with a per- 
| forated cone at each vertical joint. These cones, 
| which are not shown in the drawings, are for the 
| purpose of preventing the water falling directly 
| from top to bottom, with the possibility of damage 
|to the bottom bend. A branch on the delivery 
| pipe to the tower is connected to the bottom of the 
| discharge pipe, as shown in Fig. 106. This branch 
|is provided with a valve, and is for the purpose of 
| emptying the previous section of the aqueduct, and 
also the inlet side of the tower, when necessary. 
The diameter of the syphon pipe line is based 
on the average requirements of the districts served, 
the terminal reservoirs being relied upon to make 
up the difference between the mean and maximum 
requirements; the reservoirs serve to store the 
excess of water passing when the demand falls 
below the mean value. The actual diameter of 
the pipe when it leaves the discharge chamber of 
the turbines at Contrada Battaglia is 1-05 m., 
and this diameter is reduced by stages until it 
becomes 0:6 m. at the terminal reservoirs, As 
already mentioned, the piping is in reinforced- 
concrete practically throughout, and all the three 
systems of manufacture described in connection 
with the branch lines on the main aqueduct were 
also employed on the syphon. Five dep ts were 
in use in connection with the section between 
Contrada Battaglia and Lecce, and Figs. 109 and 
110, Plate LX XX, are reproduced from photographs 
of the dep5t at the latter town. In this particular 
depdt, the pipes were moulded by hand, and Fig. 110 
affords a view of the vertical forms, together with 
the hand crane for lifting the latter off the finished 
pipes. The syphon is buried throughout its length 
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to minimise temperature variations, and here again 
the methods employed were identical with those 
used for the branch lines on the principal canal. 


A typical view showing the pipe passing through | 


rocky ground, previous to the filling of the trench, 


is given in Fig. 111, Plate LXXX. It will be| 


noticed that a muff joint is employed in the section 
illustrated, but alternative types of jointing were 
utilised in other sections, as in the case of the 
branch lines. 

The syphon passes under numerous roadways: 
the beds of small rivers, and also under the railway 
line between Francavilla and Lecce, and the arrange- 
ments employed to protect the pipe line in these 
varying circumstances are shown in Figs. 114 to 118, 
page 707, Fig. 112, Plate LX XX, and Figs. 122 to 
129, page 716. Fig. 112 shows the railway arch in 


course of construction. The drawings are practi- | 


cally self-explanatory, and only call for brief 
comment. ‘Two types of roadway crossing were 


employed, shown respectively in Figs. 114 and 115, | 


and in Figs. 116 to 118. The former type of 
construction was adopted for rural roads where 


the traffic was unlikely to be of a heavy nature, | 


while the latter was employed for ordinary roads. 
The construction in the latter case is somewhat 
more elaborate, and the weight of the traftic is taken 
by an arch in reinforced concrete, while the pipe 
passes under the road in an open conduit. The 
construction was varied somewhat, according to 
the nature of the ground, the cross section adopted 
for rock being shown in Fig. 117, and that for 
earth in Fig. 118. In the case of the railway 
crossing, it is evident that danger of fracture of 
the pipe, due to vibration caused by passing trains, 
is by no means remote, and special provision is 
made for carrying off the rush of water should 
such fracture occur. It will be noticed, from Figs. 
122 to 126, that the pipe is carried under the per- 
manent way in a reinforced conduit provided with 
a discharge channel, the latter being of large 
enough size to carry off the water without damage 
to the permanent works. In cases where the 
syphon crossed the bed of a river, recourse was 
had to a small concrete emplacement to protect the 
pipe from flood waters, as shown in Figs. 127 to 129. 

Apart from the arrangements for total discharge 
of the syphon line proviled at the various water 
towers, subsidiary arrangements are necessary 
where the pipe line dips te a lower level. The pro- 
vision made for this purpose is shown in Figs. 119 
and 130, above and on page 716. Where the lowest 
point on the line is above the level of the surround- 
ing country, a simple gravity discharge is all that is 
required, and the arrangement shown in the latter 
figure is then adopted. In other cases, however, it 
may be necessary to pump out the water, and 
provision is then made for connecting up a 
pump, as sown in Figs. 119. The only other point 
calling for particular comment in connection with | 
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the syphon is the arrangement of the air-relief 


valves. Whenever possible, a simple open pipe was | 


used, bent over at the top, as shown in Fig. 120, 
annexed. Each pipe was encased in a concrete 
column, and was of such a height as to bring the 
open mouth above the line of the hydraulic gradient. 
In general, the use of air reliefs of this type was 
confined to the first 10 km. of the syphon, beyond 
which the height of the towers would have involved 
a more elaborate construction, which could hardly 
have been justified. Beyond this point, ordinary 
automatic relief valves were employed, contained in 
a Suitable structure, and held on to the pipe by means 
of a metal strap, as shown in Fig. 121, above. 
(To be continued.) 


SoutH AFRIcAN Imports OF Motor VEHICLES.—Sta- 
tistics have been received by the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, from His 
Majesty’s Senior Trade Commissioner in South Africa, 
regarding the imports of motor vehicles, including 
motor cycles and tyres, into the Union during the month 
of May. The three leading countries of origin of motor- 
ears are given as follows:—1l. The United States of 
America, with a total] of 1,072, valued at 190,2452. 2. The 
United Kingdom, with a total of 98, valued at 18,957/. 
3. Canada, with a total of 127, valued at 14,0507. 

































-0.60.- 




















ENGINEERING” 





ANTI-ROLLING GEAR FOR 
SEA-GOING VESSELS. 


VARIOUS ingenious methods have been devised 


| to minimise the rolling of ships, and of these, the 
| fitting of a gyroscope has achieved the greatest 


practical success. In general the results have been 
found to be reasonably satisfactory under most 
conditions. In a paper entitled “The Schneider- 


| Fieux Anti-Rolling Gear controlled by Twin Gyro- 


scopes,’ which was read recently by Mr. E. J. 


| Fieux, before the British Section of the Société des 


Ingénieurs Civils de France, it is, however, suggested 
that errors have previously been made in the arrange- 
ment and control of the gyroscope. Space does not 
permit of our following the arguments advanced, but 
the conclusion is reached that a gyroscopic system of 
anti-rolling gear does not require either to receive 
guidance by an independent pilot gear. or by the 
motive power of a controlling system. The author 
describes the first gear constructed of the Schneider- 
Fieux type, which was installed on a 900-ton vessel 
of the French Navy. In this two gyroscopic wheels 


|are employed, with precession in contrary direc- 


tions, the frames carrying the spindle bearings being 
coupled together by two toothed quadrants. The 
precession of the rotors takes place about the 
trunnion axes, which are arranged in a plane per- 
pendicular to that of flotation, and parallel to the 
length of the vessel. The lower trunnion of each 
gyroscope is keyed to a boss carrying two paddles, 
and the latter are immersed in a liquid, the walls 
of the vessel containing this liquid being of such 
a form that, as the paddles move, the clearance 
between the end of the paddle and the wall pro- 
gressively diminishes for one paddle and increases 
for the other. 

The system as a whole only develops internal 
forces in relation to the frame of the apparatus, and 
has no precession, provided the vessel is only subject 
to movements of pitching and yawing. It is very 
sensitive, on the other hand, to rolling movements, 
in which the forces developed by the two gyTo- 
scopes are added, and are translated into externa! 
forces which act usefully on the hull simultaneously 
with the development of precession. A clack valve 
is provided in each of the paddles referred to, and 
during the movement of precession one pa idle 
offers no resistance to motion, while the other, 1n 
which the valve is closed, offers an increasing resist- 
ance, due to the diminishing space for the passaze 
of liquid trapped behind it, as the clearance between 
the end of the paddle and the wall of the chamber !s 
reduced. The wall is hinged at one end, and can be 
moved as a whole nearer to, or away from, tie 
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paddle to suit different sea conditions. The resist- 
ance offered by the liquid is translated into a couple 
acting in the contrary direction to the precession, 
and hence tending to stabilise the vessel. Trials 
have been carried out, both in still water and in the 
open sea, and have proved that the apparatus 
fulfilled its function reasonably satisfactorily under 
all the conditions encountered. 

In the discussion following the reading of the 
paper, Sir James B. Henderson pointed out that 
while the Schneider-Fieux gear was an improvement 
on the Schlick system, it, in common with the latter, 
did not prevent rolling, but only aimed at reducing 
it. By employing systems of the active type, in 
which the velocity of precession was controlled, 
rolling could, however, be almost entirely prevented. 
There was thus a clear distinction between gyros- 
copic systems of the passive and active types, 
designers of the former aiming at a low standard of 
stabilisation by means of simple apparatus, and of 
the latter, at a high standard involving complication 
of the gear. Interesting figures covering the 
employment of the active type of stabiliser were 
given by Mr. P. R. Jackson, who said that, up to the 
present, some twenty different installations of the 
Sperry system had been made, ranging from small 
yachts of about 200 tons displacement up to an 
aeroplane carrier of 10,000 tons displacement. 
The gyroscopic stabiliser on the latter vessel* had 
been in operation for some five years, during which 
time various reports had been received from the 
Japanese Navy, of which the vessel formed a unit, 
stating that it had operated to their entire satis- 
faction, and had never given them any difficulty. 
It was added that when similar vessels, operating 
at the same time as the aeroplane carrier, were 
rolling with an amplitude of 40 deg., the maxi- 
mum roll of the aeroplane carrier had not exceeded 
a total amplitude of 2 to 24 deg. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS ; NORTH - WESTERN 
BRANCH. 


A MEETING of the North-Western Branch of the 
Institution of Mechanical Engineers was held at the 
Engineer’s Club, Albert-square, Manchester, on 
Thursday, November 29, 1928, when Dr. H. W. 
Swift presented a paper entitled ‘‘ Power Transmission 
by Belts: an Investigation of Fundamentals.” This 
paper was read at the Institution in London on Friday, 
November 16, and an account of the subsequent 
discussion was given in the issue of ENGINEERING for 
November 23, page 656. The paper itself was reprinted, 
in abridged form, on page 661 of the same issue. The 
chair at the Manchester meeting was occupied by Prof. 
W. H. Watkinson. 


PowER TRANSMISSION BY BELTS. 

Prof. Watkinson, in opening the discussion, said 
that, shortly before the war, he had commenced experi- 
ments with somewhat similar objects in view to those 
described in the paper, but his apparatus differed from 
that used by Dr. Swift. He had two belts, one from an 
electric motor to a pulley, and the other driving a 
dynamo by a return arrangement. The difference 
between the current generated by the dynamo and 
the current absorbed by the motor had to be supplied 
from an external source. That, virtually, had been a 
Hopkinson test. The outbreak of war had prevented 
the carrying out of the experiments and the apparatus 
had been dismantled. Perhaps Dr. Swift’s results 
would fill the gap thus made. 

Mr. F. Blezard thought it would have been more 
satisfactory if a definite line had been drawn in the 
paper between belts for which dressings were used and 
those run dry. The tests had been rather short. Longer 
tests might have shown differences due to the fact that 
many forms of dressing involved much attention to the 
belt, while belts running dry got none. He could see no 
definite advantage in the values of the friction coeffic- 
lents shown. He thought that coefficients above 0-6 
were quite unnecessary. The most satisfactory value for 
the coefficient of performance was about 0-8, which 


was commonly found with dry belts. With this, and a 
= ratio of 5, the coefficient of friction was 0-5. 
e _ not see how the industrial engineer could make 
Ise Of t} 


.e tension characteristics given in the paper. 
‘garded the slip curves, many engineers would 
pay little attention to the difference in loss between 
the fabric belt and the leather belt. If a unit of 
cc costing $d. were taken, and a rubber friction 
lt substituted for a leather belt in a 15 feet drive, 
—_— 


* Seo ENamEERING, vol. cxv, page 140 (1923). 
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the resultant saving of power would pay for the belt 
in 5 years. 


| had commenced work on the subject of the mechanics 
of power transmission by belting, as it had been much 
neglected in this country though it had received a 
good deal of attention, prior to the war, in Germany, 
and, since the war, in the United States. He recalled 
a visit to Professor Kammerer at Charlottenburg, 
who was using apparatus comprising a dynamo and 
motor, and measuring the difference of power required 
and supplied. He hoped Dr. Swift would not lose 
sight of the distinctive difference between creep and 
slip. Pulleys with cork, leather, or paper faces had 
been adopted in order to increase the frictional resist- 
ance between belt and pulley, yet, according to Dr. 
Swift, every effort made to retard the creep on the 
pulley was to the detriment of the drive. 

In this country, the limits of speed were about 4,000 
or 5,000 ft. per minute. Above this it was believed 
that centrifugal force would effectively interfere with 
the transmission, yet C. Otto Gehrckens transmitted 
power at something like 7,000 ft. per minute, or about 
120 ft. per second, when, according to the prevailing 
theory, the belt should have ceased to do anything of 
the kind. The pulleys were very large, being approxi- 
mately 8 ft. and 16 ft. indiameter. In that particular 
drive, the belt was fully a yard wide, with all joints 
scarfed and cemented and without lacing or riveting, 
and had an effective tension of about 160 Ib. per inch of 
width. At high speeds, above 5,000 ft. per minute, he 
thought it possible that each elemental strip, as it left 
the driving pulley, would be stretched, and that no 
creep would have taken place on the surface of the 
pulley. A similar action took place in the case of 
transmission of power by steel bands running on 
cork-faced pulleys. He hoped Dr. Swift would keep 
in mind the effect of the diameter of the pulley on the 
efficiency of power transmission by belts, and would 
prosecute his research in that direction, and possibly 
also in that of higher speeds. 

Mr. W. H. Bowyer considered that, as only one or 
two belts of each type were under test, the results 
could hardly be regarded as representative of the 
average of each particular kind. From the creep tables 
in the paper, it would appear that leather and leather- 
compound belting had a distinct advantage over the 
tubber belt from the point of view of creep. From 
later tables in the paper it was seen that the leather and 
leather-compound belts had higher coefficients of 
performance than the rubber belts. This apparently 
contradictory state of affairs would seem to lead to 
the conclusion that the tables ought not to be taken 
as indicating the relative merits of the different sorts 
of belt as mediums for the transmission of power, but 
only as showing the relative values of the particular 
characteristics under consideration. Further, he 
considered that the “coefficient of performance,” 
while giving a very good indication of the usefulness 
of the belt from a tension point of view, should not be 
taken as a basis of comparison of belts as regards their 
performances generally. That coefficient itself was 
dependent upon the maximum tension per unit of 
cross section which the belt was capable of bearing 
without detriment to the material. It had, however, 
one important advantage, inasmuch as it indicated how 
much the belt was likely to exert pressure in addition 
to the pressure required to transmit the power. 

Mr. John Leigh thought the paper could be improved 
in the matter of the application of its results to practical 
work. He agreed with Professor Smith that the experi- 
ments ought to be extended to include considerably 
higher speeds. The old theory that a limiting velocity 
existed at which a belt would cease to transmit power 
was ridiculous, and if Dr. Swift had carried his experi- 
ments to higher speeds something interesting in relation 
to creep in the direction of air films would have been 
found. Trouble had been caused by the fact that, as 
the windage increased considerably, a film of air. was 
introduced between the belt and the face of the pulley. 

Mr. F. S. Gifford, said it would have been interesting 
to have seen some results from experiments obtained 
by alterations in the diameter of the pulleys, particu- 
larly as regards simple and compound leather belts. 
The tension on the inside of a belt going round a pulley 
would be considerably less then the tension on the 
outside. A solid leather belt was liable to more rapid 
internal deterioration than a belt in which an outside 
ply could slide over the one next to it on the inside. 
Further, the ply on the inner side stretched to a lesser 
extent than the one on the neutral axis. 

Mr. Mohn inquired if Dr. Swift had made any experi- 
ments with one belt on top of another in order to 
increase the pressure of the belt on the pulley. 

Mr. H. C. Young said it should not be overlooked 
that the paper was primarily to discuss the method of 
testing belts, and secondarily some of the results of 
that method. Dr. Swift’s creep meter was a new appli- 
cation and had aroused great interest at the London 
meeting. He had examined it there and had noticed 





that an all-rubber belt was used. With regard to the 








| eumetion of speed, would Dr. Swift state what differ- 
lences he would have expected in the published data 


Professor Dempster Smith was glad that Dr. Swift | had the tests been run at 5,000 ft. to 6,000 ft. per 


minute ? Also what difference would he expect between, 
say, an all-steel belt and an all-rubber belt ? 

Continuing, Mr. Young said he still felt that Dr. 
Swift’s ‘‘ coefficient of performance ’’ was misleading. 
If it were used, the question of efficiency would be 
entirely neglected. Could not Dr. Swift suggest some 
more all-embracing term, so that they could include 
in it an all-round efficiency of the belt drive ? 

Mr. A. T. J. Kersey said he had been struck by what 
appeared to be the very considerable increase in the 
coefficient of friction with the slip. Taking instances 
in the paper, with the hair belt, the coefficient of friction 
appeared to be 0-475 for 2 per cent. slip, rising to 
0-858 for 3 per cent. slip, while at 4 per cent. slip the 
rather extraordinary figure of 1 -06 was reached. With 
the treated belt L,, the coefficient of friction appeared 
to be 0 -445, rising to 0 -59, and, with the undressed belt, 
0 -292, rising to 0-445. The increase of friction seemed 
to be important in comparing the undressed and dressed 
belts. It was puzzling why the coefficient of friction 
should rise in such a manner with the increased motion 
between the belt and the pulley. There was the 
possibility of an incorrect formula. 

He wondered if there were any particular percentage 
of slip which could be recommended. There were two 
opposing factors, and it appeared that the life of the 
belt would be reduced as the percentage of slip was 
increased. On the other hand, the amount of power 
that could be transmitted would increase very rapidly 
with the increased slip. There must be some economi- 
cal ratio between the percentage of slip and the eventual 
cost of the belt. 

Mr. W. E. Fenton made an appeal to those interested 
in the manufacture of belting to support Dr. Swift in 
his investigations, and to endeavour by their co-oper- 
ation to improve it. 

Dr. Swift then replied and, referring to Professor 
Watkinson’s comments on the Hopkinson type of test 
for belting, said that, from the point of view of the 
mechanical engineer, the method suffered from the 
disadvantage of not being mechanical. Mr. Blezard 
had drawn attention to a very important point, the 
question of dressing. In the experiments, dressings had 
been avoided as there was much difference of opinion 
as to their use. He suggested that dressing on a belt 
was analogous to lubricant on a bearing. A lubricant 
served the double purpose of reducing friction and 
prolonging the life of a bearing by preventing undue 
wear. A good dressing should improve the friction 
of the belt and should also prevent wear, thereby 
increasing the life of the belt. Although there were 
probably many bad dressings, the improvement of a 
drive might be very real by using a suitable dressing. 
If a belt which was able, when dry, to give a tension 
ratio of 2 to 1, with a coefficient of performance of 5, 
were dressed, and the tension ratio increased to 5 to 1, 
the load due to the belt on the bearings was reduced by 
50 per cent. and the actual maximum tension in the 
belt, for the same turning moment, was reduced by 
40 per cent. This result was worth while if it could be 
obtained simply and with little trouble by merely apply- 
ing dressing. There were other analogies between lubri- 
cation and dressing, but the question was too important 
and too large to include in a paper which was, after all, 
only intended to be a report of the opening stages of a 
wide investigation. 

He agreed with Mr. Blezard as to the disappointing 
results with a really high coefficient of friction. To 
obtain such a coefficient of friction would mean main- 
taining a belt in very good condition, and it was doubtful 
whether the slight increase of power thus provided was 
worth the extra trouble and cost of such a belt over 
one which would require very much less care and 
maintenance. On the question of maximum belt ten- 
sion, it was definitely stated that this was a question 
which could not be discussed in such a paper. It wasa 
matter, at present, for the manufacturer and the user. 

Replying to Professor Smith’s comments on the 
question of bigger diameters and higher speeds, all he 
could say was that in commencing the experiments 
they had tried to reduce the problem to its lowest 
terms. The theory referred to which appeared to break 
down when higher speeds were used, did not take into 
account the fact that belting, when spinning, tended to 
take up a circular form. The large pulley was admit- 
tedly better able to transmit more power than the 
smaller one, as the coefficient of friction was greater 
according to the actual area of contact, the intensity of 
pressure being generally lower on the larger pulleys. 
The question of size and speed would be taken up in 
due course. He suggested to Mr. Bowyer that the 
tables he had criticised were not contradictory, but 
referred to entirely different things, one dealing with an 
elastic property of a belt, while the other dealt with a 
frictional property. . Both factors must be taken into 
consideration when choosing a belt. 

A question had been asked as to the number of belts 
of each type that had been tested. So far as the figures 
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given in the paper were concerned, they referred to 
individual belts, except in the case of the hair side of a 
leather belt, in which two sets of results were practi- 
cally coincident. They had had about three rubber 
belts and woven belts, and one compound belt. He 
saw no reason for supposing that other belts of a 
similar class would be very different with respect 
to the creep. So far as the coefficient of perfor- 
mance was concerned, the results might depend very 
largely upon the way in which the belt had been 
manufactured and used. Those figures which had 
been given for the maximum power, could be controlled 
to a large extent by the omission or addition of dres- 
sings. In reply to Mr. Mohn, he would say that no 
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NEWSARRE STEEL SELF-ADJUSTING 
PIT PROPS. 

THE pit prop here described, and illustrated in 
Figs. 1 to 3 annexed, derives its name from the Sarre 
Basin, in the mines of which it was first introduced 
towards the close of the Great War. Though now 
largely used on the Continent, it is not so widely 
known in this country, in spite of its considerable 
advantages, one of which is its automatic adjustment 
to the load imposed on it. With an ordinary wood 
prop, as is well known, severe localised pressure is apt 
to cause collapse, which results in the unsupported 
weight being thrown on to the neighbouring props and 





involving risk of further collapse. The Newsarre prop, 


Should the prop immediately take up the pressure 
when it is installed, a further blow on the wedge will 
steady it. Withdrawal of the prop is an equally 
simple operation, and there is no need to cut away the 
roof, as is sometimes done with other methods of 
support. The withdrawal is effected by using a lever 
to force up the wedge, when the friction grip is released 
and the top joist may be lowered. The lever has a 
pair of hooks, as shown in Fig. 2, which form its 
fulcrum when suspended from the head and nut of the 
bolt nearest the wedge. The various parts of the props 
are all standardised and interchangeable, and spare 
parts are readily substituted. The distribution in this 
country is in the hands of Messrs. International 
Processes, Limited, 3, Grosvenor Gardens, S.W.1. 





tests had been made with one belt on top of another, v oll 
but it was hoped that this would be done sooner or later. | being made of two steel joists coupled together by a | 
friction joint, will, under similar conditions of localised | 


Continuing, Dr. Swift pointed out to Mr. Young that \ na : 
Dr. Lanchester, in his experiments, had definitely | pressure, absorb a portion of such pressure and transmit | THE GOVAN REFUSE POWER PLANT. 
the remainder by small degrees to the surrounding | (Concluded from page 643.) 








made his belt slip, and there was no question of creep ; 





he had simply altered the amount of power that was 
being returned by increasing the tension. He (Dr. 
Swift) did not know what results might be expected 


props, which likewise adjust themselves and so distri- 
bute the pressure evenly over a considerable area. The 

































































| A vIEw in the interior of the power house is given in 
Fig. 28, page 710. The position of this part of the in- 


indicate any excessive rise in temperature. 


when running at speeds of 5,000 ft. to 6,000 ft. per Fig.1. __ Fig. 2. ig.3. _stallation in relation to the other sections is shown in the 
minute, but he hoped to find out what would happen z r general plan, Fig. 2, page 578, ante. The generating 
at a later date. He was sorry he could not provide © | = ee Gi gonna _ gegrs ong = 
Mr. Young with a more compact formula in place of | { | alternators, each with an output of 5,000-kw. 1ese 
the coefficient of anions: ; the qualities Pf belts | |run at 3,000 r.p.m. and supply three-phase current 
were so varied that no one number would represent | | at a pressure of 6,500 volts and a frequency of 50. 
the quality of a particular belt. The coefficient of | | | The turbines are of the Fraser and Chalmers standard 
performance actually represented the ratio between the \ high-pressure type, and are supplied with steam ata 
effective tension which could be obtained from the belt, ie: | pressure of 190 lb. per square inch and a temperature 
and the absolute maximum tension to which the belt | | of 638 deg. F. They exhaust to surface condensers, 
was being subjected. It represented a very definite | i |which maintain a vacuum of 28 in. with the baro- 
quality as far as power transmission was concerned. I |meter at 30 in. They are capable of working with a 

Attention had been drawn by Mr. Kersey to the very uot 25 per cent. overload for two hours. The alternators 
steep rise in the coefficient of performance as the speed Hi] OT | Te _are of the usual G.E.C. design, mica being employed as 
of slip increased. It had been found by static experi- i] © | tir |] | an insulator wherever possible, both on the stator and 
ments that the coefficient of friction with such a ma- he ee | the rotor. Where this is not possible, owing to the 
terial as leather rose to an extraordinary extent with ae | Shape of the coils, asbestos treated with bakelite is 
the speed of slip. Professor Mellanby had mentioned wh it it eff j Re IF) used. The alternators are ventilated on the closed 
that there was running in Glasgow a solid woven belt 1+— te tf Hae | system, circulation being maintained by fans on the 
dressed in a certain way, and the coefficient of friction he a. paid | rotors, and the heat being extracted in Heenan tubular 
varied so enormously with the speed of slip that, when oe ews | coolers, which are capable of dealing with 25,000 cub. 
it was used as a brake belt, the actual value of the Ne ie | ft. of air per minute. Emergency air doors are pro- 
coefficient was over 1-8. No particular percentage of (Sit | cia) | vided, so that the alternators can be run on open 
slip was to be recommended. So far as efficiency was © |ii! ale pcre while visible and audible alarms are fitted to 

H 


concerned, the few tests made tended to show that a 
slip of, roughly, } per cent. to 1 per cent. gave the 
best actual efficiency of the drive. 

Professor Watkinson, in conveying a vote of thanks 
to Dr. Swift, said that the latter seemed to be of 
opinion that mechanical engineers should not use 
electrical methods. He, personally, thought that an 
engineer should be prepared to use the best of anything. 
The virtue of the electrical method was that electrical 
instruments could be obtained which could measure 
far more accurately than any mechanical transmission 
































The condensers are of the Mirrlees-Watson Trueflow 
| type, and have a cooling surface of 7,600 sq. ft. They 
,are capable of maintaining a vacuum of 28 in. when 
| dealing with 62,500 lb. of exhaust steam per hour, the 

flow of circulating water at 75 deg. F. being 7,333 gals. 
per minute. Mirrlees steam ejector air-pumps, of the 
| combined inter-surface condenser and after-heater type, 
| and high-vacuum extraction pumps are fitted on each 
condenser. The latter pumps are driven by three-phase 
;motors. The two circulating pumps are of the Mirrlees 
| centrifugal split-casing type, and supply cooling water, 





dynamometer. Dr. Swift, in his acknowledgment, i 1 
agreed that electrical methods were accurate, but they yy — ——_/ not only to the condensers, but to the oil and air 
measured by differences, and mechanical engineers eT coolers for the turbines and frequency changers. 
seemed to prefer more positive methods. progress of this automatic adjustment is accompanied | Each is capable of delivering 7,333 gals. of water 
by a grating noise arising from the friction of the moving | per minute against a head of 35 ft. and discharges 
: _. .,_, | joists, and an indication of the pressure conditions is|into a common main, so that either pump can 
_ DINNER TO CELEBRATE PIONEER FLiGHt.- -The first | thus given. Removal of the props can be carried out work with either condenser. The circulating pumps 
oy Sin Caabindiaede caus ace eek See very rapidly by releasing the frictional grip of the|are driven by G.E.C. induction motors, oe: 
Wright on December 17, 1903, and in order to cele- coupling. - : 3 an output of 112 h.p. at 720 r.p.m. Three es Ing 
brate the twenty-fifth anniversary of this historic Referring to Fig. 1, it will be seen that the prop | towers are installed at Govan and are capable of dealing Ac 
achievement, a dinner has been arranged by the Council | consists of a pair of joists of equal length, one being | with 875,000 gals. of water per hour, cooling as vide 
of the Royal Aeronautical Society. The function will | fitted with a cap and the other with a footplate. These | 73°5 deg. F. with an average air temperature of 55 deg. F. ope 
take place at the Science Museum, South Kensington, | slide one against the other in jaws bolted to the opposing | and a humidity of 75 per cent. They operate on the bres 
— 7, wor caged ce next, ag oge era a Rows joist, between which jaws both joists are embraced by | drop and film principle, and were supplied by the load 
dinner wil be arranged ‘aroxnd the ‘orginal, Wright |\grtoping levce corning of fro ks conneeted by | Premier Covler and Engineering Company, Limite, re 
The chair will be taken by the president, Colonel the | S¥bstantial bolts shown in Fig. 3. One of these bolts, | of Shalford, Surrey. ‘ A cha: 
Master of Sempill. Tickets and full particulars may | Viz-, that on the left-hand side of Fig. 1, carries an| The switchgear, which was supplied by Messrs. / ‘ if 
be obtained from ‘he Secretary of the Society, 7, Albe-| eccentric iron cam capable of being rotated, and | Reyrolle and Company, Limited, of Hebburn-on-Tyne, is a 
marle-street, London, W.1. between the right-hand bolt and the joist is a steel | is arranged in three sections: A 20,000-volt, 25-cycle clad 
oe wedge. With the nose of the cam pointing down- | board for interconnecting with the main network of stat 
THE Port or TowNSVILLE, QUEENSLAND, AusTrRatia, | Wards—that is, in the position of least eccentricity—as | the city and controlling the high-tension side of the vari 
—Townsville, the principal port of North Queensland, | Shown in Fig. 1, the load on the prop is taken by the | 20,000/6,500-volt transformers ; a 6,500-volt, ale cle on t 
is situated on a sheltered bay some 830 miles north of | friction between the two joists, to a degree dependent | board for controlling the low-tension side of these oni 
Brisbane. The harbour is approached by a dredged} upon the tightness with which the wedge has been | transformers and the 25-cycle side of the frequency of | 
channel about 2} miles in length and 250 ft. wide, and | driven in. As the load increases, the upper joist slides | changers; and a6,500-volt, 50-cycle board forcontrolling hen 
having a minimum depth of 21 ft. 6in. at I.w.o.s.t. The | down and, turning the cam in its descent, increases | the 50-cycle side of the frequency changers, the genera- oa 
principal exports are wool, frozen meat, and sugar, and, th saiaets iee f th sis t d the 6.500 volt side of the three 6,500/440-volt ae 
according to the report of the chairman of the Harbour e pressure by reason of the eccentricity of the latter. one oe BOs VOR Bie? © 2 k: Bene 
Board, covering the period from January 1, 1926 to The greater the load, therefore, the greater the resis- | transformers which supply power to the wor ae ba : 
December 31, 1927, the value of the primary products|tance of the prop. The initial resistance can be| All three switchboards are erected on a gallery pee imm 
shipped from Townsville during 1927 was estimated at | adjusted within wide limits. Thus, the wedge can be| the turbine floor, the switches on the 20,000-volt nect 
5,000,000/. In that year, 607 vessels, having a gross|driven home to give downward movements of the| board being mechanically operated, while those = low- 
tonnage, of 1 $47,860 tons, ware Derthed at the wharves | upper joist of from | in. fora load of 2 tons to Tin. for| the other two boards, which control the generator se 
tons, the outward to 130,908 tone, and that transhipped a load of 20 tons, or movements of from } in. for ajand frequency changers, are opera as : — They 
$0 18,085 tons. The maintenance by dredging of the load of 5 tons to 4 in. for a load of 25 tons. Those for the transformers are workec # Pet bety 
outer harbour and of the approach channel was steadily The prop is capable of contraction to about half its | All the electrically-operated panels are controlled — wing 
continued, and, during 1926, 399,449 cub. yards of |extended length. For example, the same prop could |a six-panel board, which carries indicating wn any 
material were raised, the dredging and depositing costs | be used in a seam 5 ft. 9 in. thick even if, owing to| ments, protective relays, &c., so that the whole be Ar 
making together 8 -53d. per cubic yard. The correspond- | pressure, the roof had dropped locally to 4 ft. in| the control apparatus for the machines is one plan 
ing figures for 1927 were, 404,700 cub. yards and 8-04d. | height. The operation of setting a prop is simple and | trated at one point. Two emergency pillars tor a This 
ost a bs Baie y vag th ra or eg be ssc very rapid. It is laid on its side and extended to a| generators are placed on the turbine-sosm fic hes long 
which extends 582 miles into the interior and from length corresponding to the height or the thickness of | carry the main-field circuit- breakers, which ar psp by tl 
which there are several branch lines. The port is also the seam, less about 4 in., to allow for the capping or | locked with the main circuit-breakers to pate . equi, 
connected by rail with Brisbane in the south, and with | 2 in. where straps are used. The wedge is then driven | incorrect operation. A press button on the aie the | 
down, and the prop is up-ended and placed in position. | these pillars allows each unit to be rapidly isolatee. thre, 


Cairns in the north. 
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A complete system of electrical interlocks is also pro- 
vided on the frequency-changer panels, to prevent the 
operation of the starting equipment or the main circuit- 
breaker in an incorrect sequence. Merz-Price balanced 
load protection is provided on the generators and trans- 
formers and overload protection on the frequency 
changers. 

In addition to these three main switchboards, there 

is a ten-panel auxiliary board, of the draw-out metal- 
clad type, for controlling the low-tension side of the 
station transformers and auxiliaries, as well as the 
various works plant. Each of the outgoing circuits 
on this board is fitted with a 400-amp. circuit-breaker 
and overload protection, the transformer panels being 
of 1,000 amp. capacity. A separate six-panel switch- 
board in the garage controls the supply from the third 
works transformer to the lighting circuits, motor- 
generators, and vehicle-tipping plant. 
_ The two works transformers are of the Ferranti oil- 
immersed. self-cooled indoor type, and are delta-con- 
hected on the high-tension and star-connected on the 
low-tension sides, with tappings on the high-tension 
side at + 2} per cent. and — 5 per cent. of normal. 
They are titted with Ferranti spring coil-clamping devices 
betwe¢ n the coil sections at the magnetic centre of the 
windings, so that there is automatic compensation of 
any movement that may occur in the coils. 

An in‘cresting feature of the electrical portion of the 
Plant at Govan is the arrangement of the cabling. 
This has been necessitated by the comparatively 
long runs of low-tension distribution main, as well as 
by the ccsirability of maintaining the supply to all the 
quipment under all conditions. As already mentioned, 
. e low tension supply is obtained from two 500-kw. 
‘Aree-phase transformers, which are connected to the 
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28. TurBo-ALTERNATORS AND FREQUENCY CHANGERS. 


low-tension switchboard by three single-conductor, | from the motor-generator set is supplied through nine 
1-0 sq. in., paper-insulated, lead-sheathed cables. These | separate feeders to the motors for the cranes and 
cables are carried in triangular formation on non- | ventilating fans, as well as to the magnetic separators 
magnetic racks. From this switchboard, a supply is |and the lighting circuits. A high-tension cable is 


given through three groups of duplicate feeders, each of 
which normally supplies half the plant in that group. 
Provision has also been made to enable the feeders to 
be cross-connected at all the important distribution 
points, thus forming what is virtually a series of ring 
mains. 

The first group of cables supplies the motors which 
drive the power-house auxiliaries, the circuits for the 
circulating-pump, extraction-pump and feed-pump 
motors, which total 510 h.p., being teed off the main 
feeders through link-connecting boxes. The second 
group of cables supplies the thirty motors for the 
refuse-handling plant through the master oil-switches 


and automatic control gear already described. These | 








motors have an aggregate output of 327 h.p. The | 


requirements necessitated by the automatic operation 
of this portion of the equipment meant that consider- 
able thought had to be given to the connections 
from the two feeders in this group. The movable 
shuttle conveyors in the incinerator house are supplied 
through a light flexible 11-core vulcanised-rubber cable, 
covered with hard cord braid, the latter being embedded 
in a cab-tyre sheath to give mechanical strength. The 
slack of this cable is taken up by a pulley and balance 
weight running on an overhead runway. The remaining 
groups of feeders supply the motors for the eight forced- 
draught fans and the two hydraulic pumps in the 
power-station building, as well as eight motors in the 
concrete-slab and clinker-crushing plant, which is 
described below, and on the telpher tracks, the total 
horse-power involved being 320 h.p. Direct-current 








also run direct to the garage, where the voltage is 
stepped down and power distributed to the battery- 
charging sets and tipping gear for the refuse-collecting 
vehicles. The whole of the cables and accessory 
equipment were supplied by Messrs. Callender’s Cable 
and Construction Company, Limited, of London. 
Inside the buildings, the cables are erected on iron racks 
or cleats fixed to the concrete or steelwork, and on 
most of the runs, particularly in the conveyor galleries, 
special hangers had to be designed for this purpose. 
The cross-connecting and disconnecting boxes are of the 
ironclad type and are fitted with gear of the Home 
Office pattern. 

As already mentioned, the clinker and dust bogies 
are hauled by two narrow-gauge locomotives. These 
were specially designed for the work by Messrs. 
Electric Vehicles, Limited, of Glasgow, and are built on 


|a plain rectangular channel-iron frame, with a cast- 


steel buffer block at each end. The motor is of the 
slow-speed totally-enclosed type, and drives both axles 
through single roller-chain reduction gear. Both the 
motor shaft and axles are mounted on ball bearings. 
Three speeds are obtainable in both directions, by 
means of a tramway-type controller, and a hand 
brake operating on all four wheels is provided. 
Bulkhead fittings at each end of the locomotive 
give the necessary lighting. 

The batteries contain 16 cells, and are of the D.P. 
Battery Company’s traction type. Their capacity is 
196 ampere-hours, and they are carried in a tray on 
the top of the frame at the opposite end from the driver’s 
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cab. Lifting irons are provided so that the duplicate 
battery can be quickly installed. The battery- 
charging plant, which was supplied by Messrs. Horace 
Green and Company, Limited, of Cononley, and Messrs. 
Igranic Electric Company, Limited, of Bedford, consists 
of a 5-h.p., 250-volt motor, driving a 3-5-kw., 30/45-volt 
generator, together with a switchboard carrying all 
the usual accessories. 

Coming to the arrangements for dealing with the 
clinker, reference may be made to Figs. 1 and 2, on 
page 578, ante, which show the positions of the clinker 
pit and clinker plant. As explained in our previous 
article, two longitudinal galleries run the whole length 
of the incinerator-house and communicate with an 
open sunk area adjacent to the railway siding. The 
clinker is transported to this area in skips hauled by a 
battery locomotive, the track running across a pit, into 
which the skips are tipped off two bridges. This pit has 
a capacity of about 200 tons, and is divided into three 
water-tight compartments, which can, if necessary, be 
flooded for quenching purposes. These compartments 
can be pumped dry again by a centrifugal pump, which 
is installed in the adjacent pump-room. 

A transporter of the swivelling-bogie, curved-track 
type, with separa‘ely operated travelling and hoisting 
motions, is provided for handling the crude clinker 
from the quenching pit. The transporter is capable of 
dealing with loads up to 4 tons, and of lifting the grab 
to a height of 35 ft. Its hoisting and travelling speeds 
are 60 ft. and 400 ft. per minute, respectively. The 
grab is fitted with detachable manganese-steel teeth. 
To enable it to discharge at any height, an auxiliary 
barrel is provided, this being operated from the hoist- 
ing barrel shaft by friction drive. The transporter runs 
upon an H-section girder, one end of which terminates 
near the crushing plant, while the other end passes 
over the railway siding. This enables the clinker to 
be taken to the crushing and grading plant, to be 
placed in railway wagons, or unloaded on to the 
dumping area for removal in road vehicles. The position 
of the transporter track is shown in Fig. 1, while a 
view of part of it is given in Fig. 31, on this page. 
This view also shows the clinker-plant house, of which 
sections are given in Figs. 29 and 30. 

The clinker-crushing and grading plant consists of 
two crushing, elevating and screening units, and a 
bunker of 300 tons capacity for the graded material. 
It is capable of dealing with at least 170 tons of clinker 
per eight-hour day. The Winget crushers employed are 
of the roll type and run at 150 r.p.m. They are 
separately driven by belts through a common counter- 
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Fie. 31. Exterior 


shaft by 15-h.p. squirrel-cage motors. One roll can 
slide in the frame of the machine, and is held up to 
its work by powerful helical springs—an arrangement 
which, it is claimed, ensures freedom from breakage due 
to iron in the clinker. The relative position of the rollers 
can be adjusted to permit of fine or coarse crushing. The 
product from the crushers is fed directly on to eleva- 
tors, which are of the totally-enclosed type. These 
elevators are 62 ft. long, and consist of a mild-steel 
casing incorporating the runner angles, the latter being 
faced with hard wood, a material which experience 
shows has the longest life under the severe conditions 
of working present. The elevators consist of malleable- 





OF CLINKER PLANT. 


iron buckets, 14 in. wide, which are bolted at intervals 
of 2 ft. 6in. toa chain of the same material, having a 
6-in. pitch, the chain being carried round driving and 
trailing sprockets at the head and tail in the usual way- 
The speed of this chain is 120 ft. per minute. The drive 
is by a 10-h.p. squirrel-cage motor on each elevat«'. 
As the crushed material enters the screen shown 1 


Fig. 29, it passes through magnetic separators, *' ba 
any loose iron is extracted and deposited in a ere 
hopper common to both screens. This hopper. — 

1arg- 


° : = . . = } 
is shown in Fig. 29, is at a suitable level for dis 
ing into road vehicles. The magnetic separators are 
supplied with direct-current at 250 volts. 
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| of the screen. The main bunker is built of mild steel 
| plates and angles, and is divided into four compart- 
| ments, outlet doors and loading chutes being provided, 
| both on the railway and road sides of the plant. 

| The various motors driving the crushers, elevators 
| and screens, as well as the magnetic separators, are 
| operated by push-button control from special controllers 
‘on the ground floor. Indicating lamps are placed in 
| series with the magnetic separators to ensure the latter 
| being switched on when the plant is in operation. 

The concrete-slab plant, which forms an integral 

| portion of the equipment at Govan, is housed in a 
| separate building adjacent to the incinerator house. 
| Its arrangement is shown in detail in Figs. 32 to 35. 
| The cement and granite chipping are brought in on a 
| railway siding and discharged into a hopper below floor 
level, which is also arranged so that clinker or granite 
| may be tipped into it from road vehicles. A cement 
| store is provided near the mixing platform, the latter 
| being raised about 3 ft. above the general floor level. 
| The clinker and granite chipping are raised to a service 
| hopper, situated at the level of the mixing platform, 
| by an elevator of the belt and bucket type, which is 
| 26 ft. long. It consists of 6-in. buckets, bolted to an 
| 8-in. belt at 2 ft. 10 in. pitch, and runs at 120 ft. per 
minute. Its capacity is about 5 tons per hour. The 
| hopper into which the elevator discharges is divided 
into two compartments, so that a supply of clinker and 
| granite chippings can be accommodated separately. 
| The dry mixing takes place on the floor of the mixing 
platform, after which the mixture is fed into a combined 
| mixing and grinding mill. The elevator, mill and 
| vacuum pump are driven by a 15-h.p. motor running 
at 710 r.p.m. As shown in Fig. 35, the mill is pro- 
vided with two outlets, one of which delivers directly 
| into a mould on the press, while the other discharges 
into a separate hopper, which is used for storing the 
| granite mixture for facing the slabs. It is necessary, 
| of course, to make a separate mix of granite and 
cement for facing purposes. The mixing mill is of the 
| over-geared type, with a stationary pan fitted with 
| revolving stirrers. 
| The position of the slab press is shown in Figs. 32 
and 33. It was supplied by Messrs. Fielding and Platt, 
Limited, of Gloucester, and is capable of manufacturing 
slabs 36 in., 30 in., or 24 in. long and 24 in. wide. It 
is also fitted with moulds and dies for producing kerbs 
36 in. long by 12 in. wide and up to 6 in. thick. The 
| whole of the movements of the press are carried out 
hydraulically, each motion being controlled by a single 
lever. 

The press consists of a main cylinder of cast steel, 

bolted to a cast-iron base plate, the ram being pro- 
vided with external hemp-packed glands, which are 
| secured by steel studs and nuts. The ram head is 
| equipped with the necessary fittings for carrying the 
pressing dies, which can be easily changed. The return 
stroke of the ram is effected by an auxiliary ram 
and cylinder, which is fixed on the top of the main 
cylinder. The valves are of the balanced piston type, 
|and all the operating levers are concentrated in one 
position. 

The moulds are of cast steel and are provided with re- 

| newable steel liners. They are rotated by a direct-acting 
ram and cylinder by means of chains and a slewing drum, 
| the table having three positions, so that the moulds are 
| in turn in the filling, pressing, and discharging posi- 
tions. The lower table has an abutment for carrying 
| the discharge cylinder, which pushes the finished slab 
| out of the mould after pressing. The slab is then lifted 
| by means of a vacuum lift, this being considered the 
| only satisfactory method of dealing with such plastic 
products without damaging their edges and corners. 
The two hydraulic pumps in the power house are 
| electrically driven, and each consists of three 2{-in. 
| single-acting rams with a 6-in. stroke. The crankshaft 
| speed is 55 r.p.m., and the working pressure 1 ton per 
| square inch. The pump barrels are of steel with external 
| hemp-packed glands, the crank being of forged steel. 
|The gearing is of the double-helical type, the motor 
| being connected to the pump through a flexible coupling. 
| The accumulator is of the moving-ram type, the ram 
| being 7 in. diameter with a 14-ft. stroke. The cylinder 
| is of cast-steel and is provided with a packing gland of 
| the externally-packed type at the top of the cylinder. 
| An automatic relief valve is fitted to cut off the 
pumps when the accumulator is full, and a safety device 
| prevents over pumping should this valve fail. Two 
hydraulic lifts are provided for discharging the finished 
| slabs, each being provided with trolleys, which are used 
| alternately. As the slab comes from the press on to the 


‘ The revolving barrel screens are 3 ft. 6 in. indiameter | steel shafts, which rotate in dust-proof taper roller | vacuum lifter, it is placed on the face of the trolley, 
» and 28 ft. 6 in. long, and are fitted with meshes to grade| bearings. The drive is from a 10-h.p. motor, through | which is there in its upper position. As each additional 

the clinker into four sizes : Up to } in., from } in. to] cast-iron moulded gearing, which consists of a spur ring | slab comes from the press, the lift is lowered a definite 
n tin., from } in. to 1} in., and over 1}in. The supports| with a machined face and socket for bolting to a| amount until the trolley is carrying its full complement. 


I which are machined on their peripheries to ensure] the screen. A spur pinion meshes with this spur ring, 
h accurate and steady motion and are bolted to the| and is driven through countershafting and gearing by 
i barrel at each end and to its centre. The barrel] motor mounted on a platform near the top of the 
e revolves on six cast-iron adjustable idler rollers with| elevators. A thrust roller, which runs on dustproof 





machined treads. These rollers are mounted on mild-| roller bearings, takes the thrust due to the angularity 








for each of the screens consist of three cast-iron rings,| spigot formed on the rolling ring at the inlet end of | The trolley is then wheeled away to the stacking space 


and the other lift, with its trolley, is brought into opera- 
tion. The trolley carrying the slabs is passed along to 
the traversing trolley, and by this means is moved on to 
the appropriate line of rails. The traversing trolley is 
provided with a special lowering top, which allows the 
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stack to be lowered in position on to the stacking rails, 


the trolley then being returned to the filling position at 
the lift. 

As already mentioned, the main contractors for this 
interesting plant were Messrs. Heenan and Froude, 
Limited, of Worcester. It may be added that they 


were directly concerned with the manufacture of the | 


screening-house machinery, refuse-handling plant, fur- 
naces, clinker crushing and grading equipment and 
dust plant. We have to thank them for their assistance 
in the preparation of this description. The sub-con- 
tractors concerned have been mentioned in the body 
of the article. Mr. W. M. Selvey acted as consulting 
engineer to the contractors for the whole of the plant, 
and not merely for the electrical portion, as stated in 
the early part of our first article. The plant is being 
operated for the Glasgow Corporation by Mr. Colin H. 
Macfarlane, Director of Cleansing, who was responsible 
for the general specification and supervision of the 
erection of the works. We are indebted to Mr. Mac- 
farlane for permission to publish this account. 








NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade._-An improvement in the supply of | 
tonnage as the result of calmer weather conditions, | 
enabling vessels to reach the Welsh ports, has Placed | 
collieries in a much more comfortable position, as they 
have been provided with an outlet for standing stocks and 
current production. Instead of many berths at the | 
docks lying idle waiting for ships, a number of vessels 
have been waiting for tips and consequently loading 
activity has been increased. So far as_ bituminous 
steam coals are concerned, ample supplies were forth- 
coming to meet requirements, and shippers experienced 
no difficulties in obtaining their needs on the basis of 
minimum prices. Dry steam coals, however, have been | 
rendered scarce by the closing of Messrs. Nixon’s pits, | 
and an extra demand on collieries producing this class of 
coal has been caused. Prices have been advanced 3d. to 
6d, per ton for large, and 1s, to 2s, per ton for sized pro- 
ducts. Dry large ranged from 17s. 6d. to 18s. 9d. with 
nuts from 20s. to 24s. Exports of coal in the past week | 
at 396,180 tons were 16,000 tons less than in the preceding 
week, as the benefit of the improved tonnage position 
would not be felt until boats which arrived over the past | 
week-end had completed loading and sailed. Ship- | 
ments to the Argentine were raised from 29,900 tons to 
49,220 tons, to Brazil from 21,700 tons to 31,000 tons, 
and to Italy from 62,820 tons to 93,360 tons, but to 
France reduced from 100,480 tons to 90,550 tons, and to 
Egypt from 24,370 tons to 21,850 tons, 

Regulation of Coal Output.—South Wales coalowners, 
at a meeting yesterday, decided to adopt a scheme for 
the regulation of coal production, provided that the pro- 
posals are accepted by individual collieries representing | 
85 per cent. of the output of coal for the coalfield ex- 
cluding anthracite, It is proposed to bring the scheme 
into operation on January 1, the main object being to 
regulate the production according to the demand. The | 
proposals are that the executive committee shall estimate | 
the demand for the year 1929, and allot to each colliery 
company its annual quota. Afterwards, at the beginning | 
of each quarter the demand would be estimated for the | 
ensuing quarter, and an allocation made to each company | 
of the quantity which it might raise in excess of the 
quota quantity, the relative share of each company being 
maintained in the same proportion, The penalty for 
over-production would be 2s, 6d. per ton, but companies 
would be allowed to carry forward any deficiency between | 
its net output and its quota production over quarterly 
periods. Compensation up to 2s. per ton is to be paid 
to collieries producing less than the quota. The present 
arrangement of minimum prices is to be continued. 
Shippers are not at all perturbed at the proposed action 
of the coalowners, as they feel that prices will still be 
determined by world competition, and that any endeavour 
to force prices up would only result in a loss of orders. 

Iron and Steel.—-Exports of iron and steel goods in the 
past week amounted to 17,949 tons compared with 17,111 
tons in the preced'ng week. Shipments of galvanised 
sheets were increased from 2,225 tons to 5,879 tons, bnt 
of tin-plates and terne-plates reduced from 9,131 tons to 
6,450 tons, black plates and black sheets from 1,463 tons 
to 1,443 tons, and of other iron and steel goods from 4,293 | 
tons to 4,178 tons. 

Six New Ships.—Sir Wm. Reardon Smith, Bart.. 
has ordered six new cargo steamers, totalling 52,000 tons 
d.w., with coal-burning boilers from Messrs. Wm. Gray | 
and Company, Limited, West Hartlepool. 














REGISTRATION OF MoToR VEHICLES IN THE LEBANON 
AreA.—It is reported by the acting British Consul- 
General at Beyrout that 2,510 motor cars and 240 
motor lorries and omnibuses were registered in the 
Lebanon area during the first ten months of 1928. 

MARKET FOR TRACTORS IN MANITOBA.—A confidential 
report on the market for tractors for haulage purposes 
in Northern Manitoba has been prepared by the 
Department of Overseas Trade, 35, Old Queen-street, 
London, S.W.1, from information furnished by the 
officer in charge of His Majesty’s Trade Commissioner’s | 
oftice at Winnipeg, and issued to firms whose names 
are entered on its special register. United Kingdom | 
firms desirous of receiving a copy of this report should | 
communicate with the department at the above address, | 
quoting reference number A,X, 7199, 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.-Not much change in the condition 
of the heavy steel trades locally is expected before the 
New Year. Recently there has been rather more move- 
ment in hard basic steel, but this appears to have tapered 
off, while in acid steel the position is reported to be most 
unsatisfactory. Large plants have a good deal of capa- 
city on which there isno demand. Railway steel has not 
improved on home account. Local manufacturers still 
contend, despite criticism from British railway companies, 
that it should be possible for a great amount of the plant 
laid down by the railway companies for constructional 
work—particularly for the manufacture of such materials 
as rails, wheels, tyres, axles, and springs—to be absorbed 
by private firms. According to these the additional 
labour now employed in the railway workshops could 
equally be engaged by those concerns whose output and 


trade generally were thus improved. An encouraging | 
| feature in connection with experiments to test the efficacy 


of steel sleepers in this country is the placing with a 
Sheffield firm of an order for 70,000 steel sleepers 
for use by the Southern Railway. About 5,00) tons 
of steel will be required to cover this order, which 
will be executed at the firm’s Workington plant. The 
pig-iron market shows little movement, but some encou- 
ragement is drawn from the enlarged demand for certain 
types of steel scrap, which have risen in price in conse- 
quence of steps taken to cover future supplies. Current 
quotations per ton in raw and semi-finished materials are 
as follow: Siemens acid steel billets, 9/.; hard basic 
steel billets, 61. 17s. 6d. to 81. 12s. 6d.; soft basic steel 
billets, 61. 10s. to 61. 12s. 6d. ; Lincolnshire and Derby- 
shire foundry iron, 60s. 6d. ; Lincolnshire basic iron, 60s. ; 
Derbyshire forge iron, 57s. to 58s. ; crown iron bars, 
101. 10s. ; iron hoops, 127. 10s. ; steel hoops, 91. Sheffield 
is receiving an increased share of work from electrical 
engineers for the supply of tools, constructional steel 


|/and machinery. That America appreciates Sheffield 


quality is shown by the receipt locally of a further valuable 
order from the United States for plough-steel wire rods. 
There are encouraging orders from foreign mining enter- 


| prises. Motor-car steel and parts represent an active 


section. Tool-making has improved in some branches 
and declined in others. A few orders have been received 
from Russia for joinery, saw milling and forestry tools. 
South Yorkshire Coal Trade.—An improvement is 
reported in the demand for domestic fuel, though sales 


| are well below the average for this period of the year. 
| Stocks have accumulated at collieries, but prices for the 
most part are firmly held. Inland deliveries of industrial | 


fuel are maintained at their recent level. Export business 
shows moderate strength despite the restriction on supplies 
of ‘free’? coal. Smalls are more active, with prices a 
shade harder. A fair inquiry is reported for furnace 
and foundry coke on export account. The tonnage avail- 


| able is ample for all requirements. Quotations: Best 


hand-picked branch, 26s. to 27s. 6d.; Derbyshire best 


brights, 23s. to 24s. 6d. ; best house, 20s. 6d. to 21s. 6d. ; |, 


screened house coal, 17s. to 18s.; screened house nuts, 
16s. to 18s. : Yorkshire hards, 14s. 6d. to 16s. ; Derby- 
shire hards, 14s. 6d. to 16s. ; rough slacks, 8s. 6d. to 9s. 6d. ; 
nutty slacks, 4s. 6d. to 6s, ; smalls, 3s. 6d. to 4s. 


NOTES FROM THE NORTH. 


Guiascow, Wednesday. 
Scottish Steel Trade.—A fairly good tone continues to 
be felt in the Scottish steel trade, caused partly by the 
recent increase in orders received by shipbuilders and 
partly by the better inquiry from overseas buyers, 
Bookings during the past week or two show a slight 
increase but the volume generally does not mean a great 
amount of activity at the works. The demand is both 
on home and export account. Although the stoppage 
of work in Germany continued throughout the month 
of November, very little business came to local makers, 
| and, moreover, news that agreement has now been reached 
|and work resumed means that there is little or no 
| prospect of anything further being directed to this 
}market. In the black-sheet trade a slight falling-off in 
| orders has taken place, but there is stilt quite a respectable 
| tonnage of light-gauge and galvanised sheets on hand. 
The heavy-gauge sheets are not in much demand at the 
|moment. Prices show practically no change and are as 
| follow :—Boiler plates, 101. 10s. per ton; ship plates, 
8l. 7s. 6d. per ton; sections, 7/. 17s. 6d. per ton; sheets, 
}-in., 81. 15s. per ton ; and galvanised corrugated sheets 
(No. 24 gauge), 131. 128. 6d. to 132. 15s. per ton, all 
delivered Glasgow stations. , 

Malleable-Iron Trade.—aA dull state is very general in 
the West of Scotland malleable-iron trade, and orders 
come in very slowly. Inquiries are of a limited nature, 
and the outlook on the whole has not changed. The steel 
re-rolling departments are quite busy, and are fairly 
well off for orders at the moment. Prices are as follow :— 
‘*Crown,” bars, 101. 5s. per ton for home delivery, and 
91. 15s. per ton for export, and re-rolled steel bars, 
7l. 15s. per ton for home delivery or for export. 


Scottish Pig-Iron Trade.—No change of any kind can 
be reported in the Scottish pig-iron trade. Home buyers 
are ordering mostly as they require supplies, and these 
are not heavy owing to the dull trade conditions prevail- 
ing. The orders from overseas are also not of very large 
volume. The current output is more than equal to the 
demand and more furnaces are being closed down in this 
area. The market quotations are :—Hematite, 74s, 
per ton, delivered at the steel works ; foundry iron No. 1, 
75s. to 76s. per ton, and No. 3, 70s. to 71s. per ton, both 
on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
Saturday last, December 1, only amounted to 807 tons. 
All of that total, less 42 tons coastwise, went overseas. 


Shipbuilding.—The past month has been a very interest- 
ing one in the shipbuilding industry of Scotland, as not 
only was the output very good, but there was quite a 
large number of new contracts placed. Included amongst 
the latter were many cargo-carrying vessels. The Clyde 
share of orders was twenty-four vessels aggregating 
roughly 150,000 tons, and some five racing yachts. East 
coast shipbuilders booked half a dozen vessels of small 
type. It is also understood that all the orders booked 
have not yet been reported, so that the month of November 
has been a most excellent one for the shipbuilders, and 
has improved the outlook considerably. The launches 
during the month were eighteen vessels of 57,683 tons as 
shown in the following table :— 


November, Eleven Months, 
1928. 1928. 
Vessels. Tons. Vessels. Tons. 
The Clyde ..- 12 566,602 180 555,260 
The Forth " 4 151 49 29,183 
The'TAY <i. s.. — ee 9 28,971 
The Dee and ee 
Moray Firth ... 2 930 29 6,717 
Totals vos 2G Bi683 267 620,131 


The Clyde figures have brought the year’s total to 
date up to 180 vessels of 555,260 tons which com- 
pares very favourably with the highest totals of other 
good years in recent times. As a matter of fact this year’s 
total to date has only been bettered on three occasions, 
so that when the final figures are made up for 1928 a very 
satisiactory showing will be made. 

Shipbuilding Contract.—Messrs. Scott’s Shipbuilding 
and Engineering Company, Limited, Greenock, have 
received an order from Messrs. J. and J. Denholm, 
Limited, Greenock and Glasgow, for a second cargo 
steamer, of about 5,400 tons gross. The vessel will be a 
duplicate of the one ordered early in November and will 
be 407 ft. in length, 53 ft. in breadth, 28 ft. 6 in. in depth, 
and of about 8,600 tons deadweight. Triple-expansion 
reciprocating engines of about 2,500 i.h.p. will be supplied 
by the builders. 

Pig-Iron Production—The number of furnaces —_ 
| producing pig-iron in Scotland has been reduced to 20 
| by the closing down this week of the three furnaces at 
Gartsherrie, of Messrs. Wm. Baird and Company 
Limited. 








Moror-CycLeE REGISTRATIONS IN SWITZERLAND.~ 
Aceording to a communication from the British Lega- 
tion at Berne regarding the number of motor-cy 
registered in Switzerland on December 31, 1927, the 
Canton of Berne headed the list with 5,492 machines, 
or approximately one-fifth of the total. The other 
cantons followed in the order of Zurich with_ 4,585 
machines, Vaud with 3,093, Aargau with 1,965, and 
Geneva with 1,806 machines. As regards motor-cycle 
combinations, Berne led with a total of 602. At the 
end of 1927 there were 750,277 pedal cycles in use 
Switzerland, which figure represents an increase 0! 
129 per cent. over that of 1918. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The Cleveland pig-iron 
trade presents no new feature of moment. Producers 
themselves continue to absorb the bulk of the output at 
their foundries and steelworks, and they report the 
limited marketable quantities fairly well taken up. 
Stocks remain low, and fixed prices are steadily main- 
tained, notwithstanding customers’ efforts to break them, 
and the fact that Midland iron is still underselling the pro- 
ducts of this district in areas hitherto supplied almost 
entirely from Teesside. Scotland continues to take 
considerable parcels of comparatively cheap foundry iron 
from the Midlands, though consumers across the Tweed 
prefer Cleveland qualities. The difference in price is, 
however, keeping out the products of this area. Iron- 
masters here are not without hope, however, of partially 
recapturing some markets. No. 1 Cleveland is 68s. 6d. ; 
No. 3 g.m.b., 668.; No. 4 foundry, 65s.; and No. 4 
forge, 64s. 6d. 


Hematite.—Business with Continental hematite con- 
sumers is rather quieter, but combined with current 
home requirements, it is still sufficient to absorb 
promptly the restricted output, and as stocks have been 
cleared, there is some fear of acute scarcity. Output is, 
however, to be enlarged shortly. Early in the new year 
Messrs. Gjers, Mills hope to reopen their Ayresome 
Ironworks, and other firms may be tempted to rekindle 
idle furnaces if the demand improves. Quotations are not 
definitely fixed, and being a matter of individual bar- 
gaining, vary a little, but makers are disinclined to 
entertain offers at below the equivalent of 71s. for 
ordinary qualities. 


Foreign Ore.—While sales of foreign ore continue 
light, inquiries for substantial parcels are reported, and 
sellers are taking a very firm stand. The basis of 
market rates is fully 22s. 6d. c.i.f. Tees for best rubio. 


Blast-Furnace Coke.—Local consumers of Durham 
blast-furnace coke are still disinclined to make heavy 
purchases, but business shows some improvement. Good 
average kinds were 17s. 6d., delivered here. 


Manufactured Iron and Steel.—Some little further 
improvement in sales of certain descriptions of manufac- 
tured iron and steel is reported, and semi-finished steel 
continues in quite good demand. Quotations are 
steady and firm. Common iron bars are 10]. 5s. ; best 
bars, 101. 15s. ; double best bars, 111. 5s.; treble best 
bars, 111. 15s.; packing (parallel), 7/. 10s.; packing 
(tapered), 10/.; iron rivets, 11/. 5s.; steel billets (soft), 
61. 15s. , steel billets (medium), 7/. 2s. 6d.; steel billets 
(hard), 7. 12s. 6d. ; steel rivets, 11/.; steel ship plates, 
8l. 7s. 6d.; steel angles, 7/. 17s. 6d.; steel joists 
il. 17s. 6d. ; heavy sections of steel rails, 8/7. 10s. ; black 
sheets (No. 24 gauge), 10/.; and galvanised corrugated 
sheets (No. 24 gauge), 13/. 10s. to 131. 12s. 6d. 


Imports of Iron and Siteel.—Returns issued this week 
give the imports of iron and steel to the River Tees from 
Holland, Belgium, France, Norway, Sweden, Finland, 
India, Germany and coastwise for October and November 
with those of the same months a year ago, and for the 
corresponding pre-war period of 1913. Pig-iron un- 
loaded to the end of last month amounted to 3,289 tons, 
as against 4,586 tons a year ago, and 268 tons for the 
pre-war period ; crude sheet bars, billets, blooms and 
slabs unshipped to the end of November are given at 
16,669 tons, as against 31,765 tons a year ago, and 10,986 
tons for the pre-war period ; and plates, bars, angles. 
rails and joists imported during the past two months 
reached 7,631 tons, as against 8,398 tons a year ago, 
and 3,601 tons during the pre-war period. : 


Tees Iron and Steel Exports.—Aggregate shipments 
of iron and steel from the Tees during November amounted 
to 77,091 tons, or 8,200 tons below those of the previous 
month, but 10,000 tons more than the September loadings. 
Last month’s clearances were composed of 15,358 tons of 
pig-iron, 2,345 tons of manufactured iron, and 59,388 
tons of steel. Of the pig-iron shipped, 8,520 tons went to 
foreign ports and 6,838 tons went coastwise; of the 
manufactured iron despatched, 1,774 tons went abroad, 
and 571 tons coastwise ; and of the steel cleared, 50,690 
tons went overseas, and 8,698 tons coastwise. Scotland 
was once more the largest purchaser of pig-iron, taking 
5,533 tons, while Norway accepted 1,958 tons; Spain, 
1,473 tons ; Germany, 1,342 tons; and Italy, 1,000 
tons. The Cape of Good Hope, with an import of 
636 tons, was the chief buyer of manufactured iron. 
India was as usual the heaviest importer of steel, 
receiving 15,765 tons. Among other principal customers 
for steel were Argentina, 8,241 tons; Cape of Good 
Hope, 7,257 tons; Australia, 3,858 tons; Natal, 3,127 
tons ; Siam, 1,946 tons; Kenya, 1,808 tons; and 
Ceylon, 1,050 tons. 








_TeNDERS.—We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, 8.W.1, 
= ‘lars of tenders invited by various bodies in the 
re Dominions and Colonies overseas. Further 
c ve and information relating to those may be 
x +s { on application to the department at the above | 
address, the reference number given below being quoted 
> dle \ case :—Tenders are being invited by the New 


es ales Government Railways, to be presented 
n Acwtown, Sydney, by January 30, 1929, for the 
ey of machine tools and presses. (Ref. No. A.X. 
od i ‘An inquiry has been received from Norfolk 
i: Pacific, with regard to supplies of 
~ 10 canning acid fruit pulp, and of machines for 
crimping on the covers. (Ref. No. B.X. 4925.) 








NOTICES OF MEETINGS. 





Piceadilly, W.1. 


“ Th 


Engineering Contracts,’’ by Mr. E. J. Rimmer. 
Sandfields Filtration Installation, with Special Reference 
to some Chemical and Bacteriological Observations,” by 
Mr. A. W. Burtt. ‘‘ The Corrosive Attack of Moorland 
Water on Concrete,” by Mr. W. T. Halcrow, Mr. G. B. 
Brook and Mr. R. Preston. 

INSTITUTION OF MECHANICAL ENGINEERS.—To-night 
7 p.m., Storey’s Gate, S.W.1. Informal Meeting. 
“Works Committees,’ by Mr. F. E. Robinson. South 
Wales Branch: Thursday, December 13, 6 p.m., South 
Wales Institute of Engineers, Cardiff. ‘‘ Power Trans- 
mission by Belts: An Investigation of Fundamentals.’ 
by Dr. H. W. Swift. London: Friday, December 14, 
6 p.m., Storey’s Gate, S.W.1. ‘Cutting Tools Research 
Committee: Report on Machinability,’? by Mr. E. G. 
Herbert. 

Junior INSTITUTION OF ENGINEERS.—To-night, 7.30 
p.m., Royal Society of Arts, John-street, Adelphi, W.C.2. 
Presidential Address, by Lt.-Col. J. T. C. Moore-Brabazon. 
Friday, December 14, 7.30 p.m., 39, Victoria-street, 
S.W.1. ‘‘ Locomotive Boiler Washing Plant,’’ by Mr. 
E. J. H. South. 

InstTITUTE OF BRITISH FOUNDRYMEN : — Scottish 
Branch: Saturday, December 8, 4 p.m., Royal Technical 
College, Glasgow. ‘“‘ Heat Treatment of Cast Iron 
between 15 deg. and 600 deg. C,’’ by Dr. J. W. Donaldson. 
Birmingham Branch. Junior Section: Saturday, Dec- 
ember 8, 6.30 p.m., Engineer’s Club, Waterloo -street, 
Birmingham. ‘“ The Art of Moulding, ” by Mr. W. Baker. 
East Midlands Branch.—Saturday, December 8, Tech- 
nical College, Derby. ‘‘ Coal Dust: Its Use and Abuse 
in the Foundry,” by Mr. B. Bird. Lancashire Branch, 
Burnley Section: Tuesday, December 11, 7.15 p.m., 
Technical College, Burnley. ‘‘Comparison of English 
and French Moulding,” by Mr. J. Stanworth. Scottish 
Branch, Junior Section: Thursday, December 13, 
7.45 p.m., Royal Technical College, Glasgow. ‘‘ The 
Cupola,” by Mr. A. C. Miller. Middlesbrough Branch : 
Friday, December 14, 7.45 p.m., Cleveland Technical 
Institute, Corporation-road, Middlesbrough. Open Dis- 
cussion on Foundry Problems—‘‘ A Novel Method of 
Cupola Charging,’ by Mr. R. J. H. Ritchie. ‘‘ Pattern 
Making,” by Mr. D. Taylor. Newcastle and District 
Branch: Saturday, December 15, 6.15 p.m., Neville 
Hall, Newcastle-on-Tyne. ‘‘The Production of Malle- 
able Castings,” by Mr. F. H. Hurren. Wales and Mon- 
mouth Branch: Saturday, December 15, 6.30 p.m. 
Technical College, Cardiff. ‘‘ Refractory Materials,” by 
Mr. W. R. D. Jones. Lancashire Branch. Junior Section : 
Saturday, December 15, 7p.m. College of Technology 
Manchester. ‘‘ The Application of the Microscope to the 
Study of Metals and Alloys,’’ by Mr. G. Mohn. 


INsTITUTE OF TRANSPORT.—Monday, December 10, 
5.30 p.m., Institution of Electrical Engineers, Victoria 
Embankment, W.C.2. Joint Meeting with the Institute 
of Fuel. ‘‘ Fuels—Alternative or Supplementary to 
Petrol—for Use in Internal Combustion Engines for 
Road Vehicles. Liquid Fuels,” by Dr. W. R. Ormandy. 
‘** Gaseous Fuels,” by Mr. A. Métral. Leeds and Distr.ct 
Section: Tuesday, December 11, 7 p.m., Hull. “‘ Late: t 
Developments in American Railway Practice,” by Mr. 
C. E. R. Sherrington. Scottish Section: Tuesday 
December 11, 7.30 p.m., Society of Arts, George-street. 
Edinburgh. ‘‘Commercial Aviation,” by Dr. K. G. 
Fenelon. Manchester, Liverpool and District Sectim- 
Friday, December 14, 6.30 p.m., Manchester. General 
Discussion on “ Problems of the Future Development of 
Transport,” by Mr. R. C. Reynolds. Newcastle-on-Tyne 
and District Section: Friday, December 14, 7.30 p.m. 
Y.M.C.A. Hall, Blackett-street, Newcastle-on-Tyne. 
‘*< Operation of the Newcastle Railway Panel,’’ by Mr. 
H. Shaw. 

INSTITUTION OF ELECTRICAL ENGINEERS.—-Monday, 
December 10, 7 p.m., Victoria Embankment, W.C.2. 
Informal Meeting. ‘‘ Power Factor Tariffs and Methods 
of Metering.”” Opened by Mr. E. W. Dorey. North 
Eastern Centre: Monday, December 10, 7 p.m., Arm- 
strong College, Newcastle-on-Tyne. ‘‘ An Introduction 
to Researches on Circuit Breaking,’’ by Mr. E. B. Wed- 
more, Mr. W. B. Whitney and Mr. C. E. R. Bruce. 
Scottish Centre: Tuesday, December 11, 7 p.m., North 
British Hotel, Edinburgh. ‘“‘ The Electrification of the 
Pietermaritzburg-Glencoe Section of the South African 
Railways,’’ by Mr. W. Hawthorne. ‘‘A Note on the 
First Electric Railway in Scotland,”’ by Mr. D. S. Munro. 
London Students’ Section: Friday, December 14, 6.15 
p-m., Victoria Embankment, W.C.2. ‘“‘ The Applications 
of Electricity in the Printing Industry,” by Mr. T. H. 
Lockett. 

InstitTuUTE oF MeErtats.—<Scottish Local Section: 
Monday, December 10, 7.30 p.m., Institution of Engineers 
and Shipbuilders in Scotland, 39, Elmbank-crescent, 
Glasgow. ‘‘ Scottish Moulding Sands and their Applica- 
tion to Non-Ferrous Casting,” by Mr. F. Hudson. 
Birmingham Local Section: Thursday, December 13, 
7 p.m., Engineers’ Club, Waterloo-street, Birmingham. 
| ‘* Magnesium Alloys for Engineering,” by Mr. E. Player. 
| London Local Section: Thursday, December 13, 7.30 
p.m., Society of Motor Manufacturers and Traders, 83, 
Pall Mall, S.W.1, Joint Meeting with Institute of British 
Foundrymen. ‘‘ Aluminium-Silicon Alloys—Their Pro- 
perties and some Applications,’”’ by Mr. R. B. Deeley, 
Sheffield Local Section : Friday, December 14, 7.30 p.m. 
The University, St. George’s-square, Sheffield. ‘‘ Chro- 
mium Plating,’ by Mr, L. Wright, 














INSTITUTION OF AUTOMOBILE ENGINEERS.—Birming- 


| ham Centre : Monday, December 10, 7 p.m., Queen’s 
| Hotel, Birmingham, ‘ Experiments on Self-Energised 
INSTITUTION OF WATER ENGINEERS.—To-day at | 
10.30 a.m., Geological Society, Burlington House, | Centre : 

Annual General Meeting. ‘‘ The! Café. 
Consumption and Waste of Water,” by Mr. J. Bowman. | 
‘* Legal Considerations Relating to the Administration of | 
i 


Brakes,” by Major C. J. Nevatt. Also at Coventry 
Tuesday, December 11, 7.30 p.m., Broadgate 


INSTITUTION OF THE RUBBER INDUSTRY.—Monday, 
December 10, 7.30 p.m., Blackfriars. Theatre, William- 
street, E.C.4. Joint Meeting with Institution of Auto- 
mobile Engineers. ‘‘ The Tyre as an Article of Manu- 
facture and Usage,” by Mr. W. H. Paull. 

BRADFORD ENGINEERING Socrety.—Monday, Decem- 
ber 10, 7.30 p.m., Technical College, Great Horton-road, 
Bradford, ‘‘ Recent Developments in Economical Steam 
Generation,” by Mr. A. E. Leek. 

Royat Instrtrution.—Tuesday, December 11, 5.15 p.m., 
Albemarle-street, W.1. ‘‘ Diamonds” (Lecture IV) by 
Sir W. Bragg. 

INSTITUTION OF PETROLEUM TECHNOLOGISTS.—Tues- 
day, December 11, 5.30 p.m., Royal Society of Arts, 
John-street, Adelphi, W.C.2.  ‘‘ Madagascar and its Oil 
Lands,” by Dr. A. Wade. 

ILLUMINATING ENGINEERING Soctety.—Tuesday, De- 
cember 11, 6.30 p.m. E.L.M.A. Lighting Service 
Bureau, 15, Savoy-street, Strand, W.C.2. “‘ The Use of 
Electric Light for Advertising Purposes,” by Mr. H. 
Lingard. 

INSTITUTE OF MARINE ENGINEERS.—Tuesday, Decem- 
ber 11, 6.30 p.m., 85-88, The Minories, Tower Hill, E.1. 
Lecture: ‘ Practical Refrigeration for Ships,’’ by Mr. A. 
Greenfield. 

SHEFFIELD METALLURGICAL ASSOCIATION.—Tuesday, 
December 11, 7.30 p.m., 198, West-street, Sheffield. 
“Works Tests of Refractories and Service Results,” by 
Mr. R. J. Sarjant. 

Crry aND GuILps (ENGINEERING) COLLEGE UNION 
ENGINEERING Socrety.—Wednesday, December 12, 5.15 
p-m., Exhibition-road, S.W.7. “‘ Marine Engine Develop- 
ments,” by Mr. H. Tyrrell. 

INSTITUTION OF CrviL ENGINEERS.—Wednesday, Decem- 
ber 12, 6 p.m., Great George-street, S.W.1. Informal 
Meeting. ‘‘ Methods of Reducing Temperature in Deep 
Mining Work,” by Mr. J. Whitehouse. Yorkshire Associa- 
tion: Thursday, December 13, 7.30 p.m., Hotel Metro- 
pole, Leeds. ‘‘ Notes on Power Station Construction,” 
by Mr. A. H. D. Markwick. 

InsTITUTION OF ENGINEERS-IN-CHARGE.—Wednesday, 
December 12, 7.30 p.m., St. Bride Institute, Bride Lane, 
Fleet-street, E.C.4.  ‘« Central Heating Systems,”’ by Mr. 
W. E. Fretwell. 

Betrast AssociaTION OF ENGINEERS.—Wednesday, 
December 12, 7.30 p.m., Municipal College of Technology, 
Belfast. ‘‘ Salvage and Reconstruction of M.V. Loch- 
monar,” by Mr. J. Harney. 

Royat Socrety or Arts.—Wednesday, December 12, 
8 p.m., John-street, Adelphi, W.C.2. ‘‘ Applications of 
Electricity to Medical Practice,” by Mr. G. G. Blake. 

INSTITUTION OF LOCOMOTIVE ENGINEERS.—Thursday, 
December 13, 6 p.m., Denison House, 296, Vauxhall 
Bridge-road, 8.W.1. ‘“‘ Some Points of Common Interest 
in Rolling-Stock and Permanent Way,” by Mr. H. 
Holeroft. North-Eastern Centre : Friday, December 14, 
7 p.m., Hotel Metropole, Leeds. ‘‘ The Clayton Rail 
Car,” by Mr. 8. R. Devlin. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Thursday, 
December 13, 6.30 p.m., 10, Upper Belgrave-street, S.W.1. 
“Wind Bracing in Steel Frame Buildings,” by Mr. W. A. 
Hakin. 

OpticaL Socrety.—Thursday, December 138, 7.30 
p-m., Imperial College of Science and Technology, South 
Kensington, S.W.7. ‘The Measurement of Axial 
Aberrations of Telescopic Systems of Small Magnifica- 
tion,” by Mr. B. E. Mourashkinsky and Miss M. Savos- 
tianoff. ‘‘ Note on Skew Pencils Traversing a Sym- 
metrical Instrument,’’ by Mr. T. Smith. 

INSTITUTE OF PATENTEES.—Thursday, December 13, 
8 p.m., Caxton Hall, Westminster, S.W.1. “‘ Invention 
as a Solution to the Unemployment Problem,” by 
Major H. A. Proctor. ; 

BritisH Institute oF RapioLocy.—Thursday, Dec- 
ember 13, 8.30 p.m., 32, Welbeck-street, W.1. ** Con- 
stant-Voltage High-Tension Generators,’ by Mr. G. E. 
Bell. 

MANCHESTER ASSOCIATION OF ENGINEERS.—Friday, 
December 14, 7.15 p.m., Engineers Club, Albert-square, 
Manchester. ‘The Dismantling, Transportation and 
Erection of Heavy Machinery,” by Mr. N. E, Box. 

KEIGHLEY ASSOCIATION OF ENGINEERS.—Friday, 
December 14, 7.30 p.m., Temperance Institute, Keighley. 
Lecture: ‘‘ Conveying,’”’ by Mr. J. H. Lee. 

Hutt Association oF ENGINEERS.—Saturday, Dec- 
ember 15, 7.15 p.m., Municipal Technical College, Park- 
street, Hull. ‘‘ The ‘ Sentinel’ Engine and its Applica- 
tion to Railway Work,”’ by Mr. J. W. Beaumont. 











CENTENARY OF THE Hot Btast.—In order to com- 
memorate the centenary of the introduction of the hot 
blast into the iron-making industry, the Council of the 
West of Scotland Iron and Steel Institute recently issued 
a pamphlet entitled ‘‘ Life of James Beaumont Neilson, 
PRS. Inventor of the Hot Blast.”” The book, which 
has been compiled by Mr. T. B. Mackenzie, contains an 
account of Neilson’s early training and subsequent career, 
and shows how he came to invent the ‘hot blast. The 
pamphlet is well written and produced, and contains a 
number of excellent plates. The offices of the West of 
Scotland Iron and Steel Institute are at 93, Hope-street, 
Glasgow. 
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THE INSTITUTION OF AUTOMOBILE ENGINEERS.—lIt is 
by no means easy to blend a spirit of conviviality with the 
dignity which must be maintained in connection with a 
professional institution, but this was very successfully 
accomplished by the speakers at the ninth annual dinner 
of the Institution of Automobile Engineers, held at the 
Savoy Hotel on Wednesday, November 21. The occasion 
was particularly felicitous, in that the members had an 
opportunity of listening to the first president of the 
Institution, Colonel R. £. Crompton, who replied to the 
toast of “The Institution,” jointly with this year’s 
— Mr. L. H. Hounsfield. The toast was proposed 

y Sir Brodie Henderson, President of the Institution of 
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Civil Engineers, who very justly remarked that the 
Institution of Automobile Engineers enjoyed the repu- 
tation of being among the most vigorous and alert of all 
such bodies. It may be remarked, in parenthesis, that 
this well-deserved reputation is unquestionably due 1m 
no small measure to Mr..Basil H. Joy, who became se¢- 
retary soon after the institution’s formation. Mr. Joy was 
given a hearty welcome after his enforced absence he 
the previous annual dinner. The opportunity was taken 
to present Capt. G. S. Wilkinson with the Institution 
Medal for the prominent share he took in the design 0! bs 
Napier Lion engine, fitted to the winning machine 1» th' 





1928 Schneider Trophy race. 
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Fig. 102. Water Tower at §. Bonact. Fie. 103. Water Tower at LEccE IN CouRSE OF CONSTRUCTION. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 
We desire to call the attention of d 
the fact that the above is our SOLE ADDR Ss 
gna . ne connection —— patvems this 
u nd any othe 
somewint similar titles. . a ene 


TELEGRAPHIO | “ ENGINEERING,” WESTRAND, 
ADDRESS LONDON. 
TELEPHONE NumBERS—3663 and 8598 GERRARD. 


“SUBSCRIPTIONS, HOME AND FOREIGN. 


“ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 














For the United Kingdom....................000 £3 5 0 
For Canada— 
Thin paper Copies ................s000 £218 6 
Thick paper copies _.................. £3 3 0 
For all other places abroad— 
Thin paper copies ..................ec000 £3 3 0 
Thick paper copies .................0+ £3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 





When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 





ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 128. per 
inch, Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 











Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, alterations 
for standing advertisements should be received 
10 days previous to the day of publication. 


All accounts are payable to ‘‘ ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 
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AUSTRALIA: Gordon and Gotch, Limited, Melbourne ; Sydney ; 
Brisbane, Perth. Angus and Robertson, Limited, Sydney ; 
N.S.W. T. Willmett and Company, Townsville, North 
Queensland. W. C. Rigby, Adelaide, South Australia. 
Melville and Mullen, Melbourne, Victoria. 

BELGIUM, Brussels: E. F. Satchell, 86, Rue du Tabellion. 

CANADA, Toronto, 2, Ont.: Wm. Dawson Subscription Service, 
Limited, 91-93, Queen-street, East. 

ar Copenhagen : Kaat-Jensen & Co., Vester Farima- 
gsgade 22, 

EDINBURGH: John Menzies and Company, Limited, Rose-street. 

FRANCE, Paris: Ricour, Chevillet et Cie, 22, Rue de la Banque. 

es : Hermann H. Fromm, Liitzowstrasse, 84, Berlin, 


GLascow : William Love, 221, Argyle-street. John Menzies and 
Company, Limited, West Nile-street. 
HOLLAND, Rotterdam; H. A. Kramer and Son, Limited. 
INDIA, Calcutta: Thacker, Spink and Company. 
Bombay : Thacker and Company, Limited. 
ImaLy: U. Hoepli, Milan. Anonima Libraria Italiana, Torino 
and any post office. . 
JaPan, Tokio: Maruzen Company, Limited, and all branches. 
LIVERPOOL: Mrs. Taylor, Landing Stages. 
MaNcui STER: John Heywood, Limited, 143, Deansgate. 
NEW ZiALAND: Gordon and Gotch, Limited, Wellington, 
Auckland and Christchurch. 
rope rk Cammermeyer’s Boghandel, Carl Johans Gade, 
1 and s 
Sourn A FRICA: Central News Agency, Limited. Head Office— 
Jo ‘annesburg; and Pretoria, Cape Town, Port Elizabeth, 
Bloc mfontein, Durban and various branches and book- 
stalls throughout South Africa. Wm. Dawson and Sons 


(South Africa), Limited, 29, Long-street, Capetown. 
Tasmania: Gordon and Gotch, Limited, Launceston, Hobart. | 
Vateap STATES, New York: For subscriptions, The International 
78. ey, 131, Varick-street. For advertisements, 
-». Allan, 30, Church-street. | 
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FUEL FOR SHIPS. 


Amon«G the pieces of good fortune that befell this 
country as the war was approaching was the fact 
that Lord Fisher’s Oil Fuel Commission was held in 
1912 and 1913, and not put off till later. In the 
very nick of time it became established that for 
naval purposes oil fuel had advantages over coal 
from every point of view, steps were taken imme- 
diately to create oil stores for the Navy at appro- 
priate fuel stations and to convert every fighting 
ship to burn oil instead of coal. By these measures 
the radius of action secured to a ship for a given 
weight of fuel was increased to the large extent 
represented by the ratio of the calorific value of oil 
to that of coal; the ships could maintain their 
steam over periods practically impossible when 
they were fired with coal; they were less time in 
port ; their stay there while fuelling was a period of 
rest for the crew instead of extra hard work; and 
in effect the change was equivalent to an increase 
in the numerical strength of the Navy. Such 
brilliant results following on a clear and consistent 
policy reacted naturally on the owners of merchant 
ships, and when at the end of the war and after- 
wards the economical conditions of mercantile 
fleets came under consideration, the substitution of 
oil for coal as a fuel was among the measures of 
improvement to which many owners looked with 
hope. In so far as they based themselves on naval 
experience, owners who turned to raising steam with 
oil were assured of the convenience and elasticity 
the change had given to the Navy, though that 
experience did not deal with the question of cost, and 











| tion engines instead of steam in view of their much 
a natural development of an accepted policy. When, 
indeed, this development extended to making inter- 





the subsequent disposition to use internal-combus- 


smaller consumption of oil may have seemed to be 


questions of scale were doubtless introduced, and 
to these questions presumably experience is now 
giving the answer, which probably could not have 
been obtained in any other way. For smaller vessels, 
on the other hand, and for the replacement of coal 
by oil below boilers, the new departure was less 
speculative, and generally when it was applied to 
vessels which were performing suitable services 
it was successful. In a paper read last Wednes- 
day by Sir Eustace d’Eyncourt before the Royal 
Society of Arts it was asked, however, in effect 
whether the adoption of oil in the mercantile marine 
had not come on faster and gone further than the 
facts warranted. 

A reference to Lloyd’s Register for July of this 
year and of 1919 shows that the change has indeed 
been going on at a remarkable rate. In 1919 there 
were something under 1,000 motor-ships, with an 
average gross tonnage of about 750 tons each. By 
the present year the number of such vessels had 
about trebled, and the average tonnage had more 
than doubled. Simultaneously, the tonnage of 
vessels fitted for burning oil fuel had much more 
than trebled, and by this year was not far short of 
20,000,000 tons, while the tonnage of oil tankers 
had more than doubled. Whether from the technical 
point of view this rate of increase was judicious or 
not, no doubt can be felt that, so far as it went, it 
was a serious loss to the coal trade. The present 
condition of the coal trade, indeed, can hardly 
be said to have resulted from the adoption of oil 
as a fuel for ships. The average quantity of bunker 
coal used every year by vessels engaged in the 
foreign trade was under 20,000,000 tons before the 
war, and, according to the Coal Commission’s 
Report, its gross fall by 1925 was about 3,500,000 
tons, including the reduced demand for bunkers 
attributable to the general fall in the export coal 
trade, which in itself meant areductionof more than 
a fourth of its weight in the demand for bunkers. 
Without, however, putting the loss to the mining 
industry unduly high, it may be asked, reasonably, 
whether in changing to oil with such precipitation 
ship owners had taken full account of the extent 
to which they might hope to get equal convenience 
and even greater economy by the use of coal. 

If ship owners felt called upon to answer such a 
question, they would probably reply that they had 
taken account of all which had been presented to 
them clearly. They are doubtless aware that many 
trials of new devices and improved designs are in 
progress, but as yet these individual experiences 
do not seem to have led to generally known and 
accepted results. The improvements that have 
been made in the efficiency of steam turbines, 
notably by Sir Charles Parsons, with the use of 
high-pressure steam, have not yet come into general 
practice. Mechanical stokers have been applied to 
marine purposes, and have been used successfully, 
reducing the number of men required in the stoke- 
hole to little more than is needed for oil-fired boilers. 
There again experience is confined to isolated vessels, 
and the results are not so well known to owners 
as to suggest they should adopt it generally. A 
still wider departure, involving serious problems 
of its own, has been made in the application of 
pulverised fuel to marine purposes, giving a sub- 
stance that can be handled with almost the same 
convenience as oil. By the work of one firm and 
another the many difficult problems of this applica- 
tion are said to have been solved, and the system is 
reported as being used successfully on a number of 
individual vessels. Nevertheless, its performance 
under sufficiently various conditions does not yet 
seem to have given it the same standing among 
shipowners as other methods of which the results are 
more widely known. It is perhaps not surprising 
that in these circumstances ports have not yet 
provided mechanical conveyor plants specially 
adapted to supplying vessels with small or pul- 
verised coal, such as would be required for these 
methods, but it is quite certain that British ports 
not provided with such appliances for supplying 
whatever kind of coal may be used for bunkers 
will be ultimately at a disadvantage as against 
better equipped continental ports. 

The situation as between coal and oil is the resul- 
tant of much work and enterprising effort on the 





nal-combustion marine engines of unprecedented size 





part of a number of individual firms. In the ordinary 
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course of enlightened practical business each of /facturers and Traders under the title of “The | tion. Putting tariff questions aside, it is generally 


these firms has worked out its own problems for | 
itself, and in other circumstances it would, doubtless, | 
be sufficient to leave the event to the operation of | 
time, feeling confident that ultimately the best | 
practice would survive. The present time is, | 
however, exceptional. Not only engineers and 
shipbuilders, who, as Sir Eustace remarks, have | 
been doing their part, but also ship owners, coal | 
owners, and the State itself are deeply interested 
in arriving at the best and most economical results | 
with the least possible delay. In such circumstances | 
Sir Eustace d’Eyncourt’s suggestion that the co- | 
operation of all interested parties is necessary to | 
the desired results does not seem to go beyond | 
what is desirable. The first point to be considered | 
is whether the several methods of driving ships | 
by coal and by oil are sufficiently mature to be | 
ready for comparative trial. There seems good | 
reason to believe that they are, but at present the | 
most recent and hopeful methods of burning coal are 
not sufficiently well known to have gained the | 
confidence of owners. In such circumstances it is | 
difficult to imagine that, if the several commercial | 
interests involved are prepared to take part in 
trials that would clear up such points as are in 
doubt, the Government through its Research 
Department and the Admiralty could refuse to 
co-operate. It might, perhaps, not be desirable 
that such a procedure should be regarded as the 
normal way of ascertaining the best practice. In 
the ordinary course invention, in the same way as 
evolution, gets its results through the progress 
introduced by individuals. The time is, however, 
not opportune for this lengthy process in regard to a 
series of problems of great importance to basic 
industries, and indeed to the entire community. 
If the interests concerned can concert a scheme of 
prompt and practical investigation, and desire the 
assistance of the Government in carrying it out, it 
may reasonably be hoped that such assistance will 
be forthcoming. 

It is very possible that the Government might | 
plead poverty if such a scheme were put forward ; | 
but, with every appreciation of the fundamental | 
work being carried on by the Fuel Research Board, 
it would appear that more benefit might accrue to | 
the present generation if some of the country’s | 
money and resources now being devoted to some- 
what academic investigations could be diverted to 
a practical trial of pulverised fuel at sea, with both 
progressive and final publication of full details, 
both of the work and its results. We have suggested 





above, in effect, that if the commercial interests | the fact that, for the year 1927, the value of exports 
involved will combine and suggest a method of | jn cars, commercial vehicles, and parts, was approxi- 


test the Government would probably agree to) 
assist. This involves the creation of some new 
organisation bringing together many independent 
bodies of various interests, and necessarily means 


|cars in the first two quarters of the present year. 


Motor Industry of Great Britain,” Taking the 
output of vehicles as a guide to the prosperity of 
the industry as a whole, it is stated that the output 
in 1927 was 209,000, as compared with 180,000 in 
1926, the growth being equally pronounced in 
private cars and in commercial vehicles, If the 
figures for the last twenty years are plotted, with 
due allowance for the war period, the curve of total 
production will be seen to rise very steadily, and 
although our total output is insignificant as com- 
pared with that of the United States, there is every 
indication that expansion is taking place along 
thoroughly sound lines. 

The greater part of the increased output has been 
absorbed by the home market, and the expansion 
has only been rendered possible by improvement in 
design and material, in which British manufac- 
turers have played a leading part. A few years 
ago, a regular passenger service by road between 
London and York would rightly have been regarded 
as quite impracticable, and the boldest optimist 
would hardly have suggested that the price of a 
satisfactory, although small, saloon car should be 
1351. These things, however, have now come to 
pass, and the entire credit for their accomplishment 
must be given to the engineer for producing a 
sufficiently reliable and smooth-running vehicle on 
the one hand, and lowering costs by improved 
production methods on the other. The development 
of the ultra-light car is a remarkable example of 
the creation of a new market. Although it is 
perhaps hardly fair to give all the credit for this 
conception to British manufacturers, in view of the 
pre-existence of such cars as the Bébé Peugeot, 
there is no doubt that they were the first to realise 
the potentialities of a four-cylinder vehicle having a 
performance comparable with that of much heavier 
cars, and being extremely economical in both first 
cost and running expenses. The importance of this 
development is indicated by the registration of new 


Although cars of 12 h.p. still head the list with 
20,996 vehicles, cars of 8 h.p. were registered to the 
number of 14,558, easily surpassing all other powers 
with the exception mentioned. 

Turning now to imports and exports, Mr. C. 
Sangster, the Chairman of Messrs. Swift of Coventry, 
Limited, expressed the opinion at a recent dinner 
given by his firm that the relative positions of 
exports and imports in this country are definitely 
not satisfactory. In a subsequent letter to the 
press, he explained that this opinion was based on 


mately 10,500,000/., while the value of imports in 
the same products was approximately 8,250,000/. 
The corresponding figures for the first seven months 
of 1928 were, exports 5,000,000/., and imports 





the loss of much time. In view of the range of | 
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research work which the Government now appears | figures are somewhat disquieting, not only from the 


to consider comes within its sphere and on which 
it is prepared to spend public money, it would appear 
that the whole investigation might well be initiated 
and carried out by one or the other branch of the 
subsidised research army already in existence. Any 
contribution likely to help towards an early improve- 
ment in the prospects of the British coal industry, 
would be of much greater public value than the 
most detailed information about the particular 
proportion of fusain in some coal seam in York- 
shire. 





THE MOTOR-VEHICLE INDUSTRY. 


Doctors are in general agreement that a large 
proportion of human ills are due to digestive difficul- 
ties; the same may be said of British industries. 
The successful absorption of its products is a 
sine qua non for any manufacturing concern, and the 
greatest asset which any industry can possess is the 


ability to create new markets. The automobile | 


industry has been particularly successful in this 
respect, and it is a remarkable tribute to the pre- 
science of the leaders in that industry that the 
number of motor-vehicle owners should have steadily 


and rapidly increased throughout a period of severe | 
| United States. The outstanding characteristics of | of the drawings of engine and vessel. It must not 


industrial depression. The present position is 
clearly shown in the admirable statistical record 


published yearly by the Society of Motor Manu- | in the British Isles are too well known to need repeti- | would result from a study of the problems invc 





4,000,000/. We are inclined to agree that these 


| point of view of our export trade, but as showing a 
| surprising absorption of foreign products by the home 
| market. We will refer to their bearing on our export 
trade later. If the figures are examined in detail, 
|it will be found that the total of 4,000,000/., repre- 
| senting the gross imports in the first seven months of 
| 1928, is made up roughly of private cars, 1,680,000. ; 
| chassis, 1,100,000/., parts and accessories, 1,090,000. ; 
commercial vehicles 6,000/.; tyres, 40,0007. ; and 
agricultural tractors 84,000]. The great majority 
of the imported chassis are undoubtedly for private 
cars, but if we assume that only half are intended for 
this purpose, we find that foreign cars to the value 
of approximately 2,000,000/. were purchased by the 
British public in the first seven months of 1928, 
the re-exports being practically negligible. The 
position forms a striking contrast to that in com- 
mercial vehicles, and the total would undoubtedly 
be considerably higher if many purchasers were not 
swayed by patriotic motives. It is not unprofitable 


assumed that British makers are unable to offer an 
equivalent vehicle at the same price, due to the 
difference in the size of the respective home markets, 
and that it is merely value for money that leads to 
the sales referred to. It must be borne in mind, 
however, that until very recently, the two countries 
have specialised in entirely different types of car, 
the British manufacturer endeavouring to produce 
a highly-efficient engine, which will be economical 
in tax and running costs, and his American confrére 
concentrating on a vehicle with an exceptional top- 
gear performance. The characteristics of the two 
types of engine have been reflected in body design, 
the British manufacturer tending to reduce weight 
by skimping the accommodation, and adopting 
light forms of construction, to reduce the load on 
the engine, while American makers have not had 
the same temptation to sacrifice comfort to efficiency. 
Even at the present time, it is difficult to find a 
British car, other than those in the luxury class, with 
really roomy accommodation for the passengers, 
and it is necessary to pay nearly twice the price 
before a home-produced vehicle can be purchased 
with a top-gear performance equal to that of quite 
low-priced American models. While not suggesting 
that the trend of British design, which is towards 
a type of car admirably suited to the needs of the 
majority of home users, should be altered, it is 
worth while considering whether one or two makers 
would not find it advantageous to market a model 
comparable in appearance, accommodation, and 
performance, with the American models selling 
most freely in this country, even at a somewhat 
higher price. It may be admitted that such a 
car would be welcomed in our Dominions and 
Colonies. 

Turning, finally, to our export trade, there has 
been, a small but steady growth in exports for the 
last few years, the totals for 1925, 1926 and 1927 
being respectively 29,025, 33,113 and 35,696. 
These figures include complete vehicles of both the 
private and commercial types, and also chassis. 
Australia is our best customer, and absorbed about 
33 per cent. of our total exports in 1927. The 
Empire as a whole absorbed 81-7 per cent. of our 
exports in the same year, leaving only 18-3 per cent. 
for the rest of the world. Great Britain shows up very 
unfavourably when compared with other important 
car-manufacturing countries: Again, taking the 
1927 figures, the United States secured 68-3 per cent. 
of the world’s trade, Canada 10-2 per cent, France 
9-3 per cent., Great Britain 6-3 per cent., and 
Italy 5-9 per cent. The suitability of our designs 
for overseas use has been discussed ad nauseam, 
and in spite of those who have been too long 
accustomed to utilise the British manufacturer as 
a cockshy lightly to forego the amusement, it 
would appear that several of our models are quite 
suitable for the majority, but not all, of the Colonial 
markets. Our failure to secure our fair share ot 
these markets in the past has been due primarily 
to the disorganisation of the industry caused by 
the war, and only to a secondary extent to un- 


|suitability of design, excessive price, defective 


sales organisation, and so on. There is, therefore, 
fair reason to hope that a considerable expansion 
in this trade will take place in the next few years. 








VIBRATIONS IN SHIPS’ HULLS. 


In the second Thomas Lowe Gray lecture, 


| delivered before the Institution of Mechanical 
| Engineers on Friday last, Professor Dalby selected 


for his subject ‘“‘ The Possible Vibration of a Ship's 
Hull under the Action of an Unbalanced Engine. 

As the lecture was illustrated by experimental 
apparatus, a mere précis would be of little interest, 
but some of the points touched upon are of con- 
siderable importance to shipbuilders. As stated 
by the author, the dynamical relations between the 





| to consider whether a proportion of this money could 
not be diverted into the British manufacturer’s 
pocket. 

No less than 55 per cent. of the foreign cars 
sold in the home market are imported from the 


| the type of American car which sells most freely 


action of an unbalanced marine engine, and the 
'response of the hull, are in general complex, and 
|we may add that it would be quite impossible to 
| prophesy with any degree of accuracy the locality 
and amplitude of the hull vibrations from a study 


be assumed from this, however, that no at 
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and there is much to be said for the suggestion, 


| type are now well known, and their magnitude 
made by Professor Dalby in his paper, that a suitable 
committee should be set up to study and carry out 


can be calculated without difficulty, and with a 

|considerable degree of accuracy. It is common 
experimental work on the dynamical characteristics | knowledge, for example, that a four-cylinder 
ofships’ hulls. Such a programme would admittedly | vertical engine can be balanced to eliminate the 
be expensive, and it may be argued that the time |fundamental harmonic forces and couples, but 
is particularly inappropriate for shipbuilders, who | that the secondary harmonics synchronise and give 
stand to gain most from the work of such a com- | rise to an unbalanced vibration of twice the funda- 
mittee, to spend any considerable sum of money | mental frequency. In a six-cylinder vertical 
on research work. It may further be agreed that | engine, on the other hand, balance is perfect up to 
designs based on a careful review of past experience | the sixth harmonic, accounting for the popularity 
are in general found to be satisfactory from the|of this type of engine for automobile work. A 
point of view of hull vibration; but when an | distinct form of vibration, to which the six-cylinder 
unanticipated resonance effect does occur at some | engine is particularly liable, is that of torsional 
particular part of a vessel, it is apt to be both | oscillation of the crankshaft, and although this can 
difficult and costly to eliminate. The case of one | be successfully countered in a car engine by fitting 
of the Canadian-Pacific boats was quoted by|a vibration damper, such a device is hardly prac- 
Professor Dalby, in which the vibration proved so /ticable on, say, a marine Diesel engine, in which 
unpleasant to the passengers that it was considered | this type of vibration is by no means uncommon, 





necessary to fit balance-weights, running at twice 
crankshaft speed, to an auxiliary engine, but the 
vibration is rarely considered sufficiently serious 


and the only remedy is to stiffen up the crank- 
shaft. 
As regards the natural period of vibration of 





to justify such an expedient, and is tolerated with | the ship’s hull, which is, of course, of fundamental 
more or less equanimity during the life of the vessel. | importance in any consideration of resonance effects, 
The majority of our readers will probably be able | Professor Dalby stated that the ship vibrates 
to recall voyages, within their own experience, on | fundamentally in two nodes, although harmonics 
vessels in which local vibration was excessive. | have been detected in large vessels up to the eighth 


Professor Dalby has been intimately associated 
with the work of the Bridge Stress Committee, and 
he selected the investigations carried out by that 
body to illustrate in broad outline the lines that a 
research into ship vibrations might follow. There 
can be little doubt, however, that in this direction 
naval architects are faced with a more difficult 
problem than their confréres in railway engineering. 
A ship’s hull is an even more complicated structure 
than, say, the Forth Bridge, and although this 
complexity does not increase the difficulty of 
taking experimental observations on the behaviour 
of the structure as a whole, it does increase the 
difficulties of interpreting the results and applying 
them to parallel, but not identical, cases. Another 
difficulty that would presumably arise in the obser- 
vation of hull vibrations would be that of estab- 
lishing a datum line from which to take measure- 
ments. Something might be done by utilising the 
quay-side while the vessel was in dock, and, no 
doubt, valuable results might be achieved under 
such circumstances; but at sea, reliance would 
probably have to be placed on the readings of an 
instrument of the seismograph type. The extent to 
which results obtained in dock could be applied 
to a vessel in a seaway is a fascinating problem, 
but will hardly repay discussion in the present state 
of knowledge. That the results would not be 
identical is suggested by the fact that skin friction 
has undoubtedly an important influence in damping 
out hull vibrations, and this factor would be 
decidedly variable in a heavy sea. It is, perhaps, 
justifiable to quote the practice of carrying out 
experiments in dock, which undoubtedly lead to 
useful results, on the stability secured by the 
employment of gyroscopes or other anti-rolling 
devices, although in this case no particular difficulty 
occurs in repeating the experiments at sea. The 
illustration serves to bring out the limitations of 
dock experiments, in that the effect of yawing, 
which is of fundamental importance in gyroscopic 
stabilisation, cannot be ascertained, nor can a 
regular wave impulse be simulated. Useful data 
have also been secured in dock on hogging and 
sagging, the sea conditions in these cases being 
reproduced with some success by shoring the vessel 
and lowering the water level. 


harmonic. The ship can also oscillate torsionally, 
so that it lies in the water ready to respond vertically 
with a fundamental and a whole range of harmonics ; 
laterally with a fundamental and a range of har- 
monics; and also torsionally with a similar series. 
Any of these dormant modes may be exalted into 
a dominant mode of troublesome amplitude by 
synchronism with an unbalanced force arising from 
the engine or propeller. The important point to 
be observed is that if the type of engine fitted to a 
vessel is known to apply a pulsating force to its 
support, but is free from unbalanced couples, it 
is best placed over a node in the hull; while if the 
reverse is the case, as for example, in a three- 
cylinder compound engine with the cranks at 120 
deg., the engine is hest placed centrally between 
two nodes. 

Professor Dalby showed the effect of coincidence 
between the natural frequency of vibration of the 
hull and the applied pulsation by means of an 
ingenious model, which also served to bring out the 
relationship just referred to between the out-of- 
balance characteristics of the engine and its position 
in the hull. In the model, the ship’s hull was 
represented by a flexible beam, resting on massive 
supports, which did not constrain the ends. The 
engine was represented by a rotating shaft, driven 
at any desired speed by an electric motor. Masses 
could be attached to throw the shaft out of balance, 
and the unbalanced system could be moved along 
the beam. By varying the speed of the motor, 
resonance effects were illustrated in a striking man- 
ner, and the effect of an unbalanced couple was 
equally clearly shown by moving the engine system 
relatively to the hull. 

Although hardly pertinent to the questions we 
have been discussing, the information given by 
Professor Dalby on the work of the Bridge Stress 
Committee is of great interest, and certainly serves 
to whet the appetite for the full report. After 
describing the method of measuring the bridge 
deflection, which consisted essentially of comparing 
the position under various conditions of a point on 
the structure with one on a fixed column, a number 
of graphs, plotted from the experimental results, were 
thrown on the screen. Itis only possible in conclusion 
to refer briefly to one or two of the more striking 





It was pointed out in the lecture that pulsating 


results. The experiments on the Newark Dyke 





forces may arise either from the engine or propeller. | bridge enabled deflection curves to be exhibited 
Pulsations set up by the propeller arise either | produced by the action of an unbalanced 0-8-0 
from the blades being of unequal weight, or of | locomotive giving a hammer blow to the bridge 
unequal pitch. It would appear that this aspect |of 0-6 n%, which is equivalent to 15 tons at 
of the problem need not detain an investigating |5 revolutions per second. The curves strikingly 
comm:ttee for any length of time, as there is no | brought out the effects of partial synchronism and 
great difficulty in balancing a propeller, or in|dynamic magnification. In another experiment 
machining the blades to equal pitch. Such a| quoted, a comparison was made of the amplitude 
proce ‘ure may well be too expensive to be justifi- | of oscillation produced by a four-cylinder engine, 
able i many cases, but the proposed investigation | with a small hammer blow, and a two-cylinder 
would presumably only be concerned, toa secondary | engine, with a large hammer blow, over a bridge 
extent, with economic considerations. As regards| whose period was high and removed from syn- 





passing over the bridge at 90 m.p.h. was of negligible 
amplitude when compared with the oscillation 
produced by a similar two-cylinder engine at 
86 m.p.h. 


NOTES. 


THE Coptey Mepat or THE RoyAL 








Society. 

At the anniversary meeting of the Royal Society 
on November 30 the Society presented the famous 
Copley Medal to Sir Charles Parsons. There is 
no need in these columns to dwell at length on 
the work of Sir Charles Parsons either as an 
experimentalist or an engineer. His work on the 
steam turbine has brought about a revolution in 
power plants ashore and in engine rooms afloat, 
and in the history of the development of power, 
future ages will link his name with that of Watt. 
Sir Charles Parsons has already received the Kelvin 
Medal, the Albert Medal, the Faraday Medal and 
the Franklin Medal, and it was on the presentation 
of the latter that we wrote in these columns: 
“Tt is no exaggeration to say that the work of 
Sir Charles Parsons has halved the cost of producing 
electric power and reduced in still greater proportion 
the capital cost of generating machinery.” The 
Copley Medal is the blue riband of the British 
scientific world, and it has, we believe, never before 
been awarded to an engineer. Founded by funds 
left by Sir Joseph Copley, who died in 1709, the 
first awards strangely enough were made to two 
workers in electricity, Stephen Gray and Theophilus 
Desaguliers, who were given prizes in 1731 and 
1734 respectively. Gray, by his experiments in 
his rooms at the Charterhouse, did as much as 
anyone to lay the foundations of the science of 
electricity, while to Desaguliers we owe the everyday 
words insulation, conductors and non-conductors. 
The terms of the Copley bequest has fed to the 
Copley Medal being available to eminent men of 
science of all nationalities, and a history of science 
could well be written around the names of those 
who have received it. Among naturalists have been 
Darwin, Huxley, Wallace and Virchow; among 
astronomers, Herschel, Leverrier, Bradley Adams 
and Newcomb; among chemists, Priestley, Liebig, 
Hofmann, Bunsen and Pasteur; among physicists, 
Volta, Faraday, Joule, Clausius, Kelvin, Rayleigh, 
and Helmholtz; and now to a very long list of 
names of great men of science has been added that 
of a great engineer. Sir Charles Parsons was born 
June 13, 1854. Thirty years later, on April 23, 
1884, he obtained his patents for “‘ improvements 
in electric generators and in working them by 
fluid pressure,” and “improvements in rotary 
motors actuated by elastic fluid pressure, and 
applicable also as pumps.” The first Parsons 
turbine, a double-ended parallel-flow machine 
running at 18,000 r.p.m., was shown at the 
Inventions Exhibition in 1885, and is now in the 
Science Museum. From that small machine has 
come the gigantic turbines of 60,000 h.p. or 
70,000 h.p. of to-day. 


IRRIGATION WorxKS IN MADRAS. 


Speaking generally, the soil of that portion of 
India administered by the Government of the 
Presidency of Madras is not particularly fertile ; 
the normal rainfall is not steady enough, nor is it 
of sufficient volume to guarantee an abundant 
water supply for agricultural purposes. On the 
other hand systematic irrigation has been practised 
for many centuries by the industrious Madrasi 
population and numerous large-scale rain-water 
reservoirs or tanks have been constructed in the 
uplands of the Presidency. 
also been built across the rivers, and the water, 
in times of flood, is led over the fields by way of 
aqueducts, many of which are of considerable 
length. In this manner the produce of the soil has 
been enormously increased and large quantities 
of rice, millet, cotton, indigo, tea and other crops 
are raised, annually. Agricultural produce grown 


Anicuts or dams have 


on irrigated lands is differentiated by the name 


“wet” crop, whereas that dependent on the rain- 


fall alone is designated “‘dry”’ crop. The irrigation 
works have now been in the hands of the Madras 
Government for many years and are managed by the 





pulsations set up by the engine, the directions of the | chronism. It was shown that the oscillation actu- 


unbalanced forces and couples in any particular | lly produced by the four-cylinder locomotive 
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Public Works Department of the Presidency. 


The 
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magnitude of the undertaking may be judged from | EXPLOSION ON M.S. ‘* KUNGSHOLM.’’ 


the fact that according to the annual Administration 


Report (Part II, Irrigation), issued recently by the | accounts given in the public Press, an explosion took 


Public Works Department, the area under irrigation 
during the year ending June 30, 1927, was 7,012,943 


acres, the total cultivated area, both wet and dry, | 


being 37,367,132 acres. Owing to the unfavourable 
character of the season as regards rainfall, which 
averaged 27-10 in. against 36-68 in., the average 
of the five years ending 1925-26, the figures repre- 
senting the cultivated areas are, in each case dis- 
tinetly less than they were during the previous 
twelve months. In addition to benefiting the farmers, 
the irrigation works are a source of revenue to 
the Government; the total outlay, during the 
year under review, was Rs. 1,83,81,216, and the 
total revenue realised, Rs. 2,80,74,607. The resto- 
ration of tanks has been continued, and up till 
March 31, 1927, 83-77 per cent. of the total area of 
102,500 square miles, comprised in the tank- 
restoration scheme had been traversed and sur- 
veyed. The irrigation, canals on the Cauveri, 
xyodavari and Kistna deltas, some of which are 
also used for navigation, the Pennar river canal 
system, and the vast anicut and distributing 
channel systems, throughout the Presidency, were 
maintained and in some cases improved, and many 
locks, regulators, aqueducts, canals, bridges and 
other works were constructed or repaired. A scheme 
for developing hydro-electric power at Pykara, in 
the Western Ghats, and supplying it to Coimbatore, 
Trichinipoly, Madura and other centres is at present 
being considered by the Government, and, during 
the year under review, proposed sites for the main 
dam have been examined, roads surveyed, and sources 
of supply of constructional material investigated. 


THE INSTITUTION OF PROFESSIONAL CIVIL 
SERVANTS. 


The Institution of Professional Civil Servants, 
which now has a membership exceeding 5,000, was 
formed early in 1919. Shortly afterwards, the 
Government accepted the principle that provision 
should be made for civil servants to consult with 
the authorities with regard to the conditions of 
their employment, and the National Whitley Coun- 
cil was set up. As Sir Richard Redmayne, the Presi- 
dent, pointed out at the annual dinner held on 
November 29, the Institution was able to claim 
representation on the Staff Side, and it had taken 
a very full share of the work on behalf of the service 
as a whole. Although not thinking the National 
Whitley Council was a perfect body, the Institution 
continued to take part in its work, realising that 
some organisation of the kind was indispensable, 
and holding the view that existing machinery could 
be improved more easily by constructive effort 
from within than by attack from without. The 
large membership, together with the increase in the 
number of problems which came before the Council, 
Sir Richard pointed out, now placed a heavy burden 
on the honorary officers, the burden not being 
lightened by the absence of any formal recognition 
by the authorities that the work formed an integral 
part of official life. The work on the Official Side 
preparatory to joint discussions was _ properly 
looked upon as official business, and work of this 
kind on the Staff Side should similarly be regarded, 
and the necessary facilities should be afforded for 
attendance at Staff Side meetings. In conclusion, 
Sir Richard pointed out that the position of the 
technical expert in the Civil Service must be deter- 
mined by the contribution he made to efficiency. 
Successful industrial enterprises were initiated, 
developed and organised by men of the same type, 
and the lesson to be drawn from industry might well 
be applied to the great organisation which carried 
on the business of the State. 








IncomE-Tax CHart Manvuat.—We have received 
from Mr. C. H. Tolley, of 107, Tierney-road, Streatham 
Hill, London, 8.W.2, a copy of the thirteenth (1928-29) 
edition of the Incomc-Tax Chart Manual. The work 
comprises general information and tables dealing with 
income-tax rates, allowances and abatements for the 
current, and also for previous financial years. The chart 
is arranged in such a way that the required information 
may be turned up with the minimum of delay. The 
price is 3s. 6d. post free, and the manual may be obtained 
either from the publishers, Messrs. Waterlow and Sons, 





ENGINEERING. 


As our readers will probably be aware from the 


place on the motor ship Kungsholm while she was on her 
trials. The vessel, of 17,500 tons, has just been 
completed by Messrs. Blohm and Voss for the Swedish- 
Amerika line, and is fitted with Burmeister and’ Wain 
engines, totalling 15,000 brake horse-power. A state- 
ment has been given wide currency to the effect that 
one of the main engine cylinder covers blew off, but 
this is quite incorrect, as shown by an official report on 
the accident issued by Messrs. Burmeister and Wain. 
The following information is extracted from this 
report. 

The vessel left Messrs. Blohm and Voss’ wharf on the 
afternoon on October 13 to proceed to the North Sea, 
where the technical tests were to be held the follow- 
ing day. At 2a.m.,on Sunday the 14th, the engines 
were running on full power at 100 r.p.m., these condi- 
tions being maintained uninterruptedly until 12 noon, 
when the full power trial was finished. Between 12 
and 1 p.m., a series of manceuvring trials was carried 
out under full power, ahead as well as astern, and 
everything passed off quite satisfactorily in all 
respects. This terminated the trials of the engines, 
but before the ship returned to the river Elbe, the 
starboard engine was stopped for a short time to allow 
the apparatus used in connection with a shaft-vibra- 
tion test to be fitted. Shortly after the re-start of the 
starboard engine, and while it was running at about 
90 r.p.m., a slight explosion inside the crank casing 
occurred, followed immediately by a violent explosion 
in the engine room. The first explosion caused the 
sheet-iron doors on this engine, for cylinders 3, 4 and 6, 
to be blown out. The flame shot out from the door 
openings, spreading through the engine room aft of the 
starboard engine into the thrust recess and tunnel, 
extending round the aft end of the port engine with 
lessened force, and also passing up the space between 
the two engines. On the starboard side, the flame 
went forward and through the door to the forward 
engine room. Part of the floor plating in the main 
engine room was lifted out of place. An examination 
of the port engine showed that the lubricating oil 
trough under the bedplate was bulged in about 3 in. 
at the sides as well as the bottom. This trough is 
made of steel plates 4 mm. in thickness and welded 
together, proving that the explosion had been most 
violent under the floor plates. 

The first engineer was severely burnt, consequently 
the engines continued to run for a few minutes until the 
chief engineer came down into the smoke-filled engine- 
room and stopped the main engines and the lubricating 
oil pumps, after which the oil, which had been thrown 
out through the openings in the crank casing and was 
burning on the galleries and platforms, was extinguished 
in a short time. The damage to the plant was com- 
paratively small. After the explosion, the port engine 
was quickly put into working order, and the ship was 
able to return with this engine running, anchoring at 
Cuxhaven that evening. 

Turning now to the cause of the accident, it may 
be recalled that on Burmeister and Wain engines 
the main camshaft is at the level of the bottom of the 
cylinders, and, in the latest designs, is driven from the 
crankshaft by a chain running over jockey pulleys. 
One of these pulleys is mounted on a swinging bracket 
for taking up slack in the chain, and an examination 
of the starboard engine after the accident made it 
evident that this jockey pulley had been very hot. 
The pulley is made of cast steel, and is fitted with 
two bronze bushes driven in and secured by means 
of a tap bolt. The bronze bushes had heated and 
seized on the steel shaft on which it runs, with 
the result that the securing pins were sheared, allow- 
ing the wheel to revolve on the external surface 
of the bushes. The heat generated in this way was 
so intense that it had ignited the lubricating oil, and a 
deposit of burnt oil was found on the bushes. The 
heating vaporised the oil, which, with the air in the 
crank casing, formed an explosive mixture; this 
mixture became ignited by the burning oil on the 
bronze bushes, thereby starting the explosion. The 
heating of the bushes can be attributed to many causes, 
but as the engines had been horoughly tested under 
full power for long periods on the test bed in the shop, 
and had worked for 10 hours under full power on the 
trial trip, and as the jockey pulley of the port engine 
was in perfect order, it is most likely that some sand 
or foreign matter, in spite of careful cleaning, had 
remained in the piping and worked itself into the 





bearing. The casing in which the chain drive is fitted 
is not tight at the top, as shafts pass through it. The | 
openings for the shafts on the sides of the casing are | 
closed only by sheet-iron plates, lightly fitted around 
the shafts, so that the heating may be observed by oil | 
| vapour coming through at these places. This, unfor- | 


| tunately, was not observed on this occasion, no doubt 
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vapours to arise aud leave in sufficient quantity to bi 
noticed at the openings described above. 

Immediately after the explosion, the machinery 
was inspected by the experts from Lloyds and tli 
British Corporation. All the cylinders of the star. 
board engine were examined, as well as the bearing, 
and the parts which had been under the action of th 
heat, and everything was found to be in perfect orde: 
Further, the plant was inspected by the special explosion 
expert from the Swedish Board of Trade, and also by 
experts appointed by the Deutsche Seeamt, Hamburg. 
All these authorities were agreed that the explosion 
had been of a very peculiar nature in the engine room, 
as the flame had a tendency to spread aft of the 
engines in the lower part of the engine room and under 
the floor plates. The three experts expressed the 
opinion that the explosion had all the characteristics 
of one arising from petrol. At the enquiry held by 
Baurat Gerold, it was ascertained that the German 
workers had used petrol for the purpose of cleaning 
the lubricating oil filters, and, on examining the two 
containers in which these filters were cleaned, a mixture 
of petrol and lubricating oil was found. 

The machinery had been completely erected for a 
long time prior to the trial trip, as, in passenger liners 
of this size, large parts of the accommodation have to 
be built and decorated above the engine room after 
the machinery is installed. The lubricating oil was 
circulated through the engines for about 14 days prior 
to the trial trip, to clean the engines and the lubricating 
oil as much as possible. During these 14 days, as 
well as during the mooring trials and the trial trip, 
petrol had been used continually as the means of 
cleaning the filters. More than 16 gals. of petrol had 
been carried on board the ship, out of which about 10 
gals. had disappeared during the cleaning, 7.e., turned 
into petrol gases or drained into the lubricating oil. 
It may be mentioned that this method of cleaning the 
filters is contrary to Messrs. Burmeister and Wain’s 
practice, which is to brush and blow out the filters with 
air, or to wash them with fuel oil. 

Air is admitted to the engine room partly through 
the engine casing, the skylight of which was always open, 
and partly by means of two electric fans passing the 
air down two shafts at the after engine-room bulkhead, 
distributingit by means of ventilator trunks having open- 
ings fairly high up in the engine room, and also branches 
to the ship’s sides. The air supply is also augmented 
by a large ventilator fitted amidships at the forward 
engine-room bulkhead. No special system had been 
fitted for ventilating beneath the floor plating, and as 
the height from the tank top to the lowest floor level is 
about 900 mm., the petrol gases formed during the clean- 
ing of the large filter inserts had passed under the 
flooring, and immediately above it, without the sus- 
picions of the engine-room staff being aroused. 

Samples of the lubricating oil used during the trials 
in the starboard and port engine, respectively, were 
examined, and these samples proved to be inflammable 
in comparison with the sample of the clean lubricating 
oil as supplied originally. Further, the testing labora- 
tory authorities stated that the flash point, as well as 
the optical test of the distillate, proved that the oil 
contained lighter inflammable mixtures in minute 
quantities. 

As a result of the chemical examination, it was 
ascertained beyond doubt that petrol had got into the 
jubricating oil. The cleaning of the filter inserts by 
means of petrol, and the check of the petrol used, 
proved that about 10 gals., as already mentioned, had 
been consumed in this way, and doubtless the gases 
from this, being heavier than air, had collected imme- 
diately above the floor plates and below them. 

It is not usual practice in Diesel-engined ships to fit 
special ventilation under the floor plating, as the use 
of fuel oils which do not form gases, except at a rather 
high temperature, does not call for this measure. 
The use of petrol in the motorships and Diesel-engine 
plant built by Messrs. Burmeister and Wain has never 
been contemplated, and when designing the ventilating 
arrangements, had not been considered; further, 
according to the Danish law, it is illegal to use or store 
petrol in a Diesel engine room. During the enquiry 
at the Seeamt in Hamburg, there was some discussion 
regarding the ignition of the petrol by means of oil 
gases. Herr Oberbaurat Hansen pointed out the 
possibility that the piston cooling could have formed oil 
gases, and that the electricity generated by friction at 
the telescopic pipes might have caused the ignition. 
All Messrs. Burm-i: ter and Wain’s engines are, however, 
designed in the same way, and as ignition of the oil 
has never previously taken place, it clearly shows that 
the cause of the ignition cannot be explained in this 
way, but must have been due to the heated bearing. 








Korea.—His 


Moror VEHICLE REGISTRATIONS IN ane 
2,022 


Majesty’s Consul-General at Seoul reports that 
motor cars and 470 motor lorries and omnibuses ba 
registered in Korea as at October 31, 1928. Officia 


Limited, London Wall, London, E.C.2, or from the | due to the bearing becoming heated quickly, and | statistics are not available, however, and the above 


compiler, at the address quoted above. 


it is further possible that there was not time for the 





figures are based entirely on estimates. 
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LABOUR NOTES. 


DuRING negotiations in Berlin last week-end, all 
the parties to the wages trouble in the Ruhr steel 
industry agreed to the new arbitration proposals of | 
the German Government. These were that the differ- | 
ence should be submitted to a special arbitrator, viz., | 
Herr Severing, the Socialist Minister of the Interior, 
and that all concerned should abide by his decision. 
On the Friday the employers had intimated their 
acceptance of the terms. The Christian Trade Unions 
and one or two other Labour organisations had also 
provisionally agreed to the proposals, which were later 
adopted by meetings of their members. The Metal 
Workers’ Federation held out against them for a time, 
but on Sunday they relented and fell into line with the 
other interests. In these circumstances, there would 
have been no’ point in maintaining the lock-out. 
Accordingly, the employers decided to end it, and 
proceeded to prepare for a general resumption of work. 
The lock-out notices posted in other areas were with- 
drawn. 





The appeal as to the legality of the first award will, 
of course, be duly heard by the Reich Labour Court, 
as the question of penalties has yet to be decided. 
According to the Berlin correspondent of The Times, 
the proceedings will have an important influence on 
the future of the arbitration system. ‘The unions 
still consider,” he says, “that the real aim of the 
employers in proceeding with their lockout after the 
award had been declared binding was to bring about a 
revision of the system, and the delegate conference at 
Essen on Sunday passed a resolution re-asserting the 
view that the employers’ action was a defiance of the 
State and placing upon the Government the responsibi- 
lity for arranging a settlement while such a point of 
principle remains in dispute. It considered itself 
justified in expecting that the contents of the original 
award would be substantially preserved by Herr 
Severing.”’ a, 2088 

On November 26, 1928, the number of unemployed 
persons on the registers of Employment Exchanges in 
Great Britain was 1,395,500. Of these, 971,800 were 
wholly unemployed, 342,300 were temporarily stopped, 
and 81,400 were persons normally in casual employ- 
ment; 1,104,600 were men, 38,200 boys, 220,300 women, 
and 32,400 girls. Of 1,364,423 persons on the registers 
on November 19,1928, 970,200 were wholly unemployed, 
314,201 were temporarily stopped, and 80,022 were 
persons normally in casual employment; 1,073,278 
were men, 38,203 boys, 219,600 women, and 33,342 
girls. The number of unemployed persons on Novem- 
ber 28, 1927, was 1,145,230, of whom 916,845 were men, 
32,050 boys, 167,069 women, and 29,266 girls. 





An interesting article on the subject of working hours 
was recently contributed to the house organ of Sulzer 
Bros., Winterthur, by Mr. E. Baumann, the manager 
of the works. In the course of it, Mr. Baumann says 
that the amount of business done by an undertaking 
depends on two factors: the number of orders received 
and the period within which they must be carried out, 
and the normal capacity for production of the under- 
taking. The ideal would be that all orders could be 
executed by employing the full staff at normal hours of 
work. In practice, this ideal is hardly ever achieved, 
except in undertakings designed for mass production, 
as in the case of certain motor-car factories: it can 
never be achieved in factories which work to order, as 
is done in most engineering works. In undertakings 
of the latter type, it is a very difficult task to adjust 
the work done to the orders received. The purchaser 





frequently asks for delivery within a certain period 
as a condition of placing the order. Promises made in | 


ENGINEERING. 


hours of work. In some cases it is the only possible one. 
It is also in the best interests of the workers, since, 
in the event of special pressure of work for a particular 
group, if the hours of that group are not prolonged, 
the hours of other groups have to be reduced. 





Mr. Baumann expresses the opinion that in the 
regulation of hours of work in Switzerland sufficient 
attention is not paid to practical requirements, and 
the regulations are too rigid. He alleges that in certain 
foreign countries the legislation on the subject is 
more elastic, and he calls for greater freedom for 
Swiss manufacturers to prolong hours of work. In 
his opinion, the amount of overtime worked is 
frequently exaggerated. During 1927 the average 
hours of work in the Sulzer works were less than 
45 per worker per week. In determining this average 
account was taken of the number of hours lost through 
sickness, accidents, military service, holidays, &c., 
and of all overtime. The average number of hours 
worked in excess of 48 per week was 86 per year, 
or a little over 14 hours per week. 


At last week’s meeting in London of the Trades 
Union Congress General Council the question of the 
dismissal of Mr. Percy Glading, a member of the 
Amalgamated Engineering Union, from his employ- 
ment at Woolwich Arsenal was again under considera- 
tion. Mr. Glading’s services were dispensed with 
because he was a member of the Communist Party. 
The General Council wrote to the Prime Minister, it is 
understood, asking whether any instructions had 
been issued to Departments regarding the employment 
of men sharing Mr. Glading’s political views. At the 
meeting last week a letter was read from the Prime 
Minister stating that no formal order had been issued 
by the Government, but that the Admiralty had acted 
with the knowledge that the Government did not regard 
it as consistent with the conditions of the public service 
that departments should engage or retain the services 
of persons who were actively employed in the dissemina- 
tion of anti-constitutional and revolutionary propa- 
ganda. The communication was referred to the 
Sub-Committee of the General Council, which is dealing 
with the matter. sien ee 

The ballot of the members of the Amalgamated 
Society of Woodworkers has gone in favour of pressing 
the organisation’s demand for the 3s. per week bonus 
increase recently conceded by the Shipbuilding Em- 
ployer’s Federation to plain time workers. The 
exclusion of the woodworkers from participation in this 
increase was due to the fact that the object of the 
concession was to put all plain time workers on the 
same level so far as the war bonus was concerned. The 
woodworkers did not lose the 3s. per week at the time 
of the last reduction, no question, therefore, arose of 
restoring it to them. The Society, on the other hand, 
contends that the 3s. per week retained by them was 
not bonus, but ‘‘ tool money.”’ Conferences between 
the Society and the Shipbuilding Employers’ Federa- 
tion will now, no doubt, be called to reconsider the 
matter. ae 

In the French Chamber last week, the Socialist 
deputy, M. Louis Gros, declared, according to the 
Paris correspondent of the Manchester Guardian, that 
the eight-hour law was being systematically flouted. 
What really existed in a great many trades was, he 
said, not a working day of eight hours, but a nine- 
hour day, to which there were many exceptions, 
involving even longer hours. The law had been gradu- 
ally watered down. In flour-milling three sections of 
the industry were compelled to work a twelve-hour 
day all the year round. In the glass trade the excep- 


this respect must be strictly kept in order to maintain | tions to the law had become permanent in thirteen 


the good reputation of the works. Variations in the | branches. Not merely was the law avoided by making 
orders received involve considerable fluctuations in | exceptions to it in special cases—these exceptions always 
the amount of work done in the undertaking. The | tending to become permanent—but special additions 


problem is to discover to what extent and by what | to the hours of labour were made in compensation 
methods these fluctuations may be diminished. |for holidays, rest periods, and other interruptions. 
= | which in the bakery trade, for example, amounted in 
In the first place, Mr. Baumann proceeds, the | 80me parts of France to as much as 115 hours a year, 
undertaking may engage in production for stock. | The deputy’s remedy for the present situation is to 
This solution involves many risks, and can be applied | UDify. the regulations governing the administration of 
only in a very limited field. There are three other | the French Eight Hours Act so that conditions shall 
possible solutions : (1) enlargement of the works and | be uniform in all parts of France, and to double the 
increase of the staff; (2) the introduction of a system | yovernment’s inspectorate of labour conditions so 
of two or three shifts; (3) the prolongation of the | that the law shall be enforced. 
hours of work of the workers whose services are most 
indemand. The first of these methods calls for time,| The weekly official organ of the International 
prudence, and large financial resources, and involves | Labour Office states that, in view of the surplus of 
the risk that a change in conditions may destroy the | engineers in Germany, and the consequent unemploy- 
value of the new plant. The introduction of a shift | ment in the profession, the National Committee of the 
system also presents difficulties. The workers do not | Association of Engineers and Technical Employees, 
all live in the vicinity of the works, and transport | after a thorough study of the question, recently sub- 
facilities do not always coincide with the time table of | mitted to the Prussian authorities a memorandum, 
shifts. It has been observed that workers frequently | urging that the following measures should be taken :— 
give up their employment rather than work in shifts. | (1) Refusal of new credits for the creation of technical 

ere remains the third solution—prolongation of| high schools or faculties of applied science in the 





universities ; (2) Reduction in the number of students, 
to be effected by raising the requirements for admission 
to such schools and faculties; (3) Better organisation 
of existing technical schools ; (4) Development in such 
schools of laboratories of scientific research, aided by 
financial grants; (5) Establishment of post-graduate 
training schools for qualified engineers, including those 
already employed in industry ; (6) Appointment of a 
special committee for higher technical education under 
the Ministry of Education, in which the employers’ 
association should be represented. The suggestion was 
added that if students were subjected to rigorous 
selection before admission to the technical schools, the 
engineering profession would cease to be overcrowded. 





The Monthly Report of the National Union of Boot 
and Shoe Operatives states that the General President 
of the Union, Mr. T. F. Richards, and the General 
Secretary, Mr. E. L. Poulton, were instructed to call 
a special meeting of the Stafford branch in order to 
place before the members the untenable position of the 
branch in electing as president a member of the National 
Minority Movement. Such a meeting was held in due 
course, and it was pointed out to it that, if this member 
persisted in his attitude and declined to abandon his 
activities as a member of the Communist Party and the 
Minority Movement, it would be necessary to declare 
the position of Branch President vacant and to elect 
another member to the office. The member objected 
to intimated that he intended to continue his active 
membership of the Communist Party and the Minority 
Movement, and, accordingly, Mr. Richards and Mr. 
Poulton informed the meeting that he could not hold 
an official position in the union and that the branch 
must elect another president. This decision was 
accepted by the meeting without any opposition. ‘‘ We 
regret,” says the Report, ‘that any member should 
have compelled us to take such a course. This is, 
however, the only way left open to us in view of the 
rules and regulations governing the Union.” 





The Pulletin of the International Federation of 
Trades Unions states that a claim for increased wages 
by a body of American workers was opposed by a 
representative of the employers on the ground that 
37 per cent. of the workers concerned owned their 
own motor cars. Wages ought, therefore, he urged, 
to be reduced instead of increased. In a leading article 
the Philadelphia Daily News comments on this argu- 
ment. ‘‘ A man,” it says, ‘“‘ who uses such an argument 
as this should be put away in a lunatic asylum. A 
corporation that operates upon such a wage policy 
should have its charter revoked, as being not only a 
public nuisance but subversive of the public welfare. 
If the wages of workers are to be reduced to such a 
level that they cannot buy automobiles, the automobile 
industry would be largely destroyed. Its prosperity 
is dependent almost entirely upon the ability of the 
earners to buy cars. The idea that men should be paid as 
little as possible is cruel, vicious and based upon brutal 
ignorance of modern economic essentials. Industrial 
and business leadership to-day must discard it.” 

At a meeting of the Central Control Committee of 
the Russian Communist Party, Mr. Kaganovitch, of 
the Commissariat for Workers’ and Peasants’ Inspec- 
tion, explained the results of an enquiry undertaken 
by the Commissariat into the progress of rationalisation 
and reconstruction. Although the undertakings chosen 
for inspection were selected from the most efficient, 
the results had been, he said, far from satisfactory. 
Even in the textile factory at Tver, which won the 
first prize in the scientific management competition, 
the results were very poor. The reconstruction of 
this undertaking had required a sum more than double 
the budget estimate, and the increase in production, 
which was expected to amount to 21-14 per cent., was 
only 5 -62 per cent. The relative efficiency of the new 
equipment was 15 per cent. less than before. 





In resolutions adopted, the Committee declared that 
rationalisation of industry was of capital and decisive 
importance, but that the magnitude and the speed 
of the efforts made up to the present in this sphere were 
utterly inadequate and did not correspond to the tasks 
at present created by the building up of the socialist 
economic system. In particular, a reduction in the 
cost of production was long overdue. The causes of 
this failure were defined as the absence of clear instruc- 
tions on the part of the higher economic bodies, the 
lack of collective plans and schemes, and the want 
of energy on the part of the managers of undertakings 
and of trusts. To these reasons were added others of 
an ‘‘ objective’ kind, such as the inadequacy both in 
numbers and quality of the technical staff and of skilled 
workers, the relaxation of discipline in industry, the 
general economic condition of the country, &c. Finally, 
the organs of the Communist Party and of the trade 
unions had not given enough attention to questions of 





rationalisation. 
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PLANING MACHINES 


FOR BOILER DRUMS. 
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Fie. 4. Movine-Hreap PLANING MACHINE. 


involved the use of at least four circumferential rows of 
rivets. Such rows are obviously a potential source of 
weakness, but they can only be avoided by employing 


a plate which is equal in length to the finished straight 
Portion of the drum, and bending this into three- 
quarters of the circle, whose diameter corresponds to 


that of he finished drum. A new press, which has been 
erected at the Renfrew works, enables plates up to 
40 ft. long, and 2} in. thick, to be dealt with. The 
finished three-quarter circle thus obtained is from 3 ft. 
to 4 f:. 6 in. in diameter, so that both the above- 
Mentioned difficulties are overcome. Any diameter 
exceeding 4 ft. 6 in. may also be bent with a maximum 
finished width of plate of 10 ft. 7} in. In this way, it 
18 claimed, the range of pressures over which riveted 
drums with their economic advantages can be used has 
n extended. 








A side view of this bending press, taken from an 
angle, is reproduced in Fig. 1, while a view of the end 
at which the plate is inserted and withdrawn appears in 
Fig. 2. As will be seen, the press itself is built up of 
six pairs of independent ram units. These are bolted 
together to form the complete machine, though each is 
provided with its own return movement. The bottom 
anvil is in two parts, which are joined at the centre of 
the press. 

Plate-pinching rams are fitted both to the head and 
to the anvil, the actual bending being effected by the 
large continuous roller, which is visible in Fig. 2. 
This roller, which is driven by an electric motor, 
installed at the far end of the press, through gearing, 
gives the necessary cross feed to the plate between the 
successive stages of the bending operation, the pinch- 
ing rams being brought up to the plate as required. 


The top die holders and the roller itself can be lifted 
well clear to permit of the insertion and withdrawal 
of the plate. The nuts on the twelve columns are 
all moved simultaneously upwards or downwards by 
motor-driven gearing. Each nut is provided with a 
large spur wheel at its lower end, and the pinions 
engaging with these wheels are all driven by the 
same motor. The power required for this operation 
is comparatively small. 

The maximum pressure, which can be exerted by the 
press, is 8,000 tons, with a hydraulic pressure of 2} tons 
per square inch. A reducing valve is, however, fitted 
which enables four pressures of 3,200 tons, 5,000 tons, 
6,500 tons, and 8,000 tons to be obtained, while an 
intensifier is employed to give a pressure of 24 tons per 
square inch, with a pump pressure of 1 ton per square 
inch. Water-saving gear is provided, and the main 
cylinders work on a closed circuit, oil being used for 
lubricating the rams. As will be seen in Fig. 2, there 
are four electrically-operated lifting arms on both sides 
of the press to facilitate dealing with the plate. The 
main rams and the electrically-driven auxiliary gear are 
all controlled from a central position at the end of the 
press at which the plates are inserted and withdrawn. 

To derive the fullest advantage from the equipment 
we have just described, it is obviously desirable that 
subsidiary tools of suitable design should be employed, 
so that various machining operations can be carried 
out in the most economical way. These tools include 
a plate-edge planing machine, which is capable, like the 
press, of dealing with plates up to 40 ft. long. On this 
machine, an illustration of which is given in Fig. 3, the 
work is held in position on an L-shaped table by 14 
holding-down rams, which are operated by hydraulic 
power. The saddle carrying the tool is driven through 
a rack by a 40-h.p. motor, and is fitted with tools to 
enable a cut to be taken when the saddle is moving in 
either direction. The operation is automatic, the re- 
versing gear for the motor being actuated by tappets 
fixed on the bed. 

A second planer is employed for side planing the 
plates and will take work up to 40 ft. long by 25 ft. 
wide. This machine is used for planing the inside and 
outside of the buttstrap joint, the tool being carried on 
a saddle, which is traversed by a screw driven by revers- 
ing pulleys. As in the case of the edge planer, the 
operation is automatic, reversal being effected by rods 
and gearing from the saddle motion. In addition, 
mention may be made of the moving-head planing 
machine, which is illustrated in Fig. 4. This is used 
for planing the edges and butt strap seats of drum 
shells up to 40 ft. long, after the shell has been bent 
into a three-quarter circle 4 ft. 6 in. in diameter. The 
moving head on this machine is provided with a self- 
contained motor and is driven through a rack and pinion 
from both sides simultaneously. This machine is ar- 
ranged to cut both edges of the shell at the same time, 
formers being used to give the correct shape. 

Accurate and speedy drilling is naturally desirable 
in carrying out the manufacture of such drums effici- 
ently. This is rendered possible at Messrs. Babcock 
and Wilcox’ works by three machines, which have 
recently been installed. The first of these is a three- 
spindle machine for drilling the circumferential holes 
in the drum shells. It enables three holes, with a 
maximum diameter of | 3 in., to be drilled simultane- 
ously, important points about it being that the tools 
can be adjusted for any pitch within certain limits 
and always drill radially. During operation the drum 
is held by its ends in rotating gear, which can be 
adjusted both transversely and _ circumferentially. 
The column carrying the drills is traversed along the 
bed by motor-operated gearing, push-button control 
being fitted on all motions, so that supervision is very 
simple. This machine can deal with work up to 46 ft. 
long and 5 ft. in. diameter. 

The second machine is fitted with ten spindles for 
trepanning, reaming, and recessing tube holes up to 
4 in. in diameter. Five spindles are carried on each of 
two independent columns. These slide along the bed, 
and are equipped with self-contained driving and 
traversing motors. All these motors are controllable 
by push buttons from the operator’s platform. The 
drum is held by its ends in rotating gear, which is 
equipped with both transverse and circumferential 
adjustments. This machine can also deal with plates 
up to 46 ft. long, and 5 ft. in diameter, and enables 
3 in. diameter holes to be drilled out of the solid metal. 
An eight-spindle drill has also been installed for 
drilling rivet holes in the butt straps for the drum 
shell. It is capable of drilling eight holes with a maxi- 
mum diameter of 14% in. simultaneously. The eight 
headstocks necessary for this purpose are mounted on a 
carriage, which is traversed along the bed by motor- 
driven gearing. In this case the ends of the drum are 
held in chucks, which are fitted with rotating gear, 
so that the work can be brought round to the correct 
line for drilling. Transverse adjustment is also 
provided. The capacity of this machine is the same 








as that of the other two we have just described. 








Finally, mention may be made of an hydraulic 
riveter, which is mounted over a pit, in which half the 
length of a 40-ft. drum can be lowered, while work is 
being done on the other. When the riveting on the first 
half of the drum has been completed, it is turned end | 
for end by a crane, and the second half dealt with in the | 
same way. This machine is capable of exerting a | 
maximum closing pressure of 130 tons, with a gap of 
20 ft., and is fitted with a reducing valve, timing valve 
and water-saving gear. The post is a steel forging and 
the frame a steel casting. A pressure of 52 tons is used | 
for rivets up to 1 in. in diameter, 76 tons for 1-in. rivets, 
and 130 tons for larger rivets. 

On the occasion of our visit, the whole of this range | 
of tools was shown in operation, and we were thus | 
able to see the ordered arrangements made for the | 
production of this important element of the modern | 
steam-raising unit. As mentioned above, we shall, | 
in a later article, deal with the new design of stoker, | 
which is being brought out with a view to increasing | 
the efficiency and reliability of this part of the boiler. | 








THE LATE MR. THOMAS MILLER. | 


| 

WE regret to note the death, on December 1 last, | 
at his home, Fairfields, Tuddenham-road, Ipswich, 
of Mr. Thomas Miller, for many years engineer to the 
Ipswich Dock Commission and to the Harwich Harbour | 
Conservancy Board, and, until quite recently, the senior 
partner of the firm of Messrs. Miller, Son and Clarke, | 
civil and consulting engineers, 9, Thoroughfare, | 
Ipswich. Mr. Miller was born at Ipswich on June 21, | 
1841, and, on leaving school, took a three-year course | 
in scientific subjects at Chester Training College. He | 
began his engineering career in 1857, in which year he 
entered upon a pupilage of five years under the late | 
Mr. Peter Bruff, M.Inst.C.E. During the three years | 
from 1862 to 1865, he was resident engineer in charge of | 
the construction of the Norwich and Spalding Railway, | 
and of the Waveney Valley Railway, both of which lines | 
subsequently became portions of the Great Eastern | 
Railway system. In 1865, he was appointed Mr. Bruff’s | 
principal assistant, and continued to serve in that | 
capacity for six years, during which time he designed | 
and syperintended the construction of the Tendring | 
Hundred Railway, the Bury St. Edmunds and Thetford | 
Railway, the sewerage works and new piers at Walton | 
and Clayton, and various other civil-engineering under- | 
takings. In 1871, he was elected to the office of engineer | 
to the Ipswich Dock Commissioners, a position he con- | 
tinued to occupy until his retirement in 1923. A short | 
time prior to taking up this appointment, Mr. Miller 
had severed his connection with Mr. Bruff and opened 
a private practice in Ipswich. 

As engineer to the Dock Commission, he was respon- | 
sible for the maintenance and extension of the dock | 
works and had charge of all dredging operations in the | 
River Orwell. One of his first works was the construc- | 
tion of new entrance locks to Ipswich Dock, which he | 
carried out in conjunction with the late Mr. J. F. La 
Trobe Bateman, F.R.S., who was then president of | 
the Institution of Civil Engineers. The lock entrances 
were opened in 1881. In connection with a scheme for 
the widening and deepening of the channel of the Orwell, 
Mr. Miller conducted an extensive survey of the river 
in 1888. Upwards of 20 years later, in 1912, Mr. Miller 
was again called upon to prepare a comprehensive | 
general scheme for further extensive developments at 
the Port of Ipswich, which works were subsequently 
approved by Parliament. Upon the retirement of his 
old chief, Mr. Bruff, in 1895, Mr. Miller had been 
appointed engineer to the Harwich Harbour Con- | 
servancy Board; he remained in that position until 
his retirement some five years ago. Formed in 1919, 
the firm of Messrs. Miller, Son and Clarke received the 
appointment of engineers to the Ipswich Dock Com. 
mission and to the Harwich Harbour Conservancy 
Board in the following year. Mr. Miller became an 
associate member of the Institution of Civil Engineers 
on May 11, 1869, and was elected to full membership on 
March 21, 1878. 





ENGINEERING TRAINING AND 
EDUCATION. 

Science and Whitworta Scholarships Examinations, 
1929.—The Board of Education informs us that the 
time table for the 1929 examinations for Science 
Scholarships and for Whitworth and Whitworth 
Senior Scholarships has now been drawn up. The 
examinations will commence on Wednesday evening, 
April 24, 1929, and will continue on each evening, 
with the exception of Sunday, April 28, until Saturday, 
May 4. In the majority of cases, the examination 
times are from 7 p.m. to 10 p.m. Full particulars | 
regarding the examinations are to be found in the 
Syllabus of tie Science Scholarships Examination, and | 
in the Regulations for Whitworth Scholarships, both | 
of which pamphlets are published by the Board of | 
Education, Whitehall, London, S.W.1. 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 
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In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of 
‘the London Metal Exchange for “ fine foreign” and “‘ standard” metal, respectively. The prices shown for 


lead are for English metal, whilst those for spelter are for virgin metal. Middlesbrough prices are plotted 
for steel plates and rails, and also for hematite and Cleveland pig-iron. The prices given in the case of steel 


plates are for ship, bridge and tank qualities, and.those for steel rails are for heavy sections. 


The pig-iron 


prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price of quicksilver is per 
bottle, the contents of which vary from 70 Ib. to 80 Ib. The price of tin-plates is per standard box, but in 
other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 
lines represent 1/. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each. 








THE Hauirax-DartrMoutH BripGE, CANADA.—In con- 
nection with the proposed construction of a bridge from 
Halifax to Dartmouth, to which reference has already 
been made in these columns on page 30 ante, His Majesty’s 
Senior Trade Commissioner in Canada and Newfoundland 
reports that he has been in touch with the Halifax- 
Dartmouth Bridge Company, Limited, the consulting 
engineers, and the Imperia! Trade Correspondent at 
Halifax. He understands that delay is occurring because 
of a discussion as to the point at which it shall be built, 
but this matter will probably be settled with the Admiralty 
within the next two months. The consulting engineers, 
Messrs. Monserrat and Pratley, 509, Drummond Build- 
ing, St. Cstherine-street West, Montreal, have intimated 
to him that, while several difficulties must be overcome 
before tenders can be called for, they will be glad to 
answer any inquiries or provide information for the benefit 
of British firms likely to be interested in quoting on 
steelwork, cement or other material needed. The secre- 
tary of the Halifax-Dartmouth Bridge Company. Limited, 
is Mr. F. W. W. Doane, P.O. Box 814, Halifax, N.S. 





Mosite Goops-Yarp CRANE.—At the request of the 
London Midland and Scottish Railway Company, 
Messrs. Ransomes and Rapier, Limited, of © Ipswich, 
have developed a special type of petrol-electric mobile 
crane for railway goods-yard work, and a crane ol this 
type, having a capacity of six tons, has recently been put 
into service at Tipton. The crane is of particular use 
in connection with the road-rail container system, »s the 
container may be lifted off the lorry and put directly 
on to the truck with a minimum of trouble and time, 
as the mobile crane is an entirely self-contained unit, 
capable of travelling under its own power without the use 
of rails. The power unit consists of a petrol motor, direct 


coupled to a variable-speed generator, the he ~~ 
derricking and driving motions being carried out ff 
r . +: : 2e 

separate electric motors. A cantilever-type jib is ret ’ 

gidly 


and is mounted on an “ A” frame structure fixed rigi¢ 
at right angles to the front road wheels, thus enabling 
the driver to keep the load in view. The steering 
effected by a motor-car steering wheel coupled to 2 two 
wheeled articulated castor unit. 
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THE BRITISH ASSOCIATION AT 
GLASGOW. 


SECTION K.—BOTANY. 
(Concluded from page 693.) 


Decay OF STONE In Bur~pInes AND MONUMENTS. 
In a paper read before Section K, entitled 
The Decay of Stone in Buildings and Monuments : 
a Biological Problem, Dr. R. M. Buchanan, bac- 
teriologist to the City of Glasgow, dealt with the 
biochemical problem of the decay of stone. It had 
long been recognised that acid gases, tar, soot, dust, 
wind and rain could not explain all features of decay 
which were observed, and one might speak of an 
infective disease, lupus lapidis, which would 
affect buildings not exposed to atmospheric attack. 
Cultural experiments had been undertaken, and 
it was found that a distinctive flora tended to 
appear in each type of decay. Three kinds of 
organisms—bacilli, yeasts and moulds—seemed to 
act separately or in association, in causing surfaces 
to decay. A few of these species gave rise to 
liberation of carbon dioxide and sulphuretted hydro- 
gen from the carbonates and sulphates in the stone. 
The presence of these organisms might be accidental, 
but their growth was connected with the surface 
conditions favourable to their development. 


THE Forest NURSERY. 

Dr. H. M. Steven, H.M. Forestry Commissioner, 
of Oxford, stated, in his paper on The Forest 
Nursery, that the rearing of forest trees had for 
two centuries been an important rural industry in 
this country, though still more important on the 
Continent. Much of our British forest area had 
been destroyed before it was realised that the 
forest could be utilised without interference with 
its natural regeneration, and our poor forest flora 
had encouraged the introduction of trees not 
indigenous to the country, which had to be esta- 
blished artificially. The forest nursery thus occu- 
pied an important place in British forestry. Its 
importance was increasing in North America, New 
Zealand, South Africa and, to a lesser extent, in 
Australia. The forest nursery was in the first 
instance a place for the commercial production of 
planting stock, and it served secondly as a field 
laboratory for the study of silvicultural features 
and the requirements of the different species in 
early life, with the object of facilitating the regene- 
ration of the species naturally and of producing 
better and cheaper plants. 


Insects InjuRIOUS TO TIMBER. 

Dr. R. C. Fisher, entomologist to the Forest 
Products Research Laboratory of Princes Ris- 
borough, Buckinghamshire, in his paper entitled 
Recent Work on Insects Injurious to Timber, ex- 


plained that their entomological work had begun in | Barrier Reef of Australia. Sir Josiah Stamp was | 


December, 1925, when the Furniture Manufacturers’ 
Federation of High Wycombe and District asked for 


A certain minimum size of pores was necessary for 
the eggs, and for that reason only hardwoods, par- 
ticularly oak, ash, sweet chestnut and walnut, 
were attacked, whilst birch, beech and conifers 


;seemed immune. Moist wood was preferred by the | 
beetle, but the belief that timber was safe for the | 


first eight or ten months of seasoning was not 
confirmed. Trees with damaged bark might be 
attacked a few days after felling. The anobium 
| punctatum (common furniture beetle), on the other 
|hand, was attracted by dry timber, which was 
shunned by the lyctus. The loss to the furniture 
trade was very serious, as worm-eaten chairs, &c., 
might be returned a year after leaving the factory. 
The trouble had increased when after the war much 
American timber was introduced. Of the possible 
cures, removal of the sapwood, treatment with 
insecticides and sterilisation by heat, the last ap- 
peared to be the most promising. It required that all 
infested parts should be heated up to 135 deg. F. for 





14 hours or more, but that had not yet been tried | 


commercially in this country. For woods of 100 per 
cent. humidity, 130 deg. F. and less sufficed in experi- 
mental kilns, but not for fairly dry wood, while 


harmful to the wood. Unfortunately, this heat 
sterilisation did not prevent futureinfestation. The 
use of insecticides was costly and dangerous ; im- 
pregnation with zine chloride was under trial. The 
coating of finished articles with varnish and paraffin 
wax would keep the females out of the wood. 

Dr. Fisher further referred to the anobium punc- 
tatum and the xestobium rufo-villosum, the death- 
watch beetle of which so much has been heard in 
recent years. The anobium attacked coniferous as 
well as hardwood timber, laying its eggs in cracks or 
even on the surface, and its life period was probably 
two years. Both these beetles preferred wood 
affected by certain fungi; according to Buchner, 
this association of wood-boring insects with fungi 
was more general than had been believed. 


CoNCLUDING REMARKS. 


in aid of research committees total 1,096/. This sum 
does not comprise allowances of 100/. each drawn from 
| the Caird Fund, for seismological investigations and 
for a table at the Naples Aquarium. 
| 51. to Section A for tables of constants, 8/. for the 
|committee on Earth Pressures, and 10/1. for the 
| committee on Stresses in Overstrained Materials. of 
| Section G, and larger sums particularly for the 
zoological, botanical, and anthropological sections ; 
2001. are assigned to the exploration of the Great 








| appointed honorary treasurer in succession to Dr. 
| E. H. Griffiths, who has retired owing to failing 


really dry wood required 180 deg. F., which was | 


| necessary. 


| avoidance of 
| appearance under the runner, local shrinkage on the 
| surface, and local pitting due to the blowing of the 
| mould. It is understood that brass die-castings show 





| DIE-CASTING OF COPPER-RICH 
ALLOYS.* 


| 
| By R. Genpers, M.B.E., M.Met., F.C. ; R.C. READER, 
Ph.D., M.Sc., and V. T. S. Foster, B.Met. 


THE die-casting of copper-rich alloys is an industry so 
far comparatively undeveloped in this country where 
its main application is in making small articles in which 
great strength is not required. In America, on the 
other hand, large and highly stressed engineering parts 
are made on a big scale by die-casting. It is probable 
that the absence of development here, along similar 
lines, is due partly to the lesser degree of standardisa- 
tion and mass production, partly to the lack of infor- 
mation concerning the advantages of die-casting, and 
partly to doubt concerning the reliability of die-cast 
engineering parts. A further factor is the difficulty in 
manufacture created by the necessarily high casting 
temperature used. The investigation, portions of 
which are summarised in this paper, was undertaken 
with the object of obtaining information regarding the 
process of die-casting high melting-point alloys, the 
material produced, and the possibilities of improve- 
| ment, the ultimate aim being the widening of the scope 
| of use for die-castings. The work has been carried out 
| at the Research Department, Woolwich, as part of an 
| investigation covering all types of die-casting alloys. 

At present aluminium-bronze with or without added 
iron is almost the only copper-rich alloy die-cast. 
Brass of about 60:40 composition has been used 
recently but comparatively rarely. The alloy to be 
cast is melted and transferred to a maintaining or 
storage furnace, where it is held at the desired casting 
temperature, and from which it is removed, as required 
for casting, by small hand-ladles. The moulds are 
generally of grey cast iron, sometimes with steel inserts, 
and the cores are made from special steels of the heat- 
resisting type. In general features the moulds used 
are of the same type as those described and illustrated 
by Mortimer.t The range of castings which can be 
made successfully in aluminium-bronze is, however, 
perhaps smaller than is possible with aluminium alloys, 
though castings of very complex form are regularly 
made in the higher melting-point alloy. The method 
of gravity casting alone can be employed in the die- 
casting of aluminium-bronze and brass. Pressure 
| casting is impossible on account of the high temperature 
| In the casting operation the metal is 
| poured rapidly from the ladle into the mould, which is 











Thanks to the excellent arrangements made by the | then immediately opened and the casting ejected. 
local committees, and to the facilities offered by the | Solidification is extremely rapid, and for complicated 
University buildings for the sectional proceedings, | moulds the alloy is considerably superheated to enable 
the Glasgow meeting will rank with the most success- | the mould to be completely filled. Records from one 


ful gatherings of the Association. The grants made | 
|In general practice the surface of the mould is not 


works showed the casting temperature of aluminium- 
bronze to vary between 1,150 deg. and 1,300 deg. C. 


treated ; the cores are dipped after each casting in a 


: | plumbago wash. The moulds are initially heated, and 
It includes | during repeated casting attain a fairly steady tempera- 
| ture of from 200 deg. C. to 300 deg. C. 


Difficulties met with in manufacture are mainly in the 
short-run castings, drossy surface 


these types of defect much more readily than those made 
in aluminium-bronze. Brass, however, possesses the 
advantage of ease of machining and soldering. A 
number of commercial die-castings (varying in weight 


advice in dealing with worm in oak and ash lumber. | health, and has been elected an honorary member. | from 4-5 to 616 grm.), which have been examined, 


The damage complained about was traced down to 
beetles of the lyctus genus, known as powder-post 
beetles, because their larvee reduced the timber to a 
line flour-like powder. The adult beetles were flat- 
tened and elongated, about 4 mm. long, reddish 


| The large attendance of 3,065 members has only 
| five times been exceeded in the history of the 


| Association ; at Manchester in 1861 (3,138 members) | 


| 
| (3,335), at Oxford in 1926 (3,717), and also in 


| all showed some local unsoundness, as would be ex- 
| pected, near changes of section, due to the drawing, 


commonly a source of defects in all types of casting. 
The cavities, however, generally occur mainly in the 


}and again in 1887 (3,838), at Newcastle in 1863 | portions of thicker section, and in many cases probably 
| do not greatly influence the strength of the casting as a 


brown to black. Of the 20 species known, the British | Australia in 1914 (5,044). At the latter meeting | whole. A casting of uniform section was found to be 


Isles had been supposed to harbour only two; but 
four were discovered, of which only 1. linearis was a 
native of Europe, whilst 1. brunneus and the others 


were of American origin. The normal life period of | dency of Sir Thomas Holland. The main party | 
| will leave Southampton on July 5, 1929, to arrive | 


alyctus was a year. The adult beetles emerged in 


| ci 
| many members joit 
| cities visited. Next year the Association will pay 
|its second visit to South Africa, under the presi- 


‘pring and summer, early in warm stores, flew | in Cape Town by July 22, and will proceed by rail 


about after sunset, and made short incisions across | tg) Kimberley on 
| burg and Pretoria. 


the grain of the timber surface, but did not tunnel. 


ned only for one of the several | practically sound. The surface quality of all the 
: | castings was good, but those made of brass were inferior 
| to those of aluminium-bronze. 


The experimental procedure followed has been in the 
first place to survey, under comparative conditions, the 
properties of several series of binary and ternary alloys, 


| based on alloys possessing good properties and already 
July 28, and thence to Johannes- | used commercially for various purposes. As a basis on 
The return can be made from | which to consider the properties of the alloys when die- 


The female laid her eggs within the pores of the | Cape Town or Lourenco Marques (August 9 or i? or cast, tests were first made on small cylindrical chill- 


eS” 


‘apwood of certain hardwood timbers. The eggs, | later, after visits to Victoria Falls, Zimbabwe, &c., | ©@Stings from which the required test-pieces were 


‘ery small shiny cylinders, were laid mostly in| 
pairs, and hatched after a fortnight. 
began at once to tunnel, though only 0-5 mm. long; | 
they grew into white, curved and wrinkled grubs, | 
? mm. to 7 mm. in length, which fed only on sap- | 
_— and betrayed themselves by the dust collecting | 
nthe surface or underneath. When fully grown the 
ng came near the surface, and the beetle emerged 
ea the pupa after a month by cutting a hole, 
aki ut 1 or 3-5 mm. in diameter, through the mere 
‘kin of wood, which had been concealing the pupa. | 


The larve | 


also from Durban or from Beira, by the East Coast. | ae aie phage 
‘ | most promising of the alloys for further examination in 








FREMANTLE HaArBour Extenstion.—On the recom- 
mendation of the British Admiralty, the firm of Sir 
Alexander Gibb and Partners, Queen Annes Lodge, West- 
minster, 8.W.1, have been appointed by the West 
Australian Government to confer with the State engineer- 


in-chief, Mr. F. W. H. Stileman, in connection with the | 


scheme for the extension of Fremantle Harbour. It has 
been proposed to extend the harbour 1,000 ft. up the 
river, and, at a later date, to construct docks on the 
ocean front. 


machined. On these results a selection was made of the 


the form of die-castings. The mould used for die- 
casting was made so as to provide a flat and a round 


| tensile test-piece with a small amount of material for 
| other tests. The alloys examined as chill-castings were : 


(a) The aluminium-bronzes with added iron. (b) The 
aluminium-bronzes with added nickel and with nickel 
andiron. (c) Aluminium-bronzes containing manganese 


* Paper read before the Institute of Metals, at Liver- 
pool, on Thursday, September 6, 1928. Abridged. 
+ See ENGINEERING, vol. cxxi, page 344 (1926). 
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(d) Complex aluminium- 
(f) Brasses | 
(h) Nickel- 


and manganese and iron. 
bronzes. (e) Brasses with added iron. 
containing nickel. (g) High-tensile brasses. 
brasses with added aluminium. 

The mould used was a hollow cast-iron cylinder, 
closed at one end giving an ingot 8 in. in length, | 
tapered from a diameter of 1 in. at the bottom to 1 -] in. 


at the top. The mould thickness adopted throughout | 


was 0-5 in. Each ingot was cast from the crucible, 


and a fireclay sinking-head 2 in. in depth was used to | 


ensure complete feeding. The casting temperature 
used was approximately 150 deg. C. above the liquidus 
of each alloy. A uniform pouring rate of 3 to 4 seconds 
was adopted. In the majority of cases duplicate bars 
were prepared. From each ingot was machined a 
tensile test-piece (acting length 2 in., diameter 0 -564 in.) 
a cylinder 0-798 in. in diameter and length, and a 
transverse slice 0-25 in. in thickness. Density was 
determined on both the machined tensile test-piece 
and on the cylinder. Brinell hardness tests (5-mm. 
ball, 250-kg. load) were made on the transverse slice. 
Compositions of some of the alloys and a selection of 
results of the tensile and other tests are summarised 
in Tables II, IV, VIII and IX. The load which pro- 
duced a permanent extension of 0-15 per cent., or 
0-003 in. on 2 in., the maximum extension allowed on 
application of the proof-stress, as specified by the 
British Engineering Standards Association, is given in 
the tables as the maximum proof stress. 

The results show the alloys dealt with to be capable 
of giving an extensive range of properties, a number 
of the alloys being considerably stronger in the chill- 
cast state than the average die- casting. Experimental 
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heat treatments carried out on a large number of dupli- 
cate cast bars showed that generally the mechanical 
qualities were near the maximum in the chill-cast 
state. 
Die-Cast Test-Pieces.—The mould used for the 


determination of the properties of alloys as die-castings | 
was designed to give a casting representing a flat tensile | 
test-piece attached at the ends to a round test-piece | 


0-564 in. in diameter (see Fig. 1). The complete 
casting was about 1-5 lb. in weight. 
made of cast iron and was manufactured at a die-casting 
works. 
metal entered at the thin section (position 1, Fig. 1), 


in accordance with the practice, often necessarily | 
followed, of placing the gate where the subsequent | 


removal of the head can be effected economically and 
without injury to the appearance of the casting. It 
appeared probable, however, that this position would 
not be the most satisfactory from the point of view of 
soundness. Tests made on a number of alloys showed 
some irregularity in properties, and the range of casting 
temperature giving complete castings was limited. 
All the castings showed unsoundness, generally in the 
form of large cavities of the draw type occurring 
mainly in the thick section at the ends of the round test 
piece. 
the effects of placing the gate at different positions in 
the moulds. 

With the gate at one end of the mould (position 2, 


Fig. 1), so that the metal entered both thick and thin | 
sections at the same time, the castings were less unsound | 


than the previous series, the useful range of casting 
temperature was widened, and the properties of the 


castings were more regular, but the surface was less | 


satisfactory. The mothod of bottom casting was found 
unpromising. Maximum improvement in all respects 
was obtained by placing the gate so that the metal 
entered only at the thickest section of the casting 
(position 3, Fig. 1), and this method was finally adopted. 
The castings were of good surface quality, regular in 
properties, and showed little unsoundness, while the 
useful range of casting temperature was near the 
maximum given by any of the modifications tested. 
Casting Methods.—In general, the methods employed 
in casting were very similar to those in industrial 
practice, except that the main body of molten metal 


was allowed to cool between successive castings in | 


order to provide a range of casting temperatures. 


Sufficient alloy for eight die-castings was melted in a | 


crucible, removed from the furnace, and poured, in 


The mould was | 


Originally the gate was placed so that the | 


Further vests were accordingly made to compare | 


| separate lots, into a small preheated crucible which acted 
as a hand-ladle. From the hand-ladle the metal was 
| | poured rapidly into the mould, which was opened and 
| the casting ejected, immediately after the solidification 
of the runner. Eight castings were made in succession 
as rapidly as possible, continuous temperature read- 
| ings being made of the metal in the large crucible. 
Before each series of castings the mould was heated to 
| 200 deg. to 250 deg. C. At the end of a series the tem- 
perature of the mould was found to be in the neigh- 
| bourhood of 300 deg. C. 


of die-castings in moulds of various designs, on an 
experimental scale. In each case good die-castings 
could be produced. In view of the promising results 
given by the high-tensile brass a further test was made 
in a die-casting works on a large variety of moulds 
normally used for the die-casting of aluminium-bronze. 
In several cases the mould appeared equally suitable 
for aluminium-bronze and high-tensile brass, while 
in others slight modifications to ordinary practice 
were indicated to be desirable. The alloys containing 
zinc showed less fluidity than did those based on 





TABLE II.—Cuiti-Cast ALUMINIUM-BRONZES WITH ADDITION OF IRON. 





| 
| 


| } 
| Maximum | | 
“1 Differ. | Proof | Maximum 

( — a | Al. Fe. | Stress. | Load. ! 

Por cent, | rer cent. | Per cent.| (B.E.S.A.) | Tons per | 

2 4 | Tons per | sq. in. | 

| sq. in. 

- a ee See | 

| j 

92:8 | 5-7 | 1:5 8-2 24-0 | 

92-7 | 51 | 2-2 | 9-6 27-0 | 

90-2 | 5-2 | 46 | 11-4 29-3 | 

89-4 | 106 | Nil | 11-0 35-4 
88-1 11-1 0-8 12-0 | 32-3 

86-9 10-2 2-9 | 12-4 39-6 | 
85-3 10-7 | 4-0 | 18-0 34-6 
81-5 1-3 | 67-2 | 21-0 | 38-0 





TABLE IV. 














-CHILL-CAst ALUMINIUM-BRONZES CONTAINING MANGANESE AND MANGANESE AND Iron. 





| | Density, gm. per 
loon: sean Brinell cubic centimetre. 
tion. tion of i nig oy —— 
Per cent. | Area. | 2mm. Dall, eam tue 
on 2 in. | Per cent 250-kg. Tensile y 
ene he , load. Test- Cylinder. 
| | Piece. 
cael : = — 
42 42 80 8-056 | 8-060 
31 32 10L 8-138 | 8-109 
17 28 112 8-087 | 8-106 
18 18 127 7-477 | 7-481 
11 14 145 7-369 7:310 
9 23 140 7:479 | 7-492 
4 7 151 7-428 | 7-431 
3 8 184 7-352 | 7-357 






































































| | | 
| Maximum | ; | Density. 
| | ! | ; | Brinell 
| | Proof | Maximum | ‘ mm. per 
Cu. Al. Fe. Mn. Stress Load. | oe. ee ae | ee 
Per cent. Per cent. Per cent. | Per cent. | (B.E.S.A.). | Tons per | sa bys Pe soe t ye ey metre Ten- 
Tons per aq. in. on 2 in. er cent. = i siie ‘Teste 
sq. in. | | | oad. | — Piece. 
| | | | 
| | | | | 
97-0 | 2-0 ~ of 4-4 16°3 46 60 55 8-534 
94-9 2-0 - 2-9 5-0 | 14-9 41 62 62 8-466 
92-9 | 2-1 | 4:8 5-7 | 16-2 | 38 55 64 
96-1 1-9 | 1-1 0-9 6-7 | 16-1 ° 72 rx 
93-5 2-0 1-6 | 2-9 10-1 19-5 48 84 
91-3 1-8 | 2-0 | 4-8 11-2 21-9 44 | 92 
86-3 9-6 | 321 | O-9 | 13-0 42-1 2s 129 
86-9 8-6 | 3-5 ] 1-0 14-2 | 35-3 26 | 120 
84-8 8-8 | 355 2.8 | 144 | 37-8 | 18 24 } 122 | 
84-2 10-2 2:7 3-2 | 14-2 44-1 | 11 i7 | 159 
81-7 10-1 3-5 | 5-0 20-0 43-8 | 6 12 | 174 = | 
TABLE VIII.—Curtu-Cast HicgH-TENSILE BRASSES. 
| | | 
| | } Maximum | Brinell Density. 
| Proot Maximum Elon- Reduc- | Hardness. | Gn. 
Cu. Zn. | Al. Mn. Fe. Stress Load. | gation. tion of | 5-mm. |} per cc. 
Per cent. | Percent. | Per cent. | Per cent. | Per cent. |(B.E.S.A.).) Tons per | Per cent. Area. | ball, | Tensile 
| | | Tons per sq.in. | on 2 in. | Percent. | 250-kz. Test- 
sq. in. | | load. Piect 
-_ _— —— 
55-4 «| 39-5 | 2-4 1:9 | O-8 | 45-0 27 s1 | 152 7-827 
58°3 34-1 3°5 4-1 _ 27 | 45-5 ll | 16 | 179 7-822 
| 67-3 24-7 | 3:8 4-2 21-0 38-9 | 12 | 20 | 147 7-893 
| ! ! } | | 
TABLE 1X.—Cuitu-Cast NICKEL SILVERS WITH ADDED ALUMINIUM. 
| | | 
Maximum . Density. 
| | Pr <j | | _ Brinell Gm. ver 
Cu. Al. | Ni. | Zn. Stress —" Elongation. | Reduction | Hardness. ian po 
Per cent Per cent. | Per cent.| Percent.| (B.E.S.A.). | Tons per Per cent. | of Area. —— metre Ten- 
Tons per sq. in. on 2in. | Percent. | 250-kg. sile Test- 
load. A 
sq. in. Piece. 

{ | | | | { ( : 
49-4 | 19°5 31-1 | 11-8 2-9 31 | 34 | 94 | 8-521 
48-4 0-5 18-6 32-5 | 18:1 | 2 | 15 | 25 - | 8-441 
48-2 1-1 | 18:0 | 82-7 30:0 2 | 4 3 8-372 
48-4 2-0 | 2%. | 82-5 28-6 3-4 2 6 8-222 
50-7 4-6 | 19-6 | 25:1 29-7 “4 1 5 185 “961 
51-0 4-9 |} 14-2 29-9 16°6 5 2 6 153 








The mould was brushed clean after each series, but 
received no further preparation. A series of eight | 


aluminium-bronze, and consequently required in some 
moulds a runner of larger cross-section. The results 


Leastings could be made in an average time of five | of the exploratory work suggest that a large range of 


| minutes. 
together by a spring clamp. 


siderable amount of extra fin was produced at the 
joints. 
little or no finning, and with low casting temperatures | 
the mould was sometimes only partially filled. 
Alloys Tested.— 
the form of die-cast test pieces were of the following 
types: (1) Aluminium-bronze. (2) Aluminium-bronze, 
with varying percentages of added iron. (Alloys 





With medium casting temperatures there was | with low ductility. 


‘The alloys selected for examination in | 


(1) and (2) represent the range of composition at | 


present in use for die-castings.) (3) Aluminium-bronze 
containing 2 per cent. lead. (This alloy has been 
referred to as having been used in America.) (4) Alu- 
minium-bronze containing about 7-5 per cent. nickel. 
(5) Aluminium-bronze containing iron and manganese. 


(6) High-tensile brass (copper 58 per cent., zinc 35 per | 


cent., aluminium 3 per cent., and manganese 4 per 

cent.). (7) Aluminium-nickel-zine-copper alloy. 
Die-casting in Commercial Moulds.—All the types 

of alloy examined have been used in the manufacture 


The two halves of the mould were held | useful alloys is available for adaptation to die-casting 
With high casting tem- | manufacture, 
peratures the mould was completely filled and a con- either of low strength with high ductility, medium 


fulfilling requirements for materials 


strength with medium ductility, or high strength 
An alloy containing 1-5 per 


of iron and 


cent. of aluminium with 1-9 per cent. 


;4°8 per cent. of manganese was observed to give 


particularly good surface quality. 

The effect a added iron up to about 4 per cent. 
on aluminium-bronze is to increase the maximum 
proof stress and tensile strength of the die-cast alloy. 
Nickel added to the extent of about 10 per cent. 
raises the maximum proof stress to a greater extent, 


but is accompanied by a marked lowering of the 
ductility. The addition of iron and nickel, together, 
to 12 per cent. aluminium-bronze produces a strong 
alloy having a tensile strength of about 50 tons per 
square inch. This type of alloy was the only one 
tested showing distinct liability to cracking in = 
double test piece mould. The total shrinkage © 
this alloy (about 2-4 per cent.) is greater than otha 
-oro 


of all the remaining types tested (aluminiu: 
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about 2 per cent., high-tensile brass about 1-9 per 
cent.), and its utility would probably be limited to 
castings of simple form. Aluminium-bronze is 
weakened slightly by the addition of 2 per cent. of 
lead, which also appears to introduce small surface 
defects. The high-tensile brass included in the tests, 
containing 59-2 per cent. of copper, 3-5 per cent. of 
aluminium, 4-2 per cent. of manganese, and 33-1 per 
cent. of zinc, showed mechanical qualities as high 
as those of the alloys related to aluminium-bronze. 
The nickel-brass (48 per cent. Cu, 32-5 per cent. Zn, 


TABLE XIV.—PROPERTIES OF DriE-Cast TEST-PIECES. 
ALUMINIUM 4:3 PER CENT., ZINC REMAINDER.) 





number of purposes where strength is not the primary 
consideration it has the disadvantages of a slightly 
higher cost and more complicated composition than 
the aluminium-bronzes normally used. Since aluminium 
alone is known to confer a high degree of hardening 
on copper-zine alloys, and to give, under proper 
conditions, good surface quality and resistance to 
corrosion, the aluminium-brasses were selected for 
further investigation, with the object of determining 
whether suitable die-casting alloys of simple compo- 





sition, alternative to aluminium-bronze as regards 


(ALLoy CONTAINING CopPER 69.2 PER CENT., 











oe»? Toof Maximum Load. | ——. Density. 
oe Tons per sq. in. Si F Gm. per c.c. 
Tons per sq. in. on 2 in. yng 
Casting = ered. eh ee ee ee, eee bel | Sane 
Temperature, | — 
deg. C. | Round Flat ‘rca 
Test- | Piece Round. Fiat. Round. Flat. ee Round. Flat. | 
Piece. | ° | | 
( : | 
| | 
1,100 18-5 | 21-1 35-9 | 34-7 12 vj | 15 7°915 | 7:938 
1,062 16-3 | 19-6 34-6 } 31-7 15 z | 18 7-923 | 7-933 
1.020 17-4 | 19-2 | 32-6 35°2 | 9 8 20 7:927 7-934 
980 19-1 21-7 =| 37-6 | 36°1 | 17 7 24 7:898 7-919 





TABLE XV.—ALLOY CONTAINING COPPER 59-7 PER CENT., ALUMINIUM 3-7 PER CENT., ZINC REMAINDER. 





Maximum 
Proof Stress. 


Maximum Load. 








Elongation on 


2 in. Density. 


probable importance of the length of temperature 
range over which the alloys exist in the semi-liquid 
(pasty) state, the liquidus and solidus of those 
alloys containing 69-5 per cent. copper with 4-1 per 
cent. aluminium, and 60-5 per cent. copper with 
4-1 per cent. aluminium, were determined as accurately 
as possible by means of heating and cooling curves. 
The freezing range of both alloys was found to be 
about 30 deg. C. An interesting feature observed 
during the experiments was that in the 70 per cent. 
copper alloy, when liquefied, the aluminium oxide 
skin prevented coalescence of the small pieces used, 
and stirring was necessary. In the 60 per cent. copper 
alloy coalescence took place readily without stirring. 

The addition of aluminium to the brasses was found 


| to produce a marked effect on the properties of the 


alloys. In the 70 per cent. and 60 per cent. copper 
alloys the tensile strength reached a maximum of about 
40 tons per sq. in., with a maximum proof stress of over 
20 tons persq. in. When 4-2 per cent. aluminium was 


| present appreciable ductility was retained in the 
| strongest of the alloys. 


With an aluminium content 
above 4-2 per cent. both tensile strength and ductility 
diminished, though the maximum proof stress was again 
raised. In comparison with aluminium-bronzes cast 
under similar conditions the alloy containing 60 per 
cent. copper and 3 -4 per cent. aluminium was superior 
in strength and of about equal ductility; that con- 
taining 70 per cent. copper and 3 -4 per cent. aluminum 
was slightly lower in tensile strength, higherin maximum 
proof stress, and considerably higher in ductility. These 
two alloys appear to provide useful alternatives to 
aluminium-bronze, while the alloy with 70 per cent. 











See Tons per sq. in. Tons per sq. in. Per cent. Reduction Grm. per c.c. 
Casting of Area. 
Temperature. Fe ae Round ae 
deg. C. Piece. 
Round Per cent. | 
Test- Flat Piece Round. Flat. Round. Flat. Round.| Fiat. 
Piece. 
1,065 .. oe ‘a 18-5 18-0 31-6 8 t 12 7-859 7 +900 
1,085 .. ia a 18-7 13-0 26-2 7 3 — 7-840 7-868 
1.000 ~~ “ae 19-4 15-2 30-1 | 6 $ 7 7°758* 7-896 
965 .. “ E 18-5 17-9 Broke in | 7 12 7:877 =| 7°895 
. grips 


copper and 4-2 per cent. aluminium gives properties 
intermediate between those of aluminium-bronze and 
of the high-tensile brass previously investigated, the 
chief features of the alloy being a high proof stress 
accompanied by appreciable ductility. The alloys 
containing 55 per cent. copper with aluminium possess 
properties inferior to those higher in copper. 

The Properties of Die-Cast Test-Pieces.—Two alloys, 
containing 70 per cent. copper with 4-2 per cent. 
aluminium, and 60 per cent. copper with 3-5 per cent. 





ee ee 





Mould temperature at commencement, 37 





0 deg. C.; at end, 326 deg. C. 


* This round piece contained a large blowhole immediately under thefeeder-head. The acting length used in the tensile test | 


was not affected. 


TaBLE XVI.—Regularity of Properties of Die-Cast Test- | 





Pieces. | 
| / | B. 
} High-Tensile 
| Aluminium- Brass. 
Brass. Cu, 57-6 percent. 


Cu, 59-9 per cent. 
Al, 3-5 per cent. 
Zu, Remainder. 


Al, 3-2 per cent. 
Mn, 4-1 per cent. 
Zn Remainder. 





| Round Flat 








Round | Test- Test- Test- 
: ‘ | ‘ 
Test-Piece. | Piece. | Piece. | Piece. 
| 1 
Maximum proof | | | 
stress. | | 
Tons per sq. in. | | 
Average of 12 | | | 
tests Soil 20-7 f 37:h-| S62 | 22-2 | 
Maximum sat 21-4 | 18-6 | 26-9 24-4 | 
Minimum ee 19°5 16-1 | 25-4 16:0 | 
Maximum load : 
Average of 12 | | 
tests .. ve 38-9 | 29-9 | 39- 31-2 | 
Maximum xe 42-0 33-2 | 41-7 36:1 
Minimum Se 32-5 26-7 | 33-3 25-8 | 
(Broke through | | 
blowhole) | | | 
(Next lowest | 
37-8) | 


| | | 
A—Casting temperature, 1,030 deg. to 1,050 deg. C. Mould 
temperature, 210 deg. C. 

B—Casting temperature, 1,075 deg. C. Mould temperature, 
180 deg. C. | 
18-5 per cent. Ni alloy) containing 1 per cent. of | 
aluminium gave a high ratio of proof stress to breaking | 
load. The machining qualities of the alloys have not | 
been considered in detail, but none of the castings | 
made gave any great difficulty in turning or sawing. 
The aluminium-bronze containing 2 per cent. of lead 
ie slightly easier to machine than the other 
alloys, 

!luminium-Brasses.—The foregoing results, and 
work on the resistance of mould and core materials 
to attack by molten alloys, to be described later, 
suggest that, from several points of view, special 
brasses may have distinct advantages as die-casting 
ailovs. The high-tensile brass, which gave promising 
results in the form of die-cast test pieces, contained 
3-5 per cent. of aluminium and 4-2 per cent. of | 
manganese, and gave a tensile strength in the die-cast | 
condition of the order of 40 tons per square inch, | 
with a proof stress of about 26 tons per square inch. | 
Where good mechanical qualities are required, this | 
alloy appears suitable for adoption, but for a large | 








TABLE XX.—ReEpDvcrtTION IN DIAMETER OF BARS AFTER 


or Bars, 0-5 In. 


| cast test-pieces. 


aluminium respectively, were selected for tests on die- 
The mould, shown in Fig. 1, giving 
combined round and flat test-pieces was used, and a 
series of castings at different casting temperatures was 
IMMERSION IN MOLTEN ALLOY. ORIGINAL DIAMETER 
(1-27 om.). 






































After Immersion in - 
| 10 per cent. a Fah -adogem-qage> pb Average} Results 
| Aluminium-Bronze at 1,000 deg. C. for 1 hr with Molten Alloy 
| at 1,100 deg. C. for 1 hr., ia in Motion se not in Motion. 
No. | Type of Material. in Motion. ; , 
| | Reeenee Aluminium- e 
Average. | Maximum. Average. Maximum. Bronze. Brass. 
Cm. Cm. Cm. | Cm. Cm. Cm. 
1 | Armco iron of ss 0-43 0-52 0-01 } 0-07 0-10 0-04 
2 | 0-42 per cent. carbon steel 0-40 0-47 0-04 | 0-08 0-19 0-04 
3 0-64 ‘ se 0-21 0-26 0 | 0-02 0-07 0-03 
4/ 1°5 of va 0-02 0-08 0 } 0-01 0-07 0-03 
(Carbon 1-02 per cent.) 
5 | Grey cast iron, 0-56 per cent. phos- | Bar sagged) 
@ phorus .. a 3 a 0-01 0- 0 } 0 Collapsed 0 
6 Tey cast iron, 0-39 per cent. phos- } | 
phorus .. x , ia ‘ ; ji 0 0 0 0 0 0 
7 | “Semi-steel” .. ae “s os 0 0-01 0 0 0 0 
8 | Nickel steel ee - <3 a 0-49 0-57 0-03 0-07 0-20 0:05 
9 | Nickel-chromium steel .. sa me 0-54 0-58 0 0-02 0-23 0-04 
10 | Ni-Cr-Mo steel .. a re “a 0-49 0-54 0-03 0-09 0-20 0-04 
11 | Ni-Cr-Vsteel .. 4a wa me 0-42 0-45 0-01 0-06 0-11 0-02 
12 | Ni-W-steel na ue =a pe 0-44 0-49 0 0 0-17 0:03 
13 | Stainlessiron .. ‘ ‘i ws 0-08 0-16 0-02 0-05 | 0-03 0-02 
14 | Stainless steel .. ss - es 0 0-03 o | 0-01 0-04 0-02 
15 | High-speed steel 0-06 0-11 0 | 0 0:02 | 0-02 
16 | Heat-resisting steel is 0-04 0-07 0 0 0 0-01 
17 | Chromium-iron-nickel-alloy 0-07 0-18 0 0-02 0-10 0-07 
18 | Chromium-plated steel .. 0 0-03 0 0 0 0-01 
19 | Chromium-plated iron 0-09 0-27 0 0 — 0-02 
(Local attack) 
20 | Special purpose steel 0-07 0-16 0-04 0-06 — - 
21 ae p= BS 0-05 0-16 0-02 0-05 -— - 
22 0-01 0-06 0-05 | 0-08 — 
23 0-01 0-07 0-02 0-07 -- ~ 
24 0-07 0-13 0-01 0-04 
25 0 0:05 0:03 =| = 0-07 a | 
26 uke iaahue 33% ¥ nf 0-01 0-07 0-01 | 0-04 _— - 
27 | Chromium-molybdenum-steel .. 0-22 0-34 0-02 | 0-11 — | -- 
28 | Invar =e Fy ys 0-02 0-09 0 0-02 — - 
29 | Nickel-chromium-alloy .. 0-06 0-17 0 0 — 
30 | Stellite = : 0-01 (cracked) 0 | 0 -- 








properties, and permitting economy in the wear of 
moulds and dies, were available. 

The Properties of Chill-cast Bars.—Three series of 
alloys were made, showing the effect of increasing 
aluminium replacing zinc, in  brasses containing 
70 per cent., 60 per cent. and 55 per cent. copper 
respectively. Duplicate bars 1 in. in diameter were 
cast in iron moulds, using a fireclay dozzle, the 
procedure being similar to that already described. 
Tensile test pieces were machined from each bar, 
and Brinell hardness tests and micro-examinations 
were conducted on transverse sections. In view of the 








made from each alloy. 
Tables XIV and XV. 
The properties of the die-cast test-pieces are slightly 
inferior to those of the test-pieces machined from 
chill-cast bars, probably owing to a small degree of 
unsoundness present in the die-castings. Die-castings 
of commercial form were made from both alloys at a 
casting temperature of 1,050 deg. C. to 1,100 deg. C., and 
with a mould temperature of about 300 deg. C. Since 
these alloys, when molten, form a thin protective surface 
layer of aluminium oxide, no flux covering is required 
in melting, and zinc is vaporised so slowly that there 


The results are given in 
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is little difficulty in skimming and. manipulating the 
metal generally. Complete castings of good surface 
quality, comparable with that of aluminium-bronze, 
were obtained. Further tests in works have shown, 
however, that in some moulds having pronounced 
changes of section, where some unsoundness in the 
casting is inevitable, the aluminium-brasses show a 
greater tendency than aluminium-bronze to surface 
contraction or drawing. 

General Properties.—Regularity tests were made on 
the alloy containing 60 per cent. copper with 3-5 per 
cent. aluminium, in comparison with the high-tensile 
brass alloy, containing aluminium and manganese, 
previously dealt with. Twelve castings of each alloy 
were made in succession in the double test-piece mould 
from the same charge of metal. The results of tests 
on the castings are given in Table XVI. The results 


indicate the probability that, under industrial casting | 


conditions, the aluminium brasses are capable of giving 


a product of fairly regular properties and are only | 


slightly inferior, in the die-cast condition, to the more 
complicated high-tensile brass. In view of the marked 


degree to which aluminium-bronze is capable of resisting | 


fatigue stresses, comparative tests were carried out 
on a 10 per cent. aluminium-bronze, and the suggested 
alternative aluminium-brass alloys containing 70 per 
cent. and 60 per cent. copper, with 3-5 per cent. 
aluminium. The test-pieces were cylindrical bars of 
standard type, machined from chill-cast 1-in. bars. 
The 70 per cent. and 60 per cent. copper-aluminium 
brasses gave fatigue limits of about 10 tons per sq. in. 
and 7 tons per sq. in. respectively. Aluminium-bronze 
gave a value of 13 tons per sq. in. Pure 70 : 30 brass, 


free from aluminium, has a fatigue limit of about | 


4 tons per sq. in. only. 
The alloys containing about 70 per cent. copper were 
all of the normal yellow brass colour, possessing a 


surface sheen due to the presence of aluminium. The | 


60 per cent. copper alloys, however, showed a progres- 
sive colour change from yellow to red with increase of 
aluminium content. With an aluminium content 
above 3-5 per cent. the alloys have a rich red colour, 
and the 4-2 per cent. aluminium alloy may be easily 
mistaken for pure copper. Specimens of _ brasses 
containing aluminium and of 10 per cent. aluminium- 
bronze were included in some corrosion trials made in 
connection with another research. Small plates of the 
alloys were subjected for three months to the effect of 
the local atmosphere, alternate wet and dry sea-water 
test, and total immersion in sea-water ; and for lesser 
periods to the attack of ammonia vapour, nitric acid 


vapour, and salt spray. In most cases the aluminium. | 





brasses were more resistant to corrosion than pure 
brass, and not inferior to aluminium-bronze. The 
brasses of high copper content were superior to those 
containing 60 per cent. copper and below. 
Metallographic Characteristics.—The types of micro- 
structure found in the chill-cast specimens are generally 
similar to those of the pure brasses, the phase fields, 
however, are modified by the presence of aluminium. 
The modification is similar, but not uniformly propor- 
tional to that which would be caused by a higher zine 
content. An interesting feature of the series is the 
narrowness of the range of composition of the B-phase 
in the alloys containing about 70 per cent. copper, 
and the more extensive range of the same phase in 
the 60 per cent. copper alloys. It appears probable 
that above 70 per cent. of copper there is a region of 
transition from the phase fields associated with this 
portion of the copper-zine system to the eutectoid of 
the type found in the copper-aluminium system. An 
independent survey of this area is projected. 


Mould and Core Materials.—The construction of | 


moulds and the repair of moulds and cores are impor- 
tant items in the cost of manufacturing die-castings, 
and in the case of alloys of high melting point may 
sometimes seriously reduce the saving of cost over 
other processes, such as sand-casting, stamping, &c. 
Economy in moulds and cores may thus be a consider- 
able factor in extending the use of die-castings of 
these alloys. Moulds now in general use for die-castings 
are made from cast iron, in which the required form is 
machined direct or partly built up by means of steel 
inlays. No definite type of cast iron is specified, 
the quality of the material being left to the iron-founder. 
Wear occurs on cast-iron mould surfaces mainly in 
the direct path of the stream during pouring. 

Cores are always made from steel, generally of the 
special heat-resisting type, and the same material is 
used for mould inlays. Works service tests have been 
made on a number of steels, and it is concluded from 
the information available that while materials such as 
high-speed steel and stainless steel are more satisfactory 
than plain carbon steels, they do not approach in 
serviceability the high-chromium alloy steels introduced 
specially for heat-resisting purposes. Deterioration 
of cores occurs by erosion, by the welding on of the 
cast metal, and by tensile stresses set up in liberating 
the hot core after each casting. In some instances 
pronounced necking of the core is produced; after 


| this stage it becomes almost impossible to liberate 
| the core, and replacement is necessary. Data as to the 
| lives of cores vary greatly and do not refer to compara- 
| tive conditions. It is clear, however, that with copper 
| alloys, steel cores deteriorate at least four or five times 
|as rapidly as with aluminium or low melting-point 
| alloys, some showing extraordinarily short lives of the 
| order of from 5 to 10 castings. 
| _ The Effect of Immersion in Molten Alloys at Rest.— 
| Bars 0-5 in. (1-27 cm.) in diameter and 3 in. (7-6 cm.) 
|in length were prepared from 17 different materials. 
| These comprised two varieties of cast iron, a semi-steel, 
| three samples of steel used currently by manufacturers, 
and 11 other steels representing most of the known 
types. In view of the fact that pure chromium had been 
|found in former experiments on high-tensile alloys 





| to be almost completely insoluble in aluminium-bronze 
' 
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Fra. 10. NickrL-CHROMIUM STEEL. 


at ordinary melting temperatures, a bar of plain | 
carbon steel and one of Armco iron were electroplated | 
with a film of chromium 0-002—0-003 in. in thickness | 
and tested in comparison with the other materials. | 
The machined bars were luted at one end into holes | 
(0-5 in. apart) in a moulded carborundum block, and 
the whole immersed in a bath of molten alloy for one | 
hour. Aluminium-bronze (10 per cent. Al) and 60 : 40} 
brass were selected as typical alloys. They were | 
melted in an electrically heated furnace, and during | 
the immersion were maintained at a temperature of | 
1,100 deg. C. and 1,000 deg C., + 10 deg.C., respectively. | 

On removal from the bath, the bars were cooled in | 
air. A considerable amount of alloy remained adherent | 
on the surfaces of the bars and, except with the more | 
resistant of the materials, was not completely detachable 
either by mechanical means or by electrolytic treat- 
ment. Estimation of the degree of deterioration due | 
to immersion could not, therefore, be determined | 
by weighing, and a method of measurement was | 
adopted. Each bar was cut transversely into four 
equal parts and the mean diameter of the portion | 
remaining unattacked determined by means of a mea- 
suring microscope. From this the mean diameter of | 
| the whole bar was ascertained. The average results of | 
| duplicate experiments are given in the last two columns 


lof Table XX. | 





The Effect of Immersion in Molten Alloys in Motion.— 
A further series of tests was made on lines similar to 
those described above, but with the added factor of 
continuous motion of the molten alloy. Some further 
materials, including calorised steel, were added to those 
previously tested, and more detailed tests were made 
on chromium-plated steel. Machined bars of the 
materials to be tested, 3 in. in length and 0-5 in. in 
diameter, were assembled in a steel frame. This 
alrangement gives support to the bars at both ends, 
The frame was immersed in a bath of molten alloy in 
an electric tilting furnace for one hour, and throughout 
this period the furnace was tilted alternately back- 
wards and forwards to,maintain a continuous flow of 
the metal over the specimens. On removal from the 
bath the frame containing the specimens was cooled 
in air. The average diameter of the unattacked 




















Fig. 11. Caromium-PLATED CARBON STEEL. 


remainder of the bars was determined as before. In 
addition to the 19 materials dealt with in the previous 
tests, a number of new materials were included. 

The molten alloys were, as before, aluminium- 
bronze, at a temperature of 1,100 deg. C., and 60 : 40 
brass at 1,000 deg. C. The results of the tests are 
given in Table XX, together with average figures from 
the previous tests carried out with the molten alloy 
at rest. In general, it is indicated that materials which 
are attacked to an appreciable extent by molten 
aluminium-bronze at rest are attacked more inten 
sively when the alloy is in motion. Those having a 
high resistance to attack are little affected by flow of 
the alloy in which they are immersed. These results 
suggest that flow such as that operating in the tests 
does not produce mechanical erosion, but serves princi- 
pally to maintain a constant rate of solution of the 
bars by preventing the molten alloy in contact with 
them from becoming saturated. Coiparison of the 


| behaviour of Armco iron and the three plain carbon 


steels shows that the rate of attack decreases with 
increasing carbon content, the attack on the 1-5 pet 


cent. carbon steel being very small. The engineering 


steels containing low percentages of special elements 
showed rapid deterioration, but steels of the type 
known as “ heat resisting,” containing large percentage: 
of alloying elements, were in all cases little attacked. 
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As in the previous tests, cast iron containing 0-59 per | appeared to be slightly in advance of the attack on the 
cent. of phosphorus, although not dissolved by the | crystals. In a bar of 0-64 per cent. carbon steel the 
molten metal, showed collapse owing to partial melting. | surface of attack was irregular, similar in form to that 


The cast irons of lower phosphorus content were not | of dendrites, and between the steel and the surrounding 
appreciably affected. The main point of difference | 


mass of aluminium-bronze was a layer of light-coloured 
between the three materials was that of phosphorus intermediate alloy (Fig. 9). 


Nickel-chromium steel 
content. Up to a certain amount, dependent on | showed a similar irregular dendritic surface, but there 
several factors, but generally about 0-3 per cent.,| was no intermediate layer(Fig. 10). The type of interface 
phosphorus in cast iron does not form the constituent | produced by attack appears to have no relation to the 
known as “phosphide eutectic.” This constituent | rate of attack, but is more probably connected with the 
melts in the region of 950 deg. C., and the immersion | composition and physical characteristics of the immersed 
tests suggest that its presence was the cause of the| material. In all the cases in which there was no trace 
rapid deterioration at 1,100 deg. C. of the cast iron| of attack by the molten alloy the surface of the 
containing 0-56 per cent. phosphorus. It would appear | immersed material appeared not to have been wetted ; 
to be important that cast iron used for dies should be | only when attack had occurred did the molten metal 
low in phosphorus content, preferably a pure hematite | adhere to the surface of the bar. 
iron. Nickel-chromium alloys and stainless steel were | 
slightly attacked. Chromium-plated bars of iron and | 
steel showed complete protection over most of the | 
surface, but local attack had occurred in small areas,| Wypyrx the last decade four different constituents 
probably due to some local defect in the plating. The have been distinguished in banded bituminous coal, and 
action of molten 60 : 40 brass at rest on all the material | have been named respectively clairain, vitrain, durain 
tested has previously been shown to be very small, | and fusain. The distinction between these substances 
and the present tests have indicated that it was not | has so far appeared to be of little tangible interest, 
appreciably increased by the more severe conditions | ajthough it is recognised that a rational utilisation of 
imposed. The results generally emphasise the low | oa) can only be based upon a real understanding of its 
= attack of brass compared with aluminium- | constitution. Dr. R. Lessing, who was one of the early 
Further Tests on Protective Coatings of Chromium.— | 
In previous tests on chromium-plated bars a thickness | 
of coating of 0-002 in. was used. A further series of | 
tests was made, using eight bars of Armco iron having | 
electro-deposited coatings of chromium of thicknesses | 
increasing in successive steps of 0-001 in. from 0-001 
to 0-008 in. These were immersed in aluminium- 
bronze at 1,100 deg. C. for 3 hours, the molten alloy 
being in continuous’ motion throughout the test. 
An unplated bar of Armco iron was included for com- | 
parison. On removal of the specimens from the bath Auto 
it was found that the unplated bar had sence | 
dissolved. The plated bars were practically unattacked | 
except that having a coating 0-007 in. in thickness, | 
which showed local attack at one point where the | / 
chromium appeared to have broken. The results of | 
the tests indicate that a very thin deposit of chromium, | 
if continuous and adherent, is efficient in providing | 
protection against molten aluminium-bronze. Works | 
tests on chromium-plated cores and moulds have | 
indicated that although the coating offers complete | 








THE CLEANING OF COAL. 
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particles. Separation by both dry and wet cleaning 
depends upon specific gravity and size. Dr. Lessing 
stated that in flowing water, particles differing in size 
in the ratio of 5: 1 might find their way into the same 
receptacle, and that there was no commercial process 
of dry cleaning which did not involve considerable 
losses of coal in the refuse portion. 

The old float-and-sink method for washability tests 
in the laboratory, and the fluids which Dr. Lessing 
tried, hardly looked promising for use at the colliery 
or in the coal yard. Of the fluids available aqueous 
solutions calcium chloride, zine chloride, carbon tetra- 
chloride or organic liquids such as petroleum ether, 
the first one was chiefly applied. Calcium chloride, is 
not expensive and is or was, in fact, an undesired, almost 
useless by-product of some chemical works; but it is 
also hygroscopic, and engineers might object to having 
coal treated with it. Dr. Lessing found, however, that 
calcium chloride was well suited for the purpose, and 
that it could not only be washed out of the coal again, 
after having served as a differential floating medium, 
but that the process actually left less chloride in some 
coal than it had originally contained. The experiments 
were made in a semi-commercial plant of the Clean 
| Coal Company, Limited, in which 2 tons of coal were 
Tagore per hour, and the process was then adopted 

by the Amalgamated Anthracite Collieries, Limited, 
lS their Yniscedwyn Colliery. This plant deals with 

20 tons per hour of anthracite duff, ranging in size 
|from # in. down to0. The wet treatment is preceded 
| by a thorough dry de-dusting by air-separation, and 

there are, therefore, two main processes, or rather three, 
| counting the removal of the calcium chloride from the 
| coal and refuse, and its recovery for circulation, which 
| is the crux of the commercial process. 
| It was at first thought that the ready drainage by 
gravity separation of the somewhat viscous dense cal- 
cium chloride solution would be possible if about 5 per 
cent. of a dust below 0 -001-in. diameter (50 mesh) were 
left in the coarse coal. But it is now considered desir- 
able to keep the dust content down 0 -5 per cent. or less. 
Though the dust recovered is not amenable to further 
cleaning, it is directly utilisable as powdered fuel. After 
various types of air separators had been tried and found 
unable to effect the complete removal of the dust from 
large bulks of coal, the plant illustrated in the diagram, 
Fig. 1, was adopted, in which the velocity of the air is 
at every point of the system automatically controlled 
to compensate for variations in the coal feed and 








protection, the unequal heating to which it is subjected | 
leads to its removal by flaking. The full practical | 
utility of this method of protection will thus depend | 
on the further improvement in the adhesion of electro- | 
deposited coatings. | 
Tests on Calorised (Aluminised) Steel—The treat- | 
ment known as “ calorising”’ or “ aluminising ” con- 
sists in the heating of iron or steel in contact with | 
materials containing aluminium in an inert atmosphere. | 
A skin of alloy which has a high resistance to oxidation | 
in air at high temperatures is formed on the treated | 
article. The treatment greatly increases the life of | 
apparatus used in heat-treatment operations, such as | 
annealing boxes. Metallurgical information on the | 
subject is to be found in a recent paper by J. Cournot.” | 
Bars of Armco iron, aluminised commercially, have | . : 7 a ae ee 
been tested by immersion in molten aluminium-bronze | investigators of the probleis comnestes | with Chews 
constituents, described, however, an outcome of these 
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and found to be completely immune from attack. 
Steel moulds have been similarly treated, and show no 
signs of deterioration on repeated casting. The surface 
of commercially aluminised steel is variable, and has 
occasionally been found undesirably rough. There 
should, however, be no difficulty in obtaining a smooth 
surface, and the variations observed are probably 


due to the fact that in most aluminised articles a thick | 


surface layer of alloy is required, the surface quality 
being of little account. The treatment specially given 
to steel cores and moulds is found to increase the 
dimensions by about 0-007 in. 

Experiments have been made, using for the aluminis- 
ing medium an alloy of iron and aluminium (50 : 50) 
recommended by Cournot in the paper referred to 


studies of direct practical interest in a paper read 
before the recent meeting of the Institute of Fuel and 
| referred to in our issue of November 23. He entitled 
| his paper “‘ The Rational Cleaning of Coal.” 
| Minerals are mainly present in coal in the more or less 
| distinct enclosures or layers along which the coal is 
/apt to break. The old preference for large or round 
coal has its justification in so far as large lumps will be 
free from such minerals. But small sizes and dust, not 
free from minerals, have also to be utilized, and can be 
utilized profitably. The slack and duff sizes, Dr. Lessing 
pointed out, may contain a very clean coal, the dirt 
particles being present only in mechanical mixture, 
which can be dealt with on a commercial scale. The 





above. No difficulty has been found in carrying out 
the treatment, and very smooth aluminised surfaces 
have been produced by using very finely ground alloy 
(140 mesh). Moulds for die-casting test-pieces of | 
various forms have been made from high-carbon steel 
thinly aluminised. These have not yet shown any 
indications of wear. 

Microscopic Features of the Solution of Materials in 
Molten Alloy.—Microscopic examination was made of 
transverse sections of bars which have been subjected 
to immersion tests in aluminium-bronze. Representa- 
tive types of attack are shown in Figs. 8-11, page 728. 
The section from a chromium-plated steel bar (Fig. 11) 
showed good adhesion of the coating, and no indication 
that the outer surface of the coating had been affected 
by the molten alloy. Armco iron (Fig. 8) showed 
nearly uniform attack. There were, however, numer- 
ous poimts at which solution of the crystal junction 








* Revue de Métallurgie, vol. xxiii, p. 219 (1926). 


bright coal constituents, clarain and vitrain, contain 
not more than 2 per cent. of an ash of a chemical com- 
position, indicating that these minerals represent the 
original plant ash. Durain, the dull hard constituent, 
contains more minerals, mostly an argillaceous mud so 
intimately intermingled with plant residue and spores 
that this inherent ash cannot be removed by ordinary 
cleaning. The fourth constituent, fusain, is of the charac- 
ter of charcoal, and differs from the others both in its 
carbonaceous and mineral constituents. The latter 
which are largely carbonates of lime and iron, with some 
clayey substance, seem to have infiltrated into the 
coal. Fusain, being very friable, is mostly brought to 
the surface from the mine in the form of dust, mixed 
with other coal and mineral dust. It is largely respon- 
sible for the formation of slurry in wet coal washing and 
for the serious troubles of dry cleaning. Neither the 
screening of the slack to be washed, nor pneumatic 
dust removal, as tried on the Continent, admit of a 


close separation between true dust and small coal 


fan speed. Portions of the charge of the primary 
separator are delivered into the secondary separator 
unit, in which the final separation into coarse and 
fines takes place. The fines produced are either pumped 
directly to coal-dust-fired colliery boilers, or are 
loaded into the special coal-dust wagons of the Clean 
Coal Company. These are trucks for railway transport, 
carrying steel cylindrical bins, which are charged 
through an opening at the top and are discharged at 
the bottom by forcing compressed air into the bins. 
The dust-free coal is elevated into a bunker over 
a gravity separator, into which it is fed through 
two or more chutes and feeder tubes. Dust-free 
nuts to be cleaned may be charged directly into the 
gravity sparator together with the dust-free slack 
or duff. The separator is a cylindrical vessel with a 
conical base and a rectangular top. The raw coal is 
introduced, as indicated in the diagram, Fig. 2, through 
the sides of the vessel, by means of feeder tubes. The 
rate of feed is controllable, but the separation does not 
depend upon uniformity in this rate. The particles of 
coal of low ash content rise in the liquor, and are 
skimmed off continuously by means of a conveyor of 
the scraper type, being transferred with any excess 
liquor, by a screw conveyor, into one of three or four 
draining hoppers. Some of the liquor used for feeding 
the raw coal overflows through a grid at the top of the 
vessel, and is recirculated by means of a centrifugal 
pump. The excess liquor, which overflows and passes 
to the drainers with the clean coal, is replaced by 
the fresh calcium chloride liquor from a tank. The 
refuse sinks from the bottom of the separator into 
the boot of an elevator mounted in a liquor-tight 
casing. This elevator delivers the refuse into drainers. 
Both the clean coal and refuse drainers consist of 
cylindrical vessels with conical bases about 30 ft. 
high and 6 ft. to 9 ft. in diameter. The conical bottom 
is provided with boxes for the draining grids and a 
valve for the discharge of the drained coal and liquor. 
The draining is rapid, owing to the previous removal 
of the fines. The strong liquor is drained off in its 
original strength and passes through a float-control 
tank into the stock tank. As this liquor flows off, 
fresh water is sprayed on at the top to wash the coal ; 
and in its passage down the drainer forms a shallow 
layer of weak liquor, the specific gravity ranging from 
1-4 at the bottom to nearly 1-0 at the top. When the 
diluted liquor reaches the float tank, one of two floats 
sinks ; the operator then diverts the liquor into a weak 
liquor line and tank. On further dilution a second 
float diverts the liquor into the waste line. The amount 








of fresh water needed, most of which could be re-used, 


Dr. Lessing stated, was about 120 gallons per ton of | 


raw coal, and the washing in a drainer took about 
14 hours. The moisture of the coal discharged was 
quickly reduced to 5 per cent. The weak liquor, of 
density 1-2, 
steam-heated evaporator, which brought up the density 
to 1-4 again. The fines obtained in Yniscedwyn, from 
coal with 50 per cent. of ash, were directly burnt in 
several installations without requiring any adjustment 
of the burners. If the fines from bituminous coal 
proved directly utilisable in the same way, some 10 to 
20 million tons of natural coal dust would become avail- 
able per annum in Great Britain without further grinding. 

The hygroscopy of the coal caused no trouble. The 
coke made from the clean coal contained very little 
ballast ; in one case, a slack washed in an ordinary 
jig washer, and giving 12-5 per cent. of breeze and 


| case, the competition came from India. 
was passed through a simple tubular | 





ee 


The growth of local industry has resulted in a diminu- 
tion of the demand for pig iron from overseas, but of the 
diminished requirements the United Kingdom could 
only obtain orders for a reduced percentage. In this 
Most of the 
iron and steel bars and rods, however, were obtained 
from the home country with 194,426/. out of a total 
of 309,895/., but Canada continued to increase the 
extent of her participation. The market in steel angles 
and other sections was almost entirely in British hands, 
the importation from the United States and other 
sources being practically negligible. During the year 
1927 the Government made substantial purchases of 
machine tools, causing a great increase in the imports. 
but of the total value of 164,6371., business to the 
extent of 100,867/. was done with producers in the 
United Kingdom. An almost identical proportion of 
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|the tower the plates are drilled to provide oil inlets 
|and outlets, and down-flow tubes are arranged in 
such a way that the vapours ascending from the 
evaporator have to force their way through at least 
4 in. of condensed oil. The whole tower, which is 
about 4 ft. in height, is surrounded by a brass jacket 
lined inside with asbestos ; mica windows are fitted 
in this jacket. In order to obtain the desired per- 
centage of bottoms the upper portion of the tower is 
cooled by a water coil. The re-boiler is an electrically 
heated U-tube branching off from the middle section 
of the tower. The heating is effected by a coil of 
chromel wire covered with alundum cement which 
isbaked on. There is also a re-boiler in the evaporator. 
A horizontal partition divides the evaporator into 
an upper and a lower compartment. The hot oil 
from the furnace first enters the lower compartment, 
flowing through a closed coil, but is discharged in 





| the orders for woodworking machinery was also obtained 


ballast yielded under 3 per cent. under the treatment | 


described. Dr. Lessing, who, supported his state- 
ments by tables of the results of semi-commercial plant 
tests made with various coals, referred to the compara- 
tive results obtained in a colliery which has coke-ovens 
and blast-furnaces of its own. When coals were passed 
through an old washery, a modern washery, and a 
clean-coal plant respectively, comparisons based upon 
the actual output of pig iron per month indicated a 
gain of about 2s. 6d. per ton of pig approximately for 
every 3 per cent. of ash reduction. 
treatment was rather less than that of ordinary washing. 
A minor, though not’ unimportant, feature was the 
marked decrease in the arsenic contents of anthracite 


by manufacturers in Great Britain. 

Railway and tramway plant was imported recently to | 
a much smaller extent than in former years, and the 
reduction was made principally in those items obtained 
from home. Happily, there has been an increased 
participation in the growing market for electric gene- | 
rators. transformers and motors. In 1927, the United | 


| Kingdom supplied these products to the extent of | 


322,4901. out of a total requirement of 518,208/. The | 


'shares of the United States and Sweden, the other | 


The cost of the | 


| 


principal sources of supply, diminished very markedly | 


the upper compartment from which the vapours ascend 
into the tower. The hot volatilised oil can accumulate 
on the partition to an adjustable depth of 14 in. The 
very satisfactory results, obtained with this fractiona- 
tion still and different oils, are largely attributed to 
the use of the re-boilers. One re-boiler, it is estimated, 
can replace four or five bubble trays. 








CATALOGUES. 
Electro-Medical Apparatus.—A full list of electro- 


during the year. The German position, however, in the | medical apparatus and supplies is to hand from Messrs. 


market, previously very poor, had been increased by 
purchases on the government account to such an extent 
The fight for the trade 


use as fuel in malt and hop kilns. The 15 parts per | as to exceed that of Sweden. 
million of As,O, were in the clean coal reduced to 1-5 | in electric insulated cables and wire had resulted in 
parts, whilst the arsenic accumulated in the refuse. | the growth of the British holding at the expense of 


Watson and Sons (Electro-Medical), Limited), 43, 


| Parker-street, Kingsway, London, W.C.2 


Electrical Machinery.—The A.C.E.C. of Charleroi, 
Belgium, have sent us a copy of the latest issue of their 
quarterly journal, illustrating and describing, in French, 
turbo-alternators, turbo-compressors and other machines 





In the discussion of Dr. Lessing's paper at the meet- | that of the United States. 
of 520,5341. in value of cables, no less than 484,781. | 


ing of the Institute of Fuel, Professor Henry Louis 
pointed out that Sir Henry Bessemer had tried calcium 
chloride for float and sink cleaning 70 years ago, and 


Jiingst had subsequently in vain attempted to clean | 


coal by these means. Mr. A. Worsley remarked that 


many data on separation processes collected by mining | 


engineers were, unfortunately, still unavailable, and 


pointed out also that different coals broke up in various | 


ways into round and elongated fragments, making size 
classification more difficult. Dr. T. Barrett was 
doubtful about the rapid reduction of moisture which 
Dr. Lessing claimed. 


The speakers, as Dr. Lessing | 


said in his reply, missed the essential factor of his | 


cleaning system, namely, the removal of the natural dust 
before washing. 
ticles, not to the coal grains, and he did not treat 
pulverised coal, but the natural dust of the coal. 
We inadvertently omitted Dr. Lessing’s reply to the 


The moisture clung to the dust par- | 


| American competition. 


| traction. 


discussion in our report of the meeting in our issue | 


of November 23. 








THE ENGINEERING IMPORTS OF 
NEW ZEALAND. 


1926 and 1927 was the largest purchaser of goods from 
overseas per head of population. Not only was this 
the case in regard to the total value of the importa- 
tion from every source but also in respect of what was 
obtained from the United Kingdom. The returns 


show a shrinkage in these two years as compared | 
which may greatly reduce the amount of chemical 


with the totals of previous years, but there is little 
reason for despondency regarding the market, which 
still imported to the extent of 35. and exported to the 
value of 321., in each case per head of the population. 
Now that the period of heaviest importation has 
passed—the year 1925 was an exceptional one, when 
the value amounted to 52,456,4071.—it is possible to 
see that not less than 40,000,0001., or twice the 
pre-war value, is a reasonable figure at which to 
estimate the imports of the Dominion for the next 
few years. 

From the figures provided in a review of the import 
trade of the Dominion, supplied to us by the Depart- 
ment of Overseas Trade, we learn that in each trading 
year the United Kingdom supplied approximately 
one-half of the New Zealand imports. The percentage 
was as high as 52 -25 in 192%, and as low as 45 -6 in 1926, 
and thus the value of 47 -93 per cent. for 1927 was quite 
satisfactory, and an index that the effects of the indus- 
trial troubles of the previous year were being overcome. 
Australia supplied 8 -64 per cent. in value of the New 
Zealand imports, and Canada sent 6-11 per cent. 
Compared with such figures, the German participation, 
of 1-87 per cent., in the market was very low, but was 
the nearest approach to the value of 4-65 per cent., 
which she held in the year prior to the European War. 
The American share in the market had increased from 
11-6 per cent. in pre-war times to 18-04 per cent. in 
1927, but actually was higher stillin 1926. The growing 


motor trade affected the position very considerably. 


| 17 per cent. 


Nowadays, out of a total 


was sent from the United Kingdom. About two- 
thirds of the requirements of electric lamps were sup- 
plied by the British Isles, in spite of the Dutch and 
Some remarkable figures were 
given for the imports of steam engines, portable and 
The total importation dropped in value from 
189,736/. in 1925 to 95,224]. in 1927. That was a 
remarkable change, but what can be said of the change 
of the British supply from 24,2701. in 1925 to 7511. in 
1927? Pumping plant was in a different position, 
for there was an ever increasing demand for all types. 
The British trade showed a growth, but not at the same 
rate as the total demand. 

Great Britain had the greater part of the market 
for motor bicycles and their accessories, but was far 
behind America and Canada in the supply of motor 
cars. The United States supplied 60 per cent. of the 
requirements, as compared with the United Kingdom’s 
Some satisfaction, however, was afforded 
by the fact that the British share in the market for 
the chassis of lorries, trucks and ’buses was still main- 
tained. Here the Home country was in the best 
position, although substantial trade was done with 


oe rae : P . | the United States and Canada. 
Amonast the British Dominions, New Zealand in | ; " 


a finished gasoline. 








VISIBLE-ACTION PETROLEUM 
FRACTIONATION APPARATUS. 


PETROLEUM refiners are paying increased attention 
to the careful fractionation of pressure distillates, 


treatment subsequently required for the production of 
Combined pipe-still and bubble- 
tower apparatus have been found very suitable for 
this purpose. As they are generally too large, however, 
for laboratory work, the United States Bureau of 
Mines has devised a continuous distillation apparatus 
of moderate dimensions which offers the additional 
advantage that the Pyrex glass walls of the tower 
admit of watching the progress of the distillation. 

The apparatus, described in Investigation Report, 
Serial No.2892, of the Bureau, consists of three main 
parts, the pipe still, 15 in. by 12} in., 11} in. high, the 
evaporator overtopped by the bubble tower, both 
fitted with re-boilers, and the condenser and coolers, 
The pipe still is a wooden box, painted inside 
with water glass and covered with asbestos, and 
reinforced by angle irons. The bank of } in. heater 
tubes in the combustion chamber is heated by three 
gas burners, which project into the furnace through 
the bottom, or is heated electrically. The hot oil 
and vapours flow into the cylindrical evaporator 
which is 7? in. high and has an inside diameter of 3 in. 
The bubble tower is built up of 20 cylindrical sections 
of Pyrex glass, horizontally separated by stainless steel 
plates, } in. thick; these are grooved to a depth of 
yy in. on both surfaces to receive the ground ends of the 
glass sections, of 2-in. outside diameter. The steel 


| plates extend about } in. outside the glass walls, 
threat to British trade from the United States must be | and are provided with three holes in this part, 
recognised, and it should be noted that it was not all | through which vertical tie rods are passed ; the rods are 
due to the provision of motor vehicles, though the | screwed and fitted with nuts which are screwed down 


and give rigidity to the whole structure. 


Inside | 


| and instruments. 

Electric Welding Machines.—Messrs. British Insulated 
Cables, Limited, Prescot, Lancs., have sent us a catalogue 
of their electric butt welding machines, giving much 
practical information about the process with illustrations 
of several stationary and portable types. 

Chemical Plant.—Messrs. Trost Brothers, 104, Victoria- 
street, London, S.W.1, have sent us a catalogue of vessels, 
stirring gear, &c., for chemicals, made from a corrosion- 
resisting material known as Haveg. A circular describing 
the Rotameter flow indicator, suitable for acids and liquids 
generally, has also come to hand. 

Turbo-Alternators.—A catalogue of turbo-alternators 
issued by the Metropolitan-Vickers Electrical Company, 
Limited, Trafford-park, Manchester, contains a long list 
of successful installations at home and abroad, including 
many units developing over 10,000 kv.-a., and two of 
50,000 kv.-a. and 55,000 kv.-a. The illustrations show 
| complete sets, parts and machining methods. 

Hollow Steel Bars.—A list of hollow steel bars is to 
hand from Messrs. Dunford and Elliot (Sheffield), 
Limited, Sheffield. The sizes range from § to 2 in. 
outside diameter in steps of }-in., and then up to 5 in. 
diameter in steps of }-in. The holes are from + to 
1} in. bore, and the material of iron or steel of any specified 
quality including special nickel-, chrome-, &c., steels. 

Depth Gauges.—A catalogue dealing with the measure- 
ment of liquid depths and explaining the construction 
and application of several gauges, recorders, alarms, &c., 
is to hand from the Budenberg Gauge Company, Limited, 
Broadheath, Manchester. A transmitter for electrically 
| reproducing the readings at a distance and a mechanically- 
| operated instrument for recording variations of depth are 
| also shown. 

Dual-Frequency Motors.—A catalogue of motors suit- 
able for running on circuits of from 25 to 50 cycles is 
to hand from the English Electric Company, Limited, 
Queen’s House, Kingsway, London, W.C.2. The list 
| includes motors of the squirrel-cage type from 1 to 60 h.p. 
| and of the slipring type from 5 to 85 h.p. A new cata- 
|logue of compound-filled armour-clad switchgear has 
| also been received. 
| Transformers.—The British Thomson-Houston Com- 
| pany Limited, Rugby, have sent us a catalogue des- 
| cribing and illustrating the outdoor type of single-phase 
| transformers made by them for the Longford Power 
| station of the Coventry Corporation, and also a circular 
| describing in detail the method of construction. These 
| transformers are self-cooled for normal work, but an 
| auxiliary air-jet is used when increased outputs are 
required. 
| Oil Pumps.—Engineers in charge of oil fields and oil 
| refineries will find much useful information in a catalogue 
| of centrifugal pumps for the oil industry, recently issued 
| by Messrs. Mather and Platt, Limited, Manchester. 
| Various sections deal with pumps for pipelines, refineries, 
|and water supply, pump characteristics, power-station 
| auxiliaries, and types of pumps, and several graphs 
| giving data on viscosity, friction loss in pipes, &c., are 
| included. There are also notes on electric driving. 
| Electrical Machinery.—We have received a number of 
| catalogues from the Westinghouse Electric and Manu- 
|facturing Company, East Pittsburgh, Pa., U.S.A., 
| including separate leaves and pamphlets dealing with 
| @ 50-ton electric locomotive of 400 to 500 h.p. ; turbo- 
| generator units for marine auxiliary drives of 5 to 5UY 
kw. ; wound-rotor induction motors from 3 h.p. upwards ; 
motors and control gear for textile machinery drives ; 
signalling equipment for railways; tin-base babbit 
alloys; lightning arresters; terminal bolts; knuck!s 
joint connectors; direct-current controllers ; frequency 
changers ; switches and fuses, &c. 
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TRIPLEX SURFACE-MILLING MACHINE. 


MESSRS. THE KEARNEY AND TRECKER CORPORATION, MILWAUKEE. 
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TRIPLEX SURFACE-MILLING | when the latter is extended downwards in ed 
|cutting work. The vertical spindle is adjustable 
MACHINE | independently of the horizontal spindles, and is driven 

To handle the range of work between the capacity | through splined shafting and spiral-bevel gears. A 
of the knee-type and planer-type of milling machines, | range of speeds is provided independently for all 
Messrs. The Kearney and Trecker Corporation, of | spindles, either by pick-off gears or by change-speed 
Milwaukee, Wis., U.S.A., have recently put upon the | gear-boxes, the former giving 12 speeds, usually 
market a line of simplex, duplex and triplex production- | 20 r.p.m. to 200 r.p.m., and the latter 18 speeds, from 
type surface-milling machines, each type of which is 15 r.p.m. to 300 r.p.m. or from 30 r.p.m. to 600 r.p.m. ; 
made in two distinct series, having tables 14 in. and|the spindles are also reversible. The feed range 
22 in. wide, respectively. The machines all bear the | normally furnished is from 1 in. to 40 in. per minute, 
generic trade name Mil-waukee Mil, and one of the} in 18 steps, obtained, like the spindle speeds, either 
triplex type is illustrated in the accompanying | by pick-off gears or by a change-speed gear-box; a 
engraving. rapid power traverse is also provided for the table, the 
The machines are built in units, each of which is | Speed being 240 in. per minute in all cases. The 
complete in itself and can be added in any desired|™aximum distance between the horizontal spindle 
if | faces, in the case of the machines with tables 14 in. in 


combination to the simplest form of machine, in order | 1 c : Soap é : piri 
to adapt it to changed requirements. The simplex | width, is 29} in., the minimum distance being 134 in., 


machine comprises a bed with a reciprocating table, | while the corresponding figures for the machines with 
either 14 in. or 22 in. in width as stated, and having | tables 22 in. wide are 48 in. and 21} in., respectively. 
a power feed ranging from 3 ft. to 11 ft. in length, | The vertical adjustment of the horizontal spindles is 
combined with a single column in which the spindle is | 124 in. in each case, and the transverse adjustment 
mounted. Two overhanging arms, 3 in. in diameter, | 8 in. and 13} in., respectively. The table travel, as 
are provided to support the outer end of the spindle, | already stated, ranges from 3 ft. to 11 ft., according 
which runs in Timken roller bearings. ‘The latter is | t© the length of bed provided. This is 4 ft. in length 
driven by a spiral-bevel gear pressed on near the front for table traverses of 3 ft., 4 ft. and 5 ft., while for 
end, which is 54s in. in diameter, a heavy flywheel being | longer traverses the bed is extended in 2-ft. lengths at 
mounted on the rear end. Timken bearings, it may | cach end; for a table traverse of 11 ft. the length of 
be mentioned, are also used for the shafts of the feed | the bed is 16 ft. 8 in. 

and change-gear boxes, as well as to support the screw| Several other combinations of vertical and horizontal 
for traversing the table in the smaller sizes. In| spindles can be provided in these machines for special 
machines having a table travel of 7 ft. and upwards, | purposes. It is possible, for instance, to fit two hori- 
the screw is stationary and the rotating nut which| zontal spindles on each of the side columns, and two 
drives the table is provided with a device for taking up| vertical spindles can also be mounted on the columns 
any backlash automatically. | without employing the separate housing carried on 
The duplex machine is generally similar to the| cross-bars as in the machine illustrated. The agents 
simplex, except that it has two columns, one on each | for the machines in this country are Messrs. Burton, 
side of the bed, each carrying a horizontal spindle, | Griffiths and Company, Limited, 64-70, Vauxhall 
while in the triplex machine illustrated above a housing | Bridge-road, London, S.W.1. 

for a vertical spindle is mounted above the two columns | 
'n addition. The housing, it will be seen, is carried | 
i two stout cylindrical bars, which is securely | 
oe to the columns, and the ends of the two 
‘ erhanging arms fitted in the columns can be used 
° give additional support to the vertical spindle 











THe AssBestos INDUSTRY IN CANADA.—In 1925, 
Canada produced 80-6 per cent. of the world’s supply 
of raw asbestos. The total output of asbestos in Canada 
up till the end of 1925 had reached 2,908,456 tons, valued 
at. 123,644,496 dols. 





| WIRELESS OBSERVATIONS DURING 
THE ECLIPSE OF THE SUN. 
Durtine the recent total eclipse of the sun the Radio 

| Research Board made arrangements for a number of 
| wireless observations to be made in order that the 
effect of the eclipse on them could be studied. The 
| results, parts of which have already been published, 
| have now been collected in a single report.* 

| The experiments were made on long waves (12,000 to 
| 14,000 metres) and on medium waves (300 to 500 
metres). The long-wave observations, which were 
| made on St. Assise from Slough and Aberdeen and on 
Stavanger from Exeter, were planned so as to include 
respectively signals which crossed the band of totality, 
| travelled as nearly as possible along it, and were wholly 
| outside it. At Slough it was possible to use apparatus 
| for analysing long-wave propagation so as to show the 
| relative effects of attenuation, the relation between the 
| phases of the ground and down-coming waves, and any 
| abnormal polarisation of the down-coming wave. The 
| net effect of the observations was to show the influence 
| of the eclipse as that of a minor sunset, producing only 
{the preliminary phenomena of a normal sunset, and 
| suggesting that totality did not last long enough to 
enable the complete effects to occur. The effects, 
however, were not confined to the totality band, but 
' were noted in the St. Assise-Slough transmission, which 
| was altogether outside it. This is in harmony with an 
|observation made previously in respect to sunset 
| transmission, which showed that sunset induces a 
|rise in the coefficient of atmospheric reflection before 
the actual instant of setting. 

The observations on medium waves were taken at 

Peterborough on. transmissions from Birmingham, 
| Liverpool on Newcastle, at St. Albans, Nottingham, 
| Newcastle, Giggleswick and Aberdeen, on transmissions 
|from London and Manchester, and at Slough on Man- 
chester. Among other effects they showed a great 
increase in the intensity of the down-coming wave, 
which was interpreted as being due in part to the 
increased height of the atmospheric stratum from which 
the waves were reflected, and in part to the rapid de- 
ionisation of the lower layers of the atmosphere on the 
| removal of the ionising agents due to solar rays. The 
| period during which these effects lasted varied from 
20 minutes to 50 minutes at the different stations, while 
it took nearly two hours for the moon’s shadow to 
pass across the sun, suggesting that wireless methods 
may not be able to detect these effects before quite an 
appreciable fraction of the sun’s radiation had been cut 
off. For some reasons all stations showed that on the 
morning after the eclipse night-time conditions seemed 
to persist for a long time after sunrise. Arrangements 
had been made to make observations at Liverpool on 
transmissions from Newcastle with the object of 
comparing the effect of the eclipse at the ground and 
at the ionised layer. Unfortunately, however, inter- 
ference from a neighbouring amateur transmitting 
station during the middle of the eclipse period made 
these observations quite impossible. Direction-finding 
observations seemed to show that during the eclipse 
the normal night properties of the reflecting atmos- 
pheric layer were temporarily restored, as was suggested 
independently by the observations on transmissions. 
Somewhat similar conclusions were also reached from 
observations at Liverpool made on special signals 
transmitted from Stavanger. 








Tue SrerrA LEONE Rattway.—First opened in 1899, 
the Sierra Leone Railway now has a mileage, exclusive 
of sidings, of 338. The rolling-stock comprises 43 
locomotives, 84 passenger coaches, and 346 goods wagons. 
Included in the locomotives are three of the Garratt 
type, and it is stated in the report of the Railway Adminis- 
tration for the year ending December 31, 1927, that the 
increase in revenue from 9s. 1-79d. per train mile, 
during 1925, to 10s. 8-46d., during 1927, was mainly 
due to the heavier train loads hauled by the Garratt 
locomotives, which were introduced in the latter part of 
1926. For the first time in the history of the railway, 
the revenue from all sources exceeded a quarter of a 
million pounds sterling, it being 251,476/. during 1927, 
showing an increase of some 19,588/. over the previous 
highest record ; the working expenses totalled 176,571. 
The thefts of steel keys from the track still continue 
heavy. During the year under review, about 34,750 keys 
were replaced, as compared with 20,000 during 1926, 
19,000 during 1925, and 22,000 during 1924. This 
heavy increase, it should be pointed out however, is due 
to a more vigorous programme of replacement, rather 
than to a marked increase in thefts. Nevertheless, 
action is being taken with a view to the detection of 
steel-key thieves. The goods traffic appears to be 
developing year by year; palm kernels, native rice, 
kola, and palm oil showing considerable increases in 
tonnage. March, April, and May were the heaviest 
traffic months, while October was the lightest; the 
difference between the heaviest and the lightest months 
approximating 429,000 ton-miles. 





* Department of Scientific and Industrial Research. 
Radio Research: Special Report No. 7. H.M. Stationery 
Office. [ls. 3d.] 
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‘* ENGINEERING ’’ ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 


293,820. H.R. Ricardo, London. Fuel Pumps. 
(2 Figs.) April 13, 1927.—The inyention relates to sleeve- 
valve internal-combustion engines employing liquid-fue 
injection. According to the invention, the plunger J 

| of a fuel pump in an engine of the type mentioned is 


casing in an efficiently lubricated condition. The object 
of the invention is to provide means for introducing the 
lubricating oil at the top, instead of at the side, of ihe 
casing, and to provide means for accurately measuring 
| the oil supplied to the axle casing. According to the 








SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. | operated from the beam D, through which motion is | invention, an entrance B3 is formed on the top of the 


The number of views given in the Specification Drawings is stated 


|imparted to the sleeve valve. When the invention 


|casing B for the introduction of the oil, the entrance 


in each case ; where none is mentioned, the Specification is not | is applied to a multi-cylinder internal-combustion engine, | being protected by an adjustable or removable cap D. 


illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office Sales 
Branch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform price of 18. 

The date of the advertisement of the acceptance of a Complete 


Specification is, in each case, given after the abstract, unless the | 


Patent has been sealed, when the word ‘‘ Sealed”’ is appended. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a | 
Patent on any of the grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 


291,691. G. Pate, Carron, and J. R. Laird, Carron. 
Heating Elements. (1 Fig.) December 19, 1927.— 
The invention relates to electric heating elements for 
electric fires of the type including a series of refractory 
insulators threaded on a rod, in each end of which is 
incorporated a termina! plug for insertion into a terminal | 
socket in the frame or reflector of the electric fire. The 
invention provides an electric heating element, of which | 
one plug 3 is disposed at right-angles to the insulator- 
supporting rod 2 and the other plug 4 is placed sub- | 
stantially coaxial with the rod, the plug 4 being free to 








perform sliding movements in its companion socket 6, 
so as to permit free expansion of the rod. The socket 
6 is formed with part spherical shoulders 6!, arranged to 
enter into ball-and-socket engagement with the frame 
7 to permit the socket to be rocked relatively to the frame 
so that, in placing the element in position in the frame, 
the plug 4 may be inserted into its socket 6 and the 
element swung about the pivot of the socket until the 
plug 3 is introduced into its companion socket 5, which can 
also be rocked relatively to the frame to facilitate entry of 
its plug. (Sealed.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


292,280. L. St. L. Pendred, London, and R. M. 
Abraham, London. Pressure Indicators. (3 Figs.) 
March 31, 1927.—The invention has for its object to 
provide internal-combustion engines with means whereby 
it is possible to ascertain readily if any of the cylinders is 
not giving its proper output. According to the invention, 
a multi-cylinder internal-combustion engine is provided 
with two or more devices, each comprising a diaphragm B, | 
which, when subjectéd to pressure, will move in direct rela- | 
tion to this pressure, pad 3 of these devices being in such 





communication with the interior of one of the engine 
cylinders that the diaphragm will be subjected to, and 
will move in accordance with, the gas pressure in that cy- 
linder. These devices are combined with adjustable means 
whereby the movement thus imparted to each diaphragm 
will actuate electrically an indicator, while an interrupter 
is associated with the electric circuits of the indicators 
and the interrupters are operated by the engine in 
determined, but adjustable, relation to the engine cycle. 
( Sealed.) 


the plunger of each fuel pump is conveniently operated 
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from the beam which actuates the sleeve valve in the 
cylinder to which the fuel pump delivers fuel. In either 
case, the floating beam D is constrained at one point by 
a pivoted link G, the plunger J of the fuel pump being 
conveniently operated by such link, while the suction 
valve K is operated by a cam L? mounted on a rotary 
shaft G5 driven’from the crankshaft. This shaft also 
constitutes the pivot or fulcrum for the pivoted link 
G. (Sealed.) 


293,950. K. E. L. Guinness, Putney Vale, London. 
Sparking Plugs. June 2 
concerned with sparking plugs of the type comprising 


a central electrode made of soft metal of high conduc- | 


tivity. According to the invention, a sparking plug is 
provided with a composite electrode, comprising a body 


portion of soft metal of high conductivity and an outer | 





end portion of hard metal. In the construction shown, 
the central electrode comprises a copper body portion 10 
into which a steel outer end 11 is screwed and fixed in 
position by a cross pin 12. The steel outer end 11 is 
screw-threaded externally to receive a terminal head, 
and also a nut 13 for holding the top sleeve of the plug 
in position. (Sealed.) 


MOTOR ROAD VEHICLES. 


290,409. Kirkstall Forge, Limited, Leeds, and 
E. A. Aylwin, Leeds. Car Axles. (2 Figs.) March 
25, 1927.—In the lubrication of live axles contained in 
axle casings, it is common practice to fill the oil into the 








casing through an oil filler arranged on the casing at the 


| required level, permitting the lower portion of the 


mechanism to be submerged in the oil, and, by splashing 
or working the parts, to maintain the whole interior of the 


1927.—The invention is | 


|The height of the oil in the casing is indicated and 
| measured by means of a dipping device, composed of a 
| tube A having a shoulder A3 formed on its upper end, suit- 
| able for being received on a seat Bl formed round an 
| aperture in the upper portion of the casing. The tube 

passes through this aperture into the interior of the casing, 

and the shoulder on the tube is received on the seat, thus 
| supporting the measuring device in suspension. (Sealed.) 


| STEAM ENGINES, BOILERS, & c. 


| 289,365. H. A. Fraser, London, W. L. Price, 
Woodside Park, London, and J. Hetherington, 
Stockwell Park, London. Labyrinth Packing 
Glands. (2 Figs.) January 12, 1928.—The invention 
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relates to labyrinth packing glands. According to the 
invention, two series of concentric cup-shaped sheet- 
metal members 7 are connected to the shaft to be packed, 
the rims & of the two series extending in opposite direc- 
tions and making joints, respectively, with the opposite 
walls of the packing or gland chamber by engaging 
(Sealed.) 








| grooves / therein. 
| 


MISCELLANEOUS. 


| 
| 284,049. J. A. Reavell, Westminster, London. 
| Evaporating Liquids. (6 Figs.) November 15, 1926. 
—The invention relates to the evaporation of liquids, or 
| the separation of solid particles from liquid solutions or 
suspensions, and to classes of apparatus which are known 
| as spray driers or atomisers. According to the invention, 
apparatus for atomising and drying liquids, or for separa- 
ting solids from liquids, consists in a rotary element 
having a truncated conical portion 1 and an outwardly- 
| flared ejection portion 2, means being provided for 
|supplying the liquid to the conical portion and for 
| compelling the liquid to make contact internally with the 
| flared portion prior to ejection under the influence of 
| centrifugal force. The rotary element is formed with a 
| central circular cross-member 3, which is attached to a 














| 
| 
| 
| 


| 








driving shaft 4 and is formed around its periphery, @t 
the point of engagement, with the conical portion 1 
having a number of perforations 5. In the operation of 
the device, the shaft 4 is rotated at a high speed, and the 
fluid or liquid is fed down the pipe 7 into the space © 
above the cross-member 3. The liquid passes thence 
through the perforations 5 and is distributed se 
the inner surface of the portion 2, and not ejected direct!y 
downwards. The liquid is thus compelled to form a 
film around the inner surface of the portion 2; vnice 
film is subjected to a gradually increasing centrifuga 
action, and is thus driven into scrubbing contact = 
the face of the disc, and ultimately thrown clear thereo! 
tangentially of the circumference and at right ~<— 
or substantially so, to the axis of rotation. (Sealed) 





for 
for 
Re 
sat. 
is t 
dey 
trai 
out 
the 
air 
pla 
I 
an 
den 
diat 
For 
tion 
pur 
d | 
vari 
Uni 
excl 
Huf 
Star 
Rya 
tion 
craf: 
Hav 
Vick 
man 
affec 
of fi 
T 
arriy 
whet 
may 
desig 
of ai 
Unit 
const 
Da | 
Cana 
for t 
the 
arrar 
( om 
aero- 
pany 
alran 
pany 


Se a a 


ch 


of 


DEc. 14, 1928.] 


AMERICAN AIRCRAFT IN CANADA. 


BRITISH aircraft manufacturers appear to some | 
extent to be neglecting a valuable market. They | 
are, no doubt, well aware of its potentialities, but few | 
of them appear to be cultivating it. This does not | 
necessarily imply that British manufacturers are | 
unenterprising ; it illustrates rather the commercial | 
difficulties under which they are labouring. In| 
view of the information on this subject given in | 
the Report on Civil Aviation and Civil Government 
Air Operations for the Year 1927, issued by the | 
Canadian Department of National Defence, it is 
very satisfactory to note that the Deputy Minister 
for National Defence has stated that the Govern- 
ment of the Dominion will spend 400,000 dollars 
next year on new aircraft, and that as far as) 
possible the orders will be placed with Canadian | 
and British firms. 

As we pointed out in an article last year, civil 
aviation in the Dominion has developed on lines | 
different from those in any other part of the world. 
The specialised services of surveying, forestry patrol, 
photography and the rest have been, and have 
remained, its bases, while transport has been the , 
purpose of its existence in other countries. Naturally, | 
these functions are exerting a demand for aircraft of 
special types. The machine adapted for air photo- 
graphy, mapping and surveying, tends to differ, in 
performance and construction, from the military 
aeroplane to a greater degree than does the weight- 
carrying transport aeroplane. It is true that, even | 
for transport purposes, commercial aircraft might 
attain to more economic specialisation if the 
influence of the military power were removed from 
civil aviation but, for the air services evolved by 
Canada, specialisation is an essential, not simply a | 
desideratum, of economic operation. 

Commerical air development in Canada is there- 
fore making itself responsible for a growing demand | 
for aircraft adapted to its peculiar needs. The 
Report for 1927 shows the source from which it is 
satisfying that demand. Operation in the Dominion | 
is the function of three authorities : The Dominion 
departments of Government ; the provincial adminis- | 
trations ; and private companies. The work carried | 
out for the Dominion Government is executed by | 
the Air Force, while the provinces utilise their own | 
air services, the Air Force and, to a greater extent, 
place contracts with private companies. 

Imperial sentiment and the necessity for fostering 
an aircraft industry capable of meeting military 
demands are responsible for the purchase of Cana- 
dian and British aircraft for the Canadian Air 
Force, but economic operation is the only considera- 
tion which actuates the private companies in their 
purchasing policy. 

The following list of makes of machines used by the 
various independent private operators will show that 
United States aircraft are being purchased almost 
exclusively : Fairchild, Aeromarine, Curtis, H.S.2.L., 
Huff Daland, Vickers Vedette, Lark, Stinson, Waco, 
Standard J.1, Fokker Universal, De Havilland Moth, 

tyan, and Schreck. With one conspicuous excep- 
tion, British manufacturers supply none of the air- 
craft needed by Canada. That exception is the De 
Havilland Company. There is, of course, also the 
Vickers Company, but this is a Canadian firm, 
manufacturing in the Dominion, and it does not 
affect the case as regards the lack of representation 
of firms in this country. 

The report states that “‘ an arrangement has been 
arrived at with the Fairchild Company of New York, 
whereby each firm (Canadian Vickers and Fairchild) 
may build, under licence, the aircraft of the other's 
desim. . . . There is a somewhat natural tendency 
of aircraft constructors, both from England and the 
United States, to form branches in Canada, for the 
construction of their aircraft and engines. The 
De Havilland Company have now established a 
Canadian branch, with headquarters in Toronto, 
for the assembly and service of their aircraft, and 
the Armst rong-Siddeley Motors, Limited, have 
arranged with the Ottawa Car Manufacturing 
Company, for the service and assembly of their | 
‘ero-engines in Canada. The Ottawa Car Com- | 
pany have, it is stated, also reached a working | 
‘rangement with the Consolidated Aircraft Com- | 
Pany of Buffalo, N.Y., for the assembly and service | 
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(of their products, while the Wright Aeronautical | watch is kept. During the last four years, 163,000 
‘Corporation of Patterson, N.J., have formed a| photographs, covering 199,220 square miles of 


company in Montreal. | country, have been taken for the following services : 

The De Havilland Moth is the only British aero-| Topographical Survey, Water Power Branch, 
plane which has been imported in large numbers | Parks Branch, Northwest Territories and Yukon 
during the year, but, according to the report, | Branch, Mines Branch, Department of Railways 


‘imports from the United States of modern aircraft |and Canals, Department of Public Works and 


of larger types, chiefly the cabin monoplanes “ built | Geographical Surveys of the Department of 

round the Wright Whirlwind engine,” for transpor- | National Defence. 

tation work in the north country, have also been| An investigation of ice conditions on the Hudson 

large. ; | Strait was carried out for the Department of Marine 
Unless some incentive can be provided for British | and Fisheries. Transport was provided for officials 

aircraft manufacturers to produce specialised | engaged in the payment of treaty monies to Indian 

machines for civil purposes, it seems very pro-| tribes for the Department of Indian Affairs. Air 


| bable that we shall lose this market to United | mail investigations were carried out for the Post 


States firms. Ten years after the war, the British | Office Department, patrol work was undertaken for 
aircraft manufacturing industry is practically as | the customs authorities, and for the Department 
dependent for orders on the fighting forces as at the | of Agriculture several interesting experiments were 


beginning of the decade. In the United States | made to determine the efficiency of the aeroplane 


on the other hand, the civil flying services have | for checking spruce bud-worm infestation of timber- 


grown to an extent which enables them to make | land, and the spread of wheat rust and white pine 
a very considerable demand on the manufacturing | blister rust. Several business corporations, includ- 


‘industry. The Wright Aeronautical Corporation, | ing hydro-electric and pulp and paper companies, 


for example, has reported each year that an | secured, and paid for, the services of the Directorate’s 
increased proportion of its trade is derived from | machines for air survey and photography. 
civil sources, and states that the time is not far| ‘One of the most interesting developments of 
distant when the bulk of its output will be absorbed | the past year in aerial survey research,” relates the 
by civil aviation. Report, “has been the utilisation of vertical aerial 
The only way in which British manufacturers can | photographs in the investigation of water-power 
compete with the natural advantages possessed in| development, water storage and other engineering 
Canada by United States aircraft constructors is to | projects. It has been established that the feasibility 
regard their market as the whole Empire. This|of a water-power or storage development can 
truism is constantly being uttered by politicians | generally be ascertained by a stereoscopic study of 
and all who speak with authority, or claim to speak | aerial photographs, often without any field work. 
with authority, on the subject of civil aviation. | In cases where field work is necessary a preliminary 
But the general acceptance of the idea seems not | study of the photographs will reduce it to a minimum, 
to have prevented United States manufacturers | and will enable the engineer to report definitely 


| from capturing this most promising Imperial market. | after only a few careful measurements at critical 


In connection with the question of the purchase | points. In Canada, where hydro-electric develop- 
by Canadian commercial undertakings of aircraft of | ment is so often in wooded country, difficult of 
United States manufacture, it should be pointed out | access, this new application of aerial photographic 
that, with the progress of civil flying, these com- | investigation promises to be immeasurably useful 
panies tend to increase their activities more rapidly | to engineers. Aerial photographs have also been 
than the official bodies, employing Canadian and useful in the location of transmission lines, and recon- 
British machines. During 1927, while the provincial | naissance for railway location, with results that could 
governments increased their flying time by 50 per | be obtained in no other way in the same time and 
cent., the commercial companies did so by more than | with the same expenditure.” 

100 per cent. over that of the previous year. The) The year has also been notable for progress in 
American practice for public authorities to place | the transport of mails by air, a branch of civil 
contracts for flying operations with private com- | aviation that has hitherto received less than the 
panies is, no doubt, one that appeals to the Canadian | amount of attention in Canada which it merits. 
temperament. As yet, development has been confined to the inau- 

The following table indicates the nature of the | guration of services to outlying townships difficult of 
progress which was made last year : access by surface transport. Seventy-five thousand 
| dollars were allocated by Parliament, for expendi- 
ture by the Post Office Department in fostering air 
: | mail services, and tenders were granted for operation 
Finns opeontion stenett | 8 12 | 99 |on four routes. The Canadian Transcontinental 
Approximate aeroplane mileage | 29,065 | a 209,583 | Airways secured the contract. for the carriage of 
—— — a 218,686 | 356,481 | 247,238 | 1,500 Ib. of mail weekly between Murray Bay and 
Approximate flying boat mileage — | — 372,189 | Seven Islands, with an extension once a month to 


Approximate amphibian mileage 8,075 | 6,332 _ ees eee , tc OR od 
Total aircraft mileage | 2557826 | 3932103 | 329,010 | Anticosti. The main route is 260 miles in length, 





1925. 1926. | 1927. 


1 2 . . 

Number of passengers .. -: i897 6,436 | 18,932 and the secondary line 90 miles. 

Freight (Ib.) ‘as We ..| 592,220 | 724,721 | 1,098,346 | ve eS pee 

Mail (Ib.) .. - a ..| 1,080! 3.960] 14,684 A weekly round trip with 700 lb. of mail is made by 
' Number of airports aa as 34 34 | 36 |the same company between Monc : a 
Number of aeroplanes... ee 11 15 | 36 : pany een Monc ton and the 
Number of float seaplanes in 1 | 17 | Magdalen Islands, whose news-service hitherto 
Number of flying boats re a3 26 28 21 had been only a weekly radio telegram. The whole 
Number of amphibians .. wi l 1 os ° ae po eg a , 

‘Total number of aircraft. . Ss 39 44 67 | route is some 120 miles in length, 50 of which are 


(all single-engined) over the open sea. Four round trips are made each 


Pilots killed aa oe os _— 1 2 | 4 

Pilots injured p ce : 2 1 | week between Leamington and Peelee Island by the 
Passengers killed .. - I 2 | London Air Transport, 250 Ib. of mail being carried. 
Passengers injured or .- 6 2 | ° ° 96 ‘ te ‘ 
Total killed Ses Mars 2 4 | The distance is only 22 miles, but the necessity for 
Total injured & = y 8 3 | the air service arises from the fact that ice condi- 


a = = —————— | tions on Lake Erie often interrupts communication 
An important change was made in the organisa- | by ship. The longest service is that operated by 
tion of flying operations during the year under | Western Canada Airways in the mining area of 
review. Until July 1, 1927, flights were undertaken | northern Ontario and Manitoba, covering 320 miles 
for the Dominion Government departments as | from Rolling Portage to Red Lake. 
part of the service duties of the Royal Canadian| As a preliminary to an ambitious transcontinental 
Air Force. Thereafter, a Directorate of Civil | service, ten experimental flights were made to deter- 
Government Air Operations was formed to super- | mine the practicability of speeding up the incoming 
vise this work, with its own headquarters, units, | and outgoing steamship mails. The total weight 
substations and depots. A list of departments for | of mails carried was 2,469 lb., the average saving in 
which operations were carried out illustrates the | delivery time being 30 hours for incoming mail and 
varied and unique nature of civil aviation activities | 34 days for outgoing (in Great Britain). 
in Canada. In the course of a survey of the Montreal-St. John- 
The most important branch of the work is that | Halifax route considerable difficulty was experienced 
of the forest patrol against fire, 61,012,911 acres of | owing to the variation of climatic conditions encoun- 
timber land being the size of the great area over which | tered in winter time. At Montreal, the snow which 
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THE CONSTRUCTION OF THE DELAWARE RIVER SUSPENSION BRIDGE. 


(For Description, see opposite Page.) 
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THE CONSTRUCTION OF THE DELAWARE RIVER 


SECTION H.H. 


Fig.61. on 





covers the ground for at least three months makes 
the use of ski-fitted undercarriages essential, while 
on the coast the ground is often bare. The Report 
concludes that “‘ a combined ski-wheel undercarriage 
would appear to be necessary before this service 
can be successfully undertaken. This is a problem 
of major importance since the same conditions 
apply to any service run between Toronto and 
Montreal or points in the United States and Mont- 
real,” 

Civil aviation in Canada is full of hope, and by 
no means to be despised in achievement, even in 
comparison with those European countries which 
have devoted so much public money to fostering 
air transport services. But its problems and re- 
quirements are so peculiar, that the British aircraft 
manufacturing industry can only aid its develop- 
ment and share in the trade it will occasion, if it is 
prepared to undertake the extensive research and 
experimental work which that would involve. 








| 
THE CONSTRUCTION OF THE DELA- | 


WARE RIVER SUSPENSION BRIDGE. 
(Continued from page 671.) 


Cable Anchorages.—In our last article we dealt 
with the general design of the anchorages, and the 
design and sinking of the caissons. The anchor- 
ages above the foundations provided the dead 
weight required to hold down the cables and the 
Support needed for the deflection of the cables from 
an anvle of about 8 degrees with the horizontal, 
where the side spans reach the anchorage, to the 
angle of about 45 degrees required for their attach- 
ment to the masonry. General drawings of the 
anchorages are given in Figs. 56 to 60, page 734, and 
show the position of the rectangular and circular 
vaissons already described. The rear portion of 
each anchorage supplies the required weight, and 
is the only part that is filled solid as shown in 
Pigs. 56 and 57. The remainder of the structure is 
hollow as in Fig. 58, except for buttresses and cross 
walls required for other purposes than weight. In 
general. the anchorages above the foundations 
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were designed as mass concrete. Reinforcing is 
used at only a few points. The total volume of 
masonry above the foundations comprises 67,800 
cubic yards for the Philadelphia anchorage and 
70,000 cubic yards for the Camden anchorage. 

The attachment of the cables to the anchorage 
masonry is effected by steelwork embedded in the 
concrete. This is best shown in Fig. 56. The 
steelwork consists of a series of eyebar chains 
for each cable, which spread out fanshape from the 
point of attachment to the cable strands, and 
extend 84 ft. into the masonry, to a point just 
above the foundations. Here they are connected to 
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a nest of nine double web steel -plate girders, 40 ft. 
6 in. long and 4 ft. 6 in. deep, by means of 11} in. 
pins. These girders are shown in place for con- 
creting with some of the eyebars attached, in 
Fig. 67, page 736, and their disposal in a curved 
| arrangement will be noticed. The end girders are 
about 40 ft. apart. The girders are set at right 
angles to the cable inclination and on a cylindrical 
surface having for its radius the length from the 
girders to the point of splay of the cable strands. 
This arrangement permits the use of eyebars of the 
same length in each chain, which insures uniformity 
of stress in the cable strands. Three lengths of 
eyebars, each 28 ft. long and 10 in. by 1% in. in 
section were used, with double links for each of the 
61 strands of which a cable is composed. 

As shown in Fig. 56, the various strands of the 
|main cables separate between the bent and the 
|concrete anchorage. They are splayed out beyond 
la bell-mouthed collar into sets, side by side, mostly 
|of seven strands each. The bights of the strands 
| are fitted with shoes held in spacer frames which 
| keep the shoe pins 2 ft. apart. From these frames 
the eyebars extend in three groups, which in most 
lof the sets consist of one of three double bars and 
two of two double bars. The next sections of eye- 
| bars converge, each group being brought in to a 
| single pin, and three sets of eyebars running on to the 
anchorage beams, disposed as described above. 
The eyebars embedded in the concrete are to be 
seen in the distance in Fig. 68. 

At the river end of each anchorage is an inclined 
steel bent, supported upon masonry buttresses, as 
shown in Figs. 56, and in greater detail in Figs. 61 
and 62 on this page. One is also shown in Fig. 68, 
page 736. The function of this bent is to support 
the cables for their deflection to the angle required 
for attachment to the anchor chains, and to trans- 
mit the resulting pressure to the buttresses and 
supporting foundations. Their design represents an 
improvement in suspension bridge practice. Earlier 
bridges have had masonry buttresses extending 
up to the height at which the cables reach the 
lanchorage, with the cable saddles on rollers on 
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Fic. 66. Tort CAMDEN ANCHORAGE. 


the masonry. Changes of loading and temperature, 
however, require elastic movement at the point of 


support, to which the friction of rollers is not | 


well adapted, and the use of flexible steel bents is 
therefore more in keeping with the elastic nature 
of the bridge. The columns of the bents are 76 ft. 
23 in. long from the base of the cable saddles to 
the top of the masonry buttresses. Each column 
is 7ft. by 8ft. in section, of cellular construction, 
and the columns are connected together by a 
cross strut, and bracing below the roadway, as 
indicated in Fig. 62. The legs of the bent are 
carried by cast-steel ribbed base-plates 20 ft. long 
by 17 ft. wide, of the design shown in Figs. 64 
and 65. Fig. 63 is a detail of the pin connecting 
the suspended girder of the side span with the 
abutment, by means of a hinged leg, a section of 
which is shown in the detail ‘* section KK.” 

Each anchorage serves as a utility and an archi 
tectural feature of the bridge in addition to its 
structural function. The success achieved in the 
latter direction will be evident from Fig. 66. 
Towers of reinforced concrete construction shown in 
Figs. 57, 59 and 60, have been provided at each side 
of the anchorage to house stairways and elevators 
for access from the ground to the bridge, and 
rooms for water supply and electrical equipment. 
The interior space in the body of the anchorage 
contains the main transformers and switchboards 
for electrical power services on the bridge and 
affords storage space for materials and equipment. 
At the track level, passenger loading platforms 
have been provided, with access by stairways to a 
lower level where a tunnel provides for crossing over 
from one side to the other. Another tunnel at a 
lower level has been provided in Philadelphia, for 
the entrance of pedestrians from a station which it 
is proposed to build on an elevated railway line 
that passes under the bridge. These details are 
shown in Fig. 57. The architectural! feature of the 
anchorages is the boldness of the granite masonry 
facing, which projects very roughly in the large lower 
courses, and is finished to a smoother surface as the 
upper levels are reached. 

(To be continued.) 








NATURAL GAs IN Canapa.—During 1927, the production 
of natural gas in Canada amounted to 21,376,791 thousand 
cub. ft., an increase of 11:3 per cent. over the figure for the 
previous year. Natural gas occurs in four Provinces ; 
Alberta is responsible for the largest output, Ontario is 
second, and New Brunswick third ; the fourth, Manitoba, 
has a comparatively small output. 
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A History of Lloyd’s. By Cuartes Wriext and C, 

Ernest Fayte. London: Macmillan and Company, 

Limited. [Price 25s. net.] 

WHEN a book is the outcome of a scientific and 
scholarly study of original documents, it is fairly 
safe to assume that its contents are little known, 
and that a brief summary of the subject matter will 
assist anybody who wishes to form an estimate of 
the book’s real value. This condition certainly 
applies to Messrs. Wright and Fayle’s History of 
Lloyd's, and we may well begin its review with a 
sketch of its subject. 

In the late seventeenth century, when Mr. Edward 
Lloyd opened a coffee house in Tower-street. marine 
insurance was not a specialised section of insurance 
business, nor was the coffee house more frequented 


| application to daily duties which is characteristic 


by underwriters than by any other class of city 
man. None the less, there was a tendency for men 


interested in a special line of business to congregate 


at one particular coffee house, and Edward Lloyd 
may have been assured of the support of marine 
insurers when he acquired the lease of a rather 
larger property in Lombard-street. When he was 
at this address, at all events, he started a paper 
which devoted considerable space to shipping ews. 
In consequence of the South Sea Bubble. Parlia- 
ment passed an Act which was intended to place 
marine insurance business in the hands of a few 
recognised corporations. The actual consequences 
to the Act must have surprised the legislators W ho 
designed and passed it. Private underwriters felt 
that they were on their mettle, and by that << 
oO 


the British city community, utterly outstripped 
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the corporate bodies which were to have absorbed 
their business. It was during this period of com- 
petition that Lloyd's coffee house became the chief 
centre of the marine insurance business, and that 
Lloyd’s List was first published. 

In 1769, Lloyd’s coffee house was moved to 
Pope’s Head alley, and became the headquarters 
of a business club of underwriters. A club com- 
mittee was formed; those who frequented the 
coffee house were bound to comply with certain 
conditions, and when new premises were obtained 
for the second time, they were the premises of a 
collegiate body of which the master of the coffee 
house was a servant. This organisation remained 
practically unchanged until the latter part of the 
French wars, when the members of Lloyd’s slightly 
amended their constitution, after a bitter domestic 
controversy. The basic principle of the associa- 
tion remained untouched until 1871, when Lloyd’s 
altered its old purely collegiate character and 
became a corporate body with perpetual succession 
and a common seal. But even after the Act of 
1871 was passed, Lloyd’s retained a great deal of 
its original collegiate character; its constitution 
is the result of organic growth, and of successive 
adaptations to changing circumstances. It is this 
which makes it the most typically British institution 
in the British Empire. If the shades of dead men 
were allowed to choose the place on earth that 
they would prefer to haunt, Burke’s ghost would 
hover round the Corinthian pillars of the under- 
writing room, which must surely be considered the 
headquarters of the greatest enemies of paper 
constitutions that have ever lived. 

It is evident that the old letter books at Lloyd’s 
contain a great deal of information upon shipping 
policy and trade defence during the Napoleonic 
wars. The authors have used this material for 
examining a very difficult problem in our maritime 
history. What proportion of British shipping 
engaged in foreign trade was lost year by year, 
during the struggle with France? The authors 
show that the problem cannot be solved with 
mathematical accuracy ; but after a long and most 
interesting analysis of figures, they come to the 
conclusion that between 6 and 7 per cent. of vessels 
engaged in foreign trade between 1793 and the 
Peace of Amiens were lost by capture. These are 
the most reliable figures that naval historians now 
possess upon the effects of the French naval 
warfare upon commerce: they are extremely 
valuable. 

It must not be imagined that the authors of this 
admirable history have been content merely to 
trace the growth of Lloyd’s from deeds of convey- 
ance and statistics. Human qualities are, after 
all, the driving force of an institution. It would 
be futile to attribute the growth of Liverpool 
merely to certain facts of physical geography. The 
power and status of Lloyd’s are as much the product 
of the traditional qualities of British underwriters, 
as the docks and harbour facilities of Liverpool 
are the outcome of the wisdom and energy of British 
traders and shippers ; and the authors of this his- 
tory have well realised and illustrated the point. 
It seems almost inconceivable that a club committee 
should have become the British Government’s 
adviser upon questions of high policy during the 
Napoleonic wars, without any alteration. in its 
constitution or status ; yet this is the history of the 
messing committee which made arrangements for 
the move from Pope’s Head alley in 1774. A 
social philosopher from Latin Europe would 
probably not realise that there was anything in 
this that was particularly admirable. A British 
reader of the History of Lloyds must see the matter 
i another light. If the club committee was able 
to perform duties so different from those imposed 
upon it at its first congregating together, it was 
because that committee was really representative of 
its electors. It was representative of their applica- 
tion to the business in hand, their capacity of 
progressing by small increments, and, above all, 
of their willingness to discharge immense responsi- 
bilities as calmly and methodically as they acquitted 
themselves of small ones. The historians of so 
powerful and generous an institution as Lloyd’s 
certainly had a big and interesting subject; and 
they have served the Corporation well. 


Electrical Power Transmission: Principles of Design 
and Performance. By E. A. Loew, E.E. London: 
The McGraw-Hill Publishing Company, Limited. 
[Price 20s. net. ] 

Ir is true, as the author of this book states in the 
opening sentence, that for the rigorous electrical 
calculation of long transmission lines and for the 
calculation of temperature-tension relations required 
for the correct stringing of overhead conductors, a 
mathematical equipment is required which is more 
often than not unfamiliar to the working engineer. 
Before getting to grips with the subject of electrical 
power transmission, the author has accordingly 
made an attempt to arm the reader with this 
necessary mathematical equipment. Thus the intro- 
ductory chapter takes the form of a short account 
of complex quantities, their rectangular and polar 
forms, their addition, multiplication, powers and 
roots; circular and hyperbolic functions, sine, 
cosine and exponential series and the relations 
between exponential, trigonometric and hyperbolic 
functions. The derivation of the hyperbolic func- 
tions of complex angles is also explained. 

Materials used for transmission line conductors 
must possess the characteristics of high electrical 
conductivity, high tensile strength, low density and 
low cost. The only possible materials are, therefore, 
copper, aluminium and steel, used by themselves, 
or in combination with each other. Steel is now 
being employed to an increasing extent in combina- 
tion with aluminium. Such a cable which has 
either a solid or stranded steel core combines the 
strength of steel with an approach to the light weight 
and high conductivity of aluminium. Steel-cored 
aluminium conductors have been selected by the 
Electricity Board for the 132-kv. grid network of 
the Central Scotland section. In the second chapter 
an account will be found of the electrical and me- 
chanical properties of these line conductor materials, 
This is followed by an able exposition of the funda- 
mental relations and of the units involved in the 
magnetic circuit and inductance, and the dielectric 
circuit and capacitance. The theory of corona 
formation, the results of experimental investigation 
of the factors influencing corona and their bearing 
on line design are then discussed. Modern practice 
is favourable to a design giving a line which is built 
to operate near the critical voltage for the formation 
of corona because not only is this economically 
sound, but additional protection is gained against 
the destructive effect of over-voltage and high- 
frequency surges brought about by switching 
operations and lightning. Excess voltages and 
travelling surges which result in corona formation 
are then rapidly dissipated in a comparatively 
short length of line by the dissipation of energy in 
the corona. 

The subject of inductive interference between 
power lines and communication circuits is still 
being investigated. An introduction to this prob- 
lem will be found in the explanation of the mecha- 
nism of this interference which may take the 
form of magnetically and electrostatically induced 
voltages and/or the presence of harmonics. 

Prof. Miles Walker has remarked, in another 
connection, that the art of the designer consists in 
knowing when approximate methods of calculation 
are permissible. Where simplification is permisible, 
the exact equation of the transmission line which 
involves the correct assumption of uniformly distri- 
buted resistance, leakage, inductance and capaci- 
tance, may be set aside in favour of one or another 
approximate method. This entails no great sacrifice 
of accuracy in the results obtained for short over- 
head lines, particularly when automatic voltage 
regulators are employed. 

These simplified methods consist in using only 
the first, or the first and second, terms of the infinite 
series for the equivalents of the hyperbolic functions 
of the exact equations, or by assuming the line 
constants to be lumped. The latter method permits 
several types of substitute circuits to be employed. 
Except for very long lines these substitute circuits 
are found to behave very like actual transmission 
lines ; in fact, for lines up to 30 miles in length the 
capacitance is often negligible in practical work. 
A short chapter is given to such calculations. 

The problem of the long transmission line is 
dealt with in Chapter VIII in which exact solutions 





are worked out for the equations and the methods 


of calculating the various constants are illustrated 
by a numerical example. This is followed by calcu- 
lations referring to voltage regulation, and from 
the resulting equations the familiar power-circle 
diagrams are deduced. Such diagrams have con- 
siderable value in determining the necessary kv.-a. 
rating to be given to the synchronous condensers. 

The work done in the following chapters refers to 
the mechanical features of line design. For spans 
up to about 80 ft. in length, the curve assumed by 
the conductor may be taken as a parabola and not 
the catenary that it is actually. The error rapidly 
increases, however, when longer spans are involved. 
The calculations of sag and tension are here given 
by each of these methods. The problem of span 
design with supports at equal and at different 
elevations is also thoroughly treated. The problem 
is stated as follows: “the cable in the span must be 
so strung that during times of severest load conditions 
which occur at minimum temperature and under 
the assumed worst conditions of ice and wind loads, 
the tension in the cable will not exceed the maximum 
allowable value.” This value varies in the regula- 
tions of different countries. In the United States 
(and this, it may be observed, is an American 
book, written by the Professor of Electrical Engi- 
neering, at the University of Washington, Seattle, 
Washington), the value is assumed at 75 to 100 per 
cent. of the elastic limit of the cable. Considerable 
attention is given to the economics of transmission 
line design in conjunction with the length of span, 
working voltage and the conductor diameter. The 
limitation of voltage may be found to be determined 
not so much by insulation difficulties encountered 
in switches, transformers and the line, but by 
the fact that there is a point beyond which any 
increase of working voltage will produce an increase 
in cost greater than the corresponding decrease 
which the reduction in the weight of copper has 
brought about. These and other economic factors 
are dealt with in a competent and practical fashion, 
together with the outline of a method for selecting 
the most economical type of supporting structure. 

The treatise concludes with sections devoted to 
sector and circle diagrams of line performance, the 
power limits of transmission lines and the complete 
design for an overhead line, 200 miles long, to 
transmit 50,000 kw. at 90 per cent. power factor. 
Charts and mathematical tables are contained in 
appendices. So much recent work on this vast 
subject has been done abroad and the published 
accounts are so diffused in periodicals and in the 
proceedings of foreign engineering bodies, that all 
those in this country who are interested in electrical 
power transmission should welcome the appearance 
of Professor Loew’s book which, in addition to 
other merits, has brought together examples of 
the most recent practice and teaches those funda- 
mental theories from which they are the practical 
outcome. 


Modern Roadmaking, with Special Reference to Material 
and Plant. By Harotp Braptey and C. C. Hancock. 
aa The Contractor’s Record, Limited. [Price 
15s. 

Tuts book is introduced to the engineer and surveyor 
in a foreword by Sir Henry P. Maybury, drawing 
attention to the fact that the number of motor 
vehicles using the roads of the country continues to 
increase at the rate of some 300,000 per annum, 
and the urgency for taking a “ hill-top ” view of the 
economic position. In a further introduction by the 
President of the Institution of Municipal and 
Country Engineers, the important part that machi- 
nery is taking in the construction of roads is stressed. 
The subject-matter is confined, the authors 
explain, to the basic materials for road construction 
and their application, together with the necessary 
plant required. They do not, however, restrict 
themselves within these limits; subsoil drainage 
and the necessary side drainage of roads is con- 
sidered and the modern practice given. The effect 
of impact on the road crust and its influence on the 
design is discussed, and the operations involved in 
making cuttings and embankments and in the 
preparation of the carriageway are described and 
illustrated in so far as machinery and plant is used. 
Other details of design are considered in the chapters 
on kerbing and channelling, asphalting, and the 





reinforcement to concrete roads. 
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Where the authors are using the scientific facts 
which are the basis of design, their exposition is 
not very clear, and is not always in agreement with 
observed conditions. An example is their treat- 
ment of the occurrence of ground water, whether 
still or in movement. Words should have a very 
definite value in technical use. In places, “ rock” is 





used as synonymous with “ stone,” and “ moisture ” | 


with “ saturation ” or ‘‘ water.” 

Their treatment, also, of technical processes of 
manufacture—for example, the spinning of a 
cement-concrete pipe centrifugally, on page 33— 
does not give a clear idea of the principles involved 
and the method of manufacture, and there is gene- 
rally a want of system in the setting out of the 
information they wish to give to the reader, though 
the information itself is of importance and value. 
It is not easy to see why the manufacture of tar- 
macadam should be included under quarrying, 
and there are other displacements of information 
in other sections of this work. 

The authors state that ‘‘as far as practicable, 
we have mentioned materials and plant with which 
we have had personal practical experience during 
careers extending each over twenty years, but we 
have had perforce in several instances to accept the 
claims made by manufacturers.” The effect of this 
policy is easily distinguished in the book; where 
the authors write of materials and plant from 
personal experience, valuable information and 
statistics are available for the reader’s use; the 
remainder of the book, in greater part, is an adver- 
tisement for a few firms out of many which supply 
plant and materials for road work. These firms 
have had their plant and materials extensively 
described and their specifications given in full. 
The chapter on surface dressing with bitumen, for 
instance, contains descriptions only of the materials 
of one firm and the spraying machine of another, 
and no attempt is made to discuss or compare the 
products of other firms on a common basis. 

The contention of the authors that for the 
development of plant used for road construction, 
and the great improvement in materials, the profes- 
sional engineer and the public should devoutly praise 
and humbly acknowledge their debt to the manufac- 
turer, we cannot allow to pass without challenge. 
The engineering and the chemical manufacturer 
have, without doubt, greatly improved their 
respective products through research and experi- 
ment, but in our opinion the criticism of the tech- 
nical engineer on the performance of their plant 
and the value of their products has, in the majority 
of cases, perforce compelled the manufacturer to 
improve his designs and the make of his products to 
satisfy the specifications for works contracts. 

From our remarks above we do not intend the 
conclusion to be drawn that this book is largely a 
collection of commercial information tempered by 
the experience of the authors with certain types of 
plant and materials. There is a large body of solid 
information and thoroughly practical notes con- 
tained therein, together with independent and 
authoritative specifications of much use to the 
engineer. In this connection we may say that the 
section on the use of local materials, and the inter- 
esting examples of their employment is especially 
to be commended. 

Of the 79 plates many are of little value to the 
technical man. There is, certainly, no justification 
for making a plate of the material which is repro- 
duced on Plates XXVI, XXVII, XLV, and the 
upper part of XLVI, and LXXI, and the research 
laboratory shown on Plate XX XTII could well be 
relegated to the advertisement sheets at the end 
of the book. The book is well printed, and the 
marginal references and index make the information 
contained therein readily accessible. 


UNAUTHORISED User or I.E.E. MEMBERSHIP INITIALS. 
—QOn November 16 last, in the Chancery Division, an 
action was brought against Mr. Thomas Ronald Shaw, 
trading as Shaw, Fletcher and Company, 3a, King-street, 
Wrexham, for making use of the initials A.M.I.E.E., 
although he was not and never had been an associate- 
member of the Institution of Electrical Engineers. <A 
perpetual injunction restraining the defendant from 
using the initials, was granted by Mr. Justice Maugham, 
and the defendant was required to pay costs. No 
damages were sought. 
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THE APULIAN AQUEDUCT. | that it is provided with a terminal chamber fitted 
with double protection gratings. Returning to 

(Concluded from page 708.) | Fig. 134, it may be mentioned that the maximum 

WE may now pass on to a consideration of the | level of the water in the reservoir is regulated by 
reservoirs. When the aqueduct is finally com-|the height of the weir shown to the right, over 
plete, there will be 152 of these, of which the | which any excess water flows and is conducted 
majority will have a capacity between 1,000 cub. m. | directly to the discharge channel. The small pipe, 
and 4,000 cub. m. (35,000 cub. ft. and 140,000 cub. | Shown below the main supply pipe in the same 


| ft.). Among the larger reservoirs, that at Bari has | 
|a capacity of 12,000 cub. m., that at Foggia 12,500 
|cub. m., and that at Taranto 16,000 cub. m. In 
| general, the reservoirs are located at the end of the 
| branch lines near to the centres of population, and 
are of sufficient capacity to ensure an adequate 
service in case of exceptional demand, or to ensure 
a reserve sufficient to last for several days in case 
of a total breakdown on the aqueduct. To quote 
a few examples, the reservoirs serving the province 
of Bari, which are all situated relatively near to the 
aqueduct, are of sufficient size to meet the full 
requirements of the district for 30 hours. In cases 
where the reservoir is above the level of the aqueduct, 
so that the water has to be delivered by pumping, thus 
increasing the risk of breakdown, the capacity is 
increased to 54 hours’ normal supply. For the 
provinces of Foggia and Lecce, where the reservoirs 
are usually at a greater distance from the aqueduct, 
involving the introduction of long branches with 
syphons, the capacity is again increased, the average 
reserve supply being 48 hours in the reservoirs 
situated at a level below that of the principal canal, 
and 72 hours in those above this level. 

The reservoirs are all constructed in concrete, 
and in the case of the larger, are divided into 
two symmetrical chambers, enabling one half to 
be cleaned or repaired, while the service is main- 
tained from the other. With rare exceptions, 
the reservoirs are well below ground level, and are 
covered with a layer of earth not less than a metre in 
thickness, in order to maintain the water at a low 
temperature. A typical form of construction is 
afforded by the reservoir at Monteconcavecchia, 
on the Taranto branch, illustrated in Figs. 131 
to 144, pages 739 and 740. As will be clear from 
Figs. 131 to 133, the reservoir is rectangular in 
plan, the centre line being perpendicular to the 
trace of the pipe line. The roof is carried on the 
side walls and four interior walls, consisting of 
columns with connecting arches, as shown in Fig. 131. 
The space between these walls is bridged by the 
roof, which is also of arched form, as shown in 
Fig. 132. The roof is constructed of hollow bricks, in 
which the air forms a stagnant layer to protect the 
water from the rays of the sun. The bricks are 
covered by concrete, and above this is the covering 
of earth already referred to. 

The supply pipe terminates in an approach 
chamber, as shown in Fig. 134, and after flowing 
over a weir, enters a second chamber, from 
which it passes to the reservoir through a pipe 
fitted with a control valve. A by-pass pipe 
is provided between the second chamber and the 
main delivery pipe from the reservoir, so that the 
supply can be maintained during repairs to, or the 
cleaning of, the latter. The water is drawn off 
through the pipe shown in Figs. 134 and 135, 
which is connected up to a T-shaped trench formed 
in the floor of the reservoir. This trench is shown 
in detail in Figs. 138 to 140, and it will be noticed 
that it is completely covered in with the exception 
of the two ends of the transverse branch, where 
gratings are provided through which the water enters | 
the trench. The water is thus drawn off from the 
reservoir at the opposite end from that at which it | 
enters, to ensure that it shall never become stagnant. | 
In the particular reservoir shown in the drawings, | 
the outlet pipe branches immediately beyond the | 
by-pass connection, as shown in Figs. 134 and 135, | 
|one branch supplying the town and district of | 
|S. Marzano, and the other those of Sava Manduria. 
| The floor of the reservoir slopes to a central | 
| 














open channel, shown in Figs. 133 and 138, to! 
| Which the pipe for completely emptying the reservoir 

is connected. This pipe is visible, dipping below the | 
delivery line, in Fig. 134, and it will be noticed | 
that it is immediately followed by a trap, after | 
which the water enters a discharge channel and | 
runs to waste. Details of the mouth of this channel | 
are given in Figs. 141 to 144, and it will be observed 


figure, is for the purpose of emptying the pipe and 
the chamber above it when required, and the small 
pipe shown to the right is for the purpose of venting 
the delivery line. Views of the reservoir shown 
in these drawings are not available, but Figs. 150 to 
152, page 748, show the reservoir at S. Paolo, on the 
Leccese syphon, in course of construction. The 
details are very similar in the two cases, and Fig. 152 
gives an excellent idea of the appearance of the 
reservoir before roofing. The double reservoir at 
Bari is shown in course of construction in Fig. 153. 
The excavation of the rock was usually carried out 
by hand drilling and blasting. 

Little need be said concerning the distribution 
works, which are served by the reservoirs, in the urban 
centres. The pipes are generally in cast iron or steel. 
according to size, as, owing to the necessity of 
making frequent alterations, and of adding con- 
nections for hydrants or private supplies, pipes in 
concrete would have been quite unsuitable. To 
some extent Eternit pipes have been employed 
on the distribution networks, and have given every 
satisfaction. 

Before concluding our description of the aqueduct, 
reference should be made to the very extensive 
works of reconstruction and repair on the principal 
canal, rendered necessary by the considerable _pres- 
sures to which the walls of the tunnels have been 
subjected since their initial construction. Atten- 
tion has already been called to the treacherous 
nature of the ground traversed in many places, 
and the resettlement of the beds, after the disturb- 
ance caused by the excavation of the tunnels, 
resulted in excessive pressures on the walling, with 
the result that cracking took place at frequent 
intervals. When these cracks occurred in the 
neighbourhood of the argille scagliose, the penetra- 
tion of water, or even of moist air, caused the 
clays to expand with a force sufficient to damage 
the walls seriously. In the Croce del Monaco tunnel, 
and in others of lesser importance in the same 
neighbourhood, difficulties of another type arose, 
due to the proximity of the extinct Vulture 
volcano. For a considerable length, the Croce del 
Monaco tunnel passes through volcanic mud 
formed by the action of the waters of the Fiumara 
di Atella on the volcanic ash, and also cuts an 
important water-bearing strata descending from 
the sides of the mountain. Later, the tunnel enters 
the argille scagliose, alternating with sandstones 
and marls. In this tunnel, infiltrations of mineral 
waters, charged with carbon-dioxide, sulphur, soda, 
and magnesium, occurred for about 1km., giving 
rise to efflorescence on the lining, accompanied by 
decomposition of the mortar, the lining, and even 
of the masonry itself. Equally grave phenomena 
were manifest in the Ginestra gallery, when ema- 
nations of sulphuretted-hydrogen, carbon-dioxide, 
chlorine, and sulphur dioxide occurred. These 
gases, besides decomposing the cement mortar and 
lining, seriously affected the eyesight and health of 
the workers engaged in carrying out the repairs. 

Broadly speaking, the fracture and distortion of 
the walling occurred indifferently whatever the 
cross-section. For the greater part, the distortion 
was symmetrical with respect to the vertical centre 
line of the section. The first indication of exces- 
sive pressure was usually the appearance of longi- 
tudinal cracks along the sides of the channel, 
followed by the crushing in of the crown, the cracks 
being particularly in evidence at points where a 
change in curvature occurred. In severe cases, 
cracks also appeared at the footing. When pres- 
sure took place in a lateral direction, the cracks 
were usually tangential to the intrados, and were 
accompanied by an elevation of the crown. It 
soon became apparent that it would be necessary 
to replace the wall by one of greater thickness 
wherever the trouble was at all severe, and this 
work had to be undertaken without serious inter 
ruption in the operation of the aqueduct. The 
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removed, and the new one substituted, and finally, | 
all material and refuse had to be removed before | 
the water was reintroduced. When to all this is/| 
added the presence of dangerous gases in some | 
cases, it is difficult to over-estimate the credit due | 
to the engineers concerned for bringing the work to | 
a successful conclusion. a : 
It has already been mentioned that the capacity | = 
of some of the reservoirs was only sufficient to give | DS Mantra WY, 
30 hours’ normal supply, and even assuming the | LF, MLL} 
water to be strictly rationed, the time available for 
repair after the supply was cut off would have been | 
extremely inadequate. This difficulty was, to a| 
steat extent, overcome in a very ingenious manner. | 
Practically all the tunnels in which replacement of| cub. m. (10-6 million cub. ft.), which is rather | barriers entirely automatic in their action, the 
the walling was necessary lay within the tract of | more than the total capacity of the reservoirs proper. | modified arrangement had the advantage that the 
the canal extending from the source to the fifty-| Later, at the suggestion of Ing. Pietro Celentani-| access wells to the control valves could be sealed 
fifth kilometre, and it was decided to utilise the| Ungaro, the masonry barriers were replaced by| up, thus eliminating a very possible source of 
femaining portion of the canal, nearly 190 km. in} bulkheads of wood and iron, with a permanent| contamination of the water. The most important 
length, as a reservoir. In the first instance,| opening at the base. The dimensions of this| advantage, however, was that, as the barriers no 
Masonry barriers were built across the canal at| opening were carefully worked out to allow a rate| longer involved the provision of an access well, 
intervals, in each of which a control valve was fitted of flow such that the water impounded would just | and were of inexpensive construction, a much larger 
to regulate the supply. The additional reserve ob- | last out the period during which the canal could be| number could be introduced, so that the total 
tained in this way amounted to no less than 300,000! closed. Apart from rendering the system of’ quantity of water impounded could be greatly 
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increased. The point will be clear if it is remem- 
bered that the canal is on a slope, and the depth of 
water impounded between two barriers is greater 
at one end than at the other. Actually, with the 
wooden barriers, the reserve was increased to 
400,000 cub. m. (14 milhon cub. ft.). 

An idea of the magnitude of the reconstruction 
involved is given by the amount of new masonry 
required. In the year 1919, 876,000 cub. metres 
(31,000,000 cub. feet) of stone were used in new 
walling, and by 1924 this figure had increased 
to 92,548,816 cub. metres (3,267,000,000 cub. feet). 
The number of workmen, engaged exclusively on 
the repair work, increased from 68 to 1,304 in the 
same period. The actual lengths of walling which 
had been renewed at the end of 1927 are indicated 
in Table V, reproduced from the Parliamentary 
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Report of the Hnte Autonomo per IT Acquedotto 
Pugliese for 1927. The aggregate of lengths of the 
crown, invert and sides, are given in the last four 
columns, instead of the total length of tunnel 
repaired, because in some cases it was only neces- 
sary to replace one or other of these portions, and 
not the entire wall. It will be noticed that out of 
63,298 m. requiring replacement, only 17,399 m. 
remain to be dealt with. Of the four longest galleries 
in which repairs were necessary, those of Appennino, 
Toppo Pescione, Croce del Monaco and Ginestra, 
the last three are practically finished, with the 
exception of certain points where cavities occur 
in the surrounding rock, or where the cement of 
the original revetment has deteriorated, due to the 
presence of free gas, or of salts in solution. The 
work on the Appenine tunnel is well advanced. 
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Typical sections of the walling are given in Figs. 146 
and 148, page 741, the portion to the left of the 
centre line showing the thickness of the original 
wall, while that to the right gives the dimensions 
of the new masonry work. Figs. 145 and 147 
show the corresponding sections of the conduit. 
In certain cases, corresponding with the cavities 
referred to, it has been found necessary to increase 
the thickness of the walls greatly beyond the 
amount shown in the figures. These cavities 
correspond with points where, on the removal of the 
old lining, a mass of loose, wet material, fell from 
fissures or otherwise into the tunnel. Some of 
these are of very great size, one, with a volume of 
178,000 cub. m., being shown in Fig. 149, reproduced 
from the Parliamentary Report on the aqueduct for 
1926. The method of dealing with these cavities is 
to introduce temporary timbering, as shown in the 
figure, the timbering being ultimately replaced by 
masonry filling the space completely. The cave in 
illustration occurred in the Croce del Monaco tunnel. 
As would be anticipated, the work of filling in these 
cavities proved exceedingly dangerous and difficult. 

In only one instance have the conditions proved so 
bad that the decision was arrived at actually to 
divert the canal. In a portion of the Ginestra 
gallery, immediately preceding the main arterial 
branch for Foggia, a diversion is being carried out 
for a length of some 400 m., the new trace being 
about 155 m. from the old at the centre, in order 
to avoid a mass of argille scagliose. Before com- 
pleting the description of the repair work. it should 
be mentioned that the new walling is being 
constructed of accurately-worked stone to reduce 
the quantity of mortar required to a minimum. 
The material selected has a high resistance to 
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TABLE V.—RE-WALLING OF TUNNELS. 
Sum of lengths Sum of lengths Sum of lengths Sum of lengths 
of crown, invert | of crown, invert | of crown, invert | of crown, invert 
Length of and sides repaired/and sides repaired/and sides repaired) and sides remain- 
Name of Tunnel. tunnel. up till in 1927. up till ing to be 
December 31, December 31, repaired. 
| 1926. 1927. 
(Metres.) (Metres.) (Metres.) | (Metres.) (Metres.) 
| 
Caposele er tae 331-60 — — a | 17 
Appennino .. «s,s | 5252-25 15976 -86 2177°6 18154-46 | 4323-26 
Sovorossina . 2295-78 1027 -00 935-55 1962-55 | 980 -7 
Cantoni Ficocchia 1311-77 | — — — 2821-31 
La Cascia oe 205-51 — as os 50 
Mesole-Ciccolungo 2199-05 — — — | 3396-35 
Tragino ve 129-67 = —_ — 518-64 
S. Maria dei Santi 2207-01 243-10 536-40 779-50 | 1839-50 
Le Mucce | 346-00 ee = aa 212 
Pedignone | 346-09 93 -30 — 93-30 | —_ 
Toppo Pescione we on so 5508-20 6867 -30 | 228-40 7095-70 | 992-92 
Grottadel PreteI {2 3. :,| 249-88 260-79 = 260-79 ee 
Grotta del Prete IT 2 es el 1056-51 1664 +56 163-95 1828 +45 — 
Civita .. ck ae oa aa 864-05 —_ 15-65 15-65 — 
Croce de] Monaco ea wal 7362-07 | 15450 -96 78-85 15529-81 1234-19 
Ginestra ae a zie ne | 8451-50 17500 -12 — 17500 -12 1012-88 
Totals .. | 48176-94 | 59083 -99 | 4213-90 63297 -89 | 17398 -75 
| | 











crushing, and all the new linings have proved 
absolutely stable to date. 

Xeturning to the general description of the 
aqueduct, it will be recalled that the sources at 
present utilised are capable of giving an average 
supply of some 5 cub. m. per second. The allow- 
ance per head has been estimated at 50 litres (11 
gallons) per day in the urban centres of under 10,000 
inhabitants, 60 litres (13} gallons) per day in centres 
having from 10,000 to 20,000 inhabitants, and 70 
litres (15-4 gallons) per day for centres of over 20,000 
inhabitants. In the case of the larger towns, such as 
Bari and Foggia, the minimum supply is estimated 
at 90 litres per head daily. The only exception to 
these figures is in the case of centres with less than 
10,900 inhabitants, located in such a position that 
the water has to be pumped to a height exceeding 
300 m., when the allowance is reduced to 40 litres 
per head per day. Actually the pipe lines in every 
case have been laid of such a size that these allow- 
ances can be greatly exceeded, and the present supply 
is sufficiently abundant, after meeting all potable re- 
quirements, to permit of the installation of a number 
of fountains in the more important centres, in 








addition to meeting agricultural and industrial 
requirements. 

We have endeavoured to cover the more impor- 
tant features in the foregoing account of the 
aqueduct, but it is inevitable in describing a work 
of this magnitude that reference to many interesting 
points must be omitted for want of space. Nothing 
has been said of the financial or political aspects of 
the undertaking, as these, while being of great 
importance, are somewhat outside our province. 
It is, perhaps, justifiable to mention that at one 
time the financial and administrative difficulties 
were sufficiently grave to threaten the entire work. 
Happily, however, thanks to the public-spirited 
efforts of private individuals, and still more to the 
interest taken by the Government of Italy asso- 
ciated with the Fascist régime in the welfare of the 
people, these difficulties have been overcome, and 
the formal opening of the syphon to Lecce, which 
took place in November last, marked the virtual 
completion of this great undertaking. 

Occasional reference has been made throughout the 
description to the various engineers concerned, and 


it is quite impracticable to mention the names of | 
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all the others who have assisted in bringing the 
work to a successful issue. Italian engineers have 
a deservedly high reputation throughout the world, 
and we cannot pay a greater tribute to those engaged 
on the aqueduct than by stating that the difficulties 
which have been successfully surmounted have been 
at least equal to, if not greater than, those encoun- 
tered in any other engineering work of similar 
magnitude. 

Our thanks are due to the On. Ing. G. Postiglione, 
Senatore del Regno, President of the Consiglio 
@ Amministrazione dell’ Ente Autonomo, and_ to 
Dr. Russi, Capo di Gabinetto, together with the 
various resident engineers, for affording us every 
facility for visiting the various works. We must 
also express our indebtedness, in particular, to 
Prof. Dr. Luigi Luiggi, Senatore del Regno, for 
permission to utilise his papers on the aqueduct 
and sources embodied in the Giornale del Genio 
Civile, in preparing our description, and for assist- 
ance in many other directions. Acknowledg- 
ments should, in addition, be made to the Italian 
Government for information drawn from various 
Parliamentary Reports. 








THE SMITHFIELD CLUB SHOW. 


TuHeE Smithfield Club, which is responsible for the 
organisation of the agricultural show held annually 
at the Royal Agricultural Hall, Islington, was 
instituted in 1798, and held its first show in the 
following year. Since that date, the industry has 
been revolutionised by the introduction of power- 
driven implements and the numerous appliances 
designed to reduce hand labour, and it would be 
unwise to set a limit to this movement. At the 
present time, however, progress is decidedly slow, 
and it is possible that no further striking develop- 
ments will take place until an electric supply 
is more fully available, thus offering more score for 
the substitution of steam or oil engines by electric 
motors. This is hardly the place to enter into the 
history of mechanical progress on the farm, but 
those who care to study the question will find that 
what are often regarded as modern developments 
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have not infrequently reached a very respectable 
age. An example is afforded by a reference to 
our first volume, published in 1866, when we found 
reason to deplore the tendency to “in breeding ” 
in the case of portable engines for farm use in the 
period which had elapsed since Messrs. Clayton, 
Shuttleworth and Company had introduced their 
locomotive type. 

A point which appears to have received insufficient 
attention from the manufacturers of agricultural 
appliances is that of standardisation, and the 
present quiet period in development would seem 
to offer a good opportunity for a review of existing 
designs from this point of view. In an Italian publi- 
cation, L’ Italia agricola, the statement was recently 
made that nearly 400 distinct models of ploughs 


venient position in the house. It is claimed by the 
makers, in fact, that it is unnecessary to enter the 
engine house more frequently than once a week, 
even though the set be in use every night. The 
engine is stopped by a magneto switch located beside 
the starter switch in the house, but it will probably 
at once occur to those of our readers who are in the 
habit of driving cars that a serious loss of petrol 
might occur from dripping while the engine was 
standing idle. This danger would certainly exist 
if reliance were placed on a seal of the needle- and 
float-type, but actually the petrol is supplied to the 
engine by a diaphragm pump. This pump in- 
corporates a non-return ball valve, and if this is 
not considered to afford sufficient security against 
petrol loss, there is no objection to installing the 








are in use in that country, and although it is hardly 
likely that so great a variety of design exists in 
England, an examination of the ploughs at such an 
exhibition as that at Smithfield suggests that 
the inspiration of many designs is merely the desire 
to produce something different from others. The 
same remark applies with equal force to several 
other types of implement. It is stated, in a recent 
publication of the Royal Agricultural Society, that 
the question of the standardisation of agricultural 
implements is receiving considerable attention in 
Germany, and to a lesser extent in Russia. In 
the former country, a committee of the German 
Agricultural Society has introduced provisional stan- 
dards for mowers and reapers, and it is stated that 
a certain amount of unanimity has been obtained 
on standard forms for hoes, while farm-cart wheels 
and axle boxes are fully standardised. In drills, 
many details are standardised, and a standard 
fore-carriage, suitable also for hoes and distributors, 
received the silver medal of the German Agricultural 
Society. Other implements under consideration 
include thrashing machines. 

Turning now to the actual exhibits at the Smith- 
tield Show, which opened on Monday last and closes 
to-day, we may repeat the remark made in connec- 
tion with the last year’s exhibits, to the effect that 
the collection of agricultural appliances on view, 
although relatively small, is widely representative 
in character. It is somewhat surprising, in fact, to 
find such exhibits as the 70-brake horse-power 


petrol tank at a lower level than the pump. The 
supply tank is sufficiently large to run the engine 
through the hours of darkness over the period 
mentioned. The starter is operated by a small 
battery, charged up by the set in the usual way. 


provision of a transport wheel at the rear of the 
machine. This is carried at the lower end of a 
vertical arm pivoted on the handle bracket, and the 
arm can be swung up so that the wheel is clear 
of the ground when root thinning is in progress. 
Another ingenious root thinner is shown by 
Messrs. P. J. Parmiter and Sons, Limited, of Tis- 
bury, Wilts. In this machine, the hoes are mounted 
on the circumference of a disc in a plane making 
a small angle with the ground surface, both in the 
direction of travel and laterally. The disc is not 
driven in any way, but when the rearmost hoe is 
brought into contact with the ground, the contact 
is made off the centre line of the machine, with the 
result that the disc carrying the hoe is caused to 
rotate, so that the hoe cuts across the row of roots 
in a direction at right angles to the travel. Before 
any hoe leaves the ground, the next has come into 
action. The disc is mounted at the lower end of a 





bent spindle, and its angle with the ground can be 
adjusted to suit local conditions by merely setting 








Diesel-engined cable-ploughing tractor, shown by 
Messrs. John Fowler and Company (Leeds), Limited, | 
in the confines of the Agricultural Hall, and we | 
imagine that its arrival must have created as much | 
sensation in the neghbourhood of the show as the 
bull, depicted in the advertisements for the show 
alighting from a tube train. There are several 
other exhibits in what may be termed the heavy 
class, both road locomotives and the larger type of 
commercial vehicle being well represented. One 
firm, for example, is exhibiting a 7-ton six-wheel 
commercial lorry. In our opinion it is to be re- 
gretted that there are no light vehicles on view, 
as this is what is required on the majority of small 
farms, and many farmers may not find it convenient, 
or, in fact, consider it worth while, to visit the 
biennial commercial vehicle show at Olympia, 
which offers the only opportunity of comparing the 
many different makes side by side. 

The great majority of these larger exhibits have 
already been described in our columns, and it is 
necessary to turn to the small products to find 
departures from standard practice. Judging by 
the increase in the number and type of smail 
self-contained electric-lighting sets, it appears that 
this method of dealing with the problem of country- 
house lighting is steadily gaining in popularity. 
An entirely new set is exhibited on the stand of 
Messrs. Petters, Limited, cf Yeovil, and is of interest 
as incorporating one or two entirely new features. 
The set, a photograph of which is reproduced on this 
page, is intended to be used without storage batteries, 
and is particularly suitable for lighting buildings 
which are only in intermittent use, such as churches, 
shooting boxes, and so on. The engine, operating 
on the two-stroke cycle, is of the type described on 
page 756 of vol. cxxiv of ENGINEERING, and is 
direct-coupled to a compound-wound dynamo. It 
is fitted with an electric starter, of the type 
commonly employed on cars, and this enables the 
unit to be installed in a suitable out-building, and 
started up by a switch, or switches, in any con- | 








Another new lighting set, which may be run with 
or without batteries, according to requirements, is 
shown by Messrs. Blackstone and Company, 
Limited, of Stamford. The set consists of a 3} brake 
horse-power engine, operating on the four-stroke 
cycle, coupled to a Bull dynamo. The engine has 
overhead valves, and is water-cooled, a_ small 
radiator, cooled by fan, being mounted on the side 
of the cylinder head. Two flywheels are fitted to 
give steady running when the set is employed for 
direct lighting. The engine and dynamo are mounted 
on a common base, and are direct-coupled ;_ the 
switchboard is mounted above the dynamo. Sets of 
this type can be supplied with outputs of 1, 1}, 23, 
or 3} kw. 

We described a very ingenious root thinner, made 
by Messrs. William Aitkenhead, of Failsworth, Man- 
chester, on page 70 of vol. cxxiv of ENGINEERING, 
and it may be recalled that this implement was 
successful in gaining the Royal Agricultural Scciety’s 
silver medal at the last Royal Show, held in Notting- 
ham. The machine is again being exhibited at 
Smithfield, and we noticed that the fore-carriage 
has been eliminated, the draught now being taken 
by a chain clipped to a crossbar mounted slightly 
above, and in front of, the two wheels which impart 
the movement to the hoes. The chain bracket on 
the crossbar can be adjusted laterally, and when 
in the correct position, it is found that the swing 
of the draught-horse does not affect the path of the 
implement. A further improvement consists of the 











the spindle in a new position in its socket. ‘The disc 
spindle is carried on a counter-balanced sub-frame, 
which can be readily lifted when the thinner is 
passing over a sparse patch. 

A simple combined ridging and sowing machine 
of new design is shown by Messrs. A. W. Gower 
and Sons, Market Drayton. With this implement, 
the ridges, which can be made from 18 to 26 inches 
in width, are formed by two concave blades of 
hardened steel, set in position to make a complete 
ridge by gathering or scooping the soil and turning 
it inwards, thus reversing the action of the ordinary 
ridge plough. As the soil from the pair of blades 
turns inwards, the seed is deposited on a flat surface, 
and covered to any desired depth by adjusting the 
height of the coulter. 

The majority of the other new machines shown 
at the exhibition are in the nature of dairy 
appliances, and so on, and are, therefore, somewhat 
outside our scope, but some of them certainly repay 
study from the point of view of the ingenious appli- 
cation of well-known mechanical principles. 








Pocket Fusr-W1rer CaRRIER.—A convenient carrier for 
fuse-wire has been introduced by Messrs. The Ray 
Manufacturing Company, of Wimbledon. It consists of 
a folding case provided inside with lugs, on which the 
fuse-wire is wrapped in such a way that any length may 
easily be unwrapped and cut off, or a new length wound 
into place. An inside pocket contains a table giving the 
sizes of fuse-wire for various current-carrying capacities. 
The size of the case is such that it can be easily carried 
in the waistcoat pocket, 
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LABOUR NOTES. 


TuHE December issue of the Amalgamated Engineering 
Union’s Monthly Journal gives the text of a working 
arrangement which has been entered into by the 
Amalgamated Engineering Union and the Amalga- 
mated Society of Woodworkers. It is agreed that a 
woodworker member of the Amalgamated Engineering 
Union, entering into employment in the building trade, 
shall conform to the wage rate and working conditions 
governing the trade as laid down by the Amalgamated 
Society of Woodworkers. Similarly, where a member 
of the Amalgamated Society of Woodworkers enters 
into the engineering trade, he shall conform to the 
wage rate and working conditions governing such 
trade as laid down by the Amalgamated Engineering 
Union. This arrangement is not, however, to imply 
acceptance of any system of payment by results by 
members of the Amalgamated Society of Woodworkers. 
Where higher rates and better working conditions 
obtain in any engineering works, it will be obligatory 
on members of both unions to co-operate in maintaining 
them. The membership cards of the two organisations 
are to be recognised by both parties to the agreement, 
and no objection is to be taken to the employment of 
such members in the respective trades. 





In a retrospect which he has contributed to the 
December issue of the A.E.U. Monthly Journal, Mr. J.T. 
Brownlie, the president, says that: the economic sick- 
ness of a badly-organised industry has taken its financial 
toll of the Society. ‘“‘Our members,” Mr. Brownlie 
proceeds, “‘ have fared little better this past year than 
in 1927. We commenced the year with 14,748 mem- 
bers unemployed, and on only one occasion did the 
number fall below 13,000. On going to press, the 
number of unemployed members has risen to 15,650, 
and the future prospects do not point to the possibility 
of any reduction—rather the reverse. The only hope 
lies in a change of Government of the country. The 
present Government have found time to legislate in 
many directions to assist the owners of the tools, but, 
for those whose livelihood depends on the operation of 
those tools, there has been no good legislation and no 
relief. The general unemployment figures have risen 
alarmingly, which goes to prove that the economic 
doctrine of Mr. Baldwin and his government is failing 
to bring the necessary things of life to the table of the 
worker.” 





In the course of some comments on the Government’s 
de-rating scheme, the writer of an editorial note in 
Man and Metal, the journal of the Iron and Steel 
Trades Confederation, states that over 50,000,000I. 
a year is being collected from those engaged in industry 
for the provision of social service in the form of sickness 
and unemployment benefits, old age and _ other 
pensions, etc. If, he says, anyone suggested that the 
State, instead of making these individual collections, 
should pay these benefits out of national revenue, the 
idea would be condemned as preposterous. It would 
be asserted that those who were getting the benefits 
were paying no contributions for their provision, and 
assurances would come from all sides that the country 
could not afford this enormous sum for this particular 
purpose. Yet it is proposed to relieve one of the 
contributors—the employer—by granting him a 
subsidy to pay his rates, while the other contributor— 
the employed person—has to go on bearing his share 
of the burden unaided. ‘The worker,’”’ the writer 
concludes, ‘* will get his share of fair play and decent 
treatment when he insists upon governing the country 
himself in the interest of the race; otherwise, the 
situation is hopeless, so far as he is concerned.” 





A deputation from the Trades Union Congress 
General Council waited upon the Minister of Labour 
last week in order to direct attention to the hardship 
and injustice which, it was contended, would be 
imposed on a large number of unemployed persons 
if the changes in benefit under the Unemployment 
Insurance Act were brought into operation next April. 
Under the new clause, applicants for benefit will 
have to show that they have worked during at least 
thirty weeks in the two years immediately preceding 
the claim. At present the conditions require eight 
stamps within the last two years, or thirty altogether. 
Sir Arthur Steel-Maitland, in the course of his reply, 
said that the present figures of unemployment were 
disappointing, and, he agreed, much higher than had 

en anticipated. It was impossible to predict what 
the next year would bring forth. He admitted there 
might be cases of hardship among those unemployed 
who Would be affected by the termination of the 
transitional period. He was having an enquiry made 
Into the effects of the withdrawal of the present 
Provisions for benefit, and intended to have the result 
of that enquiry made public in good time, before April 
19, when the change was due to come into operation. 
The inquiry would be completed, he added, in time 
to enable legislation to be passed, postponing the 








termination of the transitional arrangements, if by any 
chance that course should prove necessary. 





The application of the workmen’s organisations for 
a revision of the national wages agreement was further 
considered at a meeting in London last week of the 
National Joint Council for the Electricity Supply 
Industry. The original demand of the unions was 
for the abolition of the sliding scale as a basis for the 
regulation of wages, a 10 per cent. increase on present 
district rates, double time on Sundays for shift workers, 
and entirely new rates for specified grades of the 
operative staffs. At last week’s meeting of the National 
Joint Council, Mr. Rowan of the Electrical Trades 
Union submitted the following resolution—which had 
been passed at a national conference of the unions 
involved :—‘‘ This conference of area workmen’s 
sides is of opinion that the agreement of December, 
1927, should be continued for a further twelve months, 
and that meanwhile the application of the trade unions 
for an increase of 10 per cent. should remain in abey- 
ance, with the exception of that part having reference 
to certain specified grades. Further, that the national 
workmen’s side should proceed at an early date to 
consider the position and formulate machinery to be 
adopted for regulating the wages of employees in 
the industry, the conference of area and executive 
representatives to be called to consider any scheme 
formulated before it is finally presented to the em- 
ployers’ side.”’ The National Joint Council adopted the 
resolution, and it was further agreed that the questions 
in abeyance regarding certain specified operative 
grades should be dealt with by the negotiating com- 
mittee of the Council early in the New Year. 


The Joint Engineering Wages Committee which has 
been carrying out an investigation with the object of 
formulating a new wages policy, has completed its 
report. At a meeting in Birmingham last week, the 
report which it is intended to submit to a general 
conference of all the engineering unions was approved, 
and arrangements were made for the holding of such a 
meeting early in the New Year. It is understood that 
the report will recommend sectional, instead of national, 
negotiations on wages questions. 


The Melbourne correspondent of the ZJ'imes states 
that at the Australian ‘‘ Peace in Industry ” Conference, 
last week, the employers suggested as concrete subjects 
of discussion, the effect of industrial legislation upon 
industry and employment; the extent to which 
Parliament should control and regulate industry ; the 
need for an Australian industrial policy free from party 
politics ; the basis for determining wages ; the security 
and status of workers; the means of securing co- 
operation, stimulating and cheapening production, and 
extending the system of payment by results, wherever 
practicable; the economic position of primary and 
secondary industries in relation to the necessity for 
both to compete in the oversea markets ; and methods 
of dealing with disputes, in place of courts and legal 
tribunals, such as joint industrial councils and works 
councils. es 

The conference is not to re-assemble before February, 
but in the interval, a permanent management committee 
will carry on its work and also prepare a joint agenda. 
The conference has unanimously resolved to take steps 
to preserve peace in any industry pending the resump- 
tion of the sittings. Sir Arthur Duckham and Sir 
Hugo Hirst, members of the British Economic Mission, 
were most cordially thanked by both sides for their 
valuable services. Mr. Duggan, the leader of the 
workers, was extremely eulogistic, and was supported 
by Mr. Gibson, President of the Melbourne Trades Hall 
Council. The latter said that at first he had thought 
the visit of the “‘ Big Four” (the Economic Mission) 
was a political ‘‘ stunt” designed to interfere with 
Australia’s business, but he was now convinced to the 
contrary. Sir Arthur Duckham, replying, described 
the work of the conference as fundamental for Australia. 
“‘T say perfectly frankly (he added) that we were 
frightened and nervous as to where Australia was going. 
To-day we feel sure that Australia is on the right lines.” 


The annual congress of the Japanese General 
Federation of Labour has passed the following resolution 
on the subject of rationalisation :—‘‘ With a view to 
preventing the rationalisation of industry becoming 
a mere tool of capitalistic employers for the exploita- 
tion of workers, the Congress demands and will strive 
to secure :—(1) That the rationalisation of industry 
shall begin with the rationalisation of relations between 
employers and workers; (2) that, since one-sided con- 
trol of industry can never lead to rational relations 
between employers and workers, industry shall be 
democratised ; (3) that, with a view to the democratisa- 
tion of industry, strong and sound trade unions shall be 
organised, and officially recognised as machinery for 








collective bargaining; (4) that, since the capitalistic 
method of production for profit, subject to no national 
or social regulation, gives rise to lamentable injustice 
and enormous waste, the inherent evils of this system 
shall be abolished.” 


On December 3, 1928, the number of unemployed 
persons on the registers of Employment Exchanges in 
Great Britain was 1,350,800. Of these, 970,500 were 
wholly unemployed, 300,200 were temporarily stopped, 
and 80,100 were persons normally in casual employment; 
1,060,300 were men, 36,200 boys, 222,400 women, and 
31,900 girls. Of 1,395,505 persons on the registers on 
November 26, 1928, 971,785 were wholly unemployed, 
342,288 were temporarily stopped, and 81,432 were 
persons normally in casual employment; 1,104,618 
were men, 38,191 boys, 220,251 women, and 32,445 
girls. The number of unemployed persons on Decem- 
ber 5, 1927, was 1,149,648, of whom 923,383 were men, 
31,515 boys, 166,570 women, and 28,180 girls. 





Dealing with the question of the determination of 
signalmen’s wages, the Railway Review, the organ of 
the National Union of Railwaymen, says that the 
prospective changes which appear to be greatest 
surround the introduction of power or electric signal- 
ling. ‘‘ Displacement of men,” the writer says, “‘is 
taking place, and, strange as it may appear, there 
are cases where the additional work has not brought 
any change in the classification. The reason for this is 
found in the fact that what may be termed the ‘ measur- 
able work,’ or that clearly defined in the table of marks, 
has not materially increased. The mental strain 
imposed upon the men is greater, but that becomes an 
arguable point as between the men and the companies. 
There is certainly no generally accepted view on the 
companies’ part that they are morally called upon to 
recognise the added mental responsibility. However, 
this is becoming a factor that will have to be met sooner 
or later if the present method of assessment continues.” 





“It may be, indeed,” the Railway Review's con- 
tributor goes on to say, “ that the future will seek to 
provide for (a) basic rate of requisite economic value ; 
(b) added sum on the basis of work performed; (c) a 
further sum on the agreed merits of special respon- 
sibility. In between those items or the actual manner 
of establishing something on those bases provide much 
scope for discussion. Pending the favourable oppor- 
tunity for a move forward, signalmen should be alert 
to their interests. They should make themselves 
acquainted with developments, and bear in mind that 
changes may soon affect them. Meantime it is not our 
purpose to lay down methods which should be followed, 
but to venture to clarify the issues before the men, so 
that they may be the better able to appreciate what 
is involved.” gabe 

The weekly official organ of the National Minority 
Movement is naturally displeased with the Govern- 
ment’s attitude on the question of Mr. Glading’s dis- 
charge from his employment at Woolwich Arsenal. 
The Trades Union Congress General Council have, it 
declares ‘‘ shelved the issue by referring the matter 
to a sub-committee of the General Council of the 
T.U.C. and the Labour Party for indefinite considera- 
tion. By doing so they stand exposed before the work- 
ing-class movement, not as custodians of its principles 
and interests, but as aiding and abetting the victimisa- 
tion of militant workers. Tory M.P.’s are defending 
the political victimisation of Glading by the Govern- 
ment, by pointing to the political victimisation of 
Communists by the reformist leadership in the trade 
unions. The Tory Government has challenged this 
cowardly leadership on its own ground, and has suc- 
ceeded. One more assurance has been given to British 
capitalism of loyalty by the trade union leadership of 
Great Britain to the Class State. By shirking the issue 
they weaken trade union organisation in Woolwich 
Arsenal, and clear the way for the development of 
Government Trade Unionism, which has already 
secured a footing in the Arsenal as a preliminary to 
the extension of such organisation to other Admiralty 
dockyards and Government workshops. The leadership 
have postponed for ever the issue of P. Glading’s rein- 
statement; the rank and file alone can secure his rein- 
statement. To do this,” it is said, ‘engineers should 
take steps to make possible unofficial strike action.” 


Resolutions approving (1) legislation providing that 
the hours of work of marine engineers on any steamboat 
operating for hire shall not exceed eight hours a day, 
and that any steamboat operating more than eight hours 
a day shall carry at least two certified engincers ; 
(2) the three-platoon system for all fire-fighters ; (3) a 
five-day week of not more than forty hours ; (4) legis- 
lation providing that all workers in Canada shall be 
given not less than two weeks’ annual vacation with 
pay, were recently passed at the Annual Convention 
of the Trades and Labour Congress of Canada. 


744 








2-6-4-TYPE TANK 


CONSTRUCTED TO THE*?DESIGNS OF SIR HENRY 


ENGINEERING. [DEc. 14, 1928. 








LOCOMOTIVE; LONDON, MIDLAND AND SCOTTISH RAILWAY. 


FOWLER, K.B.E., M.INST.C.E., CHIEF MECHANICAL ENGINEER. 
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2-6-4 TYPE PASSENGER TANK LOCO- neg by : in. antag ~ et —— - barrel diameter is 4 ft. 8 in., and the length of tubes 
MOTIVE FOR THE LONDON, MIDLAND 7 ets oe. Se ee a oo : Seared i ‘| 11 ft. 43 in. The barrel contains 146 tubes 1? in. in 
| per square inch, and the tractive effort, at 85 per cent. : 








AND SCOTTISH RAILWAY. | outside diameter, and 21 tubes 5} in. in outside 
PERIODICALLY discussions arise regarding the con- 
siderable use in this country of tank engines for pas- | 
senger service. In the course of years these engines | 
have developed into machines of considerable size and | 
weight, in order to cope with the conditions of modern | 
service. By the courtesy of Sir Henry Fowler, K.B.E., | 
Chief Mechanical Engineer of the London, Midland and | 
Scottish Railway, we are able to give in our two-page | 
engraving, Plate LX X. XI, with this week’s issue of Enat- 
NEERING, and on this and the opposite pages, drawings, 
etc., illustrating a type of engine introduced some time 
ago on the system in question, and which has now been 
giving very excellent service for many months. Twenty- | 
five of these locomotives have been built at Derby, | 
the first going into commission about twelve months 
ago, and all are in use on express local passenger trains. 
A general view of the first of the class is given in 
Fig. 1 above, while Fig. 2, annexed, gives the leading 
particulars and distribution of weight. A sectional 
elevation and half-plans are given in Figs. 3 and 4, 
Plate LXXXI, and on the opposite page, half-sections 
and elevations are given as follows :—Fig. 5, half-section 
at the front end; Fig. 6, half front elevation; Fig. 7, 
half section through cab, looking forward ; Fig. 8, half- | 
section through firebox ; Fig. 9, half-section through cab | 

looking to rear; Fig. 10, half-rear elevation. 
The locomotive has two outside cylinders, 19 in. in 


boiler pressure, is 22,125 lb. The valve gear is of the 
Walschaert type, the valves being pistons, 9 in. in 
diameter, with 14-in. lap and }-in. inside clearance. 
The coupling-rod ends are plain for the driving and 
trailing coupled wheels, but for the leading drivers 
wedge and cotter adjustment is provided. The main rods 
have plain bushed ends. The coupling-rod crank-pins 
for the leading and trailing drivers are 4 in. in diameter 
by 34 in., and for the main drivers, 64 in. in diameter 
by 4gin. The main crank-pins are 6 in. in diameter by 
5} in. long. 

The driving wheelbase is 16 ft. 6 in., and the total 
wheelbase 38 ft. 6 in., the length of the whole loco- 
motive overall being 46 ft. 11? in. The leading wheels, 
3 ft. 3} in. in diameter, are carried in a two-wheel 
truck provided with three-point hangers, the radius rod 
being struck to 6-ft. 7?-in. centres. The trailing wheels 
of the four-wheel truck are of the same size as the lead- 
ing. Side movement is provided at the trailing truck, 
under spring control. All wheels of the engine are fitted 
with steam brake, the drivers by means of a system 
of straight pull-rods and cranks from vertical cylinders 


| under the foot-plate. The front truck is braked by 


means of a vertical cylinder on the truck casting, and 
the trailing truck by double-ended cylinders arranged 
outside directly between the wheels. 


and the firebox provides a grate area of 25 sq. ft. The 











diameter. 


We tabulate some further leading particulars below :— 


Boiler heating surface 
Firebox heating surface ... 
Total heating surface 
Superheating surface 


Weight, leading truck 
Weight, leading coupled 
wheels... ae ates 
Weight, driving coupled 
wheels ... ee oes 
Weight, trailing coupled 
wheels... me “4 
Weight, trailing truck ... 
Total weight, working order 
Total weight, light ae 
Weight available for ad- 
hesion ... ‘se eee 
Bunker capacity 
Tank capacity aes 
Two pop safety-valves are p 


1,083 sq. ft. 
137-25 sq. ft. 
1,220 -25 sq. ft. 
266 25 sq. ft. 
12 tons 0 cwt. 0 qr. 


16 5» 19 » 35 
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34 tons. 
2,000 gallons. 
rovided. The throttle 


is of the ordinary slide type with jockey. The 
engine is fitted with an exhaust injector, Dreadnought 


combination large and small ej 


ector, and mechanical 


lubrication, one system supplying the cylinders, valves, 
valve spindles and piston rods, while a second supplies 
the coupled-axle boxes. A double water scoop is fitted 
The boiler is of the normal type, with superheater, | under the cab, with a throw-over valve, so that water 


lean be picked up in either direction. 
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LETTER TO THE EDITO 


ZINC-CADMIUM SOLDERS. 


To THE EpiTor OF ENGINEERING. 


Str,—Early in 1924, the British Motor Cycle Research | 
Association, of which I am director, called for a 
brazing alloy with a melting point high enough to | 
withstand enamel stoving furnaces, and low enough to | 
flow without causing serious changes in steel, the 
application in view being the brazing of motor-cycle 
and cycle frames. In September, 1925, Mr. R. B. 
Deeley, then a research assistant in the Association, 
read a paper before the Institute of Metals, entitled 
“Zinc-Cadmium Alloys—A Note on their Shear 
Strength as Solders.”” In that paper almost the com- 
plete range of zinc-cadmium was dealt with, more 
especially in the neighbourhood of the eutectic. Shear 
strengths were then given as high as 8} or 9 tons per 
square inch. 

In view of this, the statements on page 692 of your 
issue of November 30, regarding ‘‘ Cazin ” solder, with 
a shear strength of 7 tons per square inch, are par- 
ticularly interesting. 

It is not the purpose of this letter to raise any 
questions of priority, for in the present state of wide- 
spread research, combined with multitudinous publi- 
cations, it is often difficult even for the most scrupu- 
lous to avoid occasional apparent plagiarism. 

Since 1925, however we have done a good deal of 
further work on these alloys, sometimes obtaining shear 
strengths as high as 11 tons per sq. in.; and it should 
be emphasised that these alloys have curious and 
obscure defects. They cannot be recommended with 
certainty where human life depends upon their use, 
unless very prolonged tests are made on the specific 
application in which they are embodied. 

Yours faithfully, 
H. 8. Rowe t, 


E 
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the remodelling of equipment at the Neasden Power 
Station. Saw and file manufacture make slow improve. 


United States Geological Survey. Water Supply Paper | ment, but there is a steady demand on export account 


No. 540. Ground Water in the New Haven Area, | 
Connecticut. By J. S. Brown. [Price 60 cents.] 
No. 581. 


1924, Part I. North Atlantic Slope Drainage Basins. 
[Price 25 cents.] No. 590, 1924. Part X. The Great 
Basin. [Price 20 cents.] Washington: Government 
Printing Office 

eronautical Research Committee. Reports and Memo- 
randa No. 1151. The Characteristics of a Karman 
Vortex Street in a Channel of Finite Breadth. By H. 
GLAavERT. [Price 9d. net.] No. 1163. On the Con- 
vection of Heat from the Surface of an Aerofoil in a 
Wind Current. By L. W. Bryant and Others. 
[Price ls. 3d. net.] No. 1166. The Force Acting ona 
Body placed in a Curved and Converging Stream of 
Fluid. By Professor G. I. Taytor. [Price 9d. net.] 
London: His Majesty’s Stationery Office. 


A 


Die Reichweite von Grundwasserabsenkungen mittels 
Rohrbrunnen. By Dr. Inc. HerManN WEBER. 
Berlin: Julius Springer. [Price 4-50 marks. ] 

A Bibliography of Metallic Corrosion. By W. H. J. 


Vernon, D.Sc. London: Edward Arnold and Com- 
pany. [Price 21s. net.] 

Engineering Education. Essays for English. Selected 
and edited by Ray PALMER BAKER. Second edition. 
New York: John Wiley and Sons, Inc. London : 
Chapman and Hall, Limited. [Price 10s. net.] 

Minutes of Proceedings of the Institution of Civil Engineers. 
Vol. 225. Part I, 1928. Edited by H. H. Jeffcott. 
London: Offices of the Institution. 

Bulletin de VAssociation Technique Maritime et Aero- 
nautique. Vol. XXXII. 1928. Paris: Offices of the 
Association. [Price 125 francs.] 

Der Verbrennungsvorgang im Gas und Vergaser- Motor. 
By Dr. Ing. Witnetm Enpres. Berlin: Julius 
Springer. [Price 6-80 marks. ] 

Die Belastbarkeit der Wailzlager. 
STELLRECHT. Berlin: Julius 
marks. ] 

Board of Trade. Report of the Departmental Committee 
on Examinations of Masters and Mates. London: 
His Majesty’s Stationery Office. [Price 9d. net.] 

United States Bureau of Mines. Mineral Resources of 
the United States in 1927 (Preliminary Summary). 





By Dr. Ing. HEtmut 
Springer. [Price 9 





Director of Research, 
Research Association of British Motor and Allied 
Manufacturers. 
15, Bolton Road, Chiswick, London, W.4. 
December 6, 1928. 








PerRsonaL,—Mr. G. Arrowsmith, M.Se., chief engineer 
of Messrs. Hick, Hargreaves and Company, Limited, 
of Bolton, has now been appointed a director of the 
company.—The Detrick Arch Company, Limited, 
Sentinel House, Southampton-row, London, W.C.1, 
have taken over from the Underfeed Stoker Company, 
Limited, all the rights for the design, manufacture 
and sale of all flat suspended arches and roofs and 
furnace walls constructed under the patent rights of 
the M. H. Detrick Company in Great Britain and the 
British Colonies, excluding Canada. The same firm 
have also acquired the rights of design, manufacture 
and sale of Beco boiler baffles for the same countries.— 
It is announced that Messrs. Vickers (Aviation), Limited, 
have acquired all the share capital of the Supermarine 
Aviation Works, Limited. The latter will continue 
as a separate company, with the same personnel as 
heretofore —At a meeting of the board of directors 
of the Scottish Tube Company, Limited, held on 
November 30, Mr H. J. Rhodes was appointed chairman 
of the company, in succession to the late Mr. A. Eadie. 
—Mr. R. M. Dowson has been appointed managing 
director of the British Metallic Packings Company, 
Limited, of 7, Princes-street, Westminster, S.W.1, in 
succession to the late Mr. C. P. Goode. 


Conracts.—Messrs. Vickers-Armstrongs, Limited, 
Broadway, Westminster, S.W.1, have received an order 
for three complete sets of endless-rope haulage gears 
arranged for electric drive, each haulage having a 
capacity of 600 tons at 75 ft. per minute.—Messrs. The 
General Electric Company, Limited, Magnet House, 
Kingsway, W.C.2, have received an order from the 
Great Western Railway Company for twelve months’ 
supplies of Osram vacuum and gas-filled lamps, and 
Osram vacuum train-lighting lamps. The same firm 
have secured a three months’ contract with H.M. Air 
Ministry for Osram vacuum and gas-filled lamps, also 
Robertson carbon-filament lamps.—In connection with 
the notice of the launch of H.M.S. Resource, which 
appeared in our issue of last week, we are informed 
that the electrical power required for the workshops 
on this vessel will be generated by two, six-cylinder, 
four-cycle, heavy-oil eagines, supplied by Messrs. Belliss 
and Morcom, Lim ted, Ledsam-street Works, Birm- 


[Price 20 cents.] I:1. Gold, Silver, Copper, Lead, 
and Zinc in the Eastern States in 1927. Mine Report. 
By J. P. Duntop. [Price 5 cents.] I: 23. Copper 
in 1926. (General Report.) By C. E. Jutiau and 
H. M. Meyer. [Price 10 cents.] II: 2. Fluorspar 
and Cryolite in 1927. By H. W. Davis. [Price 5 
cents.] II: 3. Carbon Black Produced from Natural 
Gas in 1927. By G. R. Hopkins and H. Backus. 
[Price 5 cents.] IL: 4. Graphite in 1927. By J. 
MripptETon. [Price 5 cents.] II: 6. Potash in 
1927. By A. T. Coons. [Price 5 cents.] II: 8. 
Feldspar in 1927. By J. Mippieton. [Price 5 
cents.] Washington: Government Printing Office. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Despite pessimistic reports there is 
a very considerable volume of activity in bulk steel 
production. The extent to which acid-steel manu- 
facture has suffered, owing to the policies of economy 
and internal manufacture practised by British railway 
companies, is difficult to gauge, but there is no doubt 
valuable relief has been found from the placing of 
contracts by foreign railways, among whom the 
reliability of British products seems to be creating 
a welcome impression. Also there are under con- 
sideration development schemes in several of the 
British Colonies, from which valuable business should 
accrue to local firms. The home and foreign demand 
for basic steel has expanded much beyond the limits 
computed in many quarters. The latest official report 
of monthly output in the Sheffield area gives a total 
of 102,000 tons. This was more than 11,000 tons 
greater than in the preceding month, and was 12,000 tons 
in excess of the corresponding month last year. The 
Lincolnshire area, which deals mainly with basic steel, 
also recorded valuable progress. There the monthly 
output of 53,000 tons was 10,000 tons more than the 
corresponding month of 1927, and was about 9,000 tons 
more than during the preceding month this year. Open 
market purchases of pig iron and other raw materials 
are restricted, but substantial deliveries are being made, 
under contract, to the big steel-making concerns. Stocks 
at consuming works generally are low, and any increased 
demand made on _ semi-finished materials by the 
constructional trades would immediately be reflected 
in expanded sales of raw material. The latest quotations 
per ton are as follow :—Siemen’s acid-steel billets, 91. ; 
hard basic-steel billets, 62. 17s. 6d. to 81. 12s. 6d.; 
soft basic-steel billets, 6/. 12s. 6d.; Derbyshire foundry 





ingham. The firm have also received an order for eight 
further 10) k.w. Diesel-driven auxiliary generating sets 


for two vessels now building by Messrs. Scott’s Ship- | 


building and Engineering Company, Limited, Greenock, 
for Messrs Alfred Holt and Company.—Amongst recent 
orders received by Messrs The Parsons Oil Engine 
Company, Limited, Town Quay Works, Southampton, 
are three emergency-lighting sets, two of 15-kw. and one 
of 18-kw., for Messrs. Swan, Hunter and Wigham 
Richardson, Limited ; four sets of standard Board of 
Trade machinery of 28-32-h.p. for the motor lifeboats 
to be carried by the new steamers building in Japan | 
for the Nippon Yusen Kaisha; and two 60-kw. emer- 

moy generating sets for the C.P.S. liner Empress of | 
Japan, now building by Messrs. Fairfield Shipbuilding 
and Engineering Company, Limited. 





pig iron, 6ls.; Derbyshire forge iron, 58s. 6d. ; Lincoln- 
| shire foundry iron, 6ls.; Lincolnshire basic iron, 60s. ; 
crown iron bars, 10/. 10s.; iron hoops, 12/. 10s. ; steel 
| hoops, 97. The scrap market has hardened. More 
| forward inquiries are in circulation, though it is impossible 
| to estimate at the moment what proportion of these will 
| result in solid business. The development is welcomed, 
however, as indicating the possibility of improved 
| conditions in the heavy steel trades during the early 
months of next year. In the finished trades several 
| valuable contracts have been received. The extension 
of the movement in favour of pithead baths finds its 
latest reflection at the Grassmoor Collieries, Derbyshire, 
where a start has been made on a contract valued at 
nearly 13,0007. A Derbyshire concern has received 
an order for pulverised-fuel plant in connection with 


Surface Water Supply of the United States, | forest and saw-milling products. 


for various classes of hand tools. Weak sections are 
| those devoted to the supply of plantation tools, and 

Many inquiries have 
| been received locally for the surface-hardened steel 
| which is being produced exclusively in Sheffield under 
| manufacturing rights secured by two local firms, Out. 
| standing features are that distortion is minimised by 
| low-temperature hardening, and that the result gives 
|a product of exceptional hardness which should prove 
| of widespread utility in engineering work. 

South Yorkshire Coal Trade.—Though there is little 
| sign of expansion, the home demand for industrial 
fuel is maintained, and more active conditions are 
anticipated within the next few months. Shipments 
are on a substantial scale, though shortage of ‘free ” 
coal is reported in some quarters to be acute. Rough 
slacks represent a slightly better market, but smalls 
are in abundant supply. The advent of the Christmas 
holidays has created an improved demand for house coal. 
Quotations :—Best branch hand-picked, 26s. to 27s. 6d. ; 
Derbyshire best bright house, 23s. to 24s. 6d.; best 
house coal, 20s. 6d. to 21s. 6d.; screened house coal, 
17s. to 18s, ; screened house nuts, 16s. to 18s.; York- 
shire hards, 14s. 6d. to 16s. ; Derbyshire hards, 14s. 6d. 
to 16s.; rough slacks, 8s. 6d. to 9s. 6d.; nutty slacks, 
4s, 6d. to 6s.; smalls, 3s. 6d. to 4s. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Quantities of marketable 
Cleveland pig are limited, and are little in excess of 
demand, though ironmasters in other home districts 
are still underselling the products of this area. In par- 
ticular, competition for the Scottish trade continues keen, 
Makers of Cleveland iron are themselves still absorbing 
the bulk of the output at their foundries and steelworks, 
and they hold firmly to their fixed prices for the limited 
parcels of surplus iron they offer for sale. Stocks are 
small, and producers intimate they are not likely to 
increase materially. Local and other home consumption 
promises to expand. No. 1 Cleveland is 68s. 6d. ; No. 3 
g.m.b., 66s.; No 4. foundry, 65s; and No. 4 forge, 
64s. 6d. 

Hematite.—Producers of East coast hematite are in a 
very strong statistical position. Steady moderate require- 
ments of home and Continental consumers promptly 
absorb the restricted output, and as stocks have almost 
vanished, the scarcity is somewhat acute. Output is to 
be enlarged early in the new year by the re-kindling of one 
or two idle furnaces. Quotations vary a little, terms on 





which contracts are arranged being a matter of individual 
bargaining. Hematite-iron manufacturers, however, are 
not disposed to entertain offers at below the basis of 
ordinary qualities at 71s. 

Foreign Ore.—Foreign ore merchants are taking a very 
firm stand and are assisted in their attitude by the strong 
state of the freight market. Consumers are very reluc- 
tant to pay prices asked, and there is very little business 
passing, but sellers declare that quotations are more 
likely to advance than otherwise. Recognised market 
rates are ruled by best rubio at 22s. 6d. c.i.f. Tees. 


Blast-Furnace Coke.—There is some movement to buy 
blast-furnace coke, but local users are not disposed to 
negotiate for extensive supplies. Durham good average 
qualities are firm, the price quoted being 17s. 6d., de- 
livered here, 

Manufactured Iron and Steel.—There is prospect of 
heavy output of manufactured iron and steel. Assured 
activity at the shipyards will keep one or two steelworks 
departments busy and have a beneficial effect on marine 
engine works. Producers of railway requisites are likely to 
be busier than for some time, and enlargement of output 
in constructional engineering branches is looked for. 
Common iron bars are 101. 5s.; best bars, 10/. 15s.; double 
best bars, 111. 5s.; treble best bars, 111. ls. ; packing 
(parallel), 77. 10s.; packing (tapered), 102. ; iron rivets, 
111. 5s. ; steel billets (soft), 6/. 15s. ; steel billets (medium) 
71. 2s. 6d. ; steel billets (hard), 7/. 12s. 6d. ; steel rivets, 
11/. ; steel ship plates, 81. 7s. 6d. ; steel angles, 71. 17s. 6d.; 
steel joists, 7/. 17s. 6d.; heavy sections of steel rails, 
81. 10s. ; black sheets (No. 24 gauge), 10/. ; and galvanised 
corrugated sheets (No. 24 gauge), 13/. 12s. 6d. 








NATIONAL ASSOCIATION OF WATER USERS, LIMITED.— 
The third annual report of the National Association of 
Water Users, Limited, since its incorporation, which 
report covers the year ending September 30, 1928, has 
recently been issued by the Council of the Association. 
It is stated therein that all proposed new water bills and 
provisional orders were scrutinised by Parliamentary 
agents during the early part of the year. As a result, 
objections were raised to 12 new water bills and one pro- 
visional order. Drafts for the 1929 session are now 
being examined. The Council of the Association 1s also 
continuing its endeavours to arrange that the owner- 
ship and liability for repair of communication = 
(i.e, that portion of the supply pipe which extends 
from a distribution main, or other pipe of the authority, 
up to the boundary of the consumer’s premises) shal 
be the concern of water authorities. Developments 
in connection with underground water are also — 
watched, in the interest of water users generally. Ful 
particulars regarding the activities of the Association 
and forms of application for membership may : 
obtained from the secretary of the Association, 49, 





Cannon-street, London, E.C.4. 
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NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—More active conditions have ruled in 
the Welsh coal trade during the past week than has been 
the case for some months. The changed conditions have 
been brought about by the arrival of tonnage which had 
been delayed by the recent gales, and the consequent 
increase in shipments which has provided an outlet for 
standing stocks of coal and current production. Pressure 
to get vessels loaded and sailed before the Christmas 
holidays has also combined to increase the activity. 
Collieries, as a result, have been more busily employed 
than has been the case for a long time past, and for 
prompt loading, salesmen have in many cases been able 
to secure prices above the schedule for the first time 
since the minimum scheme came into operation in May 
last. The closing of Messrs. Nixon’s pits has resulted in 
a shortage of dry steam coals with the result that best 
large has commanded up to 19s. with ordinaries from 
17s. 6d. to 18s. 3d. Best Admiralty large, too, has been 
strong at 19s. 3d. to 19s. 6d., with ordinaries from 17s. 6d. 
to 18s. Monmouthshire coals have in many cases been 
able to secure the extra 6d. allowance for shipment at 
Cardiff, Penarth and Barry. Dry nuts have ranged from 
21s, 6d. to 24s., and even at these figures have been 
difficult to secure. The pits will be idle from the Satur- 
day afternoon before Christmas until the following 
Wednesday night, and it is hoped appreciably to diminish 
stocks of coal. The coal trimmers and tippers at the 
docks will work two short day shifts on Christmas Eve 
and on the Thursday following, and will be on holiday 
on Christmas Day and Boxing Day. 


Withdrawn Coaling Appliances.—The original decision 
of the Great Western Railway Company to close down 
six tips on the west side of the East Dock, Cardiff, has 
been changed as a result of deputations from the Cardiff 
City Corporation to Sir Felix Pole, the general manager 
of the Company. Three tips on the east side of the East 
Docks have been closed down, and three tips at the Barry 
Docks are to be withdrawn next week. At Cardiff 13 
tippers have been displaced, but are being “‘ carried ” by 
the other tippers in a “pool.” At Barry 24 tippers 
have been given notice of dismissal. Sir Felix Pole 
offered to abandon the closing of the tips if the men would 
accept a reduction of 2} per cent. in their wages, but 
though the Cardiff men expressed their willingness to 
— to this proposal, the Penarth and Barry men turned 
it down. 


Heavy Coal Shipments.—Shipments of coal at the 
South Wales ports in the past week amounted to 542,660 
tons, which was 146,480 tons more than in the previous 
week, and represented the highest total for the year, 
comparing with 505,760 tons in June. Last week’s 
total is, however, considerably less than the record of 
756,370 tons reached in March, 1923. Each of the ports, 
with the exception of Llanelly, shared in last week’s 
improvement. At Cardiff shipments were raised from 
251,400 tons to 332,980 tons, at Newport from 52,120 
tons to 92,780 tons, at Swansea from 48,550 tons to 
60,680 tons, and at Port Talbot to well above 33,610 tons, 
but at Llanelly lowered from 10,500 tons to 7,400 tons. 








TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
details and information relating to these may be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case :—The acting British Consul at Riga reports that 
the Municipal Council are likely to be in the market for 
motor omnibuses capable of seating 25 passengers 
(Ref. No. A.X. 7238.)—A local firm in Sydney is desirous 
of getting into touch with British manufacturers of 
hydraulic tipping gear for motor lorries. (Ref. No. 
A.X. 7237.)}—The New Zealand Government Stores 
Control Board is calling for tenders, to be presented in 
Wellington by March 1, 1929, for the supply of disin- 
fectant fluid and sheep dip. (Ref. No. B.X. 4933.)—It 
is reported that the Town Council of Johannesburg is 
inviting two separate tenders, closing date for both of 
which has been fixed for January 3, 1929, one for the 
supply of ammonia piping, coils, valves and circular 
cork insulation (Ref. No. A.X. 7249), and the other for 
the supply and delivery of electricity meters and time 
switches, (Ref. No. B.X. 4945.)—His Majesty’s Consul- 
General at Montevideo has forwarded a translation of a 
law, which was promulgated on September 6, providing 
for the construction of a national meat-freezing and 
chilling plant in Uruguay. (Ref. No. A.X. 7220.)—The 
Ministry of Communications, Egyptian Government, is 
calling for tenders for the construction of a swing bridge 
over the, Mahmoudieh Canal. Closing date in Cairo, January 
10, 1929. (Ref. No. A.X. 7224.)—Tenders are invited by 
the New Zealand Government Railways Department, to 
be presented by December 18, for the supply of 5,000 
imperial gallons of castor oil. (Ref. No. B.X. 4922.)— 
Two separate tenders are being called for by the South 
African Railways and Harbours, the closing dates for 
both of which are fixed for January 17, 1929, in 
Johannesburg. The first is for the supply of workshop 
machinery (Ref. No. A.X. 7226), and the other is for 
the supply of structural bridgework (Ref. No. A.X. 
7227).—Tenders are being invited by the South African 
Railways and Harbours, to be presented in Johannesburg 
by January 31, 1929, for the supply of an electrically- 
driven locomotive turntable. (Ref. No. A.X. 7253.) 
The Sanitation Section of Liége Town Authorities is 
calling for tenders for the supply of motor vehicles for the 
collection of refuse. Closing date, December 27. (Ref. 
No, A.X. 7261.) 


NOTICES OF MEETINGS. 


INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 
6 p.m., Storey’s Gate, S.W.1. Cutting Tools Research 
Committee: Report on ‘ Machinability,”’ by Mr. E. G. 
Herbert. Graduates Section: Monday, December 17, 
6.30 p.m., ‘‘ Suction Gas as an Automobile Engine Fuel,” 
by Mr. J. R. Duggan. Midland Branch: Tuesday, 
December 18, 6.30 p.m., Queen’s Hotel, Birmingham. 
““Power Transmission by Belts: An Investigation of 
Fundamentals,”” by Dr. H. W. Swift. Hast Midlands 
Branch : Wednesday, December 19, 6.30 p.m., Lincoln 
Technical School, Lincoln. ** Internal-Combustion 
Engines,” by Mr. H. R. Ricardo. North-Western 
Branch : Thursday, December 20, 7.15 p.m. Engineers’ 
Club, Manchester. Report on ‘“‘ Machinability,”’ by Mr. 
E. G. Herbert. 

Junior INSTITUTION OF ENGINEERS.—To-night, 7.30 
p.m., 39, Victoria-street, S.W.1, ‘‘ Locomotive Boiler 
Washing Plant,” by Mr. E. J. H. South. Friday, 
December 21, 7.30 p.m., ‘‘ Oils for Cutting and Quench- 
ing Purposes,” by Mr. C. H. Hudson. 

Socrety oF CHEemicaL INDustry: CHEMICAL EnN- 
GINEERING GrovuPp.—To-night, 8 p.m., Chemical Society, 
Burlington House, Piccadilly, W.1. ‘“‘ The Air and Gas 
Lift as a Chemical Appliance,” by Mr. N. Swindin. 

NortH oF ENGLAND INSTITUTE oF MINING AND 
MECHANICAL ENGINEERS.—Saturday, December 15, 
2.30 p.m., Newcastle-upon-Tyne. “*‘ Extracts and Recom- 
mendations from the Report of the Water Dangers 
Committee,”’ by Mr. T. G. Davies. ‘‘ Notes on the Con- 
version of Main Pumping from Steam to Electricity, 
with Special Reference to the Plant Installed at Messrs. 
The Stella Coal Company’s Clara Vale Pit,” by Mr. L. H. 
Forster. ‘‘ Roof Control on Longwall Faces,”’ by Mr. 
J. F. C. Friend. A Patent Drag for Pit Tubs, exhibited 
by Mr. M. Jordon. 


INSTITUTE OF BRITISH FOUNDRYMEN.—Newcastle and 
District Branch: Saturday, December 15, 6.15 p.m. 
Neville Hall, Newcastle-upon-Tyne. ‘‘ The Production 
of Malleable Castings,” by Mr. F. H. Hurren. Wales and 
Monmouth Branch: Saturday, December 15, 6.30 p.m., 
University College, Newport Road, Cardiff. “* Refrac- 
tory Materials,” by Mr. W. R. D. Jones. Lancashire 
Branch, Junior Section : Saturday, December 15, 7 p.m., 
College of Technology, Sackville-street, Manchester. 
“The Application of the Microscope to the Study of 
Metals and Alloys,” by Mr. G. Mohn. Sheffield Branch : 
Friday, December 21, 7.45 p.m., Albany Hotel, Fargate, 
Sheffield. ‘‘ General Aspects of Die Casting,” by Mr. 
T. F. Russell. 

Hutt Association oF ENGINEERS.—Saturday, Decem- 
ber 15, 7.15 p.m., Municipal Technical College, Park- 
street, Hull. ‘“‘ The ‘ Sentinel’ Engine and its Applica- 
tion to Railway Work,” by Mr. J. W. Beaumont. 

NortH-East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Monday, December 17, 7.15 p.m., 
Bolbec Hall, Newcastle-upon-Tyne. Informal Meeting. 
“Could the Method of Conducting Measured Mile 
Trials be Improved?” Introduced by Mr. J. Neill. 


Rattway Cius.—Monday, December 17, 7.30 p.m., 
57, Fetter-lane, E.C.4. ‘*‘ Recent Developments in Main- 
Line Electrification in France,” by Mr. J. Pelham- 
Maitland. Wednesday, December 19, 7.30 p.m., Man- 
chester Hotel, Aldersgate-street, E.C.1. Annual Dinner. 


INSTITUTE OF TRANSPORT.—Tuesday, December 18, 
5.45 p.m., Institution of Electrical Engineers, Victoria 
Embankment, W.C.2, Graduates’ and Students’ Lecture. 
‘* Commercial Motor Vehicles, their Varieties and Uses,”’ 
by Mr. H. J. Butler. Birmingham and District Section : 
Tuesday, December 18, 6 p.m., Queen’s Hotel, Birming- 
ham. ‘ The Elimination of Street Accidents,” by Mr. 
A. D. Wilson. 

INSTITUTION OF CIviL ENGINEERS.—Tuesday, Decem- 
ber 18, 6 p.m., Great George-street, S.W.1. ‘The 
Reconstruction of the New Holland Pier,” by Mr. J. H. 
Nicholson. Wednesday, December 19, 6.30 p.m., 
Students’ Meeting. “The Harbour Improvement 
Scheme at St. Peter Port, Guernsey,” by Mr. I. W. G 
Freeman. Manchester and District Association: Wed- 
nesday, December 19, 6.45 p.m. Manchester Literary 
and Philosophical Society, 36, George-street, Manchester. 
‘“* Notes on the Purification and Disposal of Sewage,” by 
Mr. V. G. Pickering. Birmingham and District Associa- 
tion: Thursday, December 20, 6 p.m., Birmingham 
Chamber of Commerce, New-street, Birmingham. 
“Mechanical Transport of Passengers on Roads,” by 
Mr. T. C. Aveling. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
Scortanp.—Tuesday, December 18, 7.30 p.m., 39, 
Elmbank Crescent, Glasgow. ‘‘ On the Distortion of a 
Curved Member by Forces Applied to its Ends,” by Mr. 
W. H. Riddlesworth. ‘The Rational Use of Heat 
Transmission Factors in Design,”’ by Mr. J. 8. Brown. 
Royat METEOROLOGICAL SocreTy.—Wednesday, Dec- 
ember 19, 5 p.m., 49, Cromwell-road, South Kensington, 
S.W.7. ‘‘ The Dines Float Barograph,” by Mr. L. H. G. 
Dines. ‘“‘ The Distribution of the Average Seasonal 
Rainfall over Europe,” by Dr. J. Glasspoole. 

OVERHEAD Lines AssocraTIon.—Wednesday, Decem- 
ber 19, 5.30 p.m., Institution of Electrical Engineers, 
Victoria Embankment, W.C.2. ‘‘ Insulators,” by Mr. 
C. W. Marshall. 

INSTITUTION OF ELECTRICAL ENGINEERS.—Thursday, 
December 20, 5.30 p.m., Victoria Embankment, W.C.2. 
Jubilee of the Incandescent Electric Lamp. Lecture on 
Sir Joseph Swan’s Work, by Mr. J. Swinburne. ‘“‘ An 
Introduction to Researches on Circuit Breaking,” by 
Mr. E. B. Wedmore, Mr. W. B. Whitney, and Mr. C. E. R. 








Bruce. 


INSTITUTION OF MrininGc AND MetTaLLurey.—Thurs- 
day, December 20, 5.30 p.m., Geological Society, Burl- 
ington House, Piccadilly, W.1. ‘ Prospecting and the 
Discovery of Mines in South Africa,” by Mr. T. G. Trevor. 
“The Inefficient Use of Compressed Air in Mining,” by 
Mr. R. B. Woakes. “The Importance of Recovered or 
‘Secondary ’ Tin,” by Mr. J. B. Richardson. 








NOTES FROM THE NORTH. 


Giascow, Wednesday. 

Scottish Steel Trade.—The recent bookings by Clyde 
shipbuilders has considerably altered the outlook in the 
Scottish steel trade and the prospects for the next few 
months is decidedly better. This does not mean that 
capacity will be reached but only that more plant will 
probably be called into service and kept running steadily 
for a time. While the home trade is better, the demand 
for export lots has also improved and inquiries would 
likewise seem to be on the increase. In the black-sheet 
trade there is practically no change in the position except 
perhaps that producers of galvanised sheets are not 
booking quite as freely as they have been recently. They 
are, however, busily employed in fulfilling orders now 
onhand. Makers of light sheets have still a large tonnage 
on hand, but the demand for the heavier gauges con- 
tinues poor. Prices show little variation and are as 
follow :—boiler plates, 10/. 10s. per ton; ship plates, 
81. 7s. 6d. per ton; sections, 7/. 17s. 6d. per ton ; sheets, 
t-in., 81. 15s. per ton; and galvanised corrugated sheets 
No. 24 gauge), 13/7. 12s. 6d. to 131. 15s. per ton, all 
delivered Glasgow stations. 


Malleable-Iron Trade.—No improvement of any kind 
can be reported in connection with the malleable-iron 
trade of the West of Scotland. The demand for bar iron 
is of a limited nature, and inquiries do not point to any 
increase in business in the near future. The current price 
for “‘ Crown ”’ bars is 10/. 5s. per ton for home delivery and 
91. 15s. per ton for export lots. In the re-rolled steel bar 
branches the tonnage going through is decidedly good, 
but with the settlement of the labour difference in Ger- 
many new business is not quite as large as during the past 
few weeks. Prices are barely steady and are quoted at 
7l. 15s. per ton for home or export delivery. 

Scottish Pig-Iron Trade.—The state of the Scottish 
pig-iron trade is very much as it has been during recent 
weeks, production is, however, on a smaller scale. The 
current demand is not equal to output and stocks on 
hand are again increasing. The stoppage at the erd of the 
year may be of rather longer duration than in normal 
times and opportunity taken of the holiday period to 
allow orders to accumulate. Prices are steady and market 
quotations are as follow :—Hematite, 74s. per ton, de- 
livered at the steel works, foundry iron, No. 1, 75s. to 
76s. per ton, and No. 3, 70s. to 71s. per ton, both on 
trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
Saturday last, December 8, was very much better and 
amounted to 1,157 tons. Of that total 1,117 tons went 
overseas and 40 tons coastwise. For the corresponding 
week of last year the figures were 135 tons overseas and 
25 tons coastwise, making a total shipment of 160 tons. 

Shipbuilding.—Messrs. Maclay and McIntyre, Limited, 
shipowners, Glasgow, have placed an order with Messrs. 
Alexander Stephen and Sons, Limited, Linthouse, for a 
cargo steamer, of about 9,000 tons deadweight. The 
builders will supply the machinery.—The L.N.E.R. autho- 
rities have just placed an order with Messrs. John Brown 
and Company, Clydebank, for two twin-screw geared 
turbine passenger steamers for the Harwich-Hook of 
Holland service to the Continent. These two vessels 
will be of the shelter-deck type, with cruiser stern, and 
will be like the other one now building at Clydebank for 
the same route. When completed these three vessels 
will be the largest and most modern steamers on the 
cross-channel service. 








THe Rano Water Boarp, SoutH Arrica.—Condi- 
tions on the Rand, South Africa, as regards water supply 
are somewhat peculiar, in that large quantities of water 
are required for the ore mills of the mines of the district. 
Of the 5,424 million gallons raised and sold during the 
year ending March 31, 1928, 43-3 per cent. were con- 
sumed by the Witwatersrand gold mines, while 44-5 per 
cent. were used for domestic purposes in Johannesburg, 
Germiston, Benoni, Boksburg, and other municipalities. 
The main sources of supply are the Vaal river, and 
boreholes in the Klip river valley and at New Doorn- 
fontein. According to the twenty-third annual report 
of the Rand Water Board, from which the above figures 
are taken, the steadily-increasing demands for water 
have necessitated the completion of the Vaal river 
scheme, the first portion of which had been brought 
into service in July, 1923. The present scheme, which 
was adopted in May, 1927, involves the laying of a 22-in. 
diameter pipe line from Zwartkopjes pumping station 
to Forest Hill reservoir, and, from there, a 24-in. diameter 
pipe line to Yeoville reservoir, and the installation, at 
Zwartkopjes, of boilers and two turbo-centrifugal pumps, 
each capable of raising about 5} million gallons a day 
against a head of 1,175 ft. On March 31 last, the pipe 
line, which has a total ——_ of 124 miles, had been 
completed as far as Forest Hill reservoir, a distance of 
64 miles. The 22-in. — were supplied by the Mannes- 
mann Tube Company, Diisseldorf, and the 24-in. by the 
South Durham Steel and Iron Company, Limited, West 
Hartlepool. The two turbo-centrifugal pumping sets 
consist of a Pulsometer five-stage centrifugal pump 
driven through gearing, manufactured by Messrs. 
David Brown and Sons (Huddersfield), Limited, by a 





Bellis and Morcom steam turbine. 
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AGRICULTURAL RESEARCH 


Ir inn signs may be taken as any criterion, jolly 
farmers were abundant in the Victorian era; but 
nowadays, a genuine specimen might speedily find 
himself in the museum of the Royal College of 
Surgeons. The introduction of steam tractors 
probably led to a marked diminution of joviality, 
and the authority responsible for the horrible 
phrase “‘the mechanicalisation of the farm industry” 
may well have completed the process of elimination. 
At the present time, the compleat farmer is expected 
to have a knowledge not only of “the heredity of 
the cabbage group ”’—the phrase is not ours—and 
the dosage of pigs with ultra-violet rays, but also 
of the relative merits of steam and internal-com- 
bustion engines for farming operations, and of the 
value of an electrical supply as a source of power, 
as a stimulus to crops, and as a means of increasing 
the “working day” of poultry. In fact, short of 
ascertaining the effect of the B.B.C. programmes on 
the milk yield, there appear to be few possible 
| experiments to which live or dead stock have not 
| been subjected. Fortunately, it is not necessary 
| for the farmer to have even a superficial knowledge 
| of some of these issues to work his land successfully, 
| }and he may follow his forbears in employing horses 
| for ploughing, quite oblivious to the fact that he is 
conforming to the economic theory of the moment. 
While admitting, however, that so-called scien- 
| tific farming may be overdone, it would be unwise 
| to suppose that this branch of industry, more than 
another, can afford to neglect the opportunities 


| 


} 
| 
bos 








There appears to be a very real feeling among 
farmers that the de-rating proposals of the Govern- 
ment will be a decided help in re-establishing the 
industry on a sound basis, but, at the same time, 
international competition is now so severe that 
science. in fact, if not in name, must be permitted 
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English semantanl A don ear must Sheeivatiime be 
turned to the farmer’s prayer to be left alone, and 
he must be convinced by the only means which 
carry conviction, that of demonstration, that his 
methods are not always a model of efficiency. 
Unfortunately, as is stated in a circular accom- 
panying the booklet on “ Agricultural Research in 
1927,” prepared by the Royal Agricultural Society 
of England, farmers are naturally at a disadvantage 
not only in interpreting the results of scientific work, 
but also in knowing where to look for them. Such 
results appear in a great variety of forms, and are 
couched in language not always easily understood 
by him. His work lies around him on his farm ; 
he has not the time, nor always the means, to study 
a multiplicity of journals and pamphlets, and thus 
it happens that the results of research work, are 
often too slow in reaching those who are most 
concerned to know about them. This, we believe, 
is all very true, but so far as the purely mechanical 
side of farming is concerned, new apparatus, often 
accompanied by working demonstrations, can 
usually be seen at one or other of the agricultural 
shows held at frequent intervals throughout the 
country, and the knowledge gained by the visitors 
to these shows is, no doubt, widely disseminated 
through the medium of the ‘‘ Farmers’ Ordinary.” 
This method of education, however, fails in one 
very important respect ; it gives little or no infor- 
mation about the durability and upkeep costs of the 
plant exhibited, and its suitability for soils and 
conditions other than those prevailing in the locality 
in which the demonstration took place. It is at 
this point that the work of agricultural colleges, 
and of private investigators whose living does not 
depend on the success of their efforts, is of great 
value. It is almost needless to quote such researches 
as that of Dr. Keen, on tractor draw-bar pull, on 
the one hand, and that of Mr. Borlase Matthews, 
on the applications of electricity to farm work, on 
the other, to illustrate the point. Work of com- 
parable value in other directions is being carried 
out by a large number of workers not only in this 
country, but in many countries abroad, and it is 
more particularly in securing information on the 
results obtained in foreign countries that the farmer 
is at a disadvantage on account of his peculiar 
environment. It may be recalled that, to overcome 
the difficulty, the research committee of the Royal 
Agricultural Society decided two years ago to 
publish a booklet on agricultural research, and their 
initial venture in this direction met with such warm 
appreciation that it has been decided to repeat the 
publication annually. The 1928 edition, covering 
researches in 1927, has now been published, and 
forms an admirable summary of the work carried 
out in that year. It is obvious that the compilation 
of the booklet must have involved a very large 
amount of careful work, and this presumably 
accounts for the pubication being delayed well into 
the year succeeding that covered by the contents. 
The point is, however, of small importance, as there 
must always be a considerable time lag between a 
new discovery and its general adoption. 

From an engineering aspect, the most interesting 
researches which have been carried out recently 
are those concerned with the performance of 
tractors. In a recent bulletin on the trials carried 
out at Nebraska, the results of nearly seventy tests, 
which have been conducted since the work was 
begun in 1920, are given, and these serve to bring 
out the marked improvement that has taken place 
in the intervening period. As regards fuel economy, 
for example, the average number of horse-power 
hours per gallon was 7-6 in 1920 and 9-8 in 1927. 
During the same period, in tests for drawbar pull, 
the average rate of travel has been increased from 
24 m.p.h. in 1920, to 3} m.p.h. in 1927, while the 
weight has decreased from over 250 lb. per drawbar 
horse-power to something under 235 lb. At the 
same time, minor improvements have been effected, 


such as the total enclosure of the gears, and the 
almost universal fitting of air cleaners, while 


designs have been simplified, and ease of operation 
increased. We have referred on more than one 
occasion to the position of the tractor in England, 


and have pointed out that its use is greatly ham- 


pered by the small size of the average farmstead, 


and the awkward shape of many of the fields. 





| to guide the plough, and to harvest the crop, on the 





Although there are some indications of a revival of 








interest in their use, it appears unlikely that there 
will be any great expansion in the home market 
in the near future, even if, as appears possible, the 
Irish Free State is destined to become one of the 
largest tractor-producing countries in the world. 
Recent researches on soil resistance tend to the 
conclusion that economies may be effected by the 
use of more powerful ploughs working at relatively 
high speeds, but there are comparatively few farms 
in this country large enough to take advantage of 
the possibilities in this direction. Some instructive 
work has been carried out on the reduction of plough 
draft by means which may conveniently be referred 
to as lubricating the shares. It was ascertained 
some fifteen years ago that chalking led to a reduc- 
tion of as much as 15 per cent. in draft in moist 
soils, while good results are claimed for a recent 
process in which electric current is passed down 
the coulter, the mould board acting as a negative 
electrode. The explanation given for the reduction 
in draft in this case is that a film of moisture is 
deposited on the board. Dr. Keen has found that 
the presence of manure in the ground ploughed leads 
to a reduction in draft, which may be as much as 
20 per cent. when considerable quantities of farm- 
yard manure are applied to the soil. 

It may be said that, so far as England is con- 
cerned, farmers are marking time as regards the 
application of electricity to power drives, and so 
on. We have discussed the implications of the 
“grid” scheme so frequently that we need not 
refer to the question again here, beyond stating 
that the supply of current to the more remote 
farmsteads is likely to prove a difficult economic 
question from the point of view of the supply 
authority. The conditions prevailing here, how- 
ever, do not apply to foreign countries in many 
cases, and some clues as to future prospects may be 
obtained from experience gained abroad. Figures 
bearing on the loss caused to the farmer from the 
presence of standards on his land have been worked 
out in Germany. The loss of cultivatable surface 
would probably be negligible, but much time 
may be wasted due to implements having to avoid 
the obstruction. Calculating the hourly cost of 
working an implement at 2s. 3d., and including 
hand cultivation of the area round the standard, 
the total loss per hour on a standard occupying 
four square yards works out at 1s. 10d. It is as- 
sumed that the space missed in ploughing would be 
21 square yards, and this must be cultivated owing 
to the danger of its becoming a weed centre. As 
regards consumption, this depends so much on 
local conditions that figures are very apt to be 
misleading. An illuminating example of this is 
quoted in the report, where it is mentioned that 
over 80 units per acre are recorded in some parts 
of Norway, the explanation being that an annual 
charge is made, based on the kilowatts of plant 
installed, and no charge for current, with the result 
that much waste occurs. Experiments have been 
carried out in France with small electric ploughing 
sets in place of the 120-h.p. sets more generally 
used. The small sets were of the double-winder 
type, with motors of 40 h.p., and were found to be 
capable of ploughing about 7} acres per day on a 
consumption of about 30 units per acre. Each set 
required three men to operate it, one at each winder 
and a third at the plough. Electric silage is making 
progress in Germany, and there are already about 
900 such silos in use. One of the electrodes consists 
of a plate of wood, of which the lower face, which 
lies on the silage, is faced with zine or whitewashed. 
The second electrode is formed by a metallic grid 
connected to earth. It is necessary to pay careful 
attention to the walls of the silo, which must be 
efficiently insulated. The consumption of current 
averages about 20-kw.-hours per ton of silage. 








ELECTRICITY IN MINES. 


THE contents of the first part of the annual report 
of H.M. Electrical Inspector of Mines (Mr. J. A. 
Bernard Horsley) for the year 1927, which has 
recently been published by the Stationery Office 
at the price of 6d. net, will come as a shock to those 
who believe that the chief characteristic of the 
coal industry of this country is its backwardness. 
It appears that during the last five years the average 
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was 88,790 h.p. This at least indicates that there 
is no great disinclination to make a change, if a 
change is found to be desirable though at the same 
time it is obvious there is a good deal of leeway 
to make up. It is curious, however, to notice that, 
while in 1927 there were 41 fewer mines at work 
than in 1923, the number using electricity had been 
reduced during that period by 70. On the other 
hand, the horse-power of the motors installed in- 
creased from 1,364,745 to 1,684,123 h.p., the diffe- 
rence between the figures for 1927 and those for 
1926 being 63,978 h.p. For the first time the alter- 
nating and direct-current motors installed are shown 
separately, and it appears that of the total 79-8 per 
cent. are supplied on the former system, while as 
regards application, the preponderance of alternating 
current is marked under every heading. except wind- 
ing and portable machinery. These exceptions are 
due to the fact that nearly 45 per cent. of the horse- 
power installed for winding is in the Cardiff and 
Newport Division, where the Ward-Leonard system 
is largely used ; and that about 43 per cent. of the 
horse-power installed for portable machinery is in 
the Scottish Division where a direct-current supply 
is mainly employed. 

Some interesting figures regarding the use of 
coal-cutting machines of various kinds are given. 
In 1927, there were a total of 7,116 of these 
machines in use, of which 3,478 were electrical, and 
the remainder used compressed air, 2,252 of the 
latter being of the percussive and rotary and 1,386 
of the disc, bar and chain types. The corresponding 
figures in 1926 were 6,512, 3,114, 2,085, and 1,313. 
The percentage of coal cut by machine was 23-3 per 
cent. compared with 22 per cent. in the previous 
year. 

In metalliferous, as distinct from coal, mines the 
total horse power of motors installed was 25,765 h.p., 
compared with 24,447 h.p. in 1926, of which 
10,369 h.p. was below ground, the greater propor- 
tion being used for pumping. It is noted that at 
several quarries in Somerset self-propelled wagons 
drawing power from a live rail are used and that 
these are controlled froma central tower by switch- 
ing the current on and off the contact rail. 

As usual, the greater part of the report is occupied 
with a consideration of the various electrical acci- 
dents, fatal and non-fatal, which occurred during 
the year. Eleven fatal accidents arose either di- 
rectly or indirectly from this cause, involving the 
loss of 16 lives and serious injury to eight persons. 
With one exception these all took place below 
ground. Seven, one of which was a double fatality, 
were due to shock. One was caused by the ignition 
of fire damp, which resulted in three deaths and in- 
jury to two other persons. One fire resulted in five 
deaths and injury to five other persons and there were 
two accidents of a mechanical nature, each causing 
the death of one man. This is the most serious 
record since 1924, but it is significant that only in 
one other year, besides these two, since 1912 have 
the fatalities run into double figures, though the 
horse-power of the motors installed below ground 
has increased from 317,000 h.p. to 878,000 h.p. 
during that period. Of the seven accidents, which 
were due to electric shock, five, as is so often the 
case, arose from rashness or carelessness, while two 
were caused by misadventure. The ignition of fire 
damp originated from the omission of a fixing screw, 
while a fall of rock on an armoured cable caused 
the fire, the seriousness of which was much increased 
by the men in the vicinity running away. The two 
mechanical accidents must also be ascribed to care- 
lessness, though as Mr. Horsley points out, this 
human failing could often be compensated by fore- 
thought on the part of the management. 

The results of the investigations of these acci- 
dents give rise to some interesting comments. For 
instance, it is considered that metal-clad draw-out 
switchgear is much to be preferred to the cubicle 
type underground, as it can be more easily isolated 
without interfering with other circuits. Provision, 
it is stated, should be made to prevent power 
wires falling on signal wires, and the serious risk of 
relying on circuit breakers at the supply end of a 
long circuit to operate, when a dangerous fault 
occurs at the other end, is pointed out. 

Notification of 51 non-fatal accidents was 
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in addition to the eight persons injured non-fatally 
in two of the fatal accidents. Of these, 36 were 
below and 15 above ground. They included three 
cases of fire damp ignition, two of fire, and six 
accidents, in which switchgear burst when in use. 
During the year a circular was issued drawing 
attention to the danger caused to workers from 
live conductors while the examination, test and 
repair of equipment was taking place. This 
circular was prompted by the frequent occurrence 
of such accidents, and by the knowledge that 
proper means of earthing were not usually provided. 
The resulting accidents fall under two headings. 
Either work is begun on the assumption that 
the apparatus is dead or the circuit is earthed by 
flicking what are supposed to be isolated, but what 
are really live, contacts. It is advocated in the 
circular that the circuit shall be put to earth through 
a circuit-breaker, so that if it is alive no disaster to 
the operator will result. A simple method of doing 
this on draw-out gear is to use detachable extension 
plug contact pieces, which could be employed 
whether the circuit involved was a feeder fed from 
one or both ends by the same source or an inter- 
connector. When fixed metal-clad switchgear is 
used, there is usually an isolator between the circuit- 
breaker and the source of supply, though in the case 
of an interconnector this may be placed between 
the circuit-breaker and the line. As the terminals 
of the circuit-breaker are not accessible, the earth 
connection must be applied to the isolator terminal 
and, in order that this may be done, the latter 
must have an earthing contact, while for obvious 
reasons, the circuit-breaker must be placed between 
the line and the earth connection. With switchgear 
of the cubicle type it is more difficult to arrange for 
an effective interlock between the isolator and 
circuit-breaker, and thus to ensure that the isolator 
shall not be used to make or break a load current. 
As before, therefore, the earth must be applied 
through the adjacent circuit-breaker. Any risk 
that the earth circuit may be opened during the 
progress of the work must be guarded against, 
while the circuit-breaker must be prevented from 
tripping by making it non-automatic for the time 
being or securing the mechanism which holds the 
main contacts closed. It is not considered that such 
modification of the design will affect the reliability 
of the apparatus. Indeed, there is no reason 
why it should do so, and we are therefore glad to 
learn that several manufacturers are devoting special 
attention to the design of suitable equipment in the 
interests of safety to life and limb. 








WATER POLLUTION. 


No part of the business of a civil engineer is more 
responsible, and often in the presence of an increas- 
ing population more difficult, than the provision of 
a pure water supply. The difficulty of his task is 
the greater because definitions of purity are largely 
empirical and mostly unsatisfactory. From the 
point of view of public health, no definition has been 
framed which connects liability to cause disease 
with the demonstrated presence of constituents that 
are able to excite it. When first it became usual to 
control the quality of drinking water by chemical 
means, it was, indeed, remarked that statistically 
waters were found more liable than others to cause 
disease when they contained an unusual proportion 
of certain constituents, such, for instance, as organic 
matters or chlorides, but in the quantities in which 
these substances were found they appeared in them- 
selves to be absolutely indifferent to health. When 
bacteriological methods were adopted, it was found 
similarly that as a rule waters which caused ep!- 
demic disease had an unusually large number of 
bacteria, but in the enormous majority of cases 
it was found that people could swallow a witch’s 
brew of these bacteria without being any the worse. 
Very rarely, indeed, instances would occur when one 
or more of the bacteria found in water could produce 
epidemic disease, but these instances were sO ex- 
ceptional that the identification of such bacteria 
was quite useless as a practical routine test for the 
purity of the water. In still later times the micro- 
scopic and other animal contents of water have 
been studied, revealing a vast number of organisms 
of fantastic forms, but still with little or no evidence 
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that their presence was detrimental to health. The 
best account that could be given of the manner in 
which water becomes dangerous was, and in effect 
still is, that in some way it must have become 
polluted by contact with sewage, and all useful tests 
have come to possess the common character of 
throwing back upon the probability that the water 
has been polluted in this way. For this reason no 
measure of precaution is more indispensable than 
the survey of the supply and its surroundings ; and 
though sewage is not the only substance containing 
an excess of organic matters or of chlorides, or of 
bacteria, with which water may come in contact, it 
does contain such excess. Using these and analogous 
criteria, the best present practice in the discrimina- 
tion of water is thus to condemn it if by reason 
either of the circumstances of its origin, or by the 
presence in it of certain substances which in them- 
selves are indifferent to health, it may be supposed 
to have been keeping bad company. 

This is not a very convenient criterion, and may 
be specially unsatisfactory when through increasing 
population or other circumstances a community has 
little choice as to its source of supply. Rivers, more- 
over, from which a large proportion of water supplies 
have to be derived, are the necessary outfall for 
industrial wastes, and the relation of these to the 
wholesomeness of drinking water is all the more 
obscure because some of these effluents have only 
recently taken their place among the amenities of 
civilisation. The present unsatisfactory position 
has not arisen through lack of interest in the subject. 
For the last fifty years or more various aspects of it 
have been studied, some of them by work of unusual 
merit. Such studies, however, have been sporadic 
rather than systematic, and no sufficient mechanism 
has existed either for co-ordinating their results, 
or for identifying and attacking the problems that 
still await solution. Accordingly, last year the 
Department of Scientific and Industrial Research 
appointed a strong Water Pollution Research Board, 
with the duty of submitting to the Department 
from time to time means for research on matters 
affecting the purity of water supplies, especially 
in the prevention of their pollution by industrial 
effluents and sewage, and of supervising the execu- 
tion of approved investigations. The institution of 
this Board was part of a comprehensive plan for 
dealing with the pollution of rivers and streams, in 
which the legislative and administrative aspects 
were entrusted to an Advisory Committee on River 
Pollution instituted at a subsequent date by the 
Ministers of Health and of Agriculture and Fisheries. 
The function of the Water Pollution Research Board 
was to take the part in promoting technical progress 
which had been recommended in 1915 in the final 
report of the Royal Commission on Sewage Disposal. 
They were to be a central authority in close touch 
with all scientific and technical progress in respect 
to methods of preventing pollution, collecting and 
circulating for the purposes of bodies and indivi- 
duals concerned the latest available information, 
encouraging and co-ordinating scientific research in 
connection with water supplies and the disposal of 
polluted liquids, and undertaking such necessary 
investigations as are not provided for otherwise. 
Dr. H. T. Calvert, Chemical Inspector of the Ministry 
of Health, was appointed part-time Director of 
Research, and is already associated or in close 
touch with a variety of investigations already insti- 
tuted by other bodies. How far a part-time appoint- 


auspices of the Fishery Board and local industrial 
interests may be extended into a general enquiry, 
enabling the circumstances of the river to be 
studied more comprehensively. Another investi- 
gation, which has already been arranged to be 
carried out for the Board at the Chemical Research 
Laboratory, Teddington, relates to various points 
in the chemical mechanism of the base-exchange 
process of water softening by zeolites, which at 
present are understood very imperfectly. The 
enquiry is to include in particular the rate and 
extent of the base exchange, the wastage of the 
material, possible contamination by silica and 
alumina, the effect of size and texture of particles 
on the base-exchanging material, and the process 
of regeneration. The results of such an enquiry 
must add considerably to the usefulness of this 
interesting process. Among problems of sewage 
disposal the three types that appear most to need 
investigation are those relating to the activated 
sludge process, the de-watering of sludge, and the 
production of gas from sewage or sludge. With 
the object of obtaining the most definite results 
possible it has been decided to concentrate in 
the first instance on the experimental enquiry 
into the activated-sludge process, and of the 
biological and physico-chemical aspects, which 
might be studied, to select the former as the more 
promising. No doubt positive results on this 
aspect would have to be followed ultimately by 
physico-chemical observations, if full advantage is 
to be obtained from them. Another series of 
experiments which should have great practical 
importance is directed to ascertaining the best 
means of dealing with the effluents of beet-sugar 
factories, which, like the manufacture of artificial 
silk and the increasing concentration of the 
dairying industry, are causing considerable pollution. 
As this short summary shows, the Board has 
already put in hand a considerable number of 
enquiries, the results of which should be of 
substantial importance to water engineers. It is 
to be hoped that it will be pursued on a scale 
likely to lead to positive results. Previous investi- 
gations on the subject have not lacked interest 
or even variety, but in the aggregate they have 
been wanting in coherence and completeness. In 
this way it is to be feared that much valuable 
work has failed to produce any positive result, 
and among the more satisfactory impressions left 
by the present report is the prospect that the 
Board will not allow its work to be wasted through 
being left incomplete. 








NOTES. 
THE Port or RANGOON. 


THE chief city of Lower Burma, Rangoon is also 
a port of importance. It commands the mouth 
of the Irawadi, which is navigable almost over the 
whole of its length, and is becoming one of the great 
commercial highways of the Far Kast. The 
affairs of the Port are administered by a Com- 
mission, some of the members of which are Govern- 
ment officials or are appointed by the Government. 
Other members are elected by the Rangoon Cor- 
poration, and by various chambers of commerce 
and trade organisations. According to the report 
of the Commissioners for the year, ending March 31, 
1928, steamers to the number of 1,526, having an 
aggregate net tonnage of 3,880,057, and 129 sailing 





ment will be sufficient for the needs of the Board’s 
reference, must depend of course on the extent to 
Which the ground will be covered by such other 
investigations. 


ships having a total net tonnage of 10,293, entered 
the Port during the year. Compared with the 
previous year, the number and tonnage of vessels 
show an increase of 15 in number and 63,553 tons 


foreshore at Lanmadaw have been started, and 
partially completed during the year under review. 
These comprise the erection of steel-frame godowns 
roofed with asbestos sheet, the construction of new 
timber cargo-boat jetties and pontoons, and the 
laying out of new roads, railway sidings and drains. 
The equipment of the depot at Botatoung for 
inland-vessel traffic has been completed during the 
year. The depot consists of 29 godowns and one 
open shed, having a total floor area of 103,520 sq. ft., 
roads, railway sidings and three double pontoons. 
Further extensions subsequently became necessary, 
and the building of additional godowns has been 
put in hand. A new import salt depot at Upper 
Pazundaung was completed and brought into 
service on August 21, 1927 ; it comprises 32 godowns, 
having a total floor area of 129,060 sq. ft., capable 
of storing 40,600 tons of salt. Good progress has 
been made with the King’s Bank reclamation 
scheme. The construction of the wall has now been 
completed at a total cost of Rs. 38,66,231 ; upwards 
of 7,680,000 cub. ft. of stone were used in the 
work. Reclamation operations at present being 
carried out at the shore end of the wall will eventually 
provide an additional area of three acres, which will 
be utilised for the storage of coal and mooring plant 
and for other purposes. A number of new surveys 
of the river and port approaches have been con- 
ducted during the year under consideration. 
Dredging operations were carried out in the Danidaw 
reach, and in the berths at the wharves and jetties 
of the port, and sand and silt totalling 917,500 tons 
were removed. 


THe InstituTION OF MECHANICAL ENGINEERS ; 
NortH-WESTERN BRANCH. 


The North-Western Branch of the Institution 
of Mechanical : Engineers boasts of something 
like 1,000 members, and consequently has good 
claims to be considered a section of no mean im- 
portance within the Institution. Till the present 
year the chairman of this branch has been drawn 
from Manchester, but duringthis year,Professor W. H. 
Watkinson has held this office, thus affording tan- 
gible proof that the branch embraces both Man- 
chester and Liverpool and, of course, the surrounding 
districts. As was announced at a recent meeting at 
Headquarters in London, the President of the 
Institution next year, will be a Manchester man, 
Mr. Daniel Adamson, and it is fitting under the cir- 
cumstances that the Institution should follow the 
frequent practice of the past, of visiting during the 
summer the city with which the President is con- 
nected. There have been numerous exceptions to 








this custom, but the occasions on which it has been 
applied have certainly been successful, and there 
will be little doubt in the minds of members that the 
next meeting will prove worthy in every way of its 
forerunners. With so strong a local membership to 
support the President’s efforts, and the fact that the 
Institution has not visited the city for something 
like 28 years, the event can hardly fail to be both 
interesting and socially successful. Announcement 
was made of the decision by the President, Mr. R. W. 
Allen, C.B.E., at the dinner of the North-Western 
Branch held in Manchester on Thursday, the 6th 
inst., and Mr. Daniel Adamson, who proposed the 
subsequent toast of the guests, and the Lord Mayor, 
Councillor Lieut. Col. George Westcott, O.B.E., who 
replied, both committed themselves cordially to the 
idea. As usual, the function was well attended and 
proved to be thoroughly enjoyable. The announce- 
ment to which we have referred was made by Mr. 
Allen in responding to the toast of the Institution, 
previously proposed by Major S. H. Morgan, M.C., 


Meanwhile it may be remarked that the subjects|in net tonnage. The total sea-borne trade of| The toast of the guests was also replied to by Profes- 
chosen for initial’ enquiry by the Board itself Rangoon, during the twelve months under review, | Sor A. L. Mellanby, and that of the Chairman was 
include some of the more important to water | was 5,558,831 tons, of which 1,968,688 tons were proposed by Mr. H. F. Massey, Professor Watkinson, 
engineers. Probably the most comprehensive of | imports, 3,575,075 tons exports, and 15,068 tons| of course, replying. 
these is a proposed biological and chemical survey | transhipments. As is the case with all busy 
of the river Tees from source to mouth, with the | ports, development and improvement schemes are | 
object of obtaining precise data about the causes | continually in progress. A project for linking up | 
of the pollution the river has sustained during | Latter Street and Sule Pagoda wharves by a rein- | upon its calorific value, ash and moisture contents, 
its course. The variety of domestic and industrial | forced concrete wharf has been studied in detail, | and other physical and chemical properties, it is 
effluents that the river receives and their final | and construction operations will, it is anticipated, | not surprising that, with the present prices of that 
disposal in a tidal estuary make it likely that such |commence shortly. The work will provide an} commodity, increasing attention should be given 
an enquiry would have general as well as local | additional berth 515 ft. in length, andincludesthe|to the determination of those properties with 
interest, and proposals are now under consideration | building of a double-storeyed transit shed. Numer-| reasonable accuracy as a basis for the purchase. 
whereby a local enquiry projected under the joint | ous works connected with the development of the| The importance of the matter is indicated by the 





THE SAMPLING AND ANALYSIS OF COAL. 
Since the value of coal to the user is dependent 
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fact that one of the sections of the recent World 
Power Conference, reported on page 404 ante, was | 
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‘THE MARITIME TRADE OF BURMA. 


An interesting résumé has been forwarded to us from 


entirely devoted to it, and that the subject was | the Department of Overseas Trade, 35, Old Queen- 
further considered at the meeting of the Institute | street, S.W.1, which has been drawn from a report 
of Fuel, with which we dealt on page 673 ante. One| recently received from the Collector of Customs, at 


of the more obvious difficulties is that of obtaining a 
truly representative sample of a large consignment | 
of coal, but there is also room for differences of 
opinion with regard to the methods to be employed 
in preparing the gross sample for the subsequent 
laboratory investigations, as well as in the methods 
of carrying out the actual tests. In these circum- 
stances it is satisfactory to learn that the subject 
has been under consideration for the past few months | 
by a committee of the British Engineering Standards | 
Association, and that some progress has already | 
been made by the various sub-committees and 
panels now studying the details of the problem. 
The sub-committee on sampling, of which Mr. 
Ridley Warham is chairman, for instance, has put 
forward certain tentative proposals with regard to 
chute and truck sampling, and panels have been 
appointed in various districts to obtain experimental 
evidence on the practical application of these 
proposals, which also, cover the question of the | 
minimum weight to be specified for the gross sample. | 
Panels appointed by the Analysis Committee are | 





Rangoon, on the maritime trade of Burma for the 
official year 1927-28. A copy of the complete report 
may be seen by interested firms on application to the 
Department at the above address. 

The total trade with foreign ports has increased 
during the year by Rs. 4-71 crores, and is higher, by 
Rs. 3-07 crores, than the average for the three years 
1923-24 to 1925-26. The balance of trade shows a 
sum of Rs. 15 crores in favour of Burma compared 
with Rs. 16 crores in the previous year, the decline 
being due to an increase in the import trade. Several 
interesting statistical tables have been included, the 
first of which shows the variations in the average 
prices of certain representative articles in the import 
trade, the mean of the average prices of the three 
years ending 1900-01 being taken as the basis and 
entered as 100. Figures are given for the averages 
of the two five-years’ periods 1909-10 to 1913-14 
and 1914-15 to 1918-19, 1926-27 and last year; those 
for iron and steel are 111-8, 228-9, 134-5 and 131-3, 
respectively, while the total figures are 126-6, 194-6, 
185-7 and 179-2. The next two tables in the report 
show the comparative value of the principal articles 
imported from foreign countries and India, the figures 
being those for the average value for the three years 


dealing with such matters as the determination of | 1923-24 to 1925-26, 1926-27 and 1927-28. Cotton 
moisture, volatile matter, ash, sulphur, &c., and | manufactures head the list, as regards foreign coun- 
also with tests for calorific value, and we | tries, with 5,65-01, 6,09-32 and 5,59-65 Rs. lakhs, 
understand that sufficient progress has been made | ther items of interest being metals, with 1,94 -24, 
to justify the hope that, at a meeting which it is 2,05 -26 and 2,79 -28 Re. lakhs, machinery and mill- 
proposed to hold towards the end of February next, | work with 1,96-07, 1,85-43 and 2,60-41 Rs. lakhs, 
it will be ibl b : fini J 1 ~” | the total figures being 20,45 -81, 23,17 -53 and 25,80 -65 
it will be possible to submit definite proposals for | R.. lakhs, respectively. The values of the total imports 
some simple and economical standard methods of | from India over the same periods were 14,89 -98, 
sampling and analysing coal that will be applicable | 14,48-74 and 15,96-06 Rs. lakhs, the leading item 
to trading conditions at home and abroad. It is | being manufactures of jute. 
proposed to concentrate first on the tests suitable | The share of the United Kingdom in the total trade 
for ordinary industrial requirements, since these are | i" iron and steel and metal ores was Rs. — poss 
most urgently needed. Specialised tests will be | lakhs, as compared with Rs. 100-28 lakhs in 1926-27. 
dealt with subsequently, presumably only, or | Sho Siler maple ieee anh ahaa) Dae Saat See 
1 y> | : she | 75,581 to 117,297 tons. Trade with Belgium remained 





mainly, with respect to their industrial applications. 
Standardised methods, as pointed out by Dr. A. 
Parker at the World Power Conference, above 
referred to, are undesirable in special investigations 
and research work, which, however, would hardly 
be included in the scope of the committee. 


Gans 





LAUNCHES AND TRIAL TRIPS. 
* CoLuMBIA,”’-—Cargo motorship ; 
meister and Wain Diesel engines. Launch, November 10. 


Main dimensions, 401 ft. by 54 ft. 3 in. by 27 ft. 4 in. ; | 


designed to carry about 8,250 tons deadweight. Built by 
Messrs. Nakskov Shipyard, Limited, Nakskov, Denmark, 
to the order of the Orient Dampskibs, Akties., of 
Copenhagen. 

““CLYNE CASTLE.’’—Single-screw trawler. Launch, 
November 12. Main dimensions, 130 ft. by 24 ft. by 
13ft.9in. Built by Messrs. Cochrane and Sons, Limited, 
Ouse Shipbuilding Yard, Selby, for service at Swansea. 

“Lapy Somers.’-—Passenger and cargo steamer ; 
twin-screw, single-reduction geared turbines of Parsons 
impulse-reaction type. Launch, November 13. Main 
dimensions, 438 ft. by 60 ft. by 32 ft. 9 in.; maximum 


draught, 23 ft., and designed service speed, 15 knots. | 


Built by Messrs. Cammell Laird and Company, Limited, 
Birkenhead, to the order of the Canadian National (West 
Indies) Steamships, Limited, Montreal. 


“ THata.”’—Cargo steamer ; singlo-screw, triple-expan- | 


sion engines. Launch, November 14. Main dimensions 
384 ft. by 52 ft. 3 in, by 28 ft. 3 in.; designed to carry 
about 7,340 tons on a light draught. Built by Messrs. 
John Redhead and Sons, Limited, West Docks, South 
Shields, for Messrs. Frank C. Strick and Company, 
Limited, of London. ’ 

* SEaTRAIN.” —- Railway wagon - carrying steamer ; 
single-screw, triple-expansion engines. Trial trip, Novem- 
ber 14. Main dimensions, 427 ft. 6 in. by 62 ft. 3 in. by 
21 ft. 3 in.; designed to carry 92 wagons, or a dead- 
weight of 7,000 tons, be.ween New Orleans and Havana. 
Built by Messrs. Swan, Hunter and Wigham Richardson, 
Limited, Wallsend-on-Tyne, for the Over-Seas Railways, 
Incorporated, New York. i 

“CREOLE Bueno.”—Oil-tank steamer; twin-screw 
ra tn, ma engines. ‘Trial trip, November 14. 
Built by Messrs. Palmers’ Shipbuilding and Iron Company, 
Limited, Hebburn-on-Tyne, to the order of Sir Joseph W. 
Isherwood and Company, Limited. 

TUG AND SALVAGE VeEssEL.—Twin-screw, _ triple- 
expansion engines. Launch, November 17. Main dimen- 
sions, 150 ft. by 37 ft. by 18 ft. Built by Messrs. Philip 


and Son, Limited, Dartmouth, to the order of the Crown 


Agents for the Colonies. 


Ow-Tank Mororsurr.—Single-screw, Wallsend-Sulzer 
Diesel engine. Launch, November 28. Main dimensions 
450 ft. by 70 ft. by 32 ft. 3in. Designed to carry about | tonnage should be developed. 
11,000 tons deadweight. Built by Messrs. Swan, Hunter, 


& Wigham Richardson, Limited, Wallsend-on-Tyne, 


twin-screw. Bur- | 


| practically steady, while the share of the United States 
of America fell in value from Rs. 36-74 lakhs to 

Rs. 25-62 lakhs. Under the heading of Hardware 
|the imports increased by Rs. 5°19 lakhs, mainly due 
| to increased trade with the United Kingdom and the 
| United States of America. The share of the former 
|in the imports of enamelled ironware, however, 
| declined considerably owing to a demand for the cheaper 
| Japanese and German articles. The values of the total 
imports of machinery and millwork during the last 
|three years are given as Rs. 203-49, 185-43 and 
260-41 lakhs, the principal items during the past 
|year being mining machinery, electrical machinery, 
| prime movers, other than electrical, and boilers; the 
| United Kingdom was responsible for Rs. 53 lakhs out 
|of the total advance of Rs. 75 lakhs. Although the 
| total number of motor cars imported was less than in 
| the previous year, it is satisfactory to find that the 
/number of cars shipped from this country increased, 
|the principal countries of origin during the last two 
| years being the United Kingdom with 226 and 297, 
| Canada with 712 and 491, France with 49 and 41, and 
| Italy with 139 and 98 vehicles. 








| PULVERISED-FUEL INSTALLATION 
ON S.S. ‘* HORORATA.’’ 


| An interesting development of the application of 
| pulverised fuel to the boilers of steamships was demon- 
| strated on Friday, December 7, at Falmouth, on the 
Hororata, a twin-screw steamer belonging to the New 
| Zealand Shipping Company, Limited, 138, Leadenhall- 
| street, E.C.3. The system, which has several novel 
features, was designed and installed by Messrs. R. H. 
| Green and Silley Weir, Limited 117, Fenchurch-street, 
| E.C.3, in conjunction with Messrs. Buell Combustion 
| Company, Limited, Astor House, Aldwych, W.C.2. It 
|is known as the Howden-Buell system from the fact 
| that the well-known Howden forced-draught apparatus 

is used with the Buell burners. Before describing it 
|in detail and referring more specifically to the illus- 
| trations on the opposite page, a few comments may be 
| made on the general principles underlying the applica- 
|tion. One of these, kept in mind from the outset, was 
| to produce an equipment which could be installed with 
| practically no alteration to existing marine boilers 
| having forced draught, it being considered of paramount 
| importance, to shipowners and the coal trade alike, that 
| inexpensive means should be provided for lowering the 
| costs of present freights on vessels already in service 

rather than that schemes specially intended for new 
Improvements in the 
latter class will, of course, automatically follow from 
developments in the former one. 








Another point aimed at was that of reducing the 
refractory material required in the furnaces to the 
minimum amount consistent with efficiency. Again, 
the development of an essentially marine equipment 
was determined on, Messrs. Green and Silley Weir 
having, in fact, refused to undertake the work of 
installation until they were satisfied from actual experi- 
ments on the type of boiler concerned that it would be 
possible to send a vessel so equipped to any bunkering 
port in the world. A plant consisting of a marine 
boiler fitted with the apparatus as it was intended 
should be used afloat was accordingly erected on 
shore at Falmouth, and extensive experiments were 
carried out with it by the technical staffs of the two 
firms concerned. These resulted in the remodelling of 
the original scheme and an improvement in the burner, 
and so confident were the firms of success that the 
recent demonstration was the first occasion on which 
the boilers on the ship had been steamed since the 
conversion. It may be mentioned that the experi- 
mental plant on shore also included boilers fired with 
oil and hand-fired with coal for purposes of comparison. 

The Hororata is by no means a new ship, having 
been built in 1914. She is 511-1 ft. long by 64-2 ft. 
broad by 32 ft. deep, and has a gross tonnage of 11,243. 
The machinery consists of two sets of quadruple- 
expansion engines, with cylinders 26 in., 37 in., 53 in., 
and 76 in. in diameter and 48 in. stroke. The engines 
are steamed by six single-ended boilers, each 17 ft. in 
diameter and 12 ft. 1 in. long, and having four fur- 
naces. They are constructed for a working pressure 
of 210 lb. per square inch. All the boilers are fitted 
with Howden’s forced-draught apparatus, but only 
three of them have been equipped with pulverised-fuel 
burners. There is thus one stokehold having boilers 
hand fired as originally fitted, and one, the forward one, 
with boilers burning pulverised coal. A complete and 
exact comparison of the two systems as worked in 
actual practice can thus be made, and a voyage carried 
out under such conditions should yield very fruitful 
results. 

The forward stokehold proper, of which a photograph 
is reproduced in Fig. 1, remains the same as it was, 
except for the change in the furnace fronts to accom- 
modate the burners, and the pulverising machinery has 
been installed in what was formerly the lower part of the 
cross bunker. The upper part of this bunker has been 
formed into a large storage bin having three hopper 
shaped portions, and is separated from the side bunkers. 
The coal, as delivered to the ship, is stored in these 
side bunkers, and is trimmed through doors at the 
bottom of them on to a sizing grating which has bars 
spaced a distance of 3 in. apart both ways. The coal 
falling through the gratings, the larger lumps being 
broken up upon it, is lifted by a short bucket elevator 
to a motor-driven crusher which reduces it to pieces 
of, roughly ?-in. cube. On delivery by the crusher, 
the coal is carried by a longer elevator to the storage 
bin. This part of the apparatus was supplied by 
Messrs. Fraser and Chalmers Engineering Works, Erith, 
and is in duplicate, that is, there is a crusher and a pair 
of elevators in each wing. One set only, is, however, 
normally used, the other being in reverse. 

The crushed coal in the storage bin is directed by the 
hoppers into the pulverising plant immediately below 
them. There are three mills, that is, one to each 
boiler. They are of the Fuller-Bonnot ball type, and 
are made by Messrs. Babcock and Wilcox, Limited, 
Farringdon-street, E.C.4. The mill pulverises the 
coal to a fineness indicated by 75 per cent. passing 
through a 200-mesh sieve, though in the newer types it 
is expected that this will be increased to 90 per cent. 
Oversize material is automatically returned for re-pul- 
verising. Each mill is driven through worm-reduction 
gearing by a steam turbine made by Messrs. Greenwood 
and Batley, Limited, Leeds. The pulverised fuel from 
the mill is picked up by a Sturtevant fan, also driven 
by a steam turbine, and is discharged into the distri- 
butor boxes. These are simple wedge-shaped boxes, the 
wider end of which is connected to the fan-discharge 
pipe, and the narrower end to four burner supply pipes. 
These are of the flexible type, and one is led to each 
burner, of which there is one per furnace. They are 
seen in Fig. 1. The pressure at the fan discharge 1s 
approximately 15 in. of water, but, owing to the turbu- 
lence at the burner exit, this is largely absorbed at 
that point, with the result that the flame burns very 
quietly. 

The power required for the pulverising machinery 
as a whole is nominally as follows: Three mill turbines. 
each 20 h.p.: three fuel fans, 10 h.p. each ; two short 
elevators, 3 h.p. each; and two long elevators, 7 h.p. 
each. In practice, however, the full powers do not 
appear to be necessary and, as previously stated, both 
sets of elevators do not run concurrently. The 
machinery is large enough to fire the whole of the 
six boilers should it be decided to convert the 
remaining three boilers. At present, as each boiler 
has its own apparatus, control is very easily maintained, 
while adjustable deflecting plates in the distributor box 





are provided to regulate the flow to individual burners. 
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A stop valve on each burner-supply pipe permits 
any burner to be cut off. So far as shown by prolonged 
tests on the shore plant, no trouble has been experienced 
from the choking of the pipes, and no attention is 
required once the initial adjustments for the desired 
rate of steaming have been made. In connection 
with the mill equipment, which may be thought to be 
on too lavish a scale in this case, it may be stated that 
some extensions of the experiments which are now 
being made appear to indicate that the system can be 
simplified to such a degree that one duplex pulveriser 
will be quite sufficient for ships up to 10,000 i.h.p. The 
duplex construction will comprise a working and a 
stand-by set, and, in addition to the advantage of 
economy in space, the cost will be considerably 
reduced. In like manner, it would seem that such a 
plant could be constructed without the elevator 
equipment at present regarded as necessary. In this 
event, it is anticipated that coal already crushed to 
a suitable size could be obtained direct from the mines, 
and the present methods of bunkering would be 
greatly improved. We understand that the Mining 
Association of Great Britain are interesting themselves 
in this aspect of the question. 

Coming now to the burners. The success of the 
system is largely due to the maintenance of correct 
proportions of fuel and heated air, which the design 
of the burner makes easily possible. The burner is 
classed as a triple-flow burner, as three streams of 
air pass through it. The primary air carrying the fuel 
passes through a channel of annular section, through 
the inner tube forming which flows a stream of heated 
secondary air. Outside the fuel stream is another 
stream of heated secondary air, which impinges on the 
other two streams through a number of holes in a 
tangential manner, and so sets up the turbulence 
so vital when burning pulverised fuel in a compara- 
tively small cylindrical furnace. The Buell burner 
was fully described and illustrated in ENGINEERING, 
vol. exxii, page 813, and although the design has 
been modified in detail, the essential principles are the 
same. The conical dispersion rings then used have, 
however, been discarded. 

The external appearance of the burner, as fitted in 
this installation, is seen in Fig. 2. The inner stream 
of secondary air is introduced through a hole in the 
side of the central tube, the end of which is fitted 


with a window for purposes of inspection. The 
secondary air is supplied under pressure from a Howden 
smokebox heater of the usual type, and is also passed 
through a chamber on the inside of the furnace front 
where the temperature is further raised to a high 
degree. This assists in rapid and complete com- 
bustion. The primary air carrying the fuel enters 


through the ring embracing the central tube. It 











will be noticed in the figure that the furnace fronts 
do not differ greatly from the usual Howden pattern. 
As a matter of fact, should the owners of the vessel 
desire to revert to hand firing with ordinary coal, 
the original studs have been left in and the change 
could be made on all three boilers in two to three 
hours. The furnaces do not contain any firebrick 
baffles, the only refractory material being a ring of 
firebrick blocks, about 2 ft. in length, immediately 
adjacent to the furnace front. This freedom from 
obstruction of the furnaces has two important advan- 
tages: All the exposed surface is water-cooled and the 
ash, in consequence, separates from the gases in a 
powdery form which is easily removed through a door 
below the burner; a similar door is fitted to the 
inner air chamber and is opened simultaneously with 
the external door. 

The other advantage is one which is often over- 
looked in considering the improved performance of 
both oil-fired and pulverised-coal-fired boilers as 
against hand-fired boilers of identical construction. 
As is well known, the effective heating surface of a 
horizontal cylindrical furnace with firebars, is only 
that portion of the furnace above the firebar level. 
In the present boilers, therefore, each with four 
furnaces, the furnace heating surface has been doubled 
in area and is probably also more efficient. Of course, 
this advantage may be neutralised to a considerable 
extent if the furnace in question is obstructed with 
firebrick, but as already pointed out, this is not the 
case in the Hororata. At the same time, it is recognised 
that the present arrangement of firebrick is only suit- 
able for burning bituminous coal. In the event of semi- 
anthracite, or coal with a low percentage of volatile 
contents, being used, it would be necessary to increase 
the area of the firebrick. The tubes are fitted with 
strip spiral retarders of the usual form. 

With more particular regard to the demonstration 
of Friday last, as already pointed out, the boilers had 
not been steamed since the change was made. The 
pulverised-fuel burners were lighted up by a paraffin 
torch as easily as is the case with oil fuel. A Yorkshire 
coal was used in both stokeholds, and was in run-of-mine 
condition. The smoke, as far as could be seen, was not 
denser than would show a light brownish grey from 
the pulverised-fuel boilers; but, as the single funnel 
was shared by both stokeholds, it was only at intervals 
between the firing periods of the hand-fired boilers 
that it could be observed as being possibly due to 
the pulverised-fuel boilers. The pulverised-coal boilers 
were fitted with electrical indicating pyrometers in 








both the combustion chambers and the smokeboxes. 
When we inspected these pyrometer scales, that for 
the combustion chamber recorded a temperature of 
about 850 deg. C., whilst that in the smokebox was 
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290 deg. C. The CO recorder had not been coupled up. 
The vessel cruised about for several hours off Falmouth, 
a period of steaming which hardly afforded sufficient 
time for ash accumulation either on deck or in the 
boilers. An inspection of the smokeboxes after the run 
was over, however, showed the tubes to be very clean, 
while those of the hand-fired boilers were exhibiting 
signs of soot deposit. The boilers had been retubed 
during the installation of the gear. There was no trace 
of deposits on the decks. It was estimated that the 
pulverised-coal boilers were supplying about two-thirds 
of the steam required. The experiments previously 
alluded to showed that the evaporative power of a 
marine-type boiler fitted with the Howden-Buell system 
is about 30 per cent. greater than a similar boiler hand- 
fired, without reducing the thermal efficiency. From 
time to time peak loads of 50 per cent. greater had 
been carried, but, on those occasions, it was observed 
that the thermal efficiency had fallen off. 

The ship left Falmouth a few days after the demon- 
stration, and is due to sail from London for New 
Zealand on December 20. The installation aroused 
considerable interest, the Hororata being the largest 
ship yet converted to burn pulverised fuel. 








DiksELt-DRIVEN PouMPING PLANT IN AUSTRALIA.— 
For some thirty years the water supply to the fruit- 
growing districts around Waikerie, on the Murray River, 
South Australia, has been provided by a station equipped 
with four Hornsby gas engines and a steam engine. 
Although this plant gave excellent service, modern deve- 
lopments, and more especially the possibilities of the 
Diesel engine, have rendered this source of power less 
suitable than formerly for the circumstances, and 
a change-over has been made recently, when Diesel 
machinery, consisting of six-, four-, three- and one- 
cylinder units, was put into operation, two of the original 
gas engines being retained in case of any emergency. 
The new engines, which were supplied by Messrs. 
Worthington-Simpson, Limited, of Newark-on-Trent, 
and are rated at 90 h.p. per cylinder, were delivered at 
Waikerie by river, and landed close to the pumping 
station, which has been slightly enlarged. The difficulties 
met with during the installation were considerably 
increased by the fact that new beds had to be cut by hand, 
to a depth of 10 ft., through solid concrete, the work 
being continually impeded by the influx of water 
from the river. The oil fuel is stored in a 50,000 gallon 
tank, which is filled from the railway tank cars through a 
pipeline from the station, and from which the engines are 
fed by gravitation. In addition to augmenting the 
station’s output, considerable reductions are expected 
in the maintenance costs, the original machinery neces- 
sitating the employment of 24 men, as against about six 
for the Diesel engines, while about 50 tons of wood were 
formerly consumed daily at a cost of 501. perton. We 
understand that this is the first Diesel-driven plant, 
for pumping water to the fruit-growing settlements, to 





be installed on the Murray River. 
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NOTES ON NEW BOOKS. 


In a remarkable address, which might almost rank 
as a prose poem, delivered to the Royal Society 
of Arts in March last, Sir J. H. Jeans gave an 
epitome of the extraordinary, possibly epoch-marking, 
discoveries in astronomy made during the past 
twenty years. To these Sir James has himself been 
one of the leading contributors, and in a work entitled 
Astronomy and Cosmogony, just published by the 
Cambridge University Press at 31s. 6d. net, he 
describes in detail how the revolutionary views now 
accepted were developed. One interesting point 
which seems to be now definitely established is that 
solar systems are extremely rare. When a giant star 
is broken up by centrifugal forces, it normally divides 
into two components of nearly equal mass, whilst 
the formation of a solar system such as ours, with a 
central body containing nearly all the total mass, must 
have been due to the very near approach of some other 
star making an almost grazing collision with our sun. 
During this close contact, long processes were pulled 
out of the latter, which ultimately condensed into 
the planets. No doubt the star responsible suffered 
in a similar way, and the twin of our system is 
presumably ranging somewhere through space. The 
probability of such close encounters is calculable, and 
it appears that, on the average, there will be but one 
in 5,000 million years, and since our system is probably 
some 2,000 million years old, it is presumably the 
youngest of the 100,000 or so of solar systems in 
the universe. This is very small compared with the 
total number of stars which is estimated at some 
hundreds of millions. Moreover, the indications are that 
very few more solar systems will be formed, since the 
stars are dissipating their mass in radiation so fast that 
they will have disappeared before many more close 
encounters can occur, and yet so slowly that their 
average age is of the order of 5 x 10” years. It 
has been suggested that the universe has had neither 
beginning nor end, and that, though the stellar mass 
is disappearing in radiation, new matter may be 
evolved from the latter somewhere or somehow, 
thus starting new cycles of evolution, the succession 
extending from everlasting to everlasting. This view, 
Sir James states, is not supported by observation, 
as the galaxy shows too many middle-aged stars 
and too few infants and veterans. There is, he states, 
evidence of a special birth of stars at about the time 
our sun was born. Nevertheless, he suggests else- 
where that the spiral arms of certain nebulew have not 
been satisfactorily explained, leading to the suspicion 
that the spiral nebula are the seat of unknown types 
of force. Possibly, he suggests, these centres are 
‘singular points’’ at which matter is poured into 
our universe from some other spatial dimension—we 
presume, the *‘ elsewhere ”’ of the relativists. 


The comprehensive text book of aeronautical science 
entitled Cours d’ Aeronautique (Librairie Polytechnique 
Ch. Beranger, Paris; price 56 frances) is intended 
for the student who, having mastered the physical and 
engineering principles on which the subject is founded, 
needs a work dealing thoroughly and exclusively with 
the pure science of aeronautics. The first part deals 
with the nature of the atmosphere and air resistance ; 
the second discusses the aircraft, the airscrew, the 
problems of stability, pilotage, the engine, instruments 
and the rest, and includes, also, a special study of the 
flying boat and seaplane; the final part deals with 
aerostatics and the airship. The author has also 
incorporated into this work the results of much of his 
own researches intc the science of aeronautics. 





Dr.-Ing. W. Pauer’s Energiespeicherung (Dresden 
and Leipzig: Theodor Steinkopff; price 12 marks) 
is rather an ambitious work. The book forms 
volume VI of the Monographs on Heat and Heat 
Economics (Wirmelehre und Wiirmewirtschaft), edited 
by Professor H. Pfiitzner, of Dresden; Dr. Pauer is 
professor at the Technical High School of Dresden. 
Heat storage has become so important a problem that 
it might claim a volume for itself. In the book 
before us, on Energy Storage, three of the chapters 
deal with heat storage, and the three preceding chapters 
with energy storage in general, flywheels and water- 
power storage. As these first three chapters only take 
up 40 out of a total of 179 pages, and as some general 
introduction of the kind adopted was indispensable 
to a discussion of the problem of heat storage, our 
criticism may be thought to concern the title selected 
more than the matter. But though the author 
succeeds with the aid of concise language, special 
symbols, graphs, diagrams and tables, in condensing 
a great deal of information into his pages, the reader 
will frequently want more, and the literature references 
(too predominantly German), and the very short index, 
do not afford sufficient help. Some of the symbols 
(e.g., a zig-zag line to represent a superheater and, 
modified, a condenser or preheater) recall electric 


symbols with other meanings; these symbols are, 
| however, largely used in similar publications. The 
three main chapters deal, respectively, with heat 
storage in liquids, for continuous heat supply and for 
| supply dependent upon a pre-determined temperature, 
preheating and cooling, and warm-water storage; with 
steam storage, comprising soda-lye boilers and electro- 
chemical accumulators ; and with heat storage in solids. 
We find schemes of plants, calculations and graphs of 
dimensions and capacity, and useful summaries of the 
advantages of one or the other system, but very little 
about actual plants and performances. Instead of 
the tables of heat losses from spheres of metals and 
porcelain, one would prefer data on pipe insulation ; 
as regards this, the reader is referred, in a few lines 
to Cammerer’s useful book which we referred to on 
page 228 of our issue of August 24. The book is useful 
in itself, but as already pointed out, one expects more 
from the title than can be given in a volume of its size. 


The aeroplane is an extravagantly uneconomic means 
of transport, the margin of superiority in speed it 
possesses over the fastest form of surface transport being 
obtained only by a tremendous increase in power. 
Air speed, contends the author of L’Hélice et L’ Avion 
de Demain, by Maurice Blain (Desforges, Girardot et 
Cie., Paris) is too expensive. The prospect of rendering 
it more economical of attainment rests, he con- 
siders, very largely on the perfection of the airscrew. 
‘The airscrew of 1908,” he writes, ‘‘ was very good ; 
that of 1913 was excellent, and since that date the 
airscrew has not evolved at the same rate as the 
engine and the other constituent parts of the aircraft.” 
This 56-page pamphlet is a technical description of an 
invention of the author by which, he considers, the 
airscrew’s efficiency may be increased. It deals, also, 
with his relations with, and grievances against, the 
bureaucracy charged with the development of aero- 
nautics. nee 

Dr. R. Alan Morton’s Radiation in Chemistry, (London : 
Bailliére, Tindall and Cox ; price 15s. net), belongs to the 
Industrial Chemistry series of volumes which, originally 
edited by Dr. Samuel Rideal, are now under the editor- 
ship of Dr. E. de Barry Barnett, of the Organic Chemistry 
Department, Sir John Cass Technical Institute, E.C. 
The series, the editor states in his preface, is to cover 
industrial chemistry rather than chemical technology, 
and is thus to provide a connecting link between 
textbooks on pure chemistry and textbooks on chemical 
technology and chemicalengineering. Without wishing 
to enquire into the exact meanings of these distinctions, 
we agree that the book fairly holds the mean between 
pure and technical chemistry in a useful manner. 
Dr. Morton, who is lecturer in chemistry in the Liverpool 
University, wishes to present his subject with an indis- 
pensable minimum of theory and to give facts of possible 
practical value. Two of his eight sections deal with 
Light Sources and their Intensity Measurements, 
but they are not the first two, being preceded by a 
section on the Laws of Photochemistry. Afterwards, 
the section on Photographic and Allied Industries is 
interposed between Photochemical Reactions and 
Photo-electricity and Luminescence, and the last section 
on the Application of X-Rays, follows section seven on 
Biochemistry and Light. It does not seem a very 
consistent sequence, but it all reads well. Looking up 
phosphorescence in the index, we find, that photo- 
luminescence comprises fluorescence, the luminosity 
which vanishes as soon as the existing source is removed, 
and phosphorescence, which persists for some time. This 
plain statement is welcome, while the author’s minimum 
of theory, the reader will soon recognise, signifies a pre- 
ference for concise summary rather than omission. Dr. 
Morton does not see with Perrin, to whom he refers only 
once, in thermal radiations present at all temperatures 
| the main source of chemical activation, but he wisely 
|refrains from discussing the fundamental theory of 
| radiation, which is unlikely to emerge from the melting- 
| pot stage for a long time to come, without neglecting 
| to notice promising lines of research. One strikingly 
| 





persistent misprint should be mentioned, as such 
mistakes are apt to be repeated; the discoverer of 
| X-ray diffraction by crystals was M. von Laue, and 
| not Laue. 








THE AssocrIATION OF PuBLIC LIGHTING ENGINEERS.— 
The vacancy caused by the death of Mr. Noah Wright. 
of Bournemouth, president elect of the Association of 
Public Lighting Engineers, has been filled by the unani- 
mous election of Mr. S. B. Langlands, of Glasgow, the 

| first president of the Association. The next annual 
| meeting of the Association will be held at Bournemouth 
| from September 9 to 12, 1929. An exhibition of public- 
| lighting appliances will be held in connection with the 
meeting, and firms desirous of participating should 
|}communicate with Captain W. J. Liberty, honorary 
| secretary of the Association, 68, Victoria-street, London, 
| S.W.1. A general meeting of the Association will be held 
| at the British Industries Fair, Birmingham, during the 
| third week in February, 1929: particulars of this will be 
‘issued at a later date, 





THE RECONSTRUCTION OF THE 
PICCADILLY CIRCUS TUBE RAIL- 
WAY STATION, LONDON. 

In two recent issues of ENGINEERING,* we gave an 
account of the work involved in constructing the new 
station under Piccadilly Circus. This station serves 
the two tube railways, which intersect at that point, 
and also provides facilities for pedestrians wishing to 
pass quickly from one side of the Circus to the other. 
The work, it will be remembered, included the driving 
of four escalator tunnels, housing eleven reversible 
escalators, and the construction of a subway, into 
which the pipes and cables originally crossing the site 
were diverted. The completion of this really great 
engineering feat, which was effected well within the 
contract time and without serious accident, was made 
the occasion of a ceremony on Monday, December 10, 
the station being opened to the public on the same day. 

In introducing the Mayor of Westminster, who 
performed the ceremony, Lord Ashfield pointed out 
that in the 22 years of the station’s existence the 
number of passengers using it annually had increased 
from 1,500,000 to 25,000,000. They had, however, built 
not only for the present, but for the future, since the 
existing system of underground railways must be 
extended farther afield as the years went on. Such 
development must particularly affect the Piccadilly 
Railway, extensions of which were needed both north- 
ward and westward. These extensions would undoubt- 
edly lead to the greater use of the Piccadilly Circus 
station, which had, therefore, been designed to handle 
50,000,000 passengers per annum. The Mayor (Major 
Vivian B. Rogers, D.S.O., M.C.), then started the 
escalators and, with the other guests, was conducted 
round the station. Among those present were Mr. 
A. R. Cooper (chief engineer of the Underground), 
Mr. Harley H. Dalrymple Hay (consulting engineer), 
Mr. Charles Holden (consulting architect) and Mr. 
G. Burt, representing Messrs. John Mowlem, Limited, 
the principal contractors. 

Without unduly repeating what has already appeared 
in these columns, it may be mentioned that that portion 
of the work which required the most care and ingenuity, 
was the excavation of the new booking hall directly 
under the Circus. This consists of an elliptical chamber 
155 ft. by 144 ft., and 9 ft. high, a view ofwhich is 
given in Fig. 1, opposite. The roof of this chamber 
forms the underside of the roadway, and is supported 
by a number of columns and a steel girder framework, 
the details of which were illustrated on Plates LX XI and 
LX XII of ourissue of November 23. The four columns 
in the centre of this hall are capable of supporting a 
weight of 309 tons, while the fifty columns forming 
the inner and outer rings have been designed to support 
loads ranging from 78 to 150 tons. The whole of this 
work was carried out without any interruption to the 
street traffic, and is remarkable from the facts that the 
sole access to the site was an 18-ft. service shaft, and 
that the only tackle which could be used comprised 
rollers and levers, blocks and falls and jacks. 

The service shaft, which we have just mentioned, 
was the first of the works to be carried out. It was 
sunk to a depth of 92 ft. and from it headings were 
driven at various depths, as a preliminary to the 
construction of the escalator and other tunnels. A view 
of one of the escalator tunnels, of which there are four, 
during construction, is given in Fig. 2, while a view 
in the chamber, from which access is given from the 
bottom of the escalators serving the Bakerloo Railway 
to the platforms is reproduced in Fig. 3. This work, of 
which full details were given in our previous articles. 
possesses no particular novelties, though difficulties were 
introduced by the complication of the arrangements 
and by the proximity of the foundations of buildings 
round the Circus. 

Now that the station is open for traffic, a few words 
may be added about the decoration and the lighting. 
The low height of the booking-hall has been relieved 
by providing plenty of artificial illumination, and by 
the brightness of the walls and decorations. The sup- 
porting columns have been covered with red scagliola, 
relieved by narrow vertical fillets of bronze. They are 
also provided with bronze bases and caps, and from 
the top of the latter are hung two lights enclosed in opal 
cylindrical shades. Show cases flank the outer side 
of the ambulatory, as it may be called, and these are 
of bronze, with a frieze and skirting of travertine 
marble, and are lighted by concealed lamps. The 
ticket machines will also be covered with travertine 
marble. The floor of the booking-hall is paved with 
white tiles. Above the escalators on the inner side of 
the head wall are paintings in oil by Mr. Stephen Bone. 
The arches of the escalator tunnels are finished in matt 
white distemper, which is a great aid to the illumination. 
The latter is furnished by bronze pedestal lamps, which 
are set at intervals along the decking of the balustrades. 
The shades direct the light upward and the result is 
that excellent diffusion is obtained with complete 





* See pages 618 and 6387 ante. 
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The dials of these clocks automatically record) the 
working of the six railways of the Underground, being 
each connected to a point on the track on the indi- 


vidual systems, so that the passing of a train causes | 
The regularity of the | 


the pointer to mark the chart. 
strokes thus made indicates 
working normally. 


that the services are 


2,660-H.P. OIL-ELECTRIC LOCOMOTIVE 


FOR THE CANADIAN NATIONAL 
RAILWAYS. 


It has been known for some time that Messrs. | 
William Beardmore and Company, Limited, of 
Glasgow, have had under construction two large 


oil engines for an oil electric locomotive for the 
Canadian National Railways. 


Beardmore oil electric cars, the first of which was 
put into commission on the Canadian National 
Railways about three years ago. We give an illus- 
tration of the new locomotive in Fig. 1, on this page 
and of one of the Beardmore engines with which 
it is fitted, in Fig. 2. The locomotive is now running 
between Brockville and Belleville, Ontario. 


The machine consists of two units, weighing together | 


290 tons, of which 214 tons are available for adhesion. 


Each unit has one 12-cylinder engine of the type 


illustrated, and a generator supplying current to four 
driving motors geared to the axles. 


and gives a tractive effort of 100,000 Ib. during 
acceleration, and 42,000 lb. continuously. The electrical 
equipment has been designed by the Westinghouse 
Electric and Manufacturing Company, East Pittsburgh, 
and was supplied by the Canadian Westinghouse 
Company, of Hamilton, Ontario. The mechanical 
design is the result of collaboration on the part of 
the Canadian National Railways, the Canadian Loco- 
motive Company, and the Baldwin Locomotive Works. 
The main frames are steel castings supplied by the 
Commonwealth Steel Company, and the four-wheel 
and two-wheel truck frames and other parts were 
also supplied by this firm. 

The two main engine units each consist of twelve 
evlinders of 12-in. bere and 12-in. stroke, running 
normally at 800 r.p.m. The engine has airless 
injection, and the control enables it to be run at any 
speed from 300 to 800 r.p.m. The engine develops 
its rated horse-power at a consumption of 0-43 Ib. 
per brake horse-power-hour. It is started up by 
battery supply, the main generator being used to turn 
it over. Water cooling is arranged with radiators 
on the roof. The lubrication system is also provided 
with coolers. In addition to natural air cooling which 
will suffice in cold weather, supplementary fan 


ventilation has been provided for use at other times. 
The engine exhaust is carried to an exhaust boiler 
of the thimble tube type, supplied by Messrs. Clarkson 
Steam Motors Company, Limited,, London, which also 
furnished a separate auxiliary oil-fired boiler of the 
same _ type. 


These boilers, which are fitted with 





This design of loco- | 
motive has followed on the success achieved by the | 


The gear ratio | 
has been chosen for high-speed passenger service | 
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automatic water-level control, supply steam for 
| heating, When there is no demand for steam the 
| exhaust boiler on the engine operates dry, as a silencer, 
and the auxiliary boiler is cut out. 

The main control system provides for varying the 
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|shunting the field of the series type traction motors. | 
Torque governor control ensures continuous air supply | 


and battery charging conditions, regardless of engine 
speed. A motor-driven blower in each cab supplies 
forced ventilation to the traction motors when operating 
under freight conditions. 

The driving journals and two-wheel truck journals 
are fitted with waste-packed boxes, but the four-wheel 


truck journals, of the outside type, have floating | 


bushes and are grease lubricated. Each unit carries 
8,000 Ib. of fuel oil, 11,000 Ib. of boiler water, and 
3,000 Ib. jacket water, the fuel being sufficient for 
12 hours’ operation. With the present gear ratio, 
though primarily intended for high-speed passenger 
work, the locomotive will handle on a 0-4 per cent. 
grade, a train of 2,800 tons at 19 m.p.h., or 40 m.p.h. 
on the level. Ifa ratio of 18 : 73 were adopted specially 


for freight work the capacity would be 3,700 tons on | 
a 0-4 per cent. grade at 15 m.p.h., or 35 m.p.h. on | 
Provision is made for fitting both engines | 


the level. 
with superchargers, which would result in a consider- 
able increase in power. 








Hig. 2. 


Unitep States Coat Propuction.—Statistics 
recently issued by the United States Bureau of Mines 
show that, during 1927, the 7,011 bituminous collieries 
of commercial size in that country produced 517,763,352 
short tons of coal. The number of underground and 


: : | surface employees totalled 593,918, the average number 
| speed of the main engine, the generator voltage and 


of days worked 191, and the average output per man 
per day 4-55 tons. Virginia was the largest producer with 
a total of 145,122,447 tons. The production of the Penn- 
sylvania anthracite mines during the same year was 
80,095,564 tons, the total number of men employed 
165,259, the average number of days worked 225, and 
the average daily output per man 2-15 tons. 


THE DEVELOPMENT OF THE CLARENCE VALLEY, 
AUSTRALIA.—We are informed that various schemes have 
been discussed recently by the New South Wales 
Government for the development of the Clarence Valley, 
of which area a topographical survey is being made. 
It has been suggested that a railway line should be 
constructed along the valley from Grafton to Killarney. 

It is feared, however, that, owing to the nature of the land, 
| the return would not be sufficient compensation for the 
costs of construction, and the building of roads was 
offered as an alternative. A further proposal under 
consideration was that for a hydro-electric scheme, either 
| at the gorge on the Clarence River, or below the junction 
of the Mann and Nymboida Rivers. An expenditure o! 
approximately 9,000,000/., to be spread over a perio 1 of 
five years, is involved in the schemes at present wile 
| consideration by the State Government. 
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EXPERIMENTAL TESTS OF 
CONCRETE-STEEL BOND.* 


By L. N. Epwarps and H. L. Greenear. 

THE experimental work described in this paper was 
suggested several years ago by the results of tests made 
by one of the authors}, but it is only recently that 
an opportunity has been found to undertake, even 
in a limited way, the necessary tests to extend that 
earlier investigation. In the earlier paper referred 
to it was shown that the strength of the concrete- 
steel bond is affected by the quantity of water used in 
the concrete mix. 

In the tests herein described, the method of placing 
the steel bars differed from that which has been 
commonly used by other investigators, in that the 
bars were inserted in a horizontal position in the 
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forms and the concrete compacted around them, instead 
of the bars being placed in a vertical position. The 
object in placing the bars in a horizontal position was to 
secure information conforming to actual field construc- 
tion conditions, wherein the reinforcing steel of the 
slabs and beams of bridges, roadway slabs of high- 
Ways, girders and floor slabs of buildings, and other 
similar constructions, is placed in horizontal and 
inclined positions, rather than in a vertical position as 
it ordinarily exists in columns. 

The three main factors involved in these tests are as 
follows :—(1) The effect of varying the quantity of 
cement in the concrete mix; (2) the effect of varying 
the quantity of water in the mix ; and (3) the effect of 
using sands having different origins, both as regards 
ig “mother rock” condition and the locations of 
pits. 

The properties of the cement, sand and gravel, were 
as follows :— 

Cement-—A standard brand of Portland cement 

* P 





Pe es ved read at a meeting of the American Society 
oe Materials, at Atlantic City, N.J., June 25-29, 


C TL. N. Edwards, ‘‘ Effects of Grading of Sands and 
ow vena of Mix upon the Strength of Plain and 
eintorced Concrete,” Proceedings, Am. Soc. Testing 


from a single carload lot. 
Sands.—In the test involving varying quantities of 


fulfilling all requirements of A.S.T.M. Specifications | 
C 9—26 was used, the entire quantity being secured | 


the range of variation is greater when specimens are 
taken from larger volumes. 

These sands gave the standard test strength results, 
tabulated below, in which the mortar mixes were | : 3 





Materiais, vol. xvii, part 2, p. 801 (1917). 


mixing water, Cottle Pit sand was used. In the tests | for tension tests and 1:2 for compression, the com- 
involving varying quantities of cement and different | parisons being made with corresponding standard 
sands, the other four sands described below were | Ottawa sand mixes. All relations are expressed in 
used. percentages of the latter. 

Cottle Pit, August, Me.—Composed of about 75 per | TABLE II. 
cent. granitic material, the remainder being, for the | ——— Se 





a itera . aa " 

. a . | ensile Strength, Compressive Strength, 

most part, fine-grained, dark-coloured, igneous, and dentene od Pra | Comaereestnn Steenati 
schistose rock material. Pit. ces | snbinboaireha ack beer ras 
Decker Pit, Lagrange, Me.—Composed essentially of | 7-Day 28-Day. | 7-Day. | 28-Day 
ay. | 2 y. y- | 2 y. 


91-6 114-0 90-5 
113-1 109-6 104-6 
| 112-9 | 99-0 | 103-6 
| 123-0 | 121-2 115°7 
|} 109-0 | 121-0 116-5 


90 per cent. fine-grained igneous rock, the remaining 
portion being granitic. This sand shows evidence of | 
iron in its make-up. jCottle ..  ..) 106- 
Cole Pit, Fairfield, Me.—Composed essentially rag iz “s ve: 
Graham .. ..| 140+! 
| Jack we --| 139-0 


ton 





2 


— a 


| 


Cole Bit | These data are given for those who, perhaps, place 

ped ve" | greater reliance upon their significance than the authors. 

500 ene: yg Gravel.—The stone aggregate was secured from 

Each Pont 1s the Average of 5 Test |Graham Pit, Bangor, Me. Its particles, for the most 

; | part, were made up of well-rounded pebbles, the greater 

portion of which was derived from granite and fine- 

grained igneous ** mother rock ’’ origins. This material 

was separated into sizes retained on a 4-in. sieve and 

passing sieves having 4 in., 1 in. and 1}-in. openings, 

and was recombined in equal parts by weight of each 
| size. 

In the preparation of test specimens, including the 
operations incident to making the concrete, the operators 
| were men thoroughly competent to judge as to the 
| practical conditions involved, since they had been 
employed as inspectors throughout four consecutive 
| construction seasons upon bridge-construction work 
| wherein the methods used were unquestionably high 
| class in all respects. 

0200 0250 030 | #4hroughout the entire work of preparing test speci- 
| mens care was taken to conform,as nearly as practicable, 
| to the conditions encountered in the actual field opera- 
| tions incident to building bridges and other ordinary 
reinforced-concrete structures. 

| In the proportioning of the batches of concrete, the 
| quantities of materials were determined by weight. 
| The following weights were used : Cement, 376 lb. per 
| barrel; sand, 110 lb. per cubic foot ; and stone, 100 lb. 
| per cubic foot. The sand and stone aggregates were 
| surface dried. 

In the concrete mixes using the four different sands, 
| the cement content was varied in the relations 1 -35, 
| 1 -45,1 -55 and 1 -65 barrels per cubic yard. The mobility 
of the mixes was kept constant. 

The following tabulation shows the quantities of 
| materials used in the batches of concrete with the 
sand secured from Decker Pit :— 
| 
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Cement Content, Barrels per Cubic 
Yard. 


% 0.100 
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1-35 1:45 | 1°55 | 1-65 


90 per cent. fine-grained igneous and schistose rock | -———-- - 
60 | 638 


material, the remainder being granitic, there being | cement, 1b. i ae” 58+ | 

evidence of iron. | Sand (Decker Pit), Ib. ..| 120 | 125 | 118 | 117 
Graham Pit, Bangor, Me.—Composed of nearly 100 | Stone, Ib. .. . ..| 240 | 250 | 236 234 
; thay . a ee Water, Ib... a sf 8 32 | 35-5! 33-5 


per cent. fine-grained, dark-coloured igneous rock. | | | | 
Jack Pit, Lisbon, Me.—Composed of nearly 100 per | ——— ; : re 
cent. granitic material, very angular. | With the sand secured from the other three pits, 
The following tabulation shows the granulometric | the quantity of water used was varied in order to 
composition of the sands, as determined from a single | Secure uniform mobility ; in other words, the quantity 
laboratory sample of each :— of water in the concrete was found to be dependent 
. | upon the sand used. The following tabulation shows 
|the quantities of water used in each mix, the quan- 
Slave Anatuhie, Pex Cant. | tities of cement, sand and stone aggregates being 
Sieve. : : - | the same as described for the mixes in which Decker 

(W. S. Tyler | Cottle | Decker | Cole | Graham | Jack | Pit sand was used :— 


seri os | . . . * | 
Series.) Pit Sand.' Pit Sand. Pit Sand.|Pit Sand. Pit Sand. 


TaBLeE I. 


| TABLE IV. 


| Water Used in Mixes, Lb. 
Passing No. 4, ames 


retained on Cement Content, | 


| 
Ni ‘7 . 6-0 33-0 16° Barrels per Decker Cole | Graham | Jack 
pine No. 8. ee _ 7 . Cubic Yard. | Pit Sand. | Pit Sand. | Pit Sand. | Pit Sand. 
retained on , ra | a ba : i mee 
No. 14 so) SES | 860 24-0 30-0 23-0 ! 

Passing No. 14, 11-35 32-0 33-0 | 36-0 32-5 
retained on 11°45 32-0 34-0 36-0 33-0 
No. 28 aa 37-6 38-0 37-0 19-0 27-0 1°55 35-5 36-0 35-0 34-0 

Passing No. 28, 1-65 33-5 36-0 | 35-0 34-5 


retained on 
No. 48 eo| 16-2 12-0 20-0 11-0 23-0 ems 

Passing No. 48 The above tabulation shows that, for each sand, 
— | the quantity of water required to produce the desired 


No. 100 Ae 2-9 2-0 5-0 3-0 7-0 v —esae 7 rear r 
Passing No. 100 2°3 2-0 8-0 4-0 4-0 | mobility in the mixes containing 1-55 barrels of cement 
——— ——____ —__-— -______ —_——— | per cubic yard was relatively greater than was required 

100-0 | 100-0 | 100-0 | 100-0 100-0 | for the 1 -65 barrels per cub. yd. mixes. This condition 


: 'is not readily explained, more especially when 

It is important to bear in mind that the foregoing | consideration is given to the fact that re-tests, inde- 

tabulation is indicative only of the general composition | pendently made, checked very closely the quantities 
of the sands, since tests have clearly shown that | of water used in the original tests. 

consecutive samples, taken from the same laboratory! In the tests made to determine the effect of varying 

sample may, vary rather widely and, furthermore, that | the quantity of water in the mix, the following 
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quantities of materials were used in the normal or | 
initial concrete mix : Cement, 60 1b. ; sand (Cottle Pit), | 
120 lb.; stone, 240 lb.; water, 30 lb. The quantity 

of water in relation to that contained in the normal | 
workable mix was increased 10, 20, 35 and 50 per cent. | 


BARTON POWER STATION EXTENSIONS. 


(For Description, see opposite Page.) 








in the wetter or succeeding mixes. 
The concrete was mixed in a Koehring electrically- | . = j 
driven one-half bag batch mixer. In preparation for | Ae ee ANCHESTER SHIP CANAL 














mixing the concrete, the interior surfaces of the mixer rene 
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drum were thoroughly coated with mortar by using | SW EZ ae Wat 
a “priming” charge of sand, cement and water of | eee : \ 
the same composition as the mortar to be used in eer N 
the specimens. All excess mortar was discharged eo \- 


from the mixer. = 

In order to determine the quantities of water | 
required in the various mixes to produce a mortar | 
component having a mobility that may be described | 
as a saturated, sticky, semi-plastic material showing 
no free water, trial mixes were made. This condition | 
was determined by visual examination. When 
measured by the slump and the flow-table method, 
the slump was about 14 in. and the flow about 1 -29. 
The foregoing conditions apply to all test batches, 
except those in which excess water was used. 

After the interior of the mixer drum had been 
coated, the quantity of water required for a batch | 
(as determined by the test batches) was placed in| 
the mixer, the necessary quantities of cement and | 
sand and stone aggregates were introduced, and the | 
entire charge was mixed 14 minutes after all materials | 
were placed in the drum. In order to produce ten | 
concrete-bond specimens and five concrete test cylinders | 
6 in. in diameter by 12 in. in length, it was necessary | 
to make two batches of the mixed concrete. 

The concrete-steel bond specimens were cast in 
wooden forms measuring 8 in. by 8 in. by 12 in. in- 
ternally. The steel rods, 1 in. in diameter by 30 in. 
in length, were of structural grade, plain material, | 
newly rolled from billet stock and free from rust. 
The bars were inserted horizontally through holes | 
in the ends of the forms, and so located that the rod 
projected 1 in. outside the concrete blocks at one | 
end to permit the attachment of the measuring device. | 
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The 1-in. diameter rod was chosen in order that the (u08.A) 
ultimate stresses produced in the tests might be well | 
within the elastic limit of the metal. | one-year tests, in which the cement content of the mix 
The placing of the concrete in the forms was care- | was varied from 1-35 to 1-65 barrels per cubic yard, 
fully done by the operators, all compacting being | and in which four different sands were used. 
secured by the use of steel trowels, and when the| fig. 3 shows the bond-slip relations secured from the 
forms had been completely filled, the top surface of | individual test specimens of the Graham Pit sand at 
the concrete was screeded flush with the top edges | the age of one year. The data of the 1-65 cement- 
of the forms and was then trowelled smooth. | content specimens are omitted in order to render the 
The test cylinders were made by compacting the | diagram more legible. 
concrete as the filling of the cylinder forms progressed,; Fig. 4 shows the bond-slip relations secured from 
a rod, 3 in. in diameter, flattened at its end to form 28-day and 1-year tests, in which the quantity of water 
a blade-like tool, being used for the purpose. jin the mix was varied from a normal workable mix 
The test specimens, except those made with varying | to a mix containing a 50 per cent. excess quantity of 
water content, were removed from the forms at the | water. 
age of 24 hours, and were immediately stored in a| While the results obtained by these investigations 
moist room maintained at a temperature ranging from | may appeal to some as erratic and unexplainable, and 
66 deg. F. to 70 deg. F., where they remained until| may, therefore, be regarded as indicative of the 
removed for testing. The test specimens made with | existence of carelessness and inattention to detail on 
varying quantities of water were, in general, removed | the part of the operators, we know that, on the contrary, 
from the forms at the age of 24 hours, but those | the details of the operations were given full and due 
containing 35 per cent. and 50 per cent. excess water | attention and that the work as a whole was executed 
were found to lack the strength necessary to permit.) in strict accordance with first-class field methods. We 
satisfactory removal of forms until a period of prac- | venture to believe that the results indicate clearly the 
tically 48 hours had elapsed. These specimens were | wide variation that, under corresponding conditions, 
stored under burlap, kept constantly wet for a period | are actually being produced in field work, and, further- 
of ten days, and were then permitted to cure in the | more, that the loose, slip-shod and otherwise unsatis- 
open air of the laboratory until tested. |factory conditions too frequently found in actual 
For the tests herein described, there were made | construction work must inevitably produce results 
210 concrete-steel bond specimens and 105 concrete | more widely variable and unreliable. 
cylinders. It is a well-recognised condition that machine-mixed 
A Riehle testing machine, of 60,000-lb. capacity, was | concrete produces greater variability in specimens than 











used in the bond tests, after adapting it to this special | does hand-mixed concrete. However, in these tests, 
purpose by placing a spherical bearing block upon the | field construction methods are an important factor. | 
fixed head. The construction of this block permits) Ratio of Bond and Compressive Strengths.—For the | 
the rod of the specimen to extend downwards through | tests involving varying quantities of cement and four | 
it and to engage the grips in the movable head of the | different sands, the concrete cylinders, which were cast | 


Character of Bond Failure.—When the specimens had 
been broken longitudinally through their centre, either 
in a plane vertical to the top (trowelled) surface, or 
horizontally at their mid-height, thus permitting the 
removal of the steel bar, the texture of the curved 
surface of the concrete surrounding the bar indicated 
the character of the bond. Upon the portion located 
above the bar, the existing minute voids appear as mere 
pin holes, while upon the portion located beneath the 
bar there exists ample evidence that water accumulated 
in flattened globules in contact with the under portion 
of the bar, giving to this area a pitted, crater-covered 
appearance. 

In those specimens the concrete of which was made 
with an excess water content, the water cups or 
cavities occupy a considerable percentage of the 
area beneath the bar, thereby diminishing, to a very 
considerable extent, the area of the bonded or contact 
surface. In this connection, it is important to note 
that in all the specimens the polished surfaces produced 
by the slipping of the bars indicated clearly that the 
areas located beneath the extreme lower portion of the 
bars had little or no contact with the metal, and that 
the movement of the bars left the water cups and 
cavities undisturbed. 

The typical failure of the specimens involved (1) bond 
strength at point of initial slip, and (2) a rise in this 
strength between the initial slip and a slip of 0-01 in., 
indicating, probably, the existence of a mechanical bond 
resulting from surface irregularities in the bars. This 
condition is clearly shown in the diagrams reproduced 
in Figs. 3 and 4. 

Effect of Water Content.—The most important effect 
of increasing the quantity of water in the concrete mix 
is shown graphically in Fig. 4. The bond strength is 


machine, so that by moving the head downwards the rod | coincident with the bond specimens, afford a means of | considerably decreased by the increased water content 
is pulled out of the concrete block. Fig. 1, on page 757, | computing a general, though rather widely varying, | of the mix and, furthermore, the specimens made from 
illustrates this device, and shows the method of applying | relation between the cylinder strengths and the concrete- | the wet mixes did not show a rise in strength after the 


a yoke upon the uppermost end of the concrete specimen, | steel bond strengths at the age of 28 days. When 


| initial slip had been produced. It is probable that void 


by which an Ames diai, reading to 0-001 in., was held | expressed as percentages, these relations varied from | space beneath the bars, resulting from entrapped water, 
in place to record the amount of slip or movement of | 11 to 19 per cent. at 28 days, with an average of 15 per | was sufficient to permit the bars to move freely after 
the bar resulting from the loads applied at the movable | cent. In the following table, the compressive strengths | the initial bond failure. In carrying out the tests of 
head. Readings of the slip of the bar were taken at | of the cylinders are given, each strength representing an some of the specimens, the rapid movement of the 


intervals of 0-005 in. up to 0-025 in., and at intervals | average of five test specimens :— 
thereafter of 0-05 in. up to 0-30 in. ; correspondingly, | , Sy Genes : ; 
the loads applied upon the movable head of the TABLE V -—Compressive Strengths of Conerete Cylinders 
machine were recorded. inte o ere tm. i tlle. dich 

Concrete cylinders were broken in a Riehle testing | cement Content.| ‘ 
machine of 150,000-lb. capacity. 

With the object of conserving space and of visualising | 
the results of the tests, the bond-slip data are presented | ~ 


ent Content.) Decker | Cole | Graham Jack 
teat vig Pit Sand. | Pit Sand. | Pit Sand. | Pit Sand. 


in graphical form. With the exception of Fig. 3, | 1°35 | 1,606 | 1,463 | 1,904 1,986 
. . . . . } 45 € 5 9 ANE 9° 

the circles shown in all diagrams indicate the bond | ae. - 2 mere | a — 

strengths secured as an average of five test. specimens. | 1:65 |  9’gg9 2'316 2°046 | 2'694 


Fig. 2 shows the bond-slip relations. secured from wee | PIO: INAS | Mia 6c 


| bar, following the initial slip, had the effect of ren- 


‘dering it impossible to secure the corresponding dial 
and load readings. In general, the tests at 28 days 
showed higher bond strengths than the one-year 
| tests. It is possible that this condition was due to 
‘the complete drying out of the specimens and a 
| resulting shrinkage partially breaking the bond con- 
| tact. 

| The concrete mixes containing cement in the propor- 
| tions 1 -55 and 1 -65 barrels per cub. yd. gave, in general, 
lower bond strengths than did the mixes containing less 
|cement. Among engineers and laboratory operators, 
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it is a well-known fact that so-called rich or ‘‘ fatty ” 
concrete mixes are subject to greater volume change in 
the setting period and in the later drying-out stage 
than are the leaner mixes. It seems likely, therefore, 
that the explanation of these low bond strengths may 
be found in the tendency of these mixes to shrink away 
from contact with the steel rods. 


_ Conclusions.—As indicated in the introduction, this | 
vestigation is too limited in its scope to permit | 
definite conclusions to be drawn therefrom. However, | Department of Mines, Ottawa, copies of which may be | 


the following general conclusions appear justified from 
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| although limited in scope and in the number of 
| specimens tested, indicate the desirability of further 
| investigations in which field-construction methods 
|and operations are given due consideration, together 
| with a study of concrete-steel bond resistance to sud- 
| denly applied loads and impact. 








QUICKSILVER IN CANADA.—According to a _ recent 
report issued by the Mines Branch of the Dominion 


obtained on application to the High Commissioner for | 


the data presented :—(1) The “ mother rock ” origin | Canada, Canadian Building, Trafalgar-square, S.W.1, | 


and the granulometric composition of sands are factors 
affecting bond strength. (2) The cement content of 


| the rise in price of quicksilver, which took place in 1926, | 
led to some activity in the mining of Canadian ores. | 
| Investigations into possible sources of supply and jnto | 


the mix is a factor affecting the intensity of the concrete- | the latest processes for the recovery of the metal, were 


steel bond. A high cement content may produce less| undertaken by the Mines Department. The only deposits | 


bond strength than would alesser one. (3) The varia- 


tion of the water content of a concrete mix affects the past, occur on the north shore of Kamloops Lake, B.C., 
intensity of the concrete-steel bond. Assuming, as a | 
basis for comparison, a normal, semi-plastic concrete | 
mix, an increase in the water content will produce | 
a change in the character of, and a reduction in, | 
the bond strength. 


(4) The investigations made, | 


known in Canada, which have been operated in the | 





along a belt some 25 miles in length. The principal deposits | 
are near Copper Creek Station on the Canadian National 
Railway line, about 5 miles east of Savona, at which 
points the ore zone is about 3 miles in width. Other | 
deposits are said to occur on an island near Sechart, | 
and at Groundhog Lake, north-west of Sudbury. | 


|THE BARTON POWER STATION OF 


| THE MANCHESTER CORPORATION. 


From its opening in 1923, the Barton Power Station 
lof the Manchester Corporation has been regarded 
| with much interest by engineers in general. As may 

be gathered from the series of articles published on 
| pages 2, 66, 190, 255, and 354 of our 121st volume, 
|the design of the plant installed embodied certain 
novel features, and the station, as a whole, is a not 
unworthy monument to the skill of Dr. 8. L. Pearce, 
who for many years occupied the position of City Elec- 
trical Engineer. The output of the steam-raising units 
and generating plant, at the time they were put into 
operation, was exceptionally large, the arrangements 
for driving the auxiliaries and providing the feed heating 
were unusual, and the measuring equipment, both in 
the boiler house and in the turbine room, was singularly 
complete. It can now be said that the general scheme, 
including all the departures from current practice, 
has been amply justified by the results. Practically 
from its opening, Barton has shown the lowest figures 
for coal consumption and the highest figures for thermal 
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efficiency of any station in the country, and in 1927-28, | 
that lead was only wrested from it by very small | 
differences in the second decimal place. As it is, the | 
latest returns indicate that the fuel consumption in 

that year was 1 -39 lb. per kw.-hour generated, and that 

the thermal efficiency reached the high figure of 21 -07 

per cent. When all allowances have been made for the | 
fact that it was possible to attain a load factor of 51 -2 

per cent., these results cannot be described as other 

than excellent. 

It may be recalled that the original equipment of 
the station consisted of three 27,500 kw. turbo-alter- | 
nators running at 1,500 r.p.m. These were supplied with 
steam at a pressure of 350 Ib. per square inch, and a final | 
temperature of 700 deg. F., from nine boilers, each with | 
a normal evaporation of 100,000 lb. per hour. The 
steam-raising unit, in addition to the boiler, comprised 


a superheater, air heater, economiser and balanced- | 


|the photograph reproduced in Fig. 3, on page 759. 


| the abnormal overall length of 83 ft. 6in. The turbine, 


draught plant, firing being effected by chain-grate | 


stokers. The auxiliary power supply was obtained 


either from three 1,000 kw. house-service sets or from | 


the main 'bus-bars through transformers. 
sary cooling water was drawn from the Ship Canal. 
This part of the station was complete in itself and, 
as shown in the plan, Fig. 1, on page 758, consisted 
of three main buildings: the switch house, turbine 
house, and boiler house. The original design, however, 
allowed for the duplication of these buildings and for 


The neces- | 


| low-pressure wheel, over the blade tips, is 10 ft. 34 in., 


the virtual doubling of the initial capacity by providing | 


a central boiler house with a turbine room adjoining, 
and a second switch house next to the latter. The 


increasing load and the eventual demands of the Central | 


Electricity Board have now made extensions on these 


lines necessary, with the result that a portion of the | 
second boiler house has been built so as to form a bay to | 


the first, and a new turbine house and switch house have 
also been erected. These extensions, which have been 


carried out to the designs of Mr. H. C. Lamb, M.1.E.E., | 


City Electrical Engineer, and Messrs. C. 8. Allott and 
Sons, of Manchester, were formally opened by the 
Lord Mayor of Manchester, Lieut.-Col. G. Westcott, 
0.B.E., on Thursday, November 29. 
arrangement and relationship to the original station 
will be clear from the plan given in Fig. 1, and from 
the cross section reproduced in Fig. 2, page 759. 

The new buildings, like the old, are of steel-frame 


construction, with walls of brick in cement mortar. | 
The roofs are of lattice-girder design, and are covered | 


reinforced-concrete slabs, finished with rock 
The new turbine house is 176 ft. long by 


with 
asphalt. 
70 ft. 104 in. wide, and is 62 ft. high. 


switch house is 128 ft. by 41 ft. 7} in. by 49 ft. 6 in. high, 

The steam-raising plant which has been installed 
since the date of our last description, consists of three 
marine-type water-tube boiler units, which 
constructed by Messrs. Babcock and Wilcox, Limited, 
of London. Two of these are erected in the new boiler 
house, and are stoker-fired by two chain-grate stokers 
each. The principal difference between them and the 
original units is that the firing is from one end only, 
instead of from both ends, while their normal rating is 
130,000 Ib. of steam per hour as against 100,000 Ib. 
Each unit consists of an economiser, superheater, air 
heater, balanced-draught equipment, and steel chimney 


with a grit arrester; Liptak flat double-suspension | 


The | 


furnace arches with radial ends are employed. 
total heating surface of each unit is 58,277 sq. ft., of 


which 18,487 sq. ft. is in the boiler and 29,100 sq. ft. in | 
The | 


the air heater, the grate area being 559 sq. ft. 
steam pressure is 375 lb. per square inch, with a final 
temperature of 750 deg. F. The feed-water temperature 
is 300 deg. F., and the flue-gas temperature 294 deg. F. 

The third boiler is fired by pulverised fuel, and its 
normal rating is the same as that of the stoker-fired 
boilers, but it has a maximum rating of 170,000 Ib. 
of steam per hour, compared with 
the latter case. Its total heating surface is 42,139 
sq. ft., of which 14,055 sq. ft. is in the boiler and 
19,439 sq. ft. in the air heater. It is also equipped 
with an economiser and superheater. The 
of this boiler is provided with water-tube walls, 
which are protected by slabs of refractory material, and 
a water-screen floor. {t is fired by fourteen burners, 
ten of which are vertical and four horizontal. The 
fuel is supplied on the bin-and-feeder system, three 
driers, each with a capacity of 10 tons per hour, eight 
mills, each with a capacity of 3-25 tons per hour, and 
two fuel pumps, each with a capacity of 12 tons per 
hour, being employed. The driers, in which the moisture 
contained in the coal isevaporated, are heated by the flue 
gases. After pulverisation, the fuel-air mixture is 
pumped through pipes and pneumatically-operated 
valves into the bins, and is fed thence into the boiler 
through weighers. The operation of this boiler is con- 
trolled from an upper platform and the pulverising 
plant from the basement, while the pneumatic gear for 
the valves is operated from the firing floor. A magnetic 
separator is provided for removing the tramp iron. 
Visitors to the station cannot help being struck by the 


Their general | derived from the condenser circulating system. The 


The boiler-house | 
extension is 100 ft. by 50 ft. by 90 ft. high, while the | 


were | 


150,000 Ib. in | 


furnace | 


| alternator is 40,000 kw. at a power factor of 0-8, and 


size of the furnace chamber and the height of the boiler, 
the distance from the firing floor to the centre of the 
boiler drum being no less than 40 ft. The auxiliary plant 
in connection with this unit comprises thirty-three 
motors, of varying sizes, for driving the fans, pumps and 
feeders, while, in addition, two Mather and Platt feed 
pumps have been installed, one of which is electrically 
driven and the other operated by a steam turbine. 
The generating set which has been installed in the 
new turbine house, was manufactured by Messrs. 
Metropolitan-Vickers Electrical Company, Limited, of 
Trafford Park, Manchester. It is shown in position by 


The main turbine, main alternator, house-service 
alternator and main and house-service exciters, are 
arranged in one line, the result being a machine with 


which runs at 1,500 r.p.m., is of the two-cylinder 
tandem impulse type, with twenty-three expansion 
stages at the high pressure end, sixteen expansion | 
stages in the low-pressure portion, and a multi-exhaust. | 
The number of wheels in the high-pressure portion is | 
twenty-three, and there are eighteen in the low-pressure | 
portion. The mean diameter of the high-pressure 
blading is 3 ft. 6 in., while the diameter of the last 





so that the velocity of these tips is 808 ft. per second, 
when the turbine is running at full speed. Two Michell 
thrust bearings are fitted, while the high-pressure gland 
packings are of the steam labyrinth pattern, those on the 
low-pressure inlet being combined labyrinth and water 
paddle, and those on the low-pressure outlet, water 
paddle. Steam is bled from four expansion stages 
for feed-water heating purposes. 

The maximum continuous rating of the main 
| it generates three-phase current at 6,600 volts and a 
| frequency of 50. Its design is generally similar to 
| those which have been running successfully in the 
| original station and, like them, it is ventilated on the 
| closed-circuit principle, the air being cooled by water 


| area of the cooler used for this purpose is 15,600 sq. ft., 
|about 100,000 cub. ft. of air being dealt with per 
minute. The total weight carried by the alternator 
| shaft, excluding that of the shaft itself, is over 100 tons. 

The house-service alternator has a rating of 1,000 kw. 
at a power factor of 0-8, and generates three-phase 
| current at a pressure of 420 volts. The ratings of the 
main and house-service exciters are 108 kw. and 15 kw., 
|and they generate direct-current at 215 volts and 
98 volts, respectively. A separate motor-driven exciter 
| is provided as a stand-by. 

The condenser is of the Contraflo-regenerative type, 
and was manufactured by Messrs. Richardsons, 

| Westgarth and Company, Limited, of Hartlepool. 
Its cooling surface is 32,000 sq. ft. The circulating 
water is drawn from the Manchester Ship Canal by 
two motor-driven pumps installed in the turbine- 
room basement. These pumps were supplied by 
Messrs. Mather and Platt, Limited, of Manchester, 
and have a capacity of 17,600 gallons per minute under 
'a head of 38 ft. The motors driving them have an 
| output of 280 h.p. when running at 588 r.p.m. The 
vacuum in the condenser is maintained by two three- 
stage steam ejectors, each with a capacity of 168 lb. per 
hour, while the two extraction pumps, the capacity of 
| which is 670 gallons per minute, are driven by two 
60-h.p. alternating-current motors. One of the latter 
pumps is capable of dealing with the whole of the | 
| condensate, and each of the ejectors can deal with 60 
per cent. of the air, so that both are required under 
| full-load conditions. 

As will be gathered from Figs. 1 and 2, the switchgear 
for controlling the new plant is contained in a separate 
switch house, which forms the south-western bay of the 
extension. It was manufactured by Messrs. The British 
Thomson-Houston Company, Limited, of Rugby, and 
comprises equipment for controlling the main turbo- 
alternator, the 1,500 kv.-a. house-service transformer, 
and three 300-amp. feeders. In addition, there are 
500 amp. main and tie *bus-bar reactors, 1,000 amp. 
main and auxiliary ‘bus-bar connectors, and 500 amp. 
tie *bus-bar connectors to the old station. 

The turbo-alternator is connected through isolating 
links to two banks of transformers in parallel, which 
step the generator pressure up to 33,000 volts. All 
the switching takes place at the latter voltage, though 
the instrument transformers are fitted on the 6,600-volt 
side. An oil circuit-breaker connects the *bus-bars in 
the new and old stations. The switchgear, which is of 
the cellular type, is built on two floors, and is, in general, 
of similar design to that described in our previous 
article,* though space has been saved by the pro- 
vision of *bus-bar selector switches only instead of ’bus- 
bar selectors and isolators. The outstanding feature 

| of the main oil circuit-breakers is the employment of 
| the explosion-pot principle, the small quantity of oil re- 
| quired—only 44 gallons per phase—and the long break, 





viz., 40 in. per phase. The isolating switches are remot: 
mechanically operated, and where the operating rod 
passes through a cell door, vermin-proof shutters are 
provided. The oil circuit-breakers are fitted with a 
series safety switch, which is normally open and is 
in series with the closing circuit of the oil circuit- 
breaker. In order to close the breaker, it is firsi 
necessary to close this switch, and then to close the 
breaker by means of the control switch, the series 
switch being subsequently returned to the open position. 

The extensions just put into commission have 
increased the plant capacity of the Barton station to 
122,500 kw., or approximately three-quarters of the 
total capacity of the site. We understand that plans 
are now in preparation for carrying out these additiona! 
extensions, and that the designs for the new station, 
to be erected at Carrington, on the Mersey, are under 
consideration. 








CARBONISATION TESTS OF GAS 
COALS. 


WuiLe the physical and chemical survey of the 
national coal resources, which is being conducted by 
the Fuel Research Board, undertakes primarily the 
stratigraphical analysis of seams, and the examination 
of special sections by various laboratory methods, an 
essential part of their work is to determine, by large- 
scale tests at the Fuel Research Station, the purposes 
for which important individual coals are respectively 
best suited. Reports have now been published giving 
the results of such determinations on what is known 
as the Kinneil-Gas coal, or the 6-ft. seam of the 
Kinneil Colliery in Linlithgowshire, and the Parkfield 
Large Gas Coal in the Bristo! field of the Bristol and 
Somerset Coal Basin.* 

The stratigraphical composition of the Kinneil seam 
has been determined on a section cut through the 
seam, and the tests on this coal were made on a single 
consignment of 500 tons, representing the whole seam 
as worked. From laboratory float-and-sink tests, it 
appeared that the coal could be easily cleaned after 
crushing, and, by the removal of about 5 per cent. of 
dirt, its ash could be reduced from 7 per cent. to 4 per 
cent. The tests appear, however, to have been made 
on the unwashed coal. 

The purposes of the large-scale tests were to ascertain 
the suitability of the coal for carbonisation in con- 
tinuous vertical retorts and in horizontal retorts at high 
temperatures, in continuous retorts at low temperatures, 
for steam raising under a Lancashire boiler, and for 
fuel-gas production in suction, producer, and water- 
gas plants. The tests on carbonisation in continuous 
vertical retorts were carried out in the station plant, 
which is a setting of four retorts of the Glover-West 
type, working at a mean combustion-chamber tem- 
perature of about 1,250 deg. C., in accordance with the 
methods used in previous trials. 

The addition of steam was limited to 10 per cent., 
which gave a gas of about the smallest calorific value 
used in practice, viz., 460 B.Th.U. The coal has not a 
high coking power, and, presumably for that reason, 
was found unusually easy to work in the retort. The 
test was therefore made with a throughput nearly a 
third larger than the rated amount, which gave about 
23 per cent. increase of therms in the gas from the 
setting, with a decrease of about 5 per cent. in the 
yield per ton, indicating that the coal might be 
valuable when an extra yield was required from a setting 
in circumstances of emergency. 

The experiments on carbonisation in horizontal 
retorts were made in a retort setting constructed by 
Messrs. Gibbons, Bros. to designs made for the station 
under the consultative advice of Mr. G. M. Gill. 
Diagrams of its construction and arrangement are 
given in Figs. 1 and 2, on page 761. The setting 
consists of eight retorts of oval D section, 23 in. by 
16 in. by 20 ft. long, arranged in four tiers on either 
side of a central combustion chamber, and intended 
for charges of 12} cwt. per retort, with a rated 
throughput of 10 tons per day. The retorts are 
moulded in three sections 3 in. thick, with plain ends, 
supported by 6 in. cross walls with 9-in. spaces between. 
The furnace gases pass from the combustion chamber 
over the top retort, and travel downwards past the 


| lower tiers, through a recuperator, consisting of a double 


wall of hollow tiles, which serves to heat the combustion 
air. This air flows up by curved channels past one side 
of the recuperator to the fourteen gas nostrils, 3 in. by 
3 in., which communicate with the combustion chamber. 
A main flue for the furnace gases runs crosswise under 








* Department of Scientific and Industrial Research : 
Physical and Chemical Survey of the Nationa! Coal 
Resources No. 11. The Coalfields of Scotland : The Car- 
bonisation of ‘ Kinneil Gas” Cval. H.M. Stationery 
Office. [Price ls. 6d. net.] 

No. 12. The Bristol and Somerset Coalfield : The Car- 
bonisation of ‘Parkfield Large Gas’ Coal. H.M. 
Stationery Office. [Price ls. 6d. net 





* Loc. cit. 
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+ See ENGINEERING, Vol. cxv, page 734 (1923). 
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the setting to a brick chimney 60 ft. high. When 
once the conditions for correct combustion have been 
obtained by adjusting secondary air slides on the 
recuperator, the heating of the setting is controlled com- 
pletely by means of a sliding damper in the chimney. 
The setting is arranged to be heated either by pro- 
ducer gas or from the water-gas plant, which is used 
generally at the station. A step-grate firebrick 
producer, 3 ft. 9 in. wide, is built into the discharge 
end of the setting, and is arranged to work with a dry 
ash pan. It is charged with hot coke direct from the 
upper retort through an aperture on the discharge 
platform closed by a hinged cover. Water is supplied 
to the producer as a fine spray under the step-grate. 


ENGINEERING. 
weight required for charging one retort. The machine 
ram discharges the coke into a travelling coke hopper. 
the contents of which can be dumped at will, by 
means of deflecting plates, either into the producer or 
into one of two Dryco coke-quenching chambers. In 
these chambers, which are water-jacketed steel con- 
tainers with a capacity equal to that of the contents 
of a retort, the coke is left to cool under hinged lids 
for as long as possible, usually two or three hours, 
after which the containers can be moved and tilted to 
discharge their contents into a skip. At the end of 
the above time, the coke is cool enough to be weighed 
and sampled. 

A collecting main at each end of the setting receives 


701 


through the meter and _ purifying boxes to the 
gas holder. Any surplus not required for use in 
the works is delivered to the South Metropolitan 
Gas Company. A proportional sample of the gas 
made is taken continuously through a small wet 
meter, of } cub. ft. capacity per revolution, geared to 
the drum of the main meter, which has a capacity 
of 81 cub. ft. per revolution. Both meters are 
controlled by a pressure-regulating device, which 
automatically keeps them under the same differential 
pressure, and the quantity of gas passed by the small 
meter is, therefore, always in an exact proportion 
to that passed through the large meter. The gas 
from the small meter is collected in a 350 cub. ft. 








Fig. 1. DIAGRAM OF HORIZONTAL HIGH TEMPERATURE RETORT INSTALLATION AT H.M. FUEL RESEARCH STATION, GREENWICH. 
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|the ends of the 6-in. ascension pipes, which are fitted 
| with Cort anti-dips. These can be separately adjusted, 
q ' |and usually are so worked that there is no seal except 
Yiry es | when a retort is being discharged. An 8-in. cross main 
ios vos |connects the collecting mains to a common 10-in. 
|main leading to the retort governor, which regulates 
| the pressure or pull on the retorts. The gas, with the 
The producer gas passes through double "ports con- | greater part of the tar and liquor, passes through a 
trolled by sliding dampers to the producer arch, | pair of water-cooled condensers, and the tar and liquor 
which runs the whole length of the setting and contains |from the condensers and the collecting main are 
the gas nostrils. A fused-silica tube, 1 in. in diameter, | delivered into a common seal-pot. The separating 
is provided in the producer-gas port for purposes of |tank, into which the seal-pot at the foot of the 
sampling. For heating by water gas, a cast-iron mani- | condensers delivers the tar and liquor, is of the labyrinth 
fold is provided at the charging end, with four 4-in. | type. 
branches built into 4}-in. by 3-in. horizontal gas| The final separation and measurement of the tar 
passages in the brickwork below the producer arch, | and the liquor takes place in the tall vertical tanks, 
these passages terminating in twelve 3-in. by 3-in. | into which these liquids are passed from their respective 
vertical ports, which open into the space below the | collecting tanks, details of which are given in Fig. 3. 
nostril block. When the setting works on water | When required, the tar and liquor from the collecting 
gas, the producer is filled with ashes, and allowed to ;}Mmains are run through a seal pot into a circulating 
cool down, and its dampers are closed. | tank, from which either liquid can be circulated round 
The coal is delivered into the retorts, and the coke | the collecting mains as required, the products from 
discharged from them, by an electrically-driven Guest- |this tank being finally pumped into the separating 
Gibbons combined charging and discharging machine, | tank for measurement. The gas passes by a 6-in. 
Each retort receives the same charge, indicators | main from the condenser to the exhauster, any tar or 
being provided to show that the charges are all packed | liquor from which is pumped into the separating 
alike. The skips into which the coal is weighed,|tank at the base of the condensers. After leaving 
as well as the charging hopper of the machine into | the exhauster, the gas passes successively through a 
which their contents are tipped, contain the exact | Livesey washer and a scrubber. The gas then passes 
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sample gasholder, the contents of which are analysed 
and emptied daily. 

While the setting is normally heated by the gas 
generated in its own producer, it is preferred to use 
cold water-gas for standard tests, so as to avoid any 
variation due to the gas producer, and obtain a direct 
measurement and convenient control of the fuel 
consumption. In all the instances, the temperature in 
the combustion chamber was maintained at 1,350 
deg. C., which has been found to correspond to 
1,140 deg. C. in the interior of the retort at the end 
of carbonisation. As it was not practicable at the 
station to crush the coal small enough to enable 
the retorts to take their full charge of 124 ewt. of 
this coal, 11 cwt. charges, first passed through a 
1}-in. screen, were used in preliminary experiments, 
and increased to 114 cwt. after it had been found 
that the volatile matter in the coke from the 11-cwt. 
charges was less than 1 percent. This test was the 
fourth of the preliminary tests, in which carbonising 
periods of 9, 10 and 11 hours had been used for 
periods of about three days continuous working 
each. With the 114 ecwt. charge, carbonised in 
11 hours 4 minutes, or almost exactly at the rated 
capacity of the setting, the highest yield of gas per 
ton of coal was obtained. The standard test with 
water-gas, which lasted five days, was therefore made 
under the same conditions as the last test. The effect 
of the test was to show that the coal in question 
worked quite satisfactorily in these retorts, and gave 
a coke which was larger and appreciably more dense 
than that from the vertical retorts. 

The coal was found also very suitable to the low- 
temperature cast-iron vertical retorts of the station, 
and worked comfortably at a throughput about 20 per 
cent. higher than that for which the retorts were 
designed, giving a satisfactory coke and yields of tar 
and gas above the average. 

The steam-raising trials were carried out with coke 
from each type of retort in the condition in which 
it was drawn, except that the coke from the horizontal! 
and low-temperature retorts had been stored for some 
time in the open, and therefore had a high moisture 
content (about 14 and 18 per cent., respectively) as 
against under 2 per cent. for the vertical-retort coke, 
and that, although any very large pieces of coke were 
broken on the boiler-room floor before being charged, 
none of the fuels was crushed or screened. A dish- 
ended Lancashire boiler was used for the test. It is 
28 ft. long by 7 ft. 6 in. diameter, with 875 sq. ft. of 





heating surface, and is rated to produce 5,000 Ib. of steam 
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per hour at a pressure of 150 Ib. per square inch. It 
has a superheater, with 180 sq. ft. of heating surface, 
but no economiser. Its Meldrum furnaces have 35 sq. 
ft. of grate area, with a forced air supply in the ash 
pit and over the fire produced by steam jets and the 
natural draught of the 60 ft. chimney, augmented 
when required, by a steam jet in the chimney base. 
At the beginning of the test, the boiler had been working 
for about three weeks at about half its rated load, and 
before then had been found, on inspection, to contain 
a very thin layer of scale. The thickness of fire, 
cleaning periods and draughts best suited to the fuel 
under test were determined in each instance by a 
preliminary test on the day before trial, and were altered 
as little as possible during the tests. The pressure in all 
trials was maintained at 140 to 141 lb. per square inch, 
and the feed at about the rated flow of 5,000 lb. per 
hour. The clinkering periods were so chosen that the 
condition of the fire and the water level were the same 
at the end of the trial as at the beginning. The trial 
was for six hours’ continuous running, with an hour 
extra before and another after under test conditions 
to ensure that the conditions were the same before 
and after the trial. 

The results of these tests show that each type of coke 
was able to maintain the pressure and rated load on 
the boiler during the whole of the trial. With the coke 
from the horizontal retorts, careful manipulation was 
required, as its burning was sluggish, except when the 
fires were clean. The tests with vertical-retort, high- 
temperature, and the low-temperature cokes gave fires 
which recovered rapidly after cleaning, and responded 
quickly to any change in the load, indicating that, if 
necessary, either of these fuels would enable the boiler 
to carry a much greater steady load than the 
rated output. The calorific value of the vertical- 
retort high-temperature coke was about 15 per cent. 
higher than that of the low-temperature, and the 
horizontal-retort high-temperature coke something 
over 10 per cent. higher than the low-temperature 
coke. The clinker from each of the cokes was com- 
paratively small in size, friable and porous, with no 
tendency to adhere to the grate, but tending to build 
up on the brickwork bridge, and causing no inconveni- 
ence in use. The fires burnt fairly evenly over the 
whole grate, the carbon dioxide in the furnace gases 
varying very little during the trials from the average 
of something over 14 per cent. on the dry gas, but a 
deposit of ash and clinker appeared to form on the 
bars rapidly after the fires were cleaned. This neces- 
sitated the use of considerably more draught than had 
been usual when burning coke under this boiler, 
which caused some loss of unburnt fine combustible 
in the furnace gases. 

About 20 per cent. of the heat in the coke was lost in 
the dry furnace gases and the excess air, and rather over 
4 per cent. in unburnt combustibles and gases, and as 
sensible heat in the clinker. The loss due to moisture in 
the fuel and formed by combustion, varied from just 
under 1 per cent. in the vertical-retort high-tempera- 
ture coke to 4} per cent. in the low-temperature 
coke. The totals of these losses, added to 66, 63 and 
624 per cent., removed in the steam raised by the verti- 
cal-retort high-temperature, horizontal-retort, and 
low-temperature coke, respectively, left from 8 to 
about 11 per cent. for unmeasured losses through 
radiation and other causes. The last item is considered 
to be probably due to the loss of unburnt fines through 
the high draught, which could be prevented by screening 
the coke, and it is thought that the efficiency of the 
draught could be increased by a further 7 to 10 per cent. 
if an economiser were fitted to the boiler. The dullness 
of the horizontal-retort coke was thought to be possibly 
due to its high percentage of moisture (about 14 per 
cent). The low-temperature coke, on the other hand, 
though containing 20 per cent. moisture, could do more 
than the rated output, and responded readily to the 
needs of rapidly changing loads, a circumstance due, 
possibly, to its higher reactivity. 

Owing to the lack of efficient tar-scrubbing equip- 
ment on the producer and water-gas plant, the use of 
low-temperature coke in them was not attempted. 
High-temperature coke produced in the vertical retort 
with 10 per cent. steam, as well as that produced in the 
horizontal retort, were tried for several weeks in the 
station’s Ruston and Hornsby suction-gas plant, rated 
at 115 h.p., and the coke from the horizontal retort 
setting was also used in the producer attached to the 
same plant and in the water-gas generator of the 
station. 

The suction-gas plant, which supplies gas to either of 
two gas engines, has a load which normally is low and 
fluctuating, but, for experimental purposes, can be 
increased by the use of a bank of loading coils. It hasa 
circular grate, 6-3 sq. ft. in area, and the full-length 
fire-bars down the middle are equipped with a rocking 
device. The gas from the producer passes through 
dust separators and a coke-filled water scrubber on 
its way to the engine. The coke was crushed in a 
Waller crusher, and various sizes were used in different 
tests, the size, however, not seeming to produce any 
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notable effect on the results. The best condition for | 
the air supply to the ash pit was found to be that it | 
should be saturated with water vapour at 60 deg. C. 
In dealing with the normal load of 40 to 80 brake 
horse-power, with frequent and large variations, both 
fuels were found to be thoroughly satisfactory, giving 
without trouble a clean hot fire and little clinker. It 
was found also that a steady load of 110 brake horse- 
power could be maintained for 12 hours continuously 
on a consumption of 140 lb. of coke per hour. The only 
difference in the behaviour of the two types of coke in 
the producer was that, with the coke from the horizontal 
retort, the engine governor-valves required to be 
cleaned every three or four days in order to remove 
tar or deposit. No clinker formed on the fire bars 
under the conditions described above, and only a thin 
skin, } in. to 1 in. thick, adhered lightly to the lower 
part of the brickwork. When working at full load, a 
fine dusty ash had to be removed every 8 or 10 hours 


The tests in horizontal retorts gave no difficulty or 
trouble, and showed the coal to be well suited to gas 
making. The weight balances by which the accuracy 
of the tests was checked, were particularly satisfactory, 
ranging from a maximum loss of 1-5 per cent. of the 
total weight of coal charged and water used in the 
scrubbers, to as little as 0-2 per cent. An interesting 
observation was that, for identical combustion-chamber 
temperatures, the water-gas heating gave a lower 
temperature in the retort than the producer gas. In 
both systems, indeed, the distribution of temperatures 
seems to have been somewhat irregular. 

Used in the station’s vertical low-temperature retorts, 
coal of about the same size as was used in the con- 
tinuous high-temperature vertical retort, 7.e.,containing 
about 40 per cent. of fines, was not easily carbonised, 
owing to the charge being held up at the base of the 
retort. Carbonisation was more easy when the fines 
were screened out, briquetted and re-mixed with the 





from the lower part of the fire. Neither the ash nor 
the clinker limits the capacity of the plant, and, both 
for long runs on full load and for loads with sudden | 
fluctuations, either of these cokes is a satisfactory fuel in | 
this plant. 

In the producer plant attached to the high-temperature 
horizontal retort, the ash tended to crumble to dust in 
the generator, and did not clinker at all. If left alone 
it tended, therefore, to choke the fuel bed, but this was 
completely remedied by raking the bars at regular 
intervals, and the absence of clinker was found a decided 
help in continuous operation. In the water-gas plant, 
on the other hand, excessive clinkering was found to 
occur in a very short time. The operating cycle was 
14 minutes blow to 4 minutes run, and the attempt to 
reduce the clinkering by increasing the blowing periods 
so as to help in running down the clinker only made 
matters worse. The plant being required for other 
purposes, these experiments were discontinued. The 
interpretation put on the above results was that the 
temperature of the generator must have reached the 
softening point of the ash in the coke, the fusing point 
of which is over 1,450 deg. C. in an oxidising atmosphere 
and over 1,350 deg. C. in a reducing atmosphere. On 
this assumption it was thought likely that the coke 


larger coal, but distortion, which had occurred in the 
station’s retort, prevented a quite satisfactory test 
from being made. 

The cokes of this coal from the three carbonising 
processes were tested under a Lancashire boiler in the 
same way as the Kinneil coal, and none of them 
was found satisfactory. The two high-temperature 
cokes were also tried as a producer fuel in the suction- 
gas plant, the producer built into the horizontal retort 
setting, and in the water-gas plant of the station. 

In all cases, the low fusing point of the ash 


| interfered with satisfactory working. Under the boiler, 


it required careful control and continuous attention to 
the fires, which burnt best when they were kept thin, 
in order to maintain a steady load of 85 to 90 per cent. 
of the rated output, and to burn the coke at a fairly 
high efficiency. The clinker tended to stick to the fire 
bars, and rapidly formed an impervious film over the 
entire furnace grate. As a producer fuel, the coke gave 
still more trouble. 








CATALOGUES. 


Transformers.—The A.C.E.C. Company, Charleroi, 
Belgium, have sent us a copy of a new catalogue illustrat- 





could be used satisfactorily in plant if the cycle were 


altered to give a lower working temperature, though | 
possibly the gas would have a relatively low calorific | 


value. 

The tests on ‘ Parkfield Large Gas’ coal were under- 
taken on the request of gas companies and collieries in the 
district, with the special object of examining the value 
for various purposes of the coke produced. The investi- 
gations extended to 750 tons, which were supplied in lots 
of about 50 tons each. The uniformity of composition 
of the entire quantity was established both by analysis 
and by Gray-King carbonisation assays, the assay 
moreover yielding a considerably swollen and porous 
coke. A roughly crushed sample, representing 300 tons 
of the consignment, showed that the coal was much 
less amenable to cleaning than the Kinneil coal. 


Divided into three parts according to size, varying in | 


all from ? in. to ¥ in., the coal showed no appreciable 
reduction of the ash in the two largest parts, and in 
the smallest, which ranged from } in. to 4 in., the ash 
was reduced only from an average of 8-6 per cent. to 
6-7 per cent. Each part was also divided by flotation 
into four fractions ranging from below 1 -325 to above 


1-60 sp. gr., but the lightest fraction, which must | 


have contained the cleanest coal, was only increased 
from about 70 per cent. in the largest part to about 82 
per cent. in the smallest. The softening point of the 
ash (1,290 deg. C. in an oxidising atmosphere and 1,275 
deg. C. in a reducing atmosphere) was distinctly low, and 
indicated, as was shown by the subsequent tests, that 
fluxing of the ash would give trouble in a furnace or 
producer. 

A test in the continuous vertical retorts showed a 
remarkable control over the temperature in the com- 
bustion chambers, which varied only a very little from 
the stipulated average of 1,250 to 1,260 deg. C. The 
crushed coal left about a fifth on a 2-in. screen, and 
passed something over a third through a }-in. screen. 
The tests were carried out at the rated throughput of 
24 tons per retort per day, and gave results corres- 
ponding closely with those of good gas coal previously 
examined. It was found, however, that though the 
retorts worked smoothly on this coal when they had 
once settled down to steady conditions, it was difficult 
to start them on it, apparently through the charge 
being held up and sticking near the top of the retort. 
This difficulty was overcome either by reducing the 
temperatures in the two top combustions-chambers to 
1,000 deg. C. until the retorts were working well, or 
by beginning the run with a more amenable coal. The 


determination of the heat lost in the setting by radiation | 
&e., showed a saving of about 28 per cent. over the | 
original figure, due, to the extent of 22 per cent., to the | 
substitution of fire-brick sight-hole boxes for the original | 


iron boxes, and to the extent of 6 per cent. to the 
insertion of a layer of insulating brick in one wall of 
the retort. 


ing large and small transformers and the methods of 
| construction. 

Steam Traps, &c.—Messrs. William Geipel, Limited, 
| 170, Bermondsey-street, London, S.E.1, have sent us 
| a copy of a new catalogue of steam traps, separators and 
| reducing valves. 

| Graphite.—Particulars and records of the application 
| of graphite paints and lubricants are given in the bi- 
monthly pamphlet issued by Messrs. The Joseph Dixon 
Crucible Company, Jersey City, N.J., U.S.A. 

Lifting Blocks.—Messrs. Herbert Morris, Limited, 
Loughborough, have sent us a catalogue dealing with 
runways equipped with their electric blocks, and another 
| dealing with hand-operated worm-gear pulley blocks. 

Gyroscopes.—Information on the subject of gyro- 
compasses, stabilisers, pilots, helm indicators, and 
searchlights is given in the journal entitled “The 
| Sperryscope,”’ issued by the Sperry Gyroscope Company, 
| Limited, 15 Victoria-street, London, S.W.1. 

Oil Engines.—The National Gas Engine Company, 
Limited, Ashton-under-Lyne, have issued a pamphlet 
of data of costs of power, comparing their oil engines with 

| steam engines, gas engines and electric motors. The 
| powers compared are 30 horse-power to 200 horse power, 
|and the results make out a very favourable case for 
the oil engine. 

Electrical Device for Textile Machinery.—Over forty 
| machines having electric motor drives, and used in the 
| bleaching, printing, dyeing and finishing processes of the 
| textile industries, are illustrated in a catalogue received 
| from Messrs. Mather and Platt, Limited, Manchester, 
| who are makers of both machines and motors. Only a 
| few general particulars are given in each case, but enough 
| is said to make it clear that the individual-motor drive 
| must be applied with skill in order to obtain satisfactory 
| resul 





Safety Apparatus.—An interesting catalogue issued by 

| Messrs. Siebe, Gorman and Company, Limited, 187, 
| Westminster-Bridge-road, London, S.E.1, deals with the 
| protection of persons in dangerous conditions and 
indicates that the number of appliances available for 
| protection is increasing. The new appliances provide 
| facilities for countering specific gases, and for rescue and 
| resuscitation. There is also a short section dealing with 
apparatus for airmen, providing against the rarefied 
| air conditions of high altitudes and the effects of concus- 
sion. The designers always aim, not at protection only, 

but also to enable work, whether rescue or constructive, 
| to be carried out under the abnormal conditions. : 
| Geophysical Surveying.—Messrs. The British Geophysi cal 
| Survey, Limited, of 3 and 4, Clements-inn, London, W.C., 
| have sent us a copy of their handbook on geophysical sur- 
| veying, containing brief descriptions of the recognised 
| methods and apparatus used in detecting by these means 
the nature of the sub-surface geology. Excellent results 
have been obtained in many areas, but considerat dle 
knowledge and experience is required to interpret the 
observations made. The British Geophysical Survey. 
Limited, is prepared to undertake complete region ul 
surveys, supplying both personnel and instruments, «n 
also to answer questions which may arise in mune 
development. It is fully equipped with all the apparatus 
and skilled staff required for the conduct of the grav! 
metric, magnetic, electric and acoustic survey of st! 
surface conditions. 
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THE ROYAL HORTICULTURAL 
SOCIETY’S NEW HALL. 


THE primary purpose of the new building of the 
Royal Horticultural Society behind Vincent-square, 
Westminster, is to accommodate the exhibitions 
which the Society gives every fortnight during the 
year, and for this purpose it has also to provide the 
cloak-room, lavatory, restaurant and_ kitchen 
services for visitors, and the offices, board room, 
committee and lecture rooms, and sampling rooms 
required for the administration of the exhibitions. 
The site, which is not quite rectangular, is about 


Fig.1. 
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Although there is much to be learned and 
admired in the internal arrangement of the adminis- 
tration block and also in its equipment, they do 
not involve any unusual engineering practice. In 
the treatment of the main hall, on the other hand, 
at least two problems have arisen, to each of which 
strikingly elegant, simple, and successful solutions 
have been found. The first of these is the archi- 
tectural problem of obtaining as nearly as possible 
a uniform distribution of daylight with the minimum 
obstruction and without the disadvantages involved 
in covering the whole area with a glass roof, as, for 
example, is done at railway stations, the Crystal 





20 20Feet, 





‘ 
DRESSING 
ROOM 





“ENGINEERING” 





































































































——— ae a 10 20 s0Ft. 
7 ee a 
Fig.2. oe _— 
ROOF PLAN ae yy 
ae ae 
= | 7. 
iH ae 
FLATI|FLAT OVER SS Eee 
oe. LIFT. alk ‘a 
_— : ‘a 
! UN my a = FLAT OVER 
t a Cy 2) TANKS. | 
H 5 : rs 
a a Lt gt 
aS 4 
cI FLU R.WHEAD} | 
TFLAT OVER! ay CAST iy ae Ss a ey AREA ; Ht 
TANKS LIFT! CAS ORI R in + a oe oo _—> —— TAI ‘ 1 i 
. y 
| jas = a = ‘SUMP: 
— 
aa & ry 
re (f FS rN 
tt 
3 5 tc I 
= eS} ; 
R.WHEAD 
~ 3. 
RW. HEAD: " 3 >) t 
i | | 
i 
= a 










































































(1060.8) 


212 ft. deep by 127 ft. wide. Of this about 50 ft. 
in depth is devoted to the administration and 
service buildings, which occupy several stories and 
a considerable height, and the remainder is occupied 
by the exhibition hall, which extends across the 
site to a depth of 150 ft. immediately behind it. 
The two buildings abut on and communicate with, 
each other, and are connected structurally. They 
are built throughout of ferro-concrete. The exhi- 
bition hall is composed of a central bay or nave | 
72 ft. wide, with aisles about 26 ft. to 28 ft. wide | 
on either side, roofed with horizontal concrete | 
slabs pierced at intervals to accommodate roof lights. 

Fig. 2 is an outline plan of the roof of the admini- | 
stration building and part of the hall. It indicates 
the roof lights of these aisles, and also the position 
of the lights formed along the centre line of the nave 
roof. Fig. 1 is a plan of part of the two buildings 
at the dais level at which they communicate. 
Fig. 3 is a cross-section through the hall, and Fig. 7, 
on Plate LX XXII, an interior view of it. 
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Palace, and the Society’s old Hall. Such roofing 
involves much loss of heat and waste of fuel if the 
building is to be maintained at a comfortable 
temperature on a cold day, and from inside can 
never suggest the comfortable protection from the 
weather which distinguishes the appearance of a 
building from that of a glass house or glazed shed. 
Experience, moreover, has shown that the cleaning 
and repairs of such roofs is inordinately costly, and 
the control of the lighting as against excessive 
sunshine is difficult and imperfect. As will be seen 
from Figs. 3 and 7, the xsthetic objections to 
covering the entire width by a single-span roof are 
avoided by the arrangement of nave and aisles 
previously described, and the main lighting of the 
nave is provided by the vertical windows of a 
series of four stepped clerestories running the length 
of the hall along and on each side of the arches. 
The light so obtained is supplemented by roof 
lights arranged at intervals along the roofs of the 
nave and the aisles, as shown in Figs. 2, 3 and 7, 


and the resulting effect is to give an ample and 
remarkably uniform illumination at all points of 
the hall, as is seen in Fig. 7. The details of this 
design were settled with the help of a model, and 
experiments made and advice given at the National 
Physical Laboratory. 

The second and more serious difficulty lay in 
making provision for the horizontal thrust of arches 
72 ft. wide and 58 ft. high, springing off vertical 
columns at a height of 20 ft. from the ground, 
without the use of ties across the arch, which 
would have been inconsistent with the architectural 
design. Had the arches been parabolic from the 
ground floor upwards, their thrust could, of course, 
have been taken by a suitable tie from side to side 
at ground level, but any such arrangement applied 
|to arches on the desired lines would have been 
inadequate to resist the bending moment at the 
| first floor without the use of reinforced-concrete 
| sections far too heavy for elegance, and in addition 

|involving an extravagant cost. The rigidity of 
| the side aisles was, moreover, much too small to 
| allow them to sustain the thrust of the arches 
jat the level of their flat roofs, and for architec- 
tural reasons no ties from the aisles across the 
jarches were permissible. The solution adopted, 
| devised by Dr. Oscar Faber, the consulting engineer, 
| consisted in treating the flat roofs of the aisles, which 
| were 11 in. thick, as horizontal girders 26 ft. to 28 ft. 
| deep and of 150 ft. span, which take the horizontal 
| thrust of the arches at piers, and transmit it to 
| ties in the end walls of the building at each end of the 
|girders. The actual thrust of each arch amounts to 
|45 tons, or 270 tons for the six arches, the ties at 
| the two ends thus having each to carry a load of 
| 135 tons in respect of the thrust from all the arches. 
| Fig. 6 shows the details of the girder provided as the 
| roof of the south aisle, that of the north aisle being 
| similar except that, instead of being uniformly 26 ft. 
| deep, the roof or girder of the south aisle tapers 
| slightly, with a mean depth of 28 ft. It will be ob- 
| served that on the tension side of these girders there 
are 33 1}-in. main tension rods and on the compres- 
sion side 15 14-in. main compression rods, in addition 
to transverse and diagonal shear reinforcements. 
As the space available was not sufficient to allow the 





main rods to be jointed by lapping and hooking, 
and it was, of course, impossible to make them the 
full length of the girder without joints, screwed 
joints were provided for the 1l}-in. rods. As 
against their cost a saving was effected at each joint 
of 5 ft. to 6 ft. of rod, as well as the cost of forming 
the hook. The rods were so arranged as to use as 
few joints as possible in the same place, and not 
more than two out of eleven rows are screwed at any 
one section. Tests of the screwed joints as shown 
were in good agreement with the ultimate calculated 
strength of 28-4 tons. At the end adjoining the 
administration block the ties in the end wall which 
connect the large horizontal girders are reinforced 
with 18 1}-in. rods with screwed connections. At 
the other end, where the tie has also to take the 
wind pressure on the end wall of the hall, the tie is 
made 3 ft. 6 in. wide by 1 ft. 6 in. deep, and reinforced 
with 38 1}-in. rods. 

The details of the arches and the clerestory 
structures and windows are seen in cross section in 
Fig. 4, Fig. 5 showing the plan of the arrangement 
of the 12 1}-in. rods in the arch. The curve of the 
soffit of the arches is half an ellipse, with a major 
axis of 90 ft. and a minor axis of 69 ft. 

The floor level of the hall and the ground-floor 
level of the administration blocks are raised some- 
what above the street level, thus reducing the 
extent of excavation necessary to form the base- 
ment. This extends below the whole area of both 
buildings, and provides accommodation for a variety 
of services and equipment, as well as for storage. 
The foundation rests on a deep deposit of clean 
ballast free from water, an unexpected occurrence so 
near the river, where alluvial soil or peat might well 
have been found. The foundations are made of 
reinforced concrete consisting of 8 cub. ft. of broken 
stone to 4 cub. ft. of sand and 204 Ib. of cement, 
and are surrounded by reinforced-concrete retaining 
walls, the whole basement being also completely 
tanked in asphalt. While the outside of the building 
.s rendered with a 3: 1 sand cement, the surface of 





-he concrete within the building has been hammered 
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all over, so removing the cement film which forms on | THE ROYAL HORTICULTURAL SOCIETY’S HALL. 


concrete, and disclosing the true colour of the material, | 
with an effect similar to that of wrought masonry. | 
A necessary incident of satisfactory design in rein- | 
forced concrete is that it must take account not only | 
of wind-pressure, weight, and temperature, but also 

of the plastic yield to be expected in the material. | 
During the construction of the hall, and after the | 
removal of the centreing, the crown was observed | Fig.4. 
to fall week by week through the shrinkage of the | 
concrete and its plastic contraction under the struc- | 
tural load. The building has now been finished | 
about nine months, and it is satisfactory to find that | 


15x39 Beam 
2° Batter 
-wx9' Beam 


































































































the contractions have occurred in such uniform Ao eee eee j 
concordance with what had been expected and | 
allowed for, that no crack has been detected in any | : 
part of the structure. ‘ 
The construction of the buildings is shown in | 2° Batter to | é 
Figs. 8 to 13, on Plates LXXXII and LXXXIIL, | of Concrete. ] 
which illustrate various parts of the structure in | 1 
course of building. Fig. 12 is a view looking towards | ] 
the main hall from the administration building, with | Ss a 
the timber false work for the arches, which was an : V4 Div. Rods | e 
important element in the work of erection. Fig. 9 | 15*9 d 
shows the roof over the north aisle, above which are | 1" v 
seen the reinforcements for two dwarf walls, to form | a oi CROSS SECTION. | t 
the sides and carry the top of a horizontal duct | Jz Dia. Rods ~~\---- s 
running the full length of the girder, in which heating po cee ap wale : h 
coils are provided, embedded in the concrete. The | , ee Fig.3. Oo 
joints of these coils are made by welding, and are | x ti 
all situated in accessible positions in the unlikely | 3 0 
event of their requiring attention. These ducts | Horizontal, Girder 1 | Pp 
deliver at intervals into the main hall, and are | ~ying Thrust from | cK 
provided on every level except the ground floor, so | Arch Ribs. Hortzontal Thrust Pp 
as to maintain the temperature as uniform as | 150:0'Long x. per Arch Rib= 45 7 1 | m 
possible. The temperature in the coils is about | athe 9 3 9] ‘4 
140 deg. F. Similar arrangements are seen in| 270 Tons © | “s of 
Fig. 10, representing the floor of the dais or ceiling | We a rt) 7( 
of the entrance hall which connects the administra- | ~~ —— }-- 26/5"- a fence aaa 1 | si 
tion block with the main hall. Fig. 8 shows the | — = | | | re 
interior of the north aisle, and Fig. 13 the first | —i ies _— 1 | la 
floor of the administration block. Fig. 11 — | | oe! | | It 
the erection of the clerestory roof and the roof of | | ree d a! ; 
nee aE a my | 12, Us Dia. Rods LI a | 2 
: ; | | 
We are indebted to the Royal Horticultural | | ' ac 
Society for permisssion to publish this account of | | | in 
their remarkable building, and to Colonel Durham, | nu | th 
the Secretary, for the loan of the photographs from | . of Springing : Fig.5 TI 
which Figs. 7 to 13 have been prepared. We have | e Arch. a no 
also to thank Dr. Oscar Faber, O.B.E., of 37, Duke- | : : S| of 
street, W.1, the consulting engineer, and Messrs. | H Cotunn ! ha 
Easton and Robertson, of 36, Bedford-square, W.C.1, | 5.0516" % =| sh 
the architects, for information and the loan of plans. | ig 35 iy j | pre 
The works were carried out by Messrs. Foster and | 3 SI 12 
Dicksee, Limited, of Manresa-road, S.W.3. , S| | 19: 
i 
————— — > - v| in 
: | | | 
Arr TRANSPORT IN RusstA.—Circumstances in Russia | | | Tr: 
to-day readily lend themselves to the encouragement of | goc 
aerial transport, and activities in this direction have | to 
greatly increased during the last few years. The first | : 
line of communication, which connected Moscow with | ? In 
Koenigsberg, finally linking up with Berlin and other) © ——‘“—SCSCCS, CR ness : ess mil 
9.9 


European capitals, was only established in May, 1922, 


by the German-Russian Airways Company, or Deruluft. | Fig. 6. THRUST GIRDER, SOUTH AISLE. (2h ayes (2Layers Mer 









A year later, two more companies were formed, the | 2 1% Dia Tri R. -3, tf Dia.Rods. 8.1% Dia.ShearRods 12,0%'Dia.Shear Rods. It: 
Volunteer Air Fleet, or Dobrolet, and the Ukrainian | Sey seats Drummer R. te Di ‘6%’ Dia.Rods,Maye \ 93% Dia.(Pairs)Links ta! 
Airline Company, or Ukrvozdukhput, since when, ‘4% Dia.hods. ‘3.72 Dia S38 ; - Soke Dec 
according to the Bank for Russian Trade Review, the = por 
expansion has been rapid; in 1927, 160,000 kgms. of | | 
mail and parcels were carried, or more than three times wat 
the quantity carried in 1924, while the number of pas- | | 
sengers was approximately 7,000, as compared with | to 
2,618 in 1924 and 4,035 in 1926. The first of these three | Eur 
concerns, the Deruluft, is a mixed company, the shares | : : = : 
being held partly by the Soviet Government and partly | Wight.N? 4. Light N? 5. In ¢ 
by the Lufthansa. okker machines with Rolls-Royce | \ side 
engines are used, and the original line has been greatly | old 
expanded, several fligt ts being made daily between Berlin | sh 
and Moscow, while a new route was inaugurated last rS a 
Spring between Leningrad and Berlin, via Revaland Riga. | give 
The Volunteer Air Fleet, or Dobrolet, which employs | of | 
Junker machines, operates principally in those districts | rega 
which are particularly lacking in other transport facilities ; | ‘ OnR. | ‘<, 4 DUAATUMMerods.| ye , — 
a bi-weekly service was opened connecting Moscow, | ~~2/'9%* ar : er re ai : ENGINEERING Gen 
Nizhni-Novgorod and Kazan, while last year operations | —_[960-2) ; ele fami 
were extended to link up Tashkent, Samarkand, Termez Tue Port or ApeN.—Aden harbour affords safe} 200 tons which used the port during the year wiThe nally 


review was 1,408, making together 5,682,190 tons. 1,330 b 
corresponding figures for the previous year were °; y i 


and Dushambe, also Verkhneudinsk and Urga, in| accommodation for vessels up to 30 ft. in draught ; 
5,269,068 tons, and for 1925-1926, 1,046 and cireu 


Mongolia; further services were inaugurated recently | vessels of greater draught can, however, enter the 
: a A & 













figure. Excluding vessels of under 200 tons engaged in | the sanction of the Government of India. 
the local trade, the number of merchant vessels of over | of the estimate is Rs. 38,58, 749. 


which establishes direct communication between London 
and Teheran, via Paris and Berlin. 


between Frunze and Alma-Ata, and between Tashkent | port by utilising the tides, the mean range of the ordinary | and ! 2 938 having 

and Kabul, in Central Asia. The third company, the | spring tides being 6-7 ft. The port is administered by | 4,828,294 tons. Vessels to the number of 338, Re the towa 
Ukrvozdukhput, is controlled by State organisations, the |a board of trustees, and, according to the report of the | a recorded draught of 26 ft. and upwards, — oh 8, posse 
main air route consisting of daily flights, during six board for the year ending March 31, 1928, the total value | port, as against 281 during the previous year: =5 pra SS 
months of the year, between Moscow and Tiflis, a distance | of the trade of the port was Rs. 17,81,47,392 an increase | having deep draughts varying from 29 ft. to 33 ft. = ee to m 
of more than 3,000 km. ; while, in February of this year, | of Rs. 2,05,46,371 over the previous year’s total, which, | the port. It is stated that the trustees ae gener the 
a service was opened from Moscow to Baku and Teheran, | itself, was considerably in excess of the 1913-1914 | deepening and extending Aden harbour =. poet the si 
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> 
Lezioni di Costruziont Marittime. Vol. I. By Pror. 
E. Co—EN Cacui. Milan: Casa Editrice Dott Antonio 
Milani. [Price 90 lire net.] 


WE believe that Italy has been the only nation | 


to take the step of founding a chair of port and 
harbour engineering (Costruzione Marittima), and 
in Leziont di Costruzioni Marittime, Professor 
Ing. E. Coen Cagli, who was the first to occupy the 
chair established in 1909 at the important school of 


engineering at Padova, has published the subject | 


matter of his lectures during the academic years 
1925-26. Before discussing Professor Cagli’s work, 
it will not be out of place to consider briefly the 
growth of Italy’s maritime trade, and the facilities 
available at her leading ports. Although a penin- 
sular, the Alps constitute an effective barrier to 


| should be slightly out of date before it is published, 





| of 75 million lire on the construction of a new dock, 
| to be called Benito Mussolini, the latest information 
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| The author states that it is proposed to increase 
|the effective length of the quays from 7,500 to 
| 21,000 metres. It is inevitable that, in view of 


ithe time taken in its preparation, a text book 





and no mention is made of the fact that the Genoa 
Port Consortorium has authorised the expenditure 


given by Professor Cogli referring to the Bacino 
Vitt : Emanuale III, which we understand, is now 
practically completed. 

Space does not permit of our giving more than a 
resumé of the book as a whole. It is to appear 
in two volumes, of which only the first has been 
published, it being stated by the author in his pre- 
face that the second will follow shortly. The 
first volume is divided into two main parts, of which 





any great volume of commercial transport over 


mainly dependent on sea-borne trade. 
possible to enter into the stormy history of Italy at 


emancipation of the country from foreign agressors | 
did not take place until 1870, and some three decades | 
were necessary after this date to free her from in- 
ternal dissensions. 
States absorbed in the union have been famous in 
history for their maritime activities, the majority 
of her ports and harbours were inadequate for the 
trade of a great European nation in the closing years 
of the last century. In recent years, however, 
progress in this direction has been rapid, and 
concurrently with effecting improvements in her | 
portal facilities, Italy has been building up a great | 
mercantile marine. 

Up to 1918, the gross tonnage of merchant vessels 
of over 100 tons launched in Italy never exceeded 
70,000, but in 1919 it reached over 80,000, and has 
since averaged over 126,000. The highest figure 
recorded was in 1926, when the gross tonnage 
launched reached 220,021. The latter figure placed 
Italy in a position second only to Great Britain and 
Ireland among the nations of the world. Towards 
the end of that year, a depression in industrial 
activity, resulting from the too-rapid development 
in the two preceding years, from the revaluation of 
the lira, and from other factors, began to be felt. 
This depression was accentuated in 1927, resulting 
not only in a diminution of ships launched, but also 
of those remaining on the stocks. On the other 
hand, the movement of shipping during 1927 
showed a considerable increase over that of the two 
preceding years, being 135,000,000 tons, as against 
120,000,000 tons in 1925, and 127,000,000 tons in 
1926. 

Turning now to the portal conditions, it is stated 
in the consular report issued by the Board of 
Trade that at Genoa, Italy’s leading port, the 
goods discharged and loaded last year amounted 
to 7-5 million tons. At Trieste, the second port 
in the country, the corresponding figure was 2-3 
million tons, while Venice and Naples follow with 
2-2 millions tons each. The entrepdt trade in the 
Mediterranean is of considerable importance to 


Italy’s land frontiers, and thus render the country | 


It is not 
ogg | provided, the study of local conditions of wind and 


any length, but it may be recalled that the entire | tide, and coast defence works. 


| questions as the disposition and types of harbour 


Although several of the smaller | 


the first is devoted to general considerations, such 
as the relation between the type of shipping utilising 
a port and the docking and discharging facilities 
The second part of 
the first volume is devoted to a detailed discussion 
of port works, and in this the author deals with such 


and defence works, and the arrangement of quays 
in relation to the type of goods handled, and to the 
railway and road facilities behind the docks. 

Many of the text-books published in Italian are 
remarkable for the thoroughness with which the 
subjects dealt with are treated, and might almost 
serve as compendiums of the present state of 
knowledge in any given subject. For this reason, 
it is particularly unfortunate that so few English 
engineers are familiar with the language, which is 
chiefly studied in England by reason of its literature. 
Even without the second volume, it is possible to 
say that Professor Cagli’s work falls within this 
class, and is of great value as a critical study of 
dock and harbour engineering from both the 
economical and constructional standpoints, due 
weight being given to the associated problem of 
adequate arterial communications with the dock 
estate. We may conclude by stating that, in our 
opinion, the title is somewhat unfortunate, as it 
may tend to give the impression that the book will 
be mainly useful for college students. While it is 
true, as has been stated, that the contents are 
actually based on a series of lectures to such students, 
there is very little trace of this in the actual work, 
beyond the fact that rather more attention is given 
to the theoretical consideration of wave motion than 
is usually necessary to meet the needs of the con- 
structional engineer. 


By W. R. CHapMan and R. A. 


The Cleaning of Coal. 
[Price 


Mort. London: Chapman and Hall, Limited. 

42s. net.] 
Recorps show that the average ash content of 
British coals has increased during the past fifteen 
years to an extent which can only be described 
as serious. There are several causes to which 
this may be attributed, amongst which the follow- 
ing may here be mentioned :—Many of the best 





Italy, and the decision made by the Government in 
December last to declare fourteen of the principal | 
ports free, either wholly or in part, is likely to | 
lead to a large increase in this trade. 

The development of the various Italian ports, | 
to bring them in line with those of the other | 
European powers, is dealt with by Professor Cagli | 
in the section of his book devoted to general con- | 
siderations. He discusses the modernisation of | 
old works, and the construction of new works, in | 
relation to the type of traffic using the port, and | 
gives plans not only of Italian ports. but of others | 
of leading importance throughout the world. As | 
regards the former, the work being carried out at | 
Genoa is of particular interest. Those who are | 
familiar with this port will recall that it was origi- | 
nally laid out on a plan first, we believe, suggested 
by Stevenson—that is, in the form of a semi- 
circular basin with a series of jetties projecting 
towards the centre. This arrangement, though 
possessing advantages for small craft, is ill-adapted 
to meet the requirements of modern shipping, and 
the projected new portal works are located along 
the sea frontage in accordance with modern practice. 








is therefore more a case for “cure” than for 


seams which formerly supplied naturally clean coal 
have become either exhausted or only workable at 
considerable depth under conditions which make 
it impracticable to maintain the coal free from 
contamination. Narrower and poorer seams are 
being mined. The use of coal-cutting machinery 
underground results frequently in the cutting into 
the floor or roof and the introduction of waste 
material which formerly was left intact when 
mining was done entirely by hand. The use of 
mechanical equipment, such as belts and con- 
veyors prevents the responsibility for sending up 
tubs of dirty coal being placed upon any individual 
miner; hence there is not the same control which 
was formerly possible. 

Meantime there is a growing tendency amongst 
consumers to insist on clean and classified coal, 
the advantages of which are sufficiently obvious, 
when the loss in heating efficiency and the trans- 
port of waste material which result from the in- 
clusion of high percentages of dirt in the coal, 
are envisaged. 

The problem which thus faces the coal producer 





” 


“‘ prevention,” for the conditions which made it 
formerly possible to mine clean coal have changed, 
and some at least of them are beyond his control. 
Although the practice of washing coal on a large 
scale is comparatively new to this country, it was 
one of the first problems which had to be tackled 
on the Continent in order to enable the dirty coal, 
which was the only kind there available, to com- 
pete, even on the home markets, with British coal. 
It is only natural, therefore, that coal washing 
should have been much more extensively practised 
on the Continent, and modern methods and im- 
provements developed, than has been the case in 
Great Britain. Although this country is still the 
leading coal exporting country of the world, it is 
nevertheless common knowledge that she has lost 
a number of her former markets. Whilst the chief 
cause of this loss of trade is no doubt to be found 
in the increased cost of production, cases are on 
record of foreign coal being preferred because it was 
cleaner and more uniform in ash content than 
British coal. Since only about one quarter of the 
coal mined in the United Kingdom is at present 
mechanically cleaned (compared with approxi- 
mately 75 and 85 per cent. in Germany and 
Belgium respectively), there is clearly an oppor- 
tunity for the British industry to come into line 
with its foreign competitors. Even if the cost of 
production which controls the ultimate sale price 
is not reduced, for a very slight increase per ton 
it becomes at least possible to supply coal which is 
equally clean and which over and above this 
possesses superior inherent qualities which justify 
higher prices than foreign coals. The importance 
of coal washing and other cleaning methods to the 
British coal industry should, therefore, not be over- 
looked. The subject is one which is likely to 
come more and more to the fore in the immediate 
future; but those who are concerned with it 
would be well advised to study it closely in all its 
varied aspects, for the efficient and economical 
cleaning of coal is not quite so simple and subject 
to cut-and-dried rules as perhaps many who have 
no practical experience of coal cleaning may sup- 
pose. There are a number of different types of 
plant employing widely different principles in use 
at the present day, and the best results can only 
be obtained by selecting the particular process 
which is most suited to the quality of coal and a 
number of factors which are dependent on local 
conditions. These considerations involve a close 
study not only of the coal itself, but also of the 
principles underlying all the successful methods at 
present employed in cleaning coal. 

Until recently the engineer confronted with this 
task would have had to delve into many isolated 
periodicals to obtain the data and information which 
he required. This unsatisfactory state of affairs 
has now fortunately been changed by the publica- 
tion of Mr. Minikin’s book, which we reviewed on 
December 7, and of a very excellent manual, The 
Cleaning of Coal, by W. R. Chapman and R. A. 
Mott. The authors of this latter work are to be 
congratulated on their contribution to technical 
literature just at a time when its usefulness is likely 
to be most appreciated. 

It would require too much space to enumerate 
all the matters dealt with in this volume, so that 
beyond saying that it should be in the hands of 
all who are in any way responsible for or connected 
with coal-cleaning plants, we shall content ourselves 
here by briefly referring to one or two of the more 
noteworthy of the processes described. 

Although in point of numbers the earliest type of 
jig (Liihrig type) is still the most widely used both 
in this country and on the continent, since the 
Baum type was introduced in 1892, in which the 
water pulsations were produced by the admission 
of compressed air above the water, the latter has 
become the most popular form of jig-washer em- 
ployed in Great Britain. In 1901 Baum was 
successful in cleaning unsized coal; in contraven- 
tion to previous practice in which it had been 
accepted as essential that coal should be first 
screened and divided into a number of fractions for 
separate washing. Capital cost of washery plant 
was thereby reduced and control greatly simplified. 
Messrs. Simon-Carves obtained the rights to build 





Baum washers in Great Britain, and had erected 
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114 plants in this country up to the end of 1927. 
Since 1922 other firms have also constructed this 
type, and improvements on the original design 
have been incorporated continuously as the result 
of experience ever since its inception in 1901. 

In Germany the Humboldt jig washer holds the 
second position in point of numbers, whereas in 
France and Belgium the Rheolaveur washer occupies 





the position next to the Liihrig type. The Rheo- 
laveur is an improved form of trough washer | 


(which may be said to be the most primitive form | especially for motor vehicles. 


of washer used in the dressing of metalliferous ores), | 
and was developed as a result of a series of experi- | 


Fenning, and David in this country, and of Midgley, | or to other plant and without risk to those perform- 
Woodbury, and others in America, being alluded to | ing the various operations. To attain these objects 
in full. The chapters on the behaviour of the fuel has meant the solution of many problems, the 
in the cylinder, and the causes of detonation and | difficulty of which certainly increases with the 
its prevention, are of particular interest at the | output of the motor, and has led to the trial and 
present time, when the extended application of lead ,employment of many ingenious devices of varying 
tetra-ethylate for the latter purpose is receiving | degrees of complication. The ultimate results are 
so much attention. The book closes with an | that the user of the motor is relieved of a great deal 
account of recent progress in the development of | of responsibility, and that there is no plant which 
carburetters and vaporisers for heavy-oil engines, | cannot now be satisfactorily driven by electrical 
means. 

The book will be of great use to advanced students, | In dealing with this question a moment’s reflec- 
and will prove invaluable to those engaged in in- | tion will show that the motor and its control gear 


ments at the St. Nicholas pit near Liége, Belgium, | vestigation or research having for its object the | must be regarded as one unit. Mr. Wilson has 


a year or two before the war. Not only was it| solution of any one of those problems regarding fuel | 


| therefore prefaced his main argument with two 


found possible to deal with a much larger tonnage of | which constantly arise in connection with the | chapters describing the properties of direct and 


Since 1919 no less than | 
166 Rheolaveur plants have been erected in various | 
countries, including 12 in the United States, this type | 


coal than the jigging plant could cope with, but the | 


. | 
average ash content of the refuse was increased | 
to 67 per cent., as compared with 60 per cent. in | 
the refuse from the jigs. 


| alternating current motors respectively. These are 
followed by other chapters, in which the principles 
; : ; _ _|of the various systems of control are enunciated, 
——. we cae eek gene c a | while subsequently the apparatus, such as contactors 
London: Sir Isaac Pitman and Sons, Limited. 7 [Price | and relays, which are used for this purpose are dealt 
10s. 6d. net.] | with in more detail. The final chapters, making 


various types of internal-combustion engine. 





of washer being the only European washer which has | MEASUREMENT is recognised as so important a/ about one-third of the whole, describe the applica- 
been erected in that country. An experiment was | feature of electrical work that it has long since | tion of the electric drive to special purposes such 


made in 1924 to use this system for cleaning slurry, | been enshrined in proverb and apothegm. 


It is as lifts, rolling mills, hoists, cranes, machine tools 


which proved so successful that over forty slurry | therefore astonishing to find that the literature on | and printing presses. The result is an interesting mass 


washers have been erected since then on the Conti- | the subject of methods and instruments for measur- 
nent, the first to be erected in England being for | ing purposes is relatively meagre, and, what is more, | 


the Yorkshire Coking and Chemical Company, | 
Castleford, which is giving satisfactory results. 
Amongst a number of other developments men- 
tion may be made of the substantial progress made 
during recent years in dry cleaning of coal. The 
consideration that there is no advantage gained if 
when washing coal only sufficient ash content is 
removed as will be replaced by water content may 
under certain conditions be one of cardinal import- 
ance. Again, the use of dry coal may be highly 


advantageous in certain industries, such, for ex- | 


ample, as in coking. Washed coking slack, after 
draining for 24 hours in the bunker, still contains 
about 10 per cent. moisture, and slurry about 
30 per cent. Apart from loss on transport of this 
useless water, there is the loss of heat production 
which it induces. Of course, there are a number 
of other factors to be considered, but as further 
improvements are developed it is not unlikely 
that dry methods will gradually assume an import- 
ant position among the various cleaning processes 
already employed. In this connection it will be 
interesting to watch the progress of the new Wye 
Pneumatic Separating Table, which is built by the 
Birtley Iron Company. The Wye separator can 
clean coal below } in., does not require close 
sizing of the feed, and has a higher capacity than its 
predecessor, the S.J. separator. 


| 


| of information of a practical character, the study 
of which may be recommended to the manufacturer, 
scattered. There are, of course, important excep- | designer and user alike. It may be added that 
tions to this rule, especially on the Continent and among Mr. Wilson’s avowed objects in writing the 
in America, but Mr. Archer’s book will supply a book is the removal of the lack of knowledge which is 
need for those who desire something practical still retarding the further use of electric power. It 
about the instruments they are called upon to use can truthfully be said that anyone who reads this 
in everyday life, and want that information without book will be the wiser on an important subject and 
paying too much for it. Ammeters, voltmeters that their task will be lightened by the easy style 
and wattmeters receive special attention, and the in which it is written. 
idea has been to deal rather with principles than Criticism of a book, which is so largely descriptive, 
with specialist methods of construction. is a difficult matter, especially as to complain of 
Mr. Archer begins with some general considera- incompleteness in a book in which so much infor- 
tions dealing, under the heading of moving iron) mation is given, may seem a little ungracious. 
instruments, with such important factors as screen- | We note, however, that among “special applica- 
ing, the use of high permeability alloys, and damp- tions” no mention is made of the equipment that 
ing devices. Similarly, under the heading of moving is now being increasingly used in boiler houses. 
coil instruments he considers such problems as For though this does not present any notable 
those arising from the use of shunts and springs, features in itself, it generally includes interlocking 
and temperature errors. Moving coil, hot wire devices which ensure proper sequence of operation, 
and electrostatic instruments are dealt with on and, incidentally, provide an important illustra- 
the same general lines. He then proceeds to tion of more than one of Mr. Wilson’s arguments. 
For the same reason it would have been an advan- 








Krafts'offe, Verbrennung, und Schweril-Vergasermotoren. | 


By A. E. Tuatemann. Berlin: R. C. 

Company. [15-50 marks.] 

Tus is an attempt on the part of an engineer, who 
contends that “erudite and bhair-splitting scientific 
method ” has played little or no part in the develop- 
ment of the internal-combustion engine, to present 
in a clear and concise manner a description of the 
physical properties and chemical composition of 
liquid and gaseous fuels, and an explanation of the 
chemical reactions occurring during combustion, 
having special reference to the use of heavy oil not 
only in the engine cylinder direct, but also by 
means of some external apparatus in the form of 
a vaporiser. 

Commencing with a short account of the consti- 
tution of matter and the structure of the atom, the 
elements concerned in combustion and the chemical 
structure of the hydrocarbons are next discussed 
in detail. Useful chapvers follow dealing with the 
origin and production of motor fuels, the physical 
properties of liquid fuels, and the theory of carbura- 
tion. This portion of the book is fully up to date, 
and suggestive of directions in which further 
advances are likely to be made. In subsequent 
chapters, combustion is regarded as a complicated 
process, in which various reactions occurring simul- 
taneously influence each other to an extent which is 
not always easy to follow. In support of his 


hypotheses the author makes frequent reference to 
the work recently carried out, not only in Germany 
but elsewhere, the researches of Ricardo, Dixon, | 


Schmidt and | ‘ 
|there are chapters on recorders and such devices 


|as tachometers and pyrometers. 


| describe special applications of these instruments, 


including the use of an ammeter and voltmeter for 
the measurement of resistance, and devotes con- 
siderable space to what may be called the theory of 
measuring alternating current, voltage and power 
under ordinary and extraordinary conditions. 
This is done without resource to any great amount 
of mathematics, though diagrams are freely used. 
Some useful information is given on the operating 
characteristics of the various instruments, and 
their selection for specific purposes, while, finally, 


The book con- 
cludes with a somewhat circumscribed bibliography. 

Within his own self-denying ordinance the author 
has done well, but it would, perhaps, have been 
an improvement had more attention been called 
to the way in which the principles enumerated are 
applied in practice, or at least if a greater number 
of illustrations of actual instruments had been given. 
As it is, there is a hiatus which some readers may 
find it difficult to bridge. Nevertheless, the book 
may be heartily recommended both for the purpose 
for which it is primarily intended and as an intro- 
duction to more recondite works. 





Electric Control Gear and Industrial Electrification. By 
Witt1amM Witson, M.Sc., B.E. London: Humphrey 
Milford. [Price 25s. net.] 

A GREAT step forward in the use of artificial illumi- 

nation was made when means for “ sub-dividing ” 

the electric light were devised, and it will be agreed 
that a similar sub-division of power has had much 


tage to include more descriptions of actual installa- 
tions to show how the apparatus covered by the 
book operates under practical conditions. The 
| problem of the user is to decide how the electric 
| drive can be employed for a particular purpose. It 
| would have been well to bear this ever in mind, 
especially as the presentation of information in this 
| way would also have been of use to the designer and 
| manufacturer. 

The book, as we have already said, is clearly 
written and well illustrated. If the index is not 
as full as it might be, that is a failing which is 
common enough in 99 per cent. of the technical 
| works we receive for notice. It may be added that, 
| perhaps necessarily, Mr. Wilson has limited himself 
almost entirely to British practice. 








RESEARCH WORK OF MESSRS. 
METROPOLITAN-VICKERS ELEC- 
TRICAL COMPANY, LIMITED. 

(Concluded from page 704.) 

| Vurspratton is a frequent cause of trouble in high- 

| speed machinery, and an interesting plant for study- 

'ing such phenomena has been installed in the 

mechanical laboratory. The apparatus was origin- 

ally intended simply for determining the natural 

periodicity of turbine blading as shown in Fig. 22. 
The general arrangement is shown diagrammati- 

cally in Fig. 21. The turbine blade under test, com- 








| plete with its due proportioning of shrouding strip 


_is represented at T. As it vibrates to and fro it 


to do with the increasing employment of the electric | opens and closes the make-and-break of an electric 
motor. Another factor in the development of the | circuit, as indicated. It would have been possible 
latter has undoubtedly been the ease with which it | to send the current in the blade circuit directly 
can be controlled by unskilled personnel. The direct through the electro-magnet M, but this would have 
result of this facility has been the production of | involved the breaking of a fairly heavy current, 
equipment of different designs, the principal objects ‘and the use of a more or less substantial contact 


_ of which are to ensure the stopping, starting, control piece, which, when mounted on the blade, would 


and protection of the motor without damage to itself effect somewhat its natural periodicity. To avoid 
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this, the apparatus is arranged so that but a small 
current goes through the blade, and at one point 
the, blade circuit is coupled up to the grids of the 
two valves shown at Vi and V,. Any variation in 
the strength of the current through the blade varies 
correspondingly the grid potential and hence the 





Fig. 21. 





























Turbine Blade mounted as 
uv practice Swuh us quota 


(1065.1) of Shrouding Strip. 





scopic disc shown at 8. This is rotated by the motor 
on the right of the figure and the periodicity of the 
vibrating blade is determined by adjusting the 
motor speed until one of the rings of alternating 
black and white spaces appears stationary. 

By the addition of other valves and accessories, 


A-Neon Lamp to determine |. 
frequency of Blade vibration 
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Fig. 22. Trstinae APPARATUS FOR BLADE VIBRATION. 
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tion, due to some synchronism between some of the 
natural periodicities of a tube and that of some of 
the power station plant. As a tube may vibrate in 
a number of ways, the calculation of these natural 
periodicities is troublesome, and it may be added that 
experience shows that it is not possible accurately 
to forecast all cases, due to the variation in degree 
of freedom at the sagging plates. Hence at Trafford 
Park the plan has been adopted of determining 
these periodicities by direct experiment. To this 
end the tube is mounted exactly as it is to be in the 
condenser. A light Stalloy armature is fitted to the 
tube and is exposed to a varying current in an 
electro-magnet. The rate of oscillation is fixed by 
that of a steel reed, the periodicity of which is adjust- 
able. This reed is mounted and coupled up to a 
valve in much the same way as the blade in Fig. 21. 
By this device the rate corresponding to all possible 
modes of tube vibrations can be rapidly determined 
by means of the stroboscope. Since, however, as 
the impulse is not sinusoidal, tube vibration can be 
maintained by sub-multiples of the real periodicities, 
a second neon lamp is provided, the current through 
which is governed by the oscillations of the tube. 
This can also be used independantly to illuminate 
the stroboscope and shows at once whether the 
periodicity of the magnet current is or is not some 
octave of that of the tube. The amplitude of 
vibration is also measured by suitable micrometers. 

A number of interesting results are plotted in 
Fig. 23. Jt will be seen that the important natural 
periodicities varied much from span to span. In 
the case of the end spans the most violent oscillations 
occurred in the one case at a periodicity of about 
2,800 per minute, whilst at the other end the worst 
periodicity was about 700 less. Moreover, in the 
latter case the tuning was far from sharp. There 
was resonance over a range of more than 200 vibra- 
tions. The shapes taken by the tube corresponding 
to the periodicities lettered A, B, C and D on 
Fig. 23 are shown in Fig. 24. 

As already noted, the apparatus has also been 
adapted to fatigue testing, and, as in the frequency 
test, the specimens are maintained in vibration by 
an electro-magnet, the periodicity of the current 
through which is controlled by the natural fre- 
quency of the specimens themselves. A mirror is 
fixed to the specimen and a ray of light after 
reflection from the mirror describes a line on a 
screen. The path described is a straight line until 
incipient failure, when in general it becomes an open 
curve and indicates the commencement of failure. 
Very high frequencies can be worked to. 

The creep of metals under high temperatures is 
another subject being studied, and a number of speci- 
mens under test, in a piece of apparatus designed and 
constructed by the research department, are shown 
in Fig. 25. They are loaded with dead weights and 
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current through the anode circuit of the valves. It is, 
moreover, not necessary that the current through the 
blade circuit should be actually broken ; it is sufficient 
if it merely varies in strength. In the one case the 
valve current goes through the electro-magnet M, 
and serves to keep the blade vibrating ; the current 
from the other valve goes to the neon lamp shown. 
The light given by this varies in synchronism with 
the blade vibration, and is thrown onto the strobo- 





Impressed Impulses per Minute. 


the apparatus has been adapted to other purposes, 
such as the study of condenser tube vibration, and 
in a still later development to fatigue testing. 

To obtain the high water speeds required for 
efficient heat transfer in surface condensers, it is 
necessary to employ either long condensers or 
multiple water passes, and in general the former 
alternative has been preferred. This has, however, 





led not infrequently to the failure of tubes by vibra- 
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heated electrically to various temperatures ranging 
up to 900 deg. F. Thermostats are fitted, with 
which the temperatures can be maintained constant 
for months, within a range of less than + 4} deg. C. 

To obtain accurate indications of temperature 
variations within such exceedingly fine limits a 
sensitive reflecting galvanometer is employed, while 
to measure changes in the specimen under test, an 
extensometer has been devised which is made 
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from heat-resisting materials and is sensitive to 
one-millionth of an inch of stretch per inch of 
specimen. Other tests, in which the specimens are 
immersed in an atmosphere of superheated steam 
instead of in air, are also in progress. 

The vibration and creep tests and testing appara- 
tus have been selected from numerous other 
examples, as being typical of the work done in the 
mechanical laboratory. The equipment of this 
laboratory is exceptionally complete. Mention 
may be made of a few of the principle items, 
such as two Olsen tensile and compression 
machines of 100,000 lb. and 50,000-lb. capacity, 
respectively, an Avery 10,000-lb. tensile and torsion 
machine, a projection apparatus for the analysis 
of screw threads and tooth form, and a complete 
photo-elastic apparatus, as devised by Professor 
Coker, for investigating the magnitude and distribu- 
tion of stresses in parts under two-dimensional stress. 
Other appliances, used largely in routine tests on 
specimens of incoming materials, include a Brinell 
hardness testing machine, an Izod impact tester, 
a Scleroscope hardness tester, a Stanton repeated 
impact test apparatus, an Ericksen sheet-metal 


testing equipment, and a number of Wohler-type | 


fatigue-testing machines. 


: ; : 
The increasing use of high voltages and of larger | 


outputs in electrical plant, have made it necessary 


to make in recent times many measurements either | 


completely novel in character or on a scale for which 
existing apparatus was inadequate. For this, the 
Company’s electrical and magnetic laboratories 
have been equipped with a great deal of apparatus 


which it has been necessary to design and construct | 


specially to deal with the problems thus arising. The 


electrical research staff at Trafford Park have accord- | 
ingly been responsible, during the past few years, | 
Fie. 25. Creep-Trst APPARATUS. 


for much pioneering work of this character. Amongst 
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such apparatus may be noted that devised for the 
measurement of ripples in the electromotive force of 
commutating machines; for the determination of 
temperatures in rotating armatures; and for the 





| subject to high voltages. A view of it is reproduced 
|in Fig. 28, page 778, and a section in Fig. 29. 
| Another condenser of the same general type, but de- 
| signed for 300,000 volts, is in course of construction. 
| The apparatus designed for the purposes above 
|enumerated, along with much other specially- 
designed apparatus, has been devised partly to 
| meet the routine requirements of the shops, but 
|also to obtain scientific data for design, and with 
|a view to possible future developments. These 





in diameter. When using this piece of apparatus, 
a start is made with the balls wide apart. They 
are then brought gradually together by a feed, 
motor-driven through a magnetic clutch, till 
the spark passes. When this occurs, the trans- 
former is automatically cut out and the motor 
is simultaneously disconnected. The steel rod on 
which the lower ball is mounted is graduated, and the 
distance apart of the balls can be read to +355-in. 
In this laboratory, tests are made of insulators 














| 
| 


exact measurement of current and potential ratios | 


and phase displacements in current transformers 
and in high-tension voltage transformers. This 
phase displacement has been determined with an 
error of not more than a few hundredths of a degree 
even with pressures as high as 150,000 volts. Other 


important work has included the devising of means | 


for the ready and accurate determination of energy 
losses in sheet steel, and since some 12,000 tons of 
steel sheets are used per annum for the generators 


and transformers built in the shops, special provision | 
has been made for rapidly testing the magnetic | 


permeability and energy losses in alternating fields 
as strong as 16,000 to 18,000 B. 

A notable example of specially-developed appara- 
tus is a concentric cylinder condenser of 100 micro- 
microfarad capacity which has been designed for a 


potential difference of 150,000 volts. It is used in| 
measuring the energy losses in insulating materials | 


| objects have also governed the development and 
equipment of the million-volt extra high-tension 
laboratory, as well as of the study of exceptionally 
high potentials made therein. , 

In the extra high-tension laboratory, of which a 
view is reproduced in Fig. 30, page 778, a 500,000- 
volt transformer has been installed for some years 
past. This transformer can be seen in position in the 
background, a little to the right of the centre 
of Fig. 30. It is now in use in testing high- 
tension switchgear, and two new 500,000-volt 
transformers have been constructed and installed 
which, when connected in series are capable of 
generating a potential difference of 1,000,000 volts. 
The spark gap shown in Fig. 30 is that used with 
the original 500,000-volt transformer. The balls 
are of cast Duralumin and measure half a metre 








| Fic. 26. HigH-Frequency Inpuction FURNACE 


for high-tension lines. In Fig. 31 is shown a spark 
passing at 450,000 volts between two conductors 
insulated from each other by a series of nine 
porcelain insulators. 

Other interesting apparatus in course of con- 
struction includes the extension of an existing 
100,000-cycle 400,000-volt high-voltage equipment 
for steep wave front lightning effect tests for use up 
to one million volts, also a new valve generator giving 
an undamped oscillating current with a frequency 
of 100,000 cycles per second, and at 130,000 volts, 
whilst a further generator giving damped oscillations 
up to 100,000 cycles per second and 750,000 volts is 
nearing completion. Mention may also be made of 
a 6- and a 3-element oscillograh. As these instru- 
ments are of the electro-magnetic type, and there- 
fore unsuited for use at very high frequencies, a new 
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cathode ray oscillograph has been developed and is 
nearing completion. 

Amongst the more interesting of the researches in 
progress in the electrical laboratories is one devoted 
to the reduction of noise in motors and in high-speed 
gears. Noise implies wear and is objectionable for 
other reasons. The attempt is therefore being made 
to locate its cause, which is necessarily the first step 
towards its regulation or abolition. For the end 
in view a room has been provided which is lined 
throughout, floor, walls and ceiling, with 6 in. of 
loose cotton wool. This practically eliminates all 
reflection of sound from the walls, and the effect 
on the voice is curious. The machinery to be 
tested is placed in this room and the sound produced 
by it analysed by generating telephone currents. 
These are magnified by valves, and oscillograms are 
taken of the resultant current. In this way, the 
periodicity of the independent components of the 
integrated noise can be discovered, and it is then 
generally practicable to trace some to a remediable 
cause. The results of such researches have, it is 
stated, made possible considerable improvements in 
the design of alternating current motors, by which 
they have been rendered more silent. By the same 
means, faults have been located in the master 
wheel of gear-cutting machines. 

The metallurgical laboratory not only does research, 
work, but has important duties in connection with 
routine testing, and is very adequately equipped for 
this purpose. To it is entrusted the control of the 
quality of all the metals used in the shops, whether 
purchased or produced in the firm’s foundries. For 
research purposes in problems of heat treatment, 
five furnaces are provided, of which the largest is 
gas-fired, the other four being heated electrically. 
Provision is made in these for replacing ordinary 
air by an atmosphere of hydrogen, nitrogen or 
other gas. A separate microscope room is equipped 
with two projection microscopes for magnification 
respectively up to 200 diameters and to over 1,000 
diameters. The smaller instrument projects its 
images on a screen, while the larger instrument is 
arranged for direct optical examination. In both 
instruments a camera for photographic reproduction 
of specimens is provided. 

The chemical laboratories are largely engaged 
in routine tests in connection with metals, oils, 
fuels, feed and circulating waters, and insulating 
materials. Included in their equipment are a 
number of electric ovens fitted with thermostatic 
control. The study of oils has engaged the particu- 
lar attention of this laboratory, and special plant 
has been designed and constructed for the purpose of 
determining the sludging properties of transformer 
oil. Other work includes the study of electro- 
plating with nickel cadmium and chromium, and 
the investigation of the resistance to corrosion of 
different metals and protective coatings in varied 
atmospheres and different conditions of moisture, 
temperature and pressure. 

Besides the laboratories already mentioned, 
reference should be made to others designed for 
special tests on materials, equipped to give testing 
pressures of 2,000, 10,000, 22,000, or 100,000 volts ; 
and having numerous ovens arranged for the 
maintenance of any desired conditions of tempera- 
ture, humidity, vacuum, or pressure. 

It is of interest to note that in some instances 
when there has been a difficulty in purchasing 
material of the quality required, the Metropolitan- 
Vickers Electrical Company has arranged for re- 
searches, in collaboration with the manufacturers, 
directed to the discovery and elimination of the 
causes of the defects found. A typical instance is 
provided by a type of pressboard insulation exten- 
sively used for certain electrical machinery. Whether 
purchased at home or abroad, this material was often 
unsatisfactory, metal inclusions being far from 
uncommon. 

After an extensive research into the insulat- 
ing properties of different fibres, the company 
persuaded a local paper maker to join them in the 
attempt to improve matters. As the result of work 
both in the laboratories and in the mills, the 
difficulties were ultimately overcome, and the 
particular mills in question are now almost 
exclusively directed to this special manufacture, 
the new material having entirely replaced other 


pressboards, not so good in quality, that previously 
were imported from abroad. 

A further section of the department, again 
equipped with separate laboratories, is devoted 
partly to the exact control of technical processes in 
the shops, and partly to the development of 
improved or new processes, and also of the necessary 
new appliances or machines for use therein. A view 
given in Fig. 26 shows an experimental foundry 
which is used for experimental work designed to 
obtain improved and new metal mixtures and 
alloys, and shows a new type of electric induction 
furnace. 

The new furnace was developed as the outcome of 
a research, which commencing from experimental 
work, using very high frequencies, passed through 
the stages of a rigid mathematical investigation 
to an engineering development, previously unfore- 
seen, of furnaces capable of melting steel and non- 
ferrous metals at frequencies of 500 cycles and less. 
After witnessing demonstrations with the furnace 
illustrated, which is a 350-lb. 500-cycle furnace, 
similar furnaces but of 560-lb. capacity have been 
been ordered by two large steel makers, and one of 
these has been recently put into successful com- 
mercial operation. 

The construction of the new furnace is shown in 
the sectional drawing given in Fig. 27, where a is a 
crucible placed within an induction coil 6, from 
which it is separated by a lagging of sand d, which 
rests on a concrete block f. All these parts are 
contained within a stout wood casing c, and the 
furnace may be tilted by hand or by motor-operated 
chain tilting gear attached to the frame e. 

A special feature lies in the strong construction 
of the coil, with provision for water cooling made on 
the external surface. The switching arrangements 
allow part of the coil to be disconnected, so that the 
supply may be adjusted as required during the 
melting of the charge. To obtain the 500-cycle 
supply a motor-generator set is used, and two 
banks of condensers with push button-controlled 
contactor-type switchgear are provided for power- 
factor correction. For steel furnaces with capacities 
exceeding 560 lb. it is anticipated that lower 
frequencies than 500 cycles may be used, while 
for non-ferrous metals a 600-lb. furnace is in success- 
ful operation connected directly to a standard 
50-cycle supply circuit. It is anticipated that with 
the induction furnace the highest quality crucible 
steels can be produced at much lower costs than 
those involved when using coke or gas heating. 

It remains for us to acknowledge both the 
generous way in which Messrs. Metropolitan 
Vickers Electrical Company have placed at our 
disposal the information embodied in these articles 
and courteous manner in which Mr. A. P. M. Fleming, 
the manager of the research department, and his 
staff have rendered the necessary assistance. 








THE INSTITUTION OF WATER 
ENGINEERS. 


Tue thirty-third winter general meeting of the 
Institution of Water Engineers was held in the rooms 
of the Geological Society, Burlington House, London, 
W.1, on Friday, December 7 last. The chair was taken 
by the president of the Institution, Mr. 8. C. Chapman, 
and four papers were presented for discussion. 


CONSUMPTION AND WASTE OF WATER. 


In introducing his contribution to the proceedings, 
entitled, ‘‘The Consumption and Waste of Water,” 
Mr. John Bowman stated that there was a wide differ- 
ence in the domestic consumption per head in towns 
and water districts throughout the United Kingdom. 
Recent statistics showed that the average domestic 
consumption, in gallons per head per day, in 17 water- 
supply areas in England, ranged from 15-51 at Sunder- 
land to 33-24 at Plymouth. The figures for Scottish 
areas were decidedly higher and ranged from 32-9 at 
Aberdeen to 81-7 at Helensburgh. With the gradual 
improvement of housing conditions and the substitution 
of modern houses, furnished with baths, hot-water 
systems and other conveniences, for those of an older 
type, the demand for water increased. The problem 
of providing this increased water supply was a serious 
one, more serious, probably, in England than in Scot- 
land. A great deal of the recorded consumption in 
every town was due to waste. This might be attri- 
butable either to extravagant misuse or to leakages 
caused by defective pipes and fittings. The question 





of how to eliminate extravagant misuse was a difficult 





| Observations.” 


one ; in hotels and institutions it had been an advantage 
to instal self-closing taps. The leakage due to defective 
joints on main pipes or to fractured mains might be 
considered as practically negligible because such leaks 
as a rule become rapidly apparent and were at once 
repaired. Much more serious and frequent were the 
leaks on service pipes, particularly on lead pipes, which 
might go on for a long time, gradually increasing in 
volume until the diminution of the supply became so 
great as to affect the supply to the building. The 
best way to keep down the number of burst pipes was 
to insist on a pipe of a thickness sufficient to stand the 
pressure of water or ice. In Edinburgh it had been 
found that by far the greatest number of lead pipes 
burst were of ?-in. diameter. Consequently, in 1927 the 
weight for }-in. pipes had been increased from 10 Ib. 
per yard to 12 lb. per yard, while that of }-in. pipe had 
remained unaltered at 7 lb. per yard. Leaks on 
underground lead supply pipes might also be due to 
defective joints. Waste of water inside the houses was 
usually due to faulty fittings. In Edinburgh for many 
years there had been a long struggle to prevent the 
installation of defective and cheap fittings. When 
new by-laws were drafted, it had been, therefore, 
decided to incorporate therein the standard specification 
of the British Waterworks Association. These by-laws 
were now in use, and standard taps were being regularly 
tested and stamped in Edinburgh. 


ADMINISTRATION OF ENGINEERING CONTRACTS. 


‘* Legal Considerations Relating to the Administra- 
tion of Engineering Contracts,’ was the title of an 
interesting paper by Mr. E. J. Rimmer. That the 
provinces of engineering and law were not only con- 
tiguous, stated the author, but at times overlapped, 
was recognised by the Bar Council. This classified 
the consulting engineer with the solicitor and chartered 
accountant in disqualifying him from entering the 
Inns of Court until he had abandoned active practice. 
From the engineering side, the common interest was 
recognised by the prominence given in engineering 
journals to decisions in the Courts of Law. The unique 
and somewhat curious conditions of most of the current 
forms of engineering contract were such that the 
engineer, concerned with the administration of the 
contract, might pass, at different stages of the work, 
from the position of paid adviser or agent of the building 
owner to a quasi-judicial, and finally to a wholly judicial 
position under the contract. As agent for the building 
owner he was in a position where all his experience 
should be exercised in the interest of the building owner 
alone, even though his actions were adverse to the 
contractor. On the other hand, where the engineer’s 
functions were either quasi-judicial or judicial, his 
position was such as to require from him a mind free 
from the interests of either party to the contract. 
This might, and often would, necessitate a refusal to 
act upon the instructions of the building owner, and on 
insistence that he should be free to act solely upon his 
own judgment after consideration of the view of both 
building owner and contractor. 


SANDFIELDS FILTRATION INSTALLATION. 

A paper presented by Mr. A. W. Burtt dealt with 
“The Sandfields Filtration Installation, with Special 
Reference to Some Chemical and Bacteriological 
Mr. Burtt stated that Sandfields 


| plant of the South Staffordshire Waterworks Company 





was designed with the object of converting, by means of 
rapid gravity filtration followed by chlorination, a 
water of doubtful quantity into a supply fulfilling the 
most stringent standards of modern hygiene. The 
present paper was written mainly from the chemical and 
bacteriological standpoint, but a full description of the 
installation had been given in ENGINEERING.* The 
method of purification employed comprised the addition 
of alumine-ferric, continuous flow sedimentation, 
filtration followed immediately by chlorination, 
passage through a clear water tank, and finally de- 
chlorination if necessary. The maximum load was 
4 million gallons per 24 hours. The dose of coagulant 
was usually varied according to the state of the raw 
water, so as to keep the quality of the filtrate as uniform 
as possible. During the past year the dose had been 
decided upon arbitrarily, during certain periods, 
so that data could be obtained as to the value of different 
proportions of alumina. 

The principal determinations made had been with 
respect to the reduction in the colour and in the 
oxygen absorbed from permanganate (3 hours at 
27 deg. C.). It had been found that increase in purifi- 
cation with increasing aluminium doses was more 
marked in the case of percentage reduction in colour 
than in that of percentage reduction in oxygen absorbed. 
The percentage reduction rose rapidly as the dose was 
increased from 0-2 to 0-6 grain per gallon; above 
this there was progressivly less response to increased 
alumina dosage. The use of doses of alumina larger 
than 0-6 grain per gallon was uneconomical when the 





* See vol. cxxiii, page 473 (1927). 
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raw water was of the quality tested, namely, when its 
colour value on the Burgess scale was less than 30 mm., 
and the figure for oxygen absorbed less than 0-140 
parts per 100,000. The filtered water was chlorinated 


before passing to supply; a chlorine dose of 0-2 part | 





per million was almost uniformly employed, with the | 


most satisfactory results. B. Coli was almost in- 
variably absent from 100 c.c. of the final water, and 


since the inception of the treatment no complaint of | 


taste traceable to chlorination had been received. 


A certain amount of trouble had been experienced | 
owing to the appearance of a frothy scum on the | 


surface of the water in the pure-water tank. Inspection 
showed that the froth formed as the filtered water 


poured from the filter outlets into the pure-water | 


channel, and subsequently cascaded from the channel 


into the pure-water tank. The reason for this was | 


that the filtered water inevitably contained some 


colloidal organic matter ; this caused a lowering of the | 
surface tension of the water, and assisted the formation | 
The development of various forms of alge | 


of froth. 
appeared to be dependent on the presence of the 
froth; possibly the reason why such was the case 


was that the froth, rich in organic matter and floating | 


on the surface of the water, escaped the sterilising action 
of the chlorine, which inhibited growth in the water 
itself. Taking everything into consideration, it would 


appear to be important to design filter outlets in such | 


a manner that the flow from the filters to the storage 


tank should be as quiescent as possible, and that | 


cascading should be reduced to a minimum. 


CorrosivE ATTAck OF AcID WATER ON CONCRETE. 


A paper by Messrs. W. T. Halcrow, G. B. Brook, | 
and R. Preston dealt with ‘“‘ The Corrosive Attack of | 


Moorland Water on Concrete.’’ The contribution 


referred to the deterioration of the surface of concrete, | 


at the Kinlochleven hydro-electric works of the British 


Aluminium Company, Limited, owing to contact with | 
acid, moorland waters. The principal concrete struc- | 
tures at Kinlochleven comprise the Blackwater Dam, | 


3,112 ft. long, by 90 ft. maximum height, and a rein- 
forced conduit, 8 ft. wide by 8 ft. deep in section, and 


3} miles long, which brings the water to the head of the | 
steel pipe line leading to the power house. The authors | 


stated that in course of time, all concrete surfaces 
exposed to'the water, whether still or running had been 


affected, the smooth surfaces becoming rough. The | 


cement had disappeared from the faces leaving the grains 
of sand and small aggregate exposed. The sand grains 
could be removed by rubbing with the hand. The 
depth to which the action had taken place was small, 
and probably did not exceed } in., and the stability of 
the structure was not, therefore, affected. In the case 
of the conduits, however, the deterioration of the 
surface had increased the coefficient of friction, and 
thereby reduced the carrying capacity, with a conse- 


quent decrease in the maximum possible output from | 


the power station. Analyses of the water, and tests 
made in the laboratories, showed that the acids in the 
peaty moorland water dissolved the lime and calcium 


aluminate in the cement, and somewhat rapidly re- | 


moved the face of the concrete, the action becoming 
much slower as the area of cement exposed was lessened 
by the presence of sand grains. 

In order to determine the best cement or other ma- 
terial to be used for resurfacing the conduit when the 
necessity arose, and also with a view to dealing with the 


new works at Lochaber, experiments were commenced | 


in 1921 on the resistance of various cements and pro- 
tective coatings to this corrosive action, and some 


113 possible materials had been tested. They consisted | 
of varying mixtures of Portland, slag, and aluminous | 


cement concretes, tars, bitumens, bricks, renderings, 


chemical surface treatments, and proprietary mixtures. | 


A small conduit 4 ft. wide and 4 ft. deep, constructed 
for carrying the water collected from a small adjoining 
watershed, was selected for the tests. These comprised 
the exposing of internal linings to the water, and, later, 
loose slabs were prepared and set in the conduit for 
contact with the water. These specimens were formed 
of various concretes to be treated, or consisted of a 
standard mixture of 4 : 2: 1 Portland cement concrete 
on which coatings were tested. 

Viewing the tests as a whole, it could be said that, 
with few exceptions, all tue materials tried had been 
able to withstand the vigorous conditions better than 
standard Portland cement concrete. In the short 
period of 270 days, ordinary concrete appeared to have 
reached its worst possible state; at 1,800 days it 
appeared to be no worse than it had been four years 
previously. High-grade aluminous-cement concrete 
showed no sign of deterioration even after 6} years’ 
exposure to the acidic moorland water; it had every 
appearance of permanency. The only other material 
which showed no change after six years’ exposure 
was the Staffordshire blue brick. Of the calcareous 
cements, only one kind merited favourable mention, | 
namely, the finely ground or rapid hardening type. 


CONSTRUCTED BY MESSRS. THE SOLUS ELECTRICAL COMPANY, 


| TRANSFORMING AND RECTIFYING X-RAY SET. 


LONDON. 











|namely, 2 parts of sand and 1 of cement, were satis- 
| factory for a considerable time, but eventually their 
surface roughened, though they had the advantage 
over concretes in that the surface at its maximum 
deterioration was not as rough, on account of the 
absence of coarse aggregate in their composition. 
Where the more stable cements, such as aluminous 
cement or other rapid hardening cements were used in 
| the mortar facings, the results were, of course, better. | 














recently produced a combined transforming and recti- 
fying set designed to operate on three-phase mains, but 
making use of all three phases, so that there is no dis- 
turbance of the balance of the system. The apparatus, 
which is capable of giving a maximum pressure of 
120 kilovolts, and of supplying a momentary current of 
300 milliamperes at 60 kilovolts, is illustrated by the 
photograph reproduced on this page. 

The set includes three single-phase transformers with 





Of the paint and oil surface treatments, there | their secondaries connected in star, and having two 
| were several which appeared to stand up for a long | hot-cathode rectifying valves in each phase to give 
|period. Those of bitumen and tar basis appeared | full-wave rectification. The rectified currents are 


| the superior of the two classes. A thick coating of a 
|good quality bituminous enamel or paint endured 
| well, and similarly a tar-lime mixture had a long life ; 
|it was, moreover, quite a cheap material. After 
|five year’s immersion a large quantity of the bitu- 
|mastic surface on one test piece had been dissolved, 
but the result was creditable. The final conclusion 
arrived at was that the use of concrete made with 
aluminous cement of good quality would keep deteriora- 
tionata minimum. At present, however, this material 
costs about twice as much as Portland cement, and a 
| decision as to the advisability of its adoption could 
only be arrived at from economic considerations. No 
other materials, with the exception of Staffordshire blue 
bricks, appeared to give promise of permanent resist- 
ance to corrosive attack by moorland waters. 





TRANSFORMING AND RECTIFYING 
APPARATUS FOR RADIOGRAPHY. 


In order to reduce the time of exposure in radio- 
graphic work, it has become necessary to design and 





combined for supplying the X-ray tube, which is of the 
Philips Metalix type, and, with this arrangement, the 
minimum voltage is never less than 86 per cent. of the 
maximum, instead of falling to zero between the peaks, 
as occurs with single-phase rectification. The average 
‘hardness ”’ of the tube, and, consequently, the pene- 
trating power of the X-rays produced, is thus consider- 
ably higher with rectified three-phase current than 
with single-phase current. The three pairs of recti- 
fying valves are mounted above the transformers, one 
valve in each pair having its filament at the bottom and 
the other at the top, as can be seen in the illustration, 
and the three lower filaments, which each require 
8 amperes at 12 volts, are heated by current supplied 
from separate transformers, enclosed in the same tanks 
}as the main transformers. Since the other three 
| filaments are all at the same potential, the transformers 
| supplying them can be accommodated in a single tank 

with only one high-tension insulator. In the same tank 
| is fitted the transformer supplying the filament current 
| to the X-ray tube, which requires about 5 amperes 
at 10 volts, but this transformer is provided with a 





construct apparatus absorbing considerable power for | egulator mounted on the control-switch table, shown 


short periods. Single X-ray tubes are already in course 
of production which can carry a load of 20 kw. or more 
for instantaneous exposures, and the supply of such 
apparatus with the necessary electrical energy presents 


on the right of the illustration, since the high-tension 
current passing through the tube depends upon the 
filament temperature. 

A three-phase induction regulator is provided in the 


a number of problems. It is objectionable from the | primaries of the main transformers to control the volt- 


point of view of the supply companies to connect appa- 


lage applied to the latter, and consequently also that 


ratus of the class referred to, to one phase of a three- | applied to the tube. The regulator, it may be men- 


phase four-wire system, as is most commonly employed 
for distribution purposes in this country, and some 
difficulties are also encountered in connection with 
the rectification of single-phase currents to render 


them suitable for supplying powerful X-raytubes. To | 


| tioned, is of the induction-motor type, the rotor being 


slowly turned through an angle of 120 deg. to regulate 
the primary voltage by means of a small motor, which 
can be started, stopped and reversed by a switch on the 
control table. It will be obvious that, with this 


Used in the form of mortar, a reasonably durable | meet these objections, Messrs. The Solus Electrical | arrangement, the voltage on the tube can be con- 
surface was obtained. Mortars of the rich type, !Company, of 100, Judd-street, London, W.C.1, have | tinuously varied over the full range. On the control 
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SPEED-LIMITING GEAR FOR BRAKES AND COUPLINGS. 
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table, above referred to, the filament regulator and on one of the transformer boxes on the left-hand side, 


exposure switch are also mounted, together with a 
voltmeter indicating the primary voltage. In order to 
leave the operator’s hands entirely free, however, a 


double foot switch, with a system of relays, is provided, 
the switch being designed so that by depressing one 
pedal, », weak current, suitable for an examination with 
the fluorescent screen, is first switched on. The 
Operation of the second pedal sets the switch controlling 


the lencth of exposure, increases the filament current of 


the tube to a suitable value, and finally switches on the 
high-tension current, which is automatically cut off 
after the time allowed for the exposure has expired. 


The time switch can be seen on the illustration resting 





but, in an actual installation, it is placed near the control | 
table, which, together with the pedal switch, is located 
in the operating-room, the remainder of the apparatus 
being situated in an adjoining apartment. The time 
switch incorporates a solenoid and dashpot, and gives 
an exposure range from 7;-sec. to 5 secs. It is set 
by turning the graduated dial seen in the illustration, 
and, having been once set by hand, any number of 
exposures of the same duration can be made automatic- 
ally. 

The exposed metal parts of the apparatus are chro- 
mium plated to render them rustproof and the tanks 





and holding-down rings for the insulators are earthed ; 


the latter are of the oil-filled porcelain type. The appa- 
ratus, it may be mentioned in conclusion, has been 
designed with a view to its employment for those indus- 
trial applications of X-rays for which deep penetration 
is required with short exposures, and it appears to be 
well suited to this class of work. 








SPEED-LIMITING BRAKE AND 
CONSTANT-SPEED COUPLING. 


Ir is frequently necessary in engineering practice to 
limit the speed of a driving shaft to a predetermined 
value, and on page 624 of vol. cxxiii. of ENGINEERING, 
we described a speed-limiting brake for this purpose, 
manufactured by Messrs. J. P. Hall and Company, 
Limited, of Blackriding Iron Works, Oldham. One of 
the most useful applications of this device is to prevent 
over-running of the load on cranes, and we understand 
that the Hall brake has been extensively employed for 
this purpose. It has been found, however, that while 
the brake was entirely satisfactory under normal con- 
ditions, over-heating was liable to occur when heavy 
loads had to be lowered for long distances at very 
frequent intervals. To meet these conditions, Messrs. 
Hall have developed the water-cooled brake illustrated 
in Figs. 1 and 2, annexed. The action of the brake was 
fully described in our previous article, and it is only 
necessary to add that, on the water-cooled type, the 
two water spaces shown have been found of ample 
capacity to prevent an excessive temperature rise under 
any conditions of working met with in practice. The 
larger brakes of this type are provided with external 
cooling fins to assist radiation. 

The principle on which these brakes operate can be 
equally well applied to give a constant speed to a 
driven shaft, and Messrs. Hall have recently developed 
the coupling for this purpose, which is shown in Figs. 3 
and 4, annexed. Various applications of this coupling, 
which is introduced between the driving and driven 
shafts of coupled machines, will suggest themselves to 
our readers. 

The construction of the device can be readily followed 
from the sections given in the figures. The driven 
portion is carried on a boss keyed to the driven shaft, 
and consists of four moving weights, each controlled 
by an adjustable spring, and two revolving discs, which 
are keyed to the boss, but are free to move in an axial 
direction. The weights are of a hollow rectangular 
section to accommodate the springs, and are mounted 
on steel studs screwed into the boss. The weights are 
free to move in a radial direction, and the studs have a 
squared stem, which acts as a guide, and, at the same 
time, prevents the studs from becoming unscrewed. 
The outer end of each stud is provided with a nut and 
washer, by means of which the compression of the 
springs may be varied. Each weight is tapered on two 
opposite sides at the end adjacent to the shaft, and 
corresponding surfaces are provided on the two inner re- 
volving discs. The driving portion consists of two outer 
discs bolted together and carried on ball bearings on 
the driven shaft, one of the discs being in the form of a 
half-coupling, keyed on the driving shaft. These discs 
are faced on the inner sides with friction material, such 
as Ferodo. Provision is made for reducing the distance 
between the discs, should the wear of the friction 
material render this necessary. 

Normally, the weights are forced down towards the 
shaft by the springs, and engage with the tapered surfaces 
on the inner revolving discs. The latter are thus forced 
apart until they are in contact with the friction material 
on the outer revolving discs. Due to the wedging 
action of the tapered surfaces, the compression of the 
springs is converted into a much greater lateral force, 
maintaining sufficient pressure between the inner and 
outer discs for the latter to drive the former without 
slipping. When the speed increases, the centrifugal 
force exerted by the weights also increases, and this 
reduces the effective inward pressure from the springs. 
As a result, the lateral pressure between the inner and 
outer discs is reduced, and the former commence to 
slip. As the speed of the driven shaft decreases, due 
to the slip, the centrifugal force exerted by the weights 
decreases, and the lateral pressure increases, until the 


| friction between the inner and outer discs is sufficient 


to absorb the increase in horse-power due to the increase 
in the driving speed. The driven shaft is thus main- 
tained at a practically constant speed, the latter actually 
decreasing slightly as the driving speed increases. Owing 
to the fact that the lateral pressure is so greatly in excess 
of the inward pressure from the springs, a very small 
variation in the effective spring pressure produces a 
much greater variation in the lateral pressure. Conse- 
quently, a large increase in the lateral pressure between 
the inner and outer discs, due to a large increase in 
speed, causes only a small decrease in the speed of the 
driven shaft. Actually, as will be seen from the curve 
reproduced in Fig. 5, the speed of the driven shaft 
decreases only about 6 per cent. when the speed of the 
driving shaft increases 75 per cent. When the load on 
the driven shaft is reduced, less pressure is required 
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between the revolving discs, consequently, the speed of | tubes in question due to variations in temperature, | The surface friction on the cylinders was 0 -66 ewt. jer 
the driven shaft increases until the excess of the spring these tubes being at the same time held rigidly at their | square foot in mud, and 3 -44 cwt. per square foot in 
pressure over the centrifugal force exerted by the | extremeends, and consequently distorted in themselves? | gravel and disintegrated chalk. The maximum out- 
weights is reduced sufficiently. Those readers who have had experience of the repair | put of the air-locks was 12 cub. yards per shift, but ff 
The curves reproduced in Figs. 5 and 6 show the | of traction engines will have often used the old method | the average was only 63 cub. yards. The temporary tl | 
results obtained with a dynamo driven by a variable- | of stretching boiler tubes by heating in a forge fire, | gangway which carried the public vehicular and foot ne 
speed motor through one of these couplings. Fig. 5 | cooling one side of the heated portion and bending the | traffic during the reconstruction was 11 ft. wide. It i 
shows the effect of increasing the motor speed, with a| tube about the cooled side and then reversing the | was carried on a timber-piled structure for the first ~ 
load of 8 kw. on the dynamo. The speed of the motor | process, the result being a lengthening of the tube. | Jength of 485 ft. from the shore, and the last length of ag 
was varied between 455 r.p.m. and 760 r.p.m., a varia- | This process naturally thins the tube, and if persisted in | 400 ft. at the pierhead. The intermediate portion was al 
tion of 70 per cent., the observed variation in the | would ultimately cause a fracture which the writer | balanced on one line of main girders. The staging. or 
dynamo speed being 6 per cent., from 430 r.p.m. to | would expect to find similar to that referred to in the | piles were driven 18 ft., the points entering 2 ft. into 7 
455r.p.m. Atany steady speed of the motor the dynamo | Board of Trade report. gravel. The finishing set was } in. per blow with a pain 
speed was quite steady. Fig. 6 shows the effect, on In the case of high-pressure boilers, the expanding | 28-cwt. hammer falling 5 ft. The load on a pile was ee 
the dynamo speed, of varying load with the motor | of the tubes to withstand the boiler pressure is such that | 12-6 tons, and there was no settlement. vi 
running at 750 r.p.m. As will be seen from the | it is extremely unlikely that any movement can possibly | Both main and cross girders are of the plate type, - 
curve, the increase in speed, when the load of 8 kw., | take place in the tube plate, and, consequently, unless | and the rail-bearers are rolled-steel joists. In the _ 
corresponding to the conditions represented in Fig. 5,|the whole bank of tubes in a high-pressure boiler | approach, there is a steel bracket on the outside of the a 
was thrown off entirely, was from 430 r.p.m. to| expand and contract uniformly, certain of the tubes | west girder to carry the carriageway. A bracket on thi 
460 r.p.m., an increase of 7 per cent. | will be stressed on the lines indicated. the outside of the east girder carries the footway. Mi. 
Yours faithfully, | All the steel superstructure, with the exception of the iy 
Kyre W. WILLAns. | station canopies, is encased in fine concrete reinforced the 
LETTERS TO THE EDITOR. Messrs. Kerr, Stuart and Company, Limited, | with No. 14 B.R.C. fabric. The proportion of this bei 
ae Stoke-on-Trent, December 12, 1928. concrete is 224 lb. of cement, 9 cub. ft. of fine agzregate, th I 
VIBRATION IN SHIPS’ HULLS | 3 in. to 4 in: with sufficient sand. to fill the voids. mu 
2 : r The minimum thickness of covering is 14 in., the ‘é 
a THE Epiror oF ENGINEERING. THE RECONSTRUCTION OF THE NEW | average being 3 in. The shuttering Yor ae concrete = 
Str,—Referring to the article on page 718 of your | HOLLAND PIER.* was erected in stages to ensure sound work. The Fe 
issue of the 7th inst., one doubts whether naval | By Joux Mamtey 2 :. B.Sc., M.Inst.C.E cylinder and cross bracings were coated with tar ~ 
architects as a body will be prepared to admit that | Fe ree ere ee md containing 3 oz. each of slaked lime and tallow to the 
they are as ignorant of the dynamical properties of a | Tus pier is the landing-place on the Lincolnshire | gallon. h 
ship’s hull as engineers appear to believe. Even so, | Shore for the ferry across the Humber from Hull. The} ~ The assumed rolling load on the railways was the Am 
there is plenty of scope for research, whether organised | traffic on the pier in a normal week is 28,000 to 30,000 | Ministry of Transport Standard unit loading (18 units) 191, 
as Professor Dalby suggests or not. | foot passengers, 250 vehicles, 1,200 cattle and sheep, | on both tracks simultaneously. Half the Standard deci 
With regard to the question of damping, some and 300 tons of luggage and goods. The old pier, | provision for impact was allowed. The live load on the nee 
experiments recently carried out suggest that its in- | Which was of timber in spans of 50 ft., was completed | carriageway was an eight-ton motor vehicle and/or he 
fluence is much less than might at first sight appear |i" 1849. It was 1,375 ft. long and 35 ft. 6 in. wide | 120 Ib. per square foot. Impact effect for the vehicle oon 
probable. Damping due to fluid friction is not to be | °V¢™ the handrails. It carried two lines of rails, a) was that provided for in the Standard specification. rte 
confused with the influence of the entrained water in | 8dway, and a footway. F _ | The assumed live load on footways and platform was — 
reducing the natural frequency, which is very important. At the outer end there was a floating wrought-iron | 120 Ib. per square foot, with no allowance for impact. a 
One would welcome further particulars of the case in pontoon, 400 ft. Jong, weighing 500 tons. The tidal | The assumed wind loads were 30 Ib. per square foot with z 
which an eighth harmonic of the fundamental vibration | ™?8° 38 22 ft. 6 in., and access from the pier was live load, and 50 Ib. per square foot without. The Tray 
was detected. In a vessel of normal proportions this | provided by two tubular bridges, each of 140 ft. span. | maximum load on the concrete of the cytinders is 20 tons “Ch 
vibration, if it did occur, would not be flexural in | Each bridge was movable, one end resting on a hinge on | per square foot. The load on the chalk substratum cour 
character, but rather of shear type (as produced in a | the pier and the other sliding on rollers on the pontoon. | jg §-3 tons per square foot, with no deduction for Uni 
building of moderate height by a horizontal earth- | !n 1869, the pontoon was destroyed by a storm, and two | displacement or friction. The estimated stresses in the high 
quake shock) and the frequency would thus be reduced slopes, each 200 ft. long, were substituted for it. | structural steelwork are in accordance with the unit the 
to less than half the value for a hypothetical flexural | uring the past 15 years, the waybeams carrying the | stresses permitted under the Standard specification. Tim 
vibration of the same order. | rails have been reinforced with new timber. After) The fine concrete was treated as a protective covering, avi 
Yours, &c., | 1915, the heavier types of locomotives were not | and was not assumed to take any stress. to tl 
J. Lockwoop Taytor. | 2llowed on the pier. Railway traffic was stopped in| The timber deck and waybeams are of creosoted fir. plac 
School of Naval Architecture, University of | 1923 to allow the reconstruction to proceed. The |The waybeams are 18 in. by 9 in., made up of two of th 
Liverpool, December 14, 1928. — |condition of the pier was bad. The outer timbers | sections bolted together. All timber was cut to size, the « 
| ee a a ose: « oe = bored, dowelled, and mortised before creosoting. The appr 
-eward side. Decay had started in the faces in contac ; ildi vere 
BOILER-TUBE FAILURES. tecwere the meyhenin aa Se anor ak Wale ce ec - 
To THE Epriror OF ENGINEERING. | the bats jointa, The t on bar ioe was ~— at = canopies, slates, doors and windows were all reused. mira 
Sir,—Now shi ceeaarina RiGt lana ans ouniinis > b oints. he bolts were badly corroded in the | Of the timber framing, 90 per cent. was re-employed, 
won tha ih pre bole are coming ite range of the tides, but in gor condition above high |and 86 percent of the lay. The outer covering fia 
paying a great deal of attention to tube failure, and in | ‘ The new pier consists of cylinder foundations, pitched Se ia ~<- = = —— . a o— 
this connection I am prompted to call attention to the | jn the centre of the timber s ti 1 reap viene: Pear breeze-concrete ling to wel to ci 
possibility of fracture from expansion. patent henewnelige h _ : pall. pags ii am . steel | the floors, and the timber mouldings were new. _The inter 
Let us assume that a tube in a high-pressure boiler | tl ti ber wayb siete — o rage boii ul age a4 cost was about 75 per cent. of that of a new building. the h 
is held rigidly at both ends and then alternately heated eget « Se scig ag i ee yrily a own 
and cooled. If expansion and contraction takes place | ene secmennsen ie eee eee New 
under these conditions, it seems quite cleer ae ri in the old for railways, vehicles and foot-passengers. | SMALL Toots AND MAcHINE-SHOP ACCESSORIES.— See 
talesahan Adaedshe dedians Wha: Reus enadade There are two lines of railway with cross-overs at suit- Apart from its utility, the volume entitled Small Tools to fa 
sari yim Sika cee “a tp “neato sesh ertainly | able points, a carriageway 9 ft. wide, and a 7-ft.|and Machine Shop Accessories, the tenth edition of 
ailed owing to this cause in one of the well-known types | footway. At the pier-head station, there are three | which has reached us, is full of interest as illustrating 
of boiler, where extreme rigidity of structure is coupled | jines of ways. The east platform is 30 ft wide and | the wealth of devices which now exist to lighten the Els 
with locking of the tubes at either end during the } ; ey ie ; h i N | edie on eee | work of the engineer. In addition to small tools proper, state 
process of expanding. vounded by t 5 —— buildings 200 ft. long. : The | there are numerous appliances in which the recognised b ‘ld 
Referring to the Board of Trade report on the tube | = deg tp geenaiagh-iagesco agli Dag Gasher sources of power, such as compressed air, electricity, X., rag , 
failure in the high-pressure boiler, reported in the jscreen. Behind the screen are cattle-pens, 175 ft. | have been adopted in small machines easily managed by a li 
Vulcan Magazine of July, 1928 ‘ie a mary” | long and 9 ft. wide. Both platforms are covered by | hand. The growth in the applications of such portable ‘Ppl 
long time considered two ‘remarks in ‘th a . a t. | steel Glazed canopies. , ee A ap sata Bs isc tn, Pie nae gg a = ig 
aide he aersemee seaiecin then a a va ton The cylinder foundations in the approach are 7 ft. | Cover — is issued by Messrs. Alfred Herbert, Limited, the \ 
as then de whieh ruptured “tap scene uae dae 9 in. in diameter at the bottom and 6 ft. in diameter | ~°V°D"'Y: ~~ 
rush of water and steam, but that a small vient nae pbb es a c ray pri seen | rin a, 
left om the partes remote on in caiens. The “ea ground-level. U nder the pier-head, the inner cylinders | SEwaGE-D1sPposaL SCHEMES IN Canapa.—The Depart- ey 
mectinnt gh. emi Riana ve ort | are 10 ft. 6 in. in diameter at the bottom and 7 ft. at | ment of Overseas Trade have received information that b 0 
= ’ ! isideration, was appare ntly the top. The outer cylinders are of the same dimen- | preliminary plans have been submitted and considered OV Cd 
550 Ib. per square inch. No mention, however, was} gions as those in the approach. Below mud-level for the construction in Oshawa, Canada, of a sewage- clausc 
made of the amount of scale present in the tubes | the cylinders are of mild steel. The taper pi d the | disposal plant, at a cost of 534,000 dols., to provide for by th 
which had not failed. y oe rages ¥ Petiece ae Cla population of 50,000, or double that of the city’s present tainin 
The writer has seen boilers of the steam-wagon type AA ee EN) ee ee figure. The projected plant, the construction of which has to be 
working at 275 Ib. por square inch ; where herd bein cylinders sede braced together above low water in cross | heen ordered by the Provincial Department of Health, d i 
was present to such an ree that an average fin a section. They were sunk by a combination of open | is recommended to be constructed on the city farm pro- which 
ees? gate, hy goa A 7 ie ae The “el oH grabbing and sinking in compressed air. No concrete | perty near the lake front. The officer-in-charge ot His ich 
: y be put jown the tube. ne boilers in| was added before they were founded, the required | Majesty’s Trade Commissioner’s office at Toronto has 
omg are highly forced, as is well known, and yet the weight being given by cast-iron kentledge blocks. forwarded a report by Messrs. Gore, Nasmith and Storie, In ¢ 
r ad not ruptured. This prompts a question, | The strata passed through were 16 ft. of mud and peat, consulting engineers, which was submitted to the City dates 
at what boiler pressure does the presence of scale in| 19 ¢ re isi : Council, and a copy of this report may be obtained, on Unite: 
silica: Mindat: MAU a 1 a eg 2 ft. of gravel and disintegrated chalk, and 4 ft. of | jan, by interested British firms, in order of application 
: ne highly dangerous, or alternatively what | chalk, rock, and flint. Nineteen cylinders were sunk hea ; ‘ Old Queen- never 
is the maximum thickness of scale permissible for a | jn 30 weeks with the followi lant : 5 to’ the Department of Overseas ‘Trade, 95. Oia Aveta have 
given boiler pressure ? 30 weeks wit the ollowing plant :—One 5-ton and street, London, S8.W.1. It is also stated that the we inferi 
The second, and, in the writer’s opinion, the more ab) ae Rees Ses _ air-locks, one air- | Oounct! of Hemsiten ‘hes bean guested peemmmoe ‘ z 
, and, P : More | compressor of 130 cub. ft. per minute capacity, seven | introduce a by-law for the spending of 195,000 dols. men, 
important point in the Board of Trade report is the | sets of gnide-piles, and 212 tons of kentledge. — |on extensions to the sewage-disposal plant. The city tions, 
surveyor’s comment regarding the fracture, in which| The guide-piles consisted of four 12 _ by. 12: | engineer, Mr. W. L. McFaul, has advised the officer-in- minim 
he mentions that it was short and that the material, piles ob ts; lan, bene ts 200 wr 63 y. “oa charge that tenders will be duly advertised for the above claims 
although below the original thickness, was not drawn ei ee ir atandntise dlbaaaanbbaiaiias an -—, he pee be ee va a ay - — make; 
i i i i ic a, "7 Paes ingdom firms desiring to tender. 1s desirable, + 4 
out. Is it —_ in this particular case, that the * Abstract of Paper read before the Institution of Civil porig that these pr et should have a Canadian 
fracture was due to expansion and contraction of the | Engineers, on Tuesday, December 18, 1928. representative. On 
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ENGINEERING. 





LABOUR NOTES. 


WRITING in the latest issue of the organisation’s 
official Report, Mr. Findley, the General Secretary of 
the United Pattern Makers’ Association, states that 
the unemployment figures show a decrease of 80, 
but are still well above the average for the year. The 
total is 759. It is hoped, he says, that the improvement 
in trade, mentioned in the newspapers, will “‘ come along 
in time to fill the Christmas cupboards.” The execu- 
tive have noted, it is added, that all the district 
secretaries, each in his own way—are doing what they 
can in order to get members shopped, and, in this 
connection, they commend action taken by Mr. Rich- 
mond, the organising delegate on the Clyde. In his 
report for the month, Mr. Richmond says: ‘‘ We also 
requested the employers to consider the question of 
their working Clause 12 of the Agreement. They say 
this must be left to the individual firms to decide. 
Might I here suggest that where work shows a tendency 
to drop off, and the discharge of men seems inevitable, 
that it should be the duty of the Shop Committees to 
approach the foreman, and, through him, if necessary, 
the management, with the request that instead of 
paying off, the shop should be put on short time ? 
A few applications of this nature would show the 
employers that when we talk of operating Clause 12, 
we are not merely giving lip service.” 





In November, the home branch membership of the 
Amalgamated Engineering Union increased from 
191,617 to 192,304, and the colonial branch membership 
decreased from 28,182 to 28,047. The number of 
members in receipt of sick benefit increased from 5,310 
to 5,437, the number in receipt of superannuation 
benefit from 10,328 to 10,343, and the number in 
receipt of donation benefit from 11,495 to 11,572. The 
total number of unemployed members decreased from 
15,650 to 15,565. 





The December issue of The Record, the organ of the 
Transport and General Workers’ Union, contains a 
“Christmas Message” by Mr. Ben Tillett. In the 
course of it Mr. Tillett says :—‘‘ To the members of our 
Union the New Year gives promise of better cheer, 
higher hopes, improved trade and prosperity. But 
the relentless finger of Progress, like the finger of 
Time, points and writes its own stern message, and, 
having so written, there is no recall. We must be alert 
to the changes, organic and artificial, that are taking 
place. It is the duty of every officer and lay member 
of the Transport and General Workers’ Union, as it is 
the duty of the members of all other trade unions, to 
appreciate these changes in economic and industrial 
organisation and to understand how they will affect 
our lives and well-being. The year of 1929 will be 
miraculous in invention; constructive reorganisation 
of the processes of production will take place; the 
financiers will attempt bad and mad exploitations of 
capital; the bankers and the stock jobbers will try 
to create a saturnalia of speculation. Credits and 
interests on investments will constitute a gamble in 
the lives of the toilers—the unconscious victims of their 
own crucifying martyrdom. Let us hope that the 
New Year will mean an awakening to the workers, that 
it may give them knowledge, courage, and comradeship 
to face the conflict and to achieve victory.” 





Elsewhere in the same issue of The Record it is 
stated that the Association of Engineering and Ship- 
building Draughtsmen is taking a ballot of its members 
for or against a boycott of advertisements inviting 
applicants for positions to address their communica- 
tions to box numbers. In a statement circulated with 
the voting papers the disadvantages of the system 
are enumerated. The policy of the Association is to 
encourage employers to apply to it for draughtsmen, 
thus ensuring the maintenance of conditions of employ- 
ment. It is pointed out, however, that an effective 
boycott cannot be attained merely by inserting a 
clause in the rules. The present periodical lists issued 
by the Association have been very successful in main- 
taining salaries at a reasonable level, “‘ and it remains 
to be seen,” the Association says, ‘‘ whether members 
desire by this further means to increase the facilities 
which have already been developed.” 





In the course of his election address one of the candi- 
dates for the position of General Secretary of the 
United Pattern Makers’ Association says that he has 
never been able to understand how pattern-makers 
have allowed themselves to be brought to such an 
inferior economic position as compared with draughts- 
men,” who work 40 hours a week, enjoy better condi- 
tions, and are determined to establish a national 
Minimum of 51. a week.” Generally speaking, he 
Claims, the qualifications or capacity of a pattern- 
maker are equal to those of a draughtsman. 





On December 10, 1928, the number of unemployed 


Great Britain was 1,320,900. Of these, 967,100 were 
wholly unemployed, 276,100 were temporarily stopped, 
and 77,700 were persons normally in casual employ- 
ment; 1,039,200 were men, 33,900 boys, 217,700 
women, and 30,100 girls. Of 1,350,806 persons on the 
registers on December 3, 1928, 970,527 were wholly 
unemployed, 300,186 were temporarily stopped, and 
80,093 were persons normally in casual employment ; 
1,060,336 were men, 36,246 boys, 222,364 women, and 
31,860 girls. The number of unemployed persons on 
the registers on December 12, 1927, was 1,125,223, of 
whom 911,063 were men, 29,545 boys, 158,397 women, 
and 26,218 girls. 


The Bureau of Statistics in the Department of the 
Industrial Commissioner of New York State, says 
that the most costly of all industrial accidents, viz., 
the accidents with the highest average cost per case, 
for which compensation awards were made in the year 
ending June 30, 1928, were those which occurred in 
construction work. There were 21,891 accidents in 
construction during the twelve months, and the total 
compensation awarded as 8,115,469 dols., or an average 
of 371 dols. per case. That was 72 dols. per case more 
than the average of 299 dols. for all industries com- 
bined. In other words, accidents in building work cost 
about one and a-half million dollars more than an 
equivalent number of accidents at the average rate. 
It is true, the Bureau states, that the compensation 
rate varies with the wages of employees in different 
industries, and that construction work is one of the 
higher-paid kinds of work. But, since the maximum 
compensation rate is 25 dols. a week, the more highly- 
paid construction workers, such as iron workers, 
masons and plumbers, do not receive two-thirds of 
their wages when injured, but only two-thirds of 
37 dols. 50 cents. What difference there may be in 
wages, therefore, is one of the less important items in 
explaining the high cost of accidents in building. 








Representatives of the Shipbuilding Employers’ 
Federation met representatives of the Amalagamated 
Society of Woodworkers in conference in London last 
week, for the purpose of discussing the claim of the 
shipyard joiners, to participation in the 3s. per week 
bonus increase recently conceded to other plain time- 
workers. The employers, it will be recalled, did not 
give the joiners this addition to their bonus, because 
the men were already in receipt of a special bonus of 
3s. per week. The Amalgmated Society of Wood- 
workers claimed, however, that that 3s. was tool 
money. An agreed official statement, issued at the 
close of the conference, was to the effect that the case 
for the joiners was presented by Messrs. Baron (chair- 
man of the Executive Council), Lawson (Clyde District 
delegate), and Wolstencroft (general secretary). The 
employers’ chairman, Mr. A. J. Campbell, intimated 
that a full report of the case presented on behalf of 
the joiners would be made to the constituent bodies of 
the Employers’ Federation and to a meeting of the 
Central Board of the Federation, which would be held 
sometimein January. A further joint meeting between 
the Employers’ Committee and the Woodworkers’ 
Society would be called, he said, after the employers 
had considered the application. 





According to The Times’ correspondent at Melbourne, 
a proposal which originated during the sittings of the 
Industrial Peace Conference there, that a small delega- 
tion should visit England next year to study conditions 
there, and, if possible, attend the Mond Conference, is 
rapidly gaining favour. In its present form, the idea is 
that the delegation, unlike that which visited the 
United States last year, should be financially indepen- 
dent of the Government. Already 6,000/. have been 
subscribed anonymously towards the expenses, and 
more is promised. The British Economic Mission is 
known to be keenly supporting the proposal. 





In a circular dealing with the question of women in 
industry, Mr. Citrine draws attention to the efforts 
that are being made by the General Council of the 
Trades’ Union Congress in connection with recruitment, 
and states that in this general attempt to assist union 
by educational and propaganda work, special appeals 
are being made to women. The circular suggests that 
“unions will appreciate the necessity for a greater 
degree of organisation amongst women, and will 
consider, in the light of their special problems, the 
possibility of intensifying such method of propaganda 
and education as may be most likely to achieve the 
desired result.” 


An Order issued by the Polish Minister of Labour 
and Social Welfare under the Factory Inspection Order 
of July 14, 1927, defines the duties of doctors attached 
to the factory inspection service. Doctors are, it is 
stated, to be attached to the district and local inspection 
services in the industrial part of the country, to assist 
factory inspectors in matters relating to the protection 








persons on the registers of Employment Exchanges in 





of workers’ health and the hygiene of labour in under- 











takings and establishments subject to factory inspection. 
Medical inspectors of labour will be required to: (a) 
See that conditions of labour in undertakings are in 
conformity with the requirements of hygiene. Under- 
takings in which conditions of production are particu- 
larly harmful to the workers’ health are to be the object 
of special supervision; (6) secure the analysis of 
products, raw materials, semi-manufactured products, 
&e., which are harmful to the health of the workers, or 
suspected to be harmful; (c) examine workers who 
are suspected to be suffering from occupational diseases, 
and collaborate, in virtue of the Order of the President 
of the Republic of August 22, 1927, with the competent 
authorities for the treatment and prevention of such 
diseases; (d) examine the conditions of labour of 
women and young persons, and the influence of these 
conditions on their health; (e) see that all young 
persons undergo a medical examination before being 
engaged; (f) carry out all those duties of factory 
inspection which require special medical knowledge. 





The weekly official organ of the International Labour 
Office states that, at a Congress of Northern Navigating 
Officers in Helsingfors, the following resolution was 
adopted :—‘* The Congress declares that hours of work 
at sea and the manning of vessels should be made the 
subject of permanent rules, and fixed by law in all 
countries ; and the various Governments are earnestly 
requested, before the Maritime Conferences of the 
International Labour Organisation, to see that these 
questions are discussed with the respective organisations 
of navigating officers.”” The organisations represented 
at the Congress were the Swedish Deck Officers’ Associa- 
tion, the Finnish Deck Officers’ Association, the 
Norwegian Sea Captain’s Association, the Norwegian 
Mates’ Association, the Danish Sea Captains’ Associa- 
tion, and the Danish Mates’ Association. 


At a meeting of the Central Executive Committee of 
the Soviet Union, Mr. Schmidt, People’s Commissar 
for Labour of the Soviet Union, and chairman of the 
government committee on the 7-hour day, explained 
the results of the experiment made in the first month 
of 1928 with the 7-hour working day, which was decided 
upon on the tenth anniversary of the Bolshevik 
revolution. The experiment was applied to 28 under- 
takings, of which 24 were textile. The economic 
results of the reform were, he said, unsatisfactory, 
owing largely to the increase in costs due to the 
decline in individual production and the propor- 
tionately excessive rise in wages. A new programme, 
providing for the change over of a section of industry 
to the 7-hour day in 1928-29 had now been drawn up 
by the government committee. During the next 
twelve months the change would be applied to 158 
existing undertakings and 40 new undertakings, and 
it was estimated that, at the end of this period, 365,000 
industrial workers would have a 7-hour day. This 
experiment would not be limited, as was the case 
last year, mainly to the textile industry. Mr. Schmidt 
expressed the opinion that it was difficult to effect a 
complete transformation in the coal industry, where 
the introduction of the 6-hour day for underground 
workers was still in progress. There was considerable 
comment, it is officially stated, on that opinion. 





Changes in existing labour legislation were envisaged, 
Mr. Schmidt said, as a consequence of the reform. Up 
till the present, the government committee on the 7-hour 
day were unanimously of the opinion that no im- 
mediate change should be made in the hours of work 
in dangerous or unhealthy undertakings which had 
already reduced hours of labour, and that hours for 
children should be provisionally maintained as at 
present, since the reduced hours provided by legislation 
for young persons were already a burden on industry. 

Industrial News, a publication issued weekly by 
the Trade Union Congress General Council, states that 
Oxford University Scholarships for worker students 
are available under the Adult Scholarship Scheme of 
the committee of Oxford University Delegacy for 
Extra-Mural Studies, and that the General Council of 
the Trade Union Congress has accepted the invitation 
of the committee to recommend suitable candidates. 
In a circular calling the attention of affiliated unions 
to the scholarships, Mr. Citrine points out that the 
Oxford committee had not fixed in advance the amount 
of the scholarships offered owing to the fact that the 
circumstances of individual students differed. When 
making the award it was their aim to fix the scholarship 
at such a sum as would meet the actual needs of the 
particular students. Students must not be less than 
23 years of age and must have followed a systematic 
course of study for a period of not less than two years in 
a@ university tutorial class or extension course, or 
have been full-time students at a university college 
or approved college for adults, for not less than three 
terms. The last date for the receipt of application 





forms at Oxford is February 1, 1929. 
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GRAVEL WASHING, CRUSHING AND 
GRADING PLANT. 


THE steadily growing employment of concrete in con- 
structional work of almost every kind is being accom- 
panied by increased attention to the materials which com- 
pose it, and, in particular, the importance of perfectly 
clean aggregate is becoming more widely recognised. 
It is believed, therefore, that the account of a gravel 
washing, crushing and grading plant here given, and 
illustrated by Figs. 1 to 6, on this and the opposite pages, 
will prove of interest. The plant has been made and 
installed by Messrs. Marshall, Sons and Company, 
Limited, Gainsborough, for Messrs. Edwin H. Bradley 
and Sons, Okus Quarries, Swindon, on a site some miles 
north-west of the latter town. The area is that of the 
upper Thames Valley, which opens out considerably 
near the source of the river and contains extensive 
deposits of limestone gravel. It is one of these 
deposits that is being worked, and its character can 
be seen in the photograph reproduced in Fig. 4, 
which gives a general view of the plant. An over- 
burden of soil, 12 in. to 18 in. thick, visible on the left 
of the figure, is sharply divided from a bed of gravel 
varying from 10 ft. to 12 ft. thick, which itself rests 
upon a well-defined bed of clay. 

The gravel consists, for the most part, of waterworn 
limestone pebbles, which pass through one or other of 
the screens of the plant without needing crushing, 
though occasionally large pieces occur and have to 
be thus dealt with. Mixed with the gravel is a certain 
proportion of finely-divided clay and sand, and, at the 
lower levels, the bed of gravel is water logged, as 
will also be seen from the figure. In this connec- 
tion it may here be noted that a daily rise and fall 
of the water level in the bottom of the gravel pits, of 
between 1 in. and 2 in. is observed to occur, this phe- 
nomenon being quite independent of the rainfall. The 
overburden is str'pped off by hand and is deposited 
in the disused parts of the workings to make up to 
the original ground level ‘as far as it will go. The 
planking of the tip for this deposit is seen in the 
bottom right-hand corner of Fig. 4. The gravel is 
excavated by a grab, with a capacity of 30 ewt., 
and operated by a 3-ton travelling crane running on 
portable lines. The grab deposits the gravel into 
motor lorries, either for local delivery, there being a 
certain demand for the unwashed materials, or for 
discharge into the feed hopper of the plant, as shown 
in Fig. 5. When the lorries are engaged in other work, 
the tipping wagons, seen to the right of Fig. 5, convey 
the gravel from the grab to the hopper. 

The progress of the gravel from the hopper through 
the screens to the bins is best followed in Figs. 1, 2 
and 3, on this page. The plant has an input capacity 
to the washer of 10 tons per hour of excavated gravel 
and sand, inclusive of the crushed oversize material 
returned for washing. It comprises a concrete feeding 
hopper, an elevator, one combined washer and grad- 
ing screen, one finer screen of two grades, two elevators 
to the storage bins, and the necessary power plant. The 
storage bins are of concrete, and are three in number, 
with a total capacity of about 120 tons. Their general 
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figures. They were built by Messrs. Bradley. The 
washed gravel, of the different grades, is drawn from 
the bottom of the bins into lorries underneath them 
through quadrant gates. The power unit consists of a 
30-brake horse-power Marshall crude-oil engine, of the 
vertical two-stroke type, housed in a brick building. 
The horizontal cylindrical tank seen near the engine 
house in Fig. 5 is the oil-storage tank, and the three 
vertical cooling water tanks will also be noted. The 
exhaust is discharged through two silencers. 

The elevator from the raw-material hopper is seen near 
the centre of Fig. 1. It is of the chain type, with 30-ft. 
centres. The frame is of steel channel, tied and braced, 
and the chain is of malleable iron, with bushed links 
of the single-strand Climax pattern. The buckets are 
of stamped seamless steel, 10 in. wide and reinforced 
on the lip. The gravel is discharged through a steel 
chute, fitted with renewable liner plates, to the com- 
bined washer and grading screen. The washer is of 
steel, 3 ft. 6 in. in internal diameter, and 13 ft. long, 
plus a screen 4 ft. in length, shown in Fig. 6. It is 
carried on flanged rollers, on which run two cast-iron 
tyres bolted to the shell. Each pair of rollers is keyed to 
a common shaft, which is carried in bronze-lined 
bearings. The main motion shaft lies at right angles 
to the washer, and drives it through cast-iron bevel 
reduction gearing. The nature of the drives and gear- 
ing for the different elements of the plant will be clear 
from Figs. 1 and 3, though it may be pointed out that 
all elevator drives consist of chains and sprocket 
wheels. 

The washing water is introduced at the opposite end 
of the washer to the gravel, along the axis of the washer. 
The latter is partially closed by a concentric ring at 
each end, and is fitted internally with a number of 
agitator and propeller blades. The rotation of the 
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washer turns over the gravel, and gradually propels 
it to the discharge end in face of a strong and turbulent 


flow of water. The final washing is given with clean 


water, just as the gravel is lifted out into the screen by 
‘peripheral elevating blades. 
;mesh, and is provided with two chutes. 
,at the end, receives the large rejects, which fall down 
‘a chute, visible in Fig. 1, to a Lightning pulveriser 
situated just above the feed hopper. 
they are broken up and then discharged into the 
‘hopper, from which the crushed material is picked up 
jtogether with the new unwashed gravel. 
ichute from the screen has alternative outlets, con- 


The screen is of 1 in. 
One of these, 


In the pulveriser 


The other 


‘trolled by doors, by which the washed material can be 


‘delivered at will either by way of a bucket elevator to 


ione of the storage bins, or into the finer grading screen. 

In the first case, the product consists of all grades 
iof gravel from 1 in. down to sand. If the second 
‘course is adopted, the gravel, of the composition just 
mentioned but with the sand washed out, may be 
separated into }-in. and 4-in. grades in the secondary 
screen, which is 2 ft. 9 in. in internal diameter and 10 ft. 
long. It is situated at right angles to the washer and 
is supported at one end by a tyre and rollers, and at 
the other by a trunnion running in bronze-lined bearings. 
This screen is provided with an independent water 
service for clearing it in case of blocking. It discharges 
into three hoppers, two of which lead to bucket eleva- 
tors while the third conducts the rejects to the pulveriser® 
The bucket elevators are of similar construction to 
that which lifts the material from the feeding hopper, 
and they serve the storage bins. One of them is also 
used for the l-in. to sand material, and, as will be seen 
from Fig. 3, is provided with a bifurcated chute so 
that this material, or the }-in. gravel, can be deposited 


in the appropriate bin according to which hopper ‘he 
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flows into the pit. The clean washing water is drawn 
by the pump from an independent pit. It may be 
mentioned that the water supply of the village is 
obtained from wells sunk in the gravel deposit. 

As inspection of the washed gravel and sand showed 
both to be perfectly clean; the sand did not leave any 
stain when kneaded in the hand. The plant seemed 
to be very easily controlled and the engine was running 
without attention. Reference to Fig. 3 will show that 
the engine room contains, besides the centrifugal 
water pump, a hand-operated air compressor and two 
bottles for starting up. An electric plug starter is 
used, with a blow pipe as a standby. 








LAUNCHES AND TRIAL TRIPS. 


“ OmPIONEER.”—Oil-tank motorship; single-screw 
‘* Neptune ’’ Polar Diesel engine. Trial trip, November 
15. Main dimensions, 424 ft. by 53 ft. 5in. ; designed to 
carry about 8,650 tons. Built by Messrs. Swan, Hunter 
and Wigham Richardson, Limited, Walker-on-Tyne, to 
the order of the British Oil Shipping Company, Limited, 
of London. 


“ OILRELIANCE.”—Oil-tank motorship; single-screw, 
Neptune Polar Diesel engines. Launch, November 27. 
Main dimensions, 424 ft. by 53 ft. 5 in.; designed to 
carry about 8,650 tons. Built by Messrs. Swan, Hunter 
and Wigham Richardson, Limited, Walker-on-Tyne, 
to the order of the British Oil Shipping Company, 
Limited, of London. 


“Cape SPaARTEL.’’—Single-screw steam _ trawler. 
Launch, November 28. Main dimensions, 140 ft. by 
24 ft. by 14 ft. Built by Messrs, Cochrane and Sons, 
Limited, Ouse Shipbuilding Yard, Selby, for service at 
Hull. 


“* Srr Wrii1aM Hoy.’’—Tug and salvage vessel ; twin- 
screw, triple-expansion engines. Launch, November 28. 
Main dimensions, 180 ft. by 34 ft. 6 in. by 17 ft. 6 in. 
Built by Messrs. Sir W. G. Armstrong, Whitworth and 
Company, Limited, Willington Quay-on-Tyne, for the 
South African Railways and Harbours Administration. 


““Lapy Ropney.’’—Passenger and cargo steamer ; 
twin-screw, single-reduction geared turbines of Parsons’ 
impulse-reaction type. Launch, November 30. Main 
dimensions, 438 ft. by 60 ft. by 32 ft. 9 in.; the 
maximum draught is 23 ft. and the service speed 
15 knots, Built by Messrs, Cammell Laird and Company, 
Limited, Birkenhead, to the order of the Canadian 
National (West Indies) Steamships, Limited, Montreal. 


“ VACUOLINE.” — Oil-tank steamer; single-screw, 
quadruple-expansion engines. Launch, November 30. 
Main dimensions, 460 ft. 6 in. by 62 ft. 6 in. by 36 ft. 6 in. ; 
having a deadweight of 12,700 tons on a draught of about 
28 ft. Built by Messrs. Lithgows, Limited, of Port 
Glasgow, to the order of the Vacuum Oil Company, 
Limited. 


“Port AwtmA.’’—Passenger and cargo motorship ; 
twin-screw Doxford-Diesel engines. Trial trip, Decem- 
ber 3. Main dimensions, 500 ft. by 63 ft. by 43 ft., 
having a total deadweight of 11,350 tons, and a service 
se of 15 knots. Built by Messrs. Swan, Hunter and 
Wigham Richardson, Limited, Wallsend-on-Tyne, for 
the Commonwealth and Dominion Line, Limited. 


“ KURDISTAN.” —Cargo steamer ; single-screw, triple- 
expansion engine. Trial trip, December 3. Main 
dimensions, 420 ft. by 54 ft. by 31 ft. 10 in., having a 
deadweight capacity of 9,335 tons on a moderate 
draught. Built by Messrs. Short Brothers, Limited, 
Sunderland, for the Hindustan Steam Shipping Company, 
Limited, of Newcastle-on-Tyne. 


““GARDENIA,”’"—Cargo steamer; single-screw triple- 
expansion engines. Trial trip, December 3. Main 
dimensions, 371 ft. by 48 ft. Designed to carry 
6,350 tons deadweight on a mean draught of 22 ft. 6in., 
at a speed of 10 knots. Built by Messrs. Sir W. G. Arm- 
strong, Whitworth and Company, Limited, Walker-on- 
Tyne, for Messrs. Joseph Robinson and Sons, North 
Shields, 


“ Vacuite.”"—Oil-tank steamer: single-screw, triple- 
expansion engines. Trial trip, December 7. Main 
dimensions, 385 ft. by 52 ft. os 30 ft.; designed to 
carry 7,220 tons deadweight on a mean draught of 
24 ft. 4 in. Built by Messrs. Sir W. G. Armstrong, 
Whitworth and Company, Limited, Walker-on-Tyne, 
to the order of the Vacuum Oil Company, Limited. 


““TeRE.”—Oil-tank steamer;  single-screw, triple 
expansion engines. Launch, December 12. Main 
dimensions, 180 ft. by 33 ft. by 17 ft. 6in. ; designed to 
carry about 825 tons, the maximum draught being 
14 ft. 6 in. Built by Messrs. Smith’s Dock Company, 
Limited, of South Bank, Middlesbrough, to the order 
of the Trinidad Leaseholds, Limited. 


“* BouTAN.’’—Cargo steamer ; single-screw, quadruple- 
expansion engines. Launch, December 12. Main 
dimensions, 452 ft. 6 in. by 57 ft. 4 in. by 40 ft. 9 in., the 
gross tonnage being 6,100. Built by Messrs. Harland 
and Wolff, Limited, Govan, for the Hain Steamship 
Company, Limited. 


“*Matrna.”’—Passenger and cargo steamer; single- 
screw, triple-expansion engines. Launch, December 18. 
Main dimensions, 400 ft. by 51 ft. by 32 ft. ll in. ; service 
som 13} knots when mean draught 23 ft. Built by 
Messrs. Cammell Laird & Company, Limited, Birken- 
head, fer Messrs. Elders and Fyfies, Limited. 
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United States Department of Commerce. Elimination of 
Waste. Simplified Practice Recommendation No. 
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Sravcn. Third edition. Berlin: Wilhelm Ernst and 
Sohn. [Price 32 marks. ] 

The A.B.C. of Storage Battery Management. By ERNEST C. 
McKinnon. Second edition. Clifton Junction, near 
Manchester: Chloride Electrical Storage Company, 
Limited. [Price 3s. 6d.] 

Chemical Plumbing and Leadburning. By E. B. Partine- 
TON. London: Allen-Liversidge, Limited. [Price 
3s. 6d. net. ] 

Alkaline Accumulators. By J. T. CRENNELL and F. M. 
Lea. London: Longmans, Green and Company, 
Limited. [Price 10s. 6d. net.] 

Conduction of Electricity through Gases. Vol. I. General 
Properties of Ions, Ionisation by Heat and Light. By 
Sm J. J. THomson and G. P. THomson. Cambridge : 
University Press. [Price 25s. net.] 

Department of Scientific and Industrial Research. Fuel 
Research. Physical and Chemical Survey of the National 
Coal Resources. No. 12. The Bristol and Somerset 
Coalfield. The Carbonisation of ‘‘ Parkfield Large Gas” 
Coal. London: His Majesty’s Stationery Office. 
[Price ls. 6d. net.] 

Gasfernversorgung Westsachsens. By 
Leipzig: Landesplannung Westsachsen. 
1-50 marks. ] 

Wireless the Modern Magic Carpet. By RALPH STRANGER. 
London: 8S. W. Partridge and Company. [Price 3s. 6d. 
net. 

The A idiigien of Engineering and Shipbuilding Draughts- 
men. Present-Day Developments in Machine Tools. 
By E. W. Tipple. London: Offices of the Association. 
[Price 2s. net. 

Department of Industrial and Scientific Research. Engi- 
neering Research. Special Report No. 11. Researches 
on Springs. 5. The Effect of ‘“‘ Nip’’ on the Mechanical 
Properties of Laminated Springs. By R. G. Batson 
and J. Braptey. London: His Majesty’s Stationery 
Office. [Price ls. 3d. net.] 

Forschungsarbeiten auf dem Gebiete des Ingenieurwesens. 
No. 32. Untersuchung der von Spritzvergisern gelief- 
erten Zerstiubung. By Dr.-Ing. J. Sauter. Berlin: 
V. D. I.-Verlag G.m.b.H. [Price 5 marks.] 

Proposed London and Paris Railway. By WILLIAM 
CotLtaRD. London: P. 8S. King and Son, Limited. 
[Price 10s. 6d. net.] 

Janes’ Fighting Ships, 1928. Edited by Oscar PaRKEs. 
and Francis E. McMurtrie. London: Sampson, 
Low, Marston and Company, Limited. [Price 42s. net.] 

International Register of Telegraphic and Trade Addresses, 
1928-1929. London: Marconi International Code 
Company, Limited. [Price 27s. 6d. net.] 

Success on Irrigation Projects. By JoHn A. WIDTSOE. 
New York: John Wiley and Sons, Inc. London: 
Chapman and Hall, Limited. [Price 8s. 6d. net. ] 

Practical Industrial Furnace Design. By MatTTrHew H. 
MAWHINNEY. New York: John Wiley and Sons, 
Inc. London: Chapman and Hall, Limited. [Price 
20s. net. } 

Board of Trade. Regulations Relating to the Examinations 
of Engineers in the Mercantile Marine. London: 
His Majesty’s Stationery Office. [Price 6d. net.] 

Mines Department. Safety in Mines Research Board. 
Paper No. 48. The Relative Inflammability and 
Explosibility of Coul Dusts. By T. N: Mason and R. V. 
WHEELER. London: His Majesty’s Stationary Office. 
[Price 3d. net.] 

Johow-Foerster Hilfsbuch fiir den Schiffbau. Edited by 
Dr.-Ing. E. Foerster. Fifth edition. Berlin: Julius 
Springer. [Price 88 marks. ] 

Handbuch der Eisen und Stahigiesserei. Vol. III. 
Schmelzen, Nacharbeiten und Nebenbetriebe. Edited 
by Dr.-Ing. C. Geicer. Second edition. Berlin: 
Julius Springer. [Price 68-50 marks. ] 

University of Illinois. Engineering Experiment Station. 
Bulletin No. 185. A Study of the Failure of Concrete 
under Combined Compressive Stresses. By F. E. 
RicHAart and others. [Price 55 cents.] No. 186. 
Heat Transfer in Ammonia Condensers. Part II. 
By A. P. Kratz and others. [Price 20 cents.] 
Urbana, Ill. : University of Illinois. 
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PeRsonaL.—The Metropolitan-Vickers Electrical Com- 
any, Limited, and the Metropolitan-Vickers Electrical 
xport Company, Limited, will be moving, on the 28th 
instant, from 4, Central Buildings, Westminster, to more 
convenient offices in Bush House, Aldwych, W.C.2. The 
Home Sales Department of the Metropolitan-Vickers 
Electrical Company, at present in Metrovick House, will 
remain the headquarters of Metrovick Supplies, Limited. 
—The amalgamation is announced of the Domestic 
Electric Company with the Black and Decker Manufac- 
turing Company of America. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Little news is ascertainable 
concerning Cleveland pig iron. Makers are themselves 
consuming most of the output at their foundries and steel 
works. ‘They report that their surplus output available 
for sale in the open market is fairly well taken up, though 
keen competition for orders by iron-manufacturing firms 
in other home districts continues in certain markets. 
Comparatively cheap Midland iron is still being delivered 
to consumers in Scotland, who previously drew supplies 
from this district. Fixed prices for Cleveland pig are 
firmly upheld. No. 1 grade of iron is 68s, 6d.; No. 3, 
g.m.b., 66s.; No. 4 foundry, 65s.; and No. 4 forge, 
648, 6d. 

Hematite.—For some little time past the statistical 
state of the East Coast hematite branch has been healthy, 
and it has recently been strengthened by reduction of the 
limited output as the result of a furnace being closed 
down at Consett. Scarcity of supply is causing some 
inconvenience, but the position will be relieved early in 
the new year by the re-kindling of one or two idle furnaces. 
Stocks have been cleared and the combined moderate, 
but steady, home and Continental demand absorbs the 
restricted production as it becomes available for delivery, 
Quotations vary, but it is difficult to place orders at 
below the equivalent of 71s. for ordinary qualities. 

Foreign Ore.—Sales of imported ore continue few and 
small, but merchants are not pressing parcels on the 
market, as they confidently anticipate upward movement 
in values. The minimum c.i.f. Tees figure for best rubio 
is 228. 6d. 

Blast- Furnace Coke.—Transactions in blast-furnace coke 
have been on a rather improved scale, but local consumers 
are still very disinclined to enter into substantial con- 
tracts. Good medium qualities remain at 17s. 6d., de- 
livered to works in this district. 

Manufactured Iron and Steel.—Outlook in nearly all 
finished iron and steel departments is quite encouraging. 
Manufacturers of railway material promise to be kept 
fairly busy, and specifications for shipbuilding requisites 
are expected to be freely distributed in the very near 
future. Inquiries for constructional-engineering steel 
are also in the market, and producers of all kinds of 
sheets have much work to execute. Semi-finished steel 
is well sold. Quotations, all round, are steadily firm. 
Common iron bars are 101. 5s.; best bars, 10/. 15s. ; 
double best bars, 11l. 5s.; treble best bars, 111. 15s. ; 
iron rivets, 11. 5s. ; packing (parallel), 77. 10s. ; packing 
(tapered), 10/.; steel billets (soft), 6l. 15s. ; steel billets 
(medium), 71. 2s. 6d.; steel billets (hard), 7/. 12s. 6d. , 
steel rivets, 111. ; steel ship plates, 8/. 7s. 6d. ; stee! angles, 
il. 17s, 6d. ; steel joists, 7/. 17s. 6d.; heavy sections of 
steel rails, 8/. 10s. ; black sheets (No. 24 gauge), 10. ; and 
galvanised corrugated sheets (No. 24 gauge), 13/. 12s. 62. 








CANADIAN METAL PropvucTION, 1928.—The produc- 
tion of Canadian copper is expected to reach nearly 
90,000 tons during 1928, and that of nickel, 44,000 tons. 
In both cases these totals show considerable increases 
over the figures for 1927. Outputs of lead and zine 
will, it is anticipated, also be markedly higher than 
those of the previous year. 





ContRacts.—Messrs. Ruston and Hornsby, Limited, 
Lincoln, have received an order from the London Brick 
Company and Forders, Limited, for a large electrically- 
operated shovel. The machine will weigh about 380 tons, 
and will carry a 74 cubic-yard bucket, being capable of 
dealing with 200 tons of clay per hour.—The Union 
des Centrales Electriques du Hainaut has placed an 
order for the manufacture, laying and jointing of 88 
miles of 30,000-volt armoured cable, with the Ateliers 
de Constructions Electriques de Charleroi, Belgium.— 
Messrs. International Combustion, Limited, Africa 
House, Kingsway, W.C.2, inform us that recent orders 
received by their American associates, the Combustion 
Engineering Corporation of New York, include a 
complete Lopulco pulverised-fuel storage system for 
the Mead Pulp and Paper Company, of Chillicothe, 
Ohio; three similar systems for the Dupont Rayon 
Company, of Waynesboro’, Virginia ; and four Raymond 
15-ton six-roller mills for the Ford Motor Company ; while 
their French associates, the S.A, des Foyers Automatiques, 
of Paris, are to supply the Etablissements Willet of 
Lyons, with complete Lopulco pulverised-fuel equipment 
for two boilers—The Board of the London Power 
Company have recently placed the orders for two 
turbo-alternators for their new power station at 
Battersea, each of which, with the house service 
alternators, will have a maximum continuous rating 
of 67,250 kw. One is to be manufactured by the British 
Thomson-Houston Company, Limited, Rugby, and the 
other by the Metropolitan-Vickers Electrical Company, 
Limited, Trafford Park, Manchester.—Messrs. the Eagle 
Engineering Company, of Warwick, have recently 
received orders for 80 pneumatic-tyred four-wheel 
trailers for the Indian Fay 26 solid-tyred 
two-wheel 5-ton trailers for a road-making contractor, 
and 18 solid-tyred four-wheel 10-ton trailers for Egypt. 
—Messrs. The Harland Engineering Company, Limited, 
Alloa, Scotland, have secured, through the Harland 
Engineering Company of Canada, Limited, Montreal, 
the order for all the electric motors required to operate 
the sluice valves and taintor valves of the lock gates 
on the Welland Ship Canal, Ontario.—Messrs. Samuel 
Instone and Company, Limited, 52, Leadenhall-strect, 
E.C., have placed an order with Messrs. Richard Garrett 
and Sons, Limited, Aldwych House, W.C.2, for 100 
“ Garrett ” rigid, six-wheeled, undertype steam wagons. 
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NOTES FROM SOUTH YORKSHIRE. NOTES FROM THE SOUTH-WEST. 


SHEFFIELD, Wednesday. 


Tron and Steel.—Buyers of raw and semi-finished steels 
are not purchasing so freely, owing to Christmas and New 
Year holidays. The demand, however, is in excess of 
that of previous months, and works are in a much stronger 
position compared with a year ago. Soft basic steel 
maintains recent improvement, and though acid varieties 
show little change, a better tone is anticipated during 
the next few weeks. Despite the fact that the present 
output of railway stock is very restricted, it is believed 
that the requirements of the past 11 months have been 
greatly in excess of those for the same period in 1927 and 
1926. There is every prospect of improved conditions 
in the near future. Inquiries have been received from 
India, South Africa, South America and China. A 
Sheffield concern has booked a big contract, valued at 
255,0001., from the South African Railways Administra- 
tion, for the supply of 600 drop-sided steel wagons. The 
same firm has just completed a contract for 400 wagons 
of a similar type. The order will find months of employ- 
ment, not only in Sheffield, but in adjacent areas. The 
hope is expressed that this will be a forerunner of other 
contracts, and that overseas railways are reverting to 
British products on account of quality and durability, 
in preference to cheap and inferior Continental manufac- 
tures. The shipbuilding sections are doing better. 
Makers of machinery, especially electrical, are experi- 
encing active times. Automobile-steel producers are 
likewise in a healthy position, and in order to cope with 
an ever-increasing demand, have had ito resort to over- 
time working. There is a good demand for various kinds 
of special steels. Tool-steel makers, however, are 
suffering from keen competition from abroad. The tool 
trades are variable. Agricultural and garden implements 
are progressive, especially on Colonial account, and 
the home call tends to become stronger. Orders have 
been received from Russia for different kinds of tools. 
Light foundries are doing good business in stove grates 
and household ironmongery. 


South Yorkshire Coal Trade.—Market conditions show 
little change. Export requirements maintain their 
recent level. Further improvement in that direction is 
considered not unlikely. Industrial fuel is much the 
same, but after the holidays buyers are expected to 
purchase more freely. The house-coal position has under- 
gone a change for the better, owing to the spell of cold 
weather, but whether it will be maintained is rather 
doubtful. The coke position is variable. Steel-making 
cokes are quiet. Varieties used for central heating are 
firm, with prospect of gaining further strength. There 
is a good demand for furnace and foundry sorts for ship- 
ment abroad at 19s. to 19s. 6d. Home consumption is on 
a moderate level. Quotations: Best hand picked branch, 
26s. to 278. 6d. ; Derbyshire best brights, 23s. to 24s. 6d. ; 
Derbyshire best house, 20s. 6d. to 21s. 6d.; screened 
house, 17s. to 18s. ; screened house nuts, 16s. to 18s. ; 
Yorkshire hards, 14s. 6d. to 16s.; Derbyshire hards, 
14s, 6d. to 16s. ; rough slacks, 8s. 6d. to 9s. 6d.; nutty 
slacks, 4s. 6d. to 6s. ; smalls, 3s. 6d. to 4s. 


Hull Coal Export Trade.—The latest official figures 
relating to the quantity of fuel exported from Hull 
show a welcome increase compared with a year ago. 
The total for November was 163,981 tons. Compared 
with October, this showed an increase of 45,658 tons, 
and, against November, 1927, a rise of 79,638 tons. 
The total for the first 11 months of this year was 1,160,347 
tons, which is an increase of 280,198 tons over that for the 
corresponding period last year. South America took 
nearly 15,000 tons more last month than in November 
last year, while Denmark, Egypt, Esthonia, Finland, 
France, Germany, Holland, Italy, Straits Settlements, 
Palestine, Spain, and Sweden all took larger tonnages. 
Norway’s requirements, however, showed a decline of 
about 12,000 tons. 








‘Tue Roya TEcHNICAL COLLEGE, GLAscow.—Not- 
withstanding the somewhat unsatisfactory condition of 
the engineering and metallurgical industries, with which 
the Royal Technical College, Glasgow, is closely linked, 
there has been no diminution in the number of students 
during the 1927-28 session. The total number in 
attendance during the past session—namely, 4,169—was 
exactly the same as that for the 1926-27 session. In 
the laboratories of the department of mechanical engi- 
neering a torsiograph has been procured for measuring 
the periods and amplitudes of torsional oscillations of 
engine shafts under variation of torque, and has already 
been used with success in an investigation upon a difficult 
case of engine vibration. The various lubrication- 
testing machines are also now in use, and investigations 
on the theory of lubrication have been made possible. 
The new brake-lining testing machine is in order; work 
on the gear and belt-testing machine continues, and 
another session will probably see this useful and essential 
piece of apparatus added to the laboratory. The special 
investigations on behalf of the British Marine Oil-Engine 
Manufacturers’ Association have been continued by 
Professor Mellanby and Mr. J. 8. Brown. The laboratory 
Diesel engine was used for a detailed examination of the 
value of high supercharge pressures in increasing the 
engine rating. The annual report of the College autho- 
rities, which was adopted at a meeting of the governors 
held on October 16 last, states that a new scheme of 
advanced evening courses has been introduced, with 
divisions corresponding to the more important sections 
of modern mechanical engineering, such as steam turbines 
and internal-combustion engines. The purpose of this 
new arrangement is to permit the development of impor- 
tant lines of study free from the limitations of examina- 
tion syllabuses, and on a level that allows discussion of 
the most recent investigations, 











ENGINEERING. 


Carpirr, Wednesday. 


The Coal Trade.—Steady conditions have prevailed in 
the Welsh coal trade of late, and inquiries for shipment 
during the first-half of next year are reported to be fairly 
good, though business is slow to mature. Current busi- 
ness is, however, chiefly confined to parcels for the 
completion of boats likely to sail during the holidays. 
As far as steam coals are concerned, supplies have been 
available without much difficulty on the basis of the 
schedule, though some collieries demand a premium of 3d. 
Dry grades, however, have been scarce owing to the 
idleness of Messrs. Nixon’s pits, but a normal position is 
expected in the New Year, when it is anticipated that 
these pits which have been bought by Mr. W. M. 
Llewellyn, of Aberdare, will be restarted. At present, 
however, dry coals command 3d. to 6d. over the schedule. 
The scheme for the regulation of output will not operate 
from January | as was expected, as several colliery com- 
panies have not yet been able to give consideration to 
the details of the scheme, and as a result, the com- 
mittee dealing with the matter will not meet for three 
weeks. 

The Week's Shipments.—Shipments of coal in the past 
week amounted to 457,910 tons compared with 542,660 
tons in the previous week when the record for the year 
was established. Last week’s clearances are, however, 
considerably in excess of the average for previous weeks 
of the year. Compared with the preceding week, exports 
at Cardiff fell from 332,980 tons to 278,870 tons, at 
Newport, from 92,780 tons to 88,290 tons, at Swansea 
from 60,680 tons to 52,090 tons, at Port Talbot from 
48,820 tons to 34,290 tons, and at Llanelly from 7,400 
tons to 4,370 tons. 

New Dry-Dock Gate.—-A new gate has been fitted to the 
No. 2 dry dock of the Mountstuart Dry Docks, Limited, 
at Cardiff, which will have the effect of lengthening the 
dock by about 25 ft. and widening it to the extent of 
10 ft., thus enabling much larger vessels to be dealt with. 
The new gate which was built by the Fairfield Ship- 
building and Engineering Company, Limited, at their 
Chepstow Works, is a new type known as the “ flap ” 
gate, which has been placed at the extreme entrance to 
the dock, and instead of opening like the usual mitre 
gate, drops down on to the mud and is raised by means 
of winches. 

Iron and Steel.—Exports of iron and steel goods in the 
past week totalled 14,467 tons compared with 11,976 
tons in the previous week. Shipments of tin plates and 
terne plates were raised from 6,394 tons to 7,026 tons, 
of black plates and sheets from 264 tons to 1,138 tons, of 
galvanised sheets from 2,128 tons to 3,010 tons, and of 
other iron and steel goods from 3,190 tons to 3,292 tons, 








RaILway BRIDGE OVER THE DON VALLEY, CANADA.— 
The new Canadian Pacific Railway bridge over the Don 
Valley, near Toronto, has now been completed. The 
work involved the demolition of an old bridge and the 
construction of a new heavy-duty structure capable of 
carrying the new type of locomotives recently intro- 
duced between Toronto and Montreal. The structure 
which is 1,150 ft. in length, is made up of 13 spans 
supported on concrete piers. It was erected without 
interfering with the railway traffic. 





THE TEMPERATURE OF THE ACETYLENE BLOW-PIPE 
Fiame.—Drs. 8S. F. Henning and Tingwaldt, of the 
Reichsanstalt, have recently determined the temperature 
of the flame of an acetylene blow-pipe by comparing it 
with the temperatures of the carbon arc, the method 
emploved being that of the reversal of a spectrum line. 
The principle is the following: When a glowing substance 
is observed in a spectrometer, a continuous spectrum 
will be seen; when the coloured flame is interposed 
between the glowing body and the spectrometer, 
dark and bright lines may appear on the continuous 
background. A line will be bright when it radiates 
more energy of that particular wave length than the 
glowing body and vice versa. In the experiments, 
the parts were arranged in the order: arc lamp, 
lens, flame, lens, spectrometer. The black-body tem- 
perature of the positive crater of the carbon arc was 
found to be 3,818 deg. K. The acetylene burner con- 
sisted of a nozzle, 1-9 mm. in diameter, through which 
acetylene was passed at an excess pressure of 0-5 atmos- 
phere, and a concentric tube through which oxygen 
was passed under a pressure of three atmospheres. 
The intense white cone directly over the nozzle had a 
height of about 12 mm., and the height of the flame 
was about 20 cm. The flame was coloured by lithium 
vapour, some lithium salt being placed on a platinum 
wire spoon and brought up to the edge of the flame. To 
introduce a bead of salt on a platinum wire in the usual 
way was impossible, as the wire melted immediately in 
the hot flame. The intensity of the arc was varied by 
the aid of rotating sectors until the bright or dark red 
lithium line was no longer visible. The maximum flame 
temperature of 3,370 deg. K. was observed in the white 
cone immediately above the nozzle; above the tip of 
the cone it was 3,189 deg. K. These values fluctuated 
considerably, however, as the temperature of the flame 
is never uniform. It also made a difference whether the 
lithium vapour was introduced on the flame edge nearest 
the spectrometer, or on the other side, near the arc, partly 
owing to absorption of the radiations by the flame. 
The highest flame temperatures were observed when the 
two gases, acetylene and oxygen, were mixed in equal 
volumes. An excess of oxygen, even of three times 
the volume, did not affect the temperature materially, 





although an excess of only 7 per cent. in acetylene 
lowered the temperature by 60 deg. C. 





NOTICE OF MEETING. 





JuNIoR INsTITUTION OF ENGINEERS.—To-night, 7.30 
p-m., 39, Victoria-street, S.W.1. “‘ Oils for Cutting and 
Quenching Purposes,” by Mr. C. H. Hudson. 





NOTES FROM THE NORTH. 


Giascow, Weinesday. 

Scottish Steel Trade.—Conditions in the Scottish steel 
trade have varied little over the week, but a good under- 
tone prevails, and it is generally considered that we are 
on the eve of better times. A steady improvement in 
the steel industry would be most welcome, but current 
inquiries are not quite as promising as makers would like. 
Heavy steel is in better demand, but light structural 
material is not in very much request at the moment. 
In the black-sheet trade there is still a fair amount of 
business being put through, but, as usual, the tapering 
off towards the end of the year is in evidence. The 
demand for light and galvanised sorts has been very 
good this autumn, but a scarcity of orders for the 
heavier gauges has been most marked. Prices are steady 
and are quoted as follow :—Boiler plates, 10/. 10s. per 
ton ; ship plates, 8/. 7s. 6d. per ton ; sections, 7/. 17s 6d.. 
per ton; sheets, } in., 8/. 15s. per ton: and galvanised 
corrugated sheets, No. 24-gauge, 13/. 12s. 6d. to 131. 158. 
per ton, all delivered Glasgow stations. 

Malleuable-Iron Trade—In the West of Scotland 
malleable-iron trade the conditions remain unaltered 
and a very poor and unsatisfactory year is fast drawing 
toaclose. The current demand is very small and makers 
are placed in such a position that the approaching 
stoppage will be somewhat welcome. In the steel bar 
re-rolling sections there is still considerable activity, and 
active conditions are assured for some time yet, although 
new orders are perhaps not quite so plentiful. Prices 
show no change and are as follow :—-“‘ Crown” bars, 
101. 5s. per ton for home delivery and 9/. 15s. per ton for 
export. Re-rolled steel bars, 7/. 15s. per ton for home 
or export delivery. 

Scottish Pig-Iron Trade.—A dull tone continues to 
prevail in the pig-iron trade of Scotland, and the output 
from the twenty furnaces now in blast is more than the 
current demand. Stocks are increasing at most of the 
works. The present market quotations are :—Hematite, 
742. per ton, delivered at the steel works ; foundry iron, 
No. 1, 75s. to 76s. per ton, and No. 3, 70s. to 71s. per ton, 
both on trucks at miker’s yards. 

Scottish Pig-Tron Shipmenis.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
Saturday last, December 15, was again poor and only 
amounted to 460 tons. Of that total, 440 tons went 
overseas and only 20 tons coastwise. For the corres- 
ponding week of last year the figures were 168 tons over- 
seas and 167 tons coastwise, making a total shipment of 
335 tons. 

Shinbuilding.—Messrs. Lithgows, Limited, Port Glas- 
gow, have received an order to build three cargo steamers 
for Messrs. Larrinaga and Company Limited, Liverpool. 
These vessels, which will be of about 9,000 tons dead- 
weight each, will have machinery supplied by Messrs. 
David Rowan and Company, Limited, Glasgow.—Messrs. 
A. & J. Inglis Limited, Pointhouse, Glasgow, have 
secured an order from the Entre Rios Railway Company 
Limited, London, for a twin-screw motor-propelled 
train ferry. This vessel, which will be the sixth ferry 
built at Pointhouse for the same railway, will be similar 
to the last two, and is intended for service on the river 
Parana in South America. She will be 355 ft. 6 in. in. 
length overall, 57 ft. 6 in. in moulded breadth, 19 ft. 6 in 
in moulded depth, and of about 2,235 tons gross. 
Provision will be made for carrying 33 wagons,| each of 
44 tons capacity. Messrs. Harland and Wolff Limited, 
Glasgow, will supply engines of the Harland B. & W. 
type, and the vessel will have a speed of about 114 knots. 
—The Grangemouth Dockyard Company Limited 
have received an order to build a twin-screw passenger 
and cargo steamer, of 240 ft. in length, for service in the 
Straits Settlements. The same firm have been successful 
—against keen Continental competition—in securing the 
contract to take out the existing machinery of they motor 
vessel Margretian, and instal two sets of M.A.N. Diesel 
engines, which, it is understood, will develop 800 b.h.p. 
each. 








Forestry Laws in Cariva.—In an endeavour to 
lessen the danger of floods within Chekiang Province, 
China, the responsible authorities have drawn up 
forestry laws for the preservation of all trees on the 
hills and mountains in the province. Afforestation is 
to be encouraged. 





TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, 8.W.1, 
articulars of tenders invited by various bodies in the 
ritish Possessions and in foreign countries. Further 
details and information relating to these may be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case :—Tenders, to be presented by March 19, 1929, are 
invited by the Public Works Department, Wellington, 
for the supply of 11,000-volt switchgear. (Ref. No. 
B.X. 4933).—The Direction Générale des Chemins de 
Fer et des Ports d’Etat, Turkey, is calling for tenders, to 
be presented in Angora by December 30, 1928, for the 
supply of railway om plant. (Ref. No. A.X, 7281.) 
Wonders for the supply of an ice-making plant are bein; 


invited by the India Store wey va 3g 
. NO. eh . 


Closing date, January 10, 1929. ( 
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Fie. 30. Extra HIGH-TENsION LABORATORY. 


WinnieEG Hypro-ELtectric DErvVELOPMENTS.—The 
hydro-electric plant at Pointe du Bois, on the Winnipeg 
river, which began to supply power to Winnipeg in 
1911, has been enlarged from time to time, and its 
capacity has now reached the maximum capable of de- 
se Ae at the site, namely, 105,000 h.p. Subject to the 


approval of the citizens, it is now proposed to develop the 
a Falls power site, which is situated on the Winnipeg 
river, about six miles south of the present plant. A large 
island in the river offers facilities for the erection of the 
power house, dam, and regulating spillways. The power 
house will contain eight vertical turbine units each of 


100,000-Vo.t Trst Room. 




















12,500 h.p. capacity, operating under a head of 30 ft. 


| Four transmission-line circuits, 80 miles in length, 
| supported by two lines of towers, will transmit the power 


between Slave Falls and Winnipeg. It is anticipated, 
states the Board of Trade Journal, that the cost of the 
Slave Falls plant will be about 10,500,000 dols. We 
also learn that the North Western Power Company, a 
subsidiary concern of the Winnipeg Electric Company, 
has secured the lease of the Seven Sisters power site, on 
the Winnipeg river. It is stated that a sum of 25,000,000 
dols. will be expended on the construction and equipment 
of this power plant. 


Fia. 31. 








MESSRS. METROPOLITAN-VICKERS WORKS. 
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INSULATOR FLASH-OVER TEST, AT 450,000 VoLtTs. 


Mortor-CycLeE REGISTRATIONS OVERSEAS.—The follow- 
ing figures, regarding the registration of motor-cycles 
and sidecars in the British Possessions and other countries 
overseas, have recently been received by the Depart- 
ment of Overseas Trade, 35, Old Queen-street, London, 
S.W.1:—During the first six months of this year 10 
motor-cycles and sidecars were registered in Bangkok ; 
on July 31, 3,087 motor-cycles were registered and in 
use in Ceylon; 30 motor-cycles were registered in the 
Central Provinces and Berar, India, during the quarter 
ended June 30, and 37,626 motor-cycles were registered 
in New Zealand as at July 31. 
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SPECIALISATION. 


Ir is recorded of Archimedes that he was the 
greatest mathematician and the most inventive 
genius of antiquity. This description probably con- 
tains less of exaggeration than those of a similar 
kind, which are light-heartedly applied to more 
modern workers. For his own writings show that 
his powers of analysis permitted him to advance 
mathematical knowledge to a position very far 


many pure mathematicians, he liberally employed 
science as a tool in solving engineering problems. 
He can also be distinguished from even the most 
eminent of the savants of our own time by the fact 
that he was able to do useful work over the whole 
gamut, not only of pure and applied science but of 
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engineering, and to make fundamental contribu- 
tions to the development of all three. It is this 
distinction which it is well to bear in mind when 
comparing what he did with what is done, and can 
be done, by his spiritual descendants to-day. 
Archimedes died about two hundred years before 
the Christian Era, but many centuries later we find 
that universality’ of knowledge, both pure and 
applied, was still possible to the genius, if not to the 
ordinary mortal. Of Leonardo, who died in 1519, 
it has been, for instance, written that he excelled in 
almost every honourable attainment and pursuit, 
the commercial and political alone excepted. As 
is known, he was painter, sculptor, architect, 
musician, philosopher, astronomer, physicist, mathe- 
matician and engineer. But as some set-off to 
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thing of the first value. This is not altogether 
surprising; for though, compared with what has 
the sum of the additions 
made to scientific knowledge between the time 
of Archimedes and the time of Leonardo may 
seem small in absolute measure, relatively it 
was not inconsiderable and was rapidly grow- 
ing. So much so that within two hundred 
years it became dimly recognised that the more 





766 | light was thrown on the dark places of science, the 
769| darker became the shadow over the remainder. 


And Newton, after contributions of a scope and 


770 | profundity, the value of which was no less realised 


in his own day than in ours, was forced to describe 
himself as a child playing on the expansive shore 
of knowledge, and selecting one or two only of 
the brighter pebbles for examination from an 
infinitely greater stock. 

Since that time, scientists and engineers have 
both been driven to appreciate to the full the vast 
amount of data that yet remain to be discovered 
and sifted and the very short time that is available 
for.that work. And they realise, too, that if their 
contribution is to be of use, the temptation to range 
by and large over the shore must be resisted and 
that they must school themselves to select one 
pebble of one particular type only, and to work 
on that alone. The scope of the operations of 
our present-day Archimedes and Leonardos is thus 
perforce limited, neither can they, like Davy or 
Faraday, be simultaneously both physicists and 
chemists. They must concentrate their efforts on 
one branch of science alone and even on one aspect 
of that branch, if they wish their labours to bring 
forth the most abundant fruit. They must, indeed 
be content to learn as much as they can about 
something rather than to seek to know as much as 
possible, and that not a great deal, about every- 
thing. 

In this there is no cause for regret. It is clear 
that the ultimate results likely to be obtained by 
one hundred men each working on a subject, which 
they have made their own, will be much greater than 
if the same hundred men were all to work on the 
same hundred subjects, however close the co- 
operation between them. There are, it is true, 
drawbacks to this specialisation of effort, but they 
do not lie in the fact that much knowledge will not 
be acquired, but that what is acquired will not be 
applied to the greatest possible advantage. It is not 
so long ago that even those most closely concerned 
with them regarded mathematics, physics, and 
chemistry as separate sciences, the dividing lines 
between which, if sometimes a little vague, were 
generally well marked, while the division between 
them and biology on the one hand and economics 
and industry on the other were still more clearly 
defined. To-day the interconnection between all 
branches of science is apparent, and it is realised 
that it will become closer as time goes on, while the 
relations of science with engineering, economics, 
and industry are also ever becoming closer. 
The result is a dilemma. For while organised 
progress in the acquirement of scientific knowledge 
demands specialisation, it is certain that if that 
knowledge, when acquired, is to be applied as 
usefully and as widely as possible, some scientific 
workers at least must have an outlook sufficiently 
wide to enable them to recognise how a discovery 
in pure physics or chemistry can be successfully 
employed to effect some improvement in engineering 
or agriculture. 

This dilemma was evidently present in the mind 
of Professor R. Plank, of Karlsruhe, when he was 

preparing the lecture on “Natural Science and 

Technology,” which he delivered before the annual 
meeting of the Verein Deutscher Ingenieure in 

Essen.* It is a dilemma, whose roots penetrate 

very deeply in a number of different directions, 

but in the final analysis it will be found that the 

problem can almost entirely be stated in terms of 

the human factor. In the first place, the raw 

material from which the ultimate research worker 

is to be fashioned must be discovered, and then 

that raw material must be fashioned, so that it will 





the wideness of his knowledge we of the present 
day may note, not without satisfaction, that from 
the point of view of achievement, his very univer- 


do the work for which it is designed in the most 





* See ENGINEERING, vol. cxxv, p. 779 (1928), and 





sality was his undoing, and that to science, at 
least, he cannot be said to have contributed any- 





Zeitschrift des Vereines Deutscher Ingenieure, vol. xii, 
page 837 (1928). 
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efficient way. The first question is: How the human | and turn his attention to some other state of | 
material, which will be capable of such fashioning, | life, the preparation for which is not so strenuous 


is to be discovered at a sufficiently early stage? 
This may not be so difficult as appears at first sight. 
The quantity of material that is capable of such 
treatment is probably large and, as Sir Richard 
Threlfall has pointed out, would be more generally 
available, at least for preliminary testing, if parents 
could be assured that science, as a profession, was 
worth the attention of their sons and daughters 
from a financial point of view. Of those who 
entered a scientific career, were that condition more 
generally realised than is now the case, some would 


deduction from statistics is that most youthful 
human beings have little inherent bias in favour of 
one particular career, these failures would probably 
be relatively few and would be reduced, if the 
training were such as would subsequently give the 
pupil the choice of making a living for himself 
in any one of the very numerous branches of 
scientific work. 

Closely allied with the problem of the material is 
therefore the no less difficult problem of how that 
material is to be prepared for use. On this point 
Professor Plank had some interesting things to say, 
for, firstly, it appears that, contrary to general idea, 
research is not in Germany receiving that degree 
of support from industry that it deserves, the 
familiar reason being that the object of a works is 
profitable production and that all research depart- 
ments do is to cost money. Perhaps more interest- 
ing, in relation to our argument that specialisation in 
scientific work is now inevitable, is, however, his 
statement that such specialisation is a danger and 
must be continually counteracted by some process 
akin to synthesis. His reason is that it is only 
technology as a whole, and not one or more of its 
highly developed branches, that can be considered 
as a factor in the advancement of knowledge, 
and that only by the systematic interconnection of 
effort in all its branches can a true philosophy be 
built up. He scouts the idea that any great dis- 
covery in applied science or engineering can spring 
from intuition, and argues that technical advance 
is a slow business, in which new ground can safely 
be taken only when the old has been firmly secured. 

This being so, he argues that mathematics must 
form the foundation of engineering training. But 
the mathematical course followed must be strictly 
designed with the practical end in view, and the 
connection between each new step that is taken 
and the practical use that can be made of it, must 
be clearly shown. This necessitates the employment 
of teachers who are also engineers, and a sharp 
severance of the teaching that they give from any- 
thing that is pedagogic and unduly rigid. The same 
policy should, he considers, be adopted in teaching 
physics to the engineering student, though the 
application of physical laws to engineering problems 
should not be confined to those which are now of 
technical interest, but should be carried forward 
into the widest possible fields, so that the student 
shall not be handicapped in his future work by a 
lack of knowledge, which he may be able to apply 
to the solution of novel problems. The employ- 
ment of physical knowledge will in this way, he 
says, be considerably accelerated, since the physics 
of to-day is the technology of to-morrow, and 
whoever desires to be leader and prophet must 
be fully acquainted with what is at present 
known about the former. Chemistry in its appli- 
cation to industry, he added, also necessitates 
the assistance of the engineer, as is shown by the 
character of the equipment required for the fixation 
of nitrogen, no less than in ceramics, in agriculture 
and in the foodstuffs industries, while the advances 
that are being made in our preparation and treat- 
ment of the latter important materials will more 
and more necessitate the training of men who are 
both biologists and engineers. Finally, engineering 
canaot be separated from architecture and other 
forms of art, for while structures must be scientifi- 
cally designed and economically built, it is often essen- 
tial that in appearance they should also be attractive. 

The engineer in embryo, reading the course of 
training which Professor Plank has mapped out 
for him, may well cry out that the burden it is 
intended to lay on him is too grievous to be borne, 
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undoubtedly fail of success, but since a permissible | 


and the prizes in which are more glittering. If that 
should be the result it would indeed be a pity. For 
it is probably not incorrect to say that this lecture 
was addressed mainly to those who are no longer 
students in the strict sense of the word and that 
its object is, in fact, to make clear to teachers 
that engineering is so wide a subject that, to deal 
with all its ramifications in a university or technical 
school course of normal length, is impossible. To 
attempt to do so would indeed only result in break- 
Nowadays, an engineering course to be 
successful must, in fact, deal in fundamentals 
rather than in applications, and must be designed, 
so far as is humanly possible, to fit the student 
to achieve success in any one department 
towards which fate or predilection may direct his 
steps. We can hardly agree with Professor Plank 
that specialisation is a danger to be avoided, but 
certainly hold that it is a risk which should not 
be taken too early. If it is, the student may find 
he has made a false start, and that time, which 
is very precious in scientific work, has been wasted. 
The problem of the best training for the engineer 
has not been solved, and is perhaps unsolvable, 
but those concerned in attempting to solve it should 
at least order their steps, so that they make a 
minimum number of mistakes. Universality of 
knowledge is an impossible aim, and though special- 
isation has its dangers these can, with care, be 
avoided, and its advantages are great. 








THE WORLD ENGINEERING | 
CONGRESS AT TOKYO, 1929. 


On various occasions recently we have drawn 
attention to the World Engineering Congress which 
it has been decided to hold in Tokyo in the autumn 
of 1929, and in our issue of Nov. 23, (page 655 ante) 
announced that a meeting had been arranged of 
representatives of the leading engineering insti- 
tutions of this country to discuss the matter 
thoroughly, with a view to organising suitable 
participation in the event on the part of Great 
Britain. We have pointed out that other nations 
are planning representation on a large scale, and it 
is essential for our national prestige that we should 
not be behindhand in the matter. The meeting we 
have referred to took place on the 10th instant at the 
Institution of Civil Engineers, and was attended by 
representatives from various parts of the country 
of twenty-three of the more important institutions 
and societies interested, and as a result a committee 
was formed to take in hand the necessary organisa- 
tion. This, it is intended, shall embrace the 
|organisation of a party of British engineers to 
attend the congress itself in November next, and 
the securing of a number of papers on engineering 
subjects for presentation at the Congress. It is 
impossible for us to give a complete list of the 
institutions which we are glad to see have given 
| their enthusiastic support to the movement, but 
we may state that a strong executive committee 
has been formed, with Sir Brodie Henderson, 
K.C.M.G., as chairman, to go into the necessary 





| details and plans. This committee is composed of 
| Mr. R. W. Allen, Sir John H. Biles, Sir Alexander 
Gibb, Professor P. A. Hillhouse, Mr. Archibald Page, 
and Mr. E. F. C. Trench. The committee will 
have its secretariat and place of meeting, by the 
kind permission of the Council, at the Institution of 
Civil Engineers, Great George-street, Westminster, 
S.W. 

The first tasks to which the committee is setting 
itself are those of finding out how many engineers 
may think it possible to be present at the actual 
Congress, and of obtaining promises of written 
contributions to the proceedings. As regards the first, 
although the idea may at first seem formidable, we 
venture to think that on mature consideration some 
at least of the obstacles will give way to expediency. 
We may remind our readers that in 1924 a most 
successful congress was held at Wembley, when we 
had the honour of being visited by representatives of 
the whole world. Wesuggest that the opportunity has 
now arrived for us to return the compliment and to 
show that our courtesy and professional keenness 








are equal to that in others, and that when their turn 


comes we can assist in making their event as suc- 
cessful as visitors helped to make ours. Ona future 
occasion we shall hope to discuss ways and means 
more particularly. At the present moment we 
would like people not to “turn it down,” as the 
saying is, as impossible, but to look closely into 
the subject to see if by any means participation in 
the visit cannot somehow be brought about. 

As regards papers, we have previously given 
some idea of the scope covered by the Congress. 
It would, of course, be advantageous to have this 
country represented in most of the sections, and 
doubtless the Committee, when it gets settled down 
to its work, will endeavour to see that the several 
branches of work are characteristically covered. 
In this particular connection it may well be borne 
in mind that, although advantageous, it is not by 
any means essential for an author to attend the 
Congress in Japan. Arrangements at such inter- 
national meetings are frequently made for authors 
to have their papers presented by someone else 
able to attend, and we have no doubt that this 
matter will be given careful consideration by the 
organising committee in due time. The fact now 
to be remembered is that the possibility that, 
for business or other reasons, attendance in person 
may be impracticable, should not deter engineers 
from offering or promising suitable contributions. 
As we have said, we consider the whole matter one 
of great importance from the point of view of our 
international standing, and we hope the Committee 
will meet with a very wide response to its efforts. 








THE PRESERVATION OF FOOD. 


In modern civilisation food supplies are coming 
to depend increasingly on ability to keep and to 
carry them. The value of any commodity depends 
on it being available when and where it is wanted, 
and even the extent to which it can be produced 
profitably will be affected essentially by the 
efficiency and economy with which it can be pre- 
served and the cost of transport. The world’s well- 
being is demanding with ever-growing insistence 
that the problem of its food supplies shall be 
carried as far as knowledge and means allow. A 
great deal of the knowledge that is lacking has to 
be found by biological and chemical investigations. 
On the results of these depend the practical measures 
to be taken; but when these measures have been 
defined, it is to the engineering sciences and arts 
that the world will have to look to carry them out. 

This state of things is illustrated in the work done 
by the Food Investigation Board of the Department 
of Scientific and Industrial Research, which has 
just published its annual report for the year 1927. 
(H.M. Stationery Office, 4s. net.) The ultimate 
object of the Board is essentially practical, but it is 
recognised that before the results required of 
engineers in the way of preservation can be defined 
with any precision, much more has to be discovered 
about what goes on during the period of storage. 
Similarly, the by-products to be obtained usefully 
from food cannot be defined without further 
knowledge of the chemical processes involved in their 
formation. To procure this knowledge is in part 
the work of the laboratory, which covers the survey 
of the territory of undiscovered knowledge, ready 
to turn to account any observations that by chance 
may happen to be of practical interest ; but at this 
stage seeking without immediate object any 
knowledge that may complete the picture of the 
life history of the substance under investigation, or 
help to define the chemical relations of its products 
after death. The changes, moreover, that occur In 
tissues when they are exposed to varying tempera- 
tures are similar subject matter for intimate 
laboratory investigation, which is indispensable if 
the measures to be taken in practice are to be some- 
thing better than guesswork. Even such purely 
scientific investigations cannot, however, be done 
wholly in the laboratory. It is well known that 
in most chemical processes the scale of operations 
may have an influence of its own, and in the storage 
of living substances, particularly of fruit, heating 
effects occur as the result of respiration, which 
cannot be studied satisfactorily on less than a certain 
minimum unit. By the assistance of the Empire 
Marketing Board not only the Low Temperature 
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Research Station in Cambridge is being extended 
substantially, but a new station is being erected at 
East Malling for the study of the storage of fruit on 
a semi-commercial scale, and for investigating ques- 
tions such as the influence of grafting on its resist- 
ance to deterioration in store. 

It is satisfactory to learn from the report that in 
these and other ways the properties of food sub- 
stances under store are being examined from the 
bottom upwards, and that facilities are being pro- 
vided for reproducing the conditions of practice 
when they are required for experimental purposes. 
Such investigations by the Board have already 
thrown light on questions such as the effect of soil, 
climate, and variety upon the keeping properties of 
fruit, and in at least one important commercial 
matter have shown the way to avoid very heavy 
losses in shipment. They are, moreover, intro- 
ducing new factors into the considerations by which 
the preservation of food should be controlled. It 
has been found, for instance, that in the storage of 
fruit there is a lower limit of temperature, below 
which prolonged storage is injurious or even fatal, 
and work is being done in order to ascertain to what 
extent the resistance to such temperatures may be 
increased by varying controllable orchard conditions 
and other factors. Similarly, the study of the effect 
of the atmosphere produced by the respiration of 
fruit has led to the prospect that under given 
circumstances better results may be obtained by 
combining cold storage with gas storage than 
by cold storage alone. The effect, moreover, of 
humidity in the storage atmosphere, and the 
sequence of changes in humidity, with consequent 
deposition or evaporation of moisture, are also being 
studied with the prospect of practical results. A 
number of large-scale observations have been made 
on ships and railway vans, in respect in particular 
to leakage of gas and transmission of heat, and 
appear to indicate directions in which opportunities 
of improvement might be found. 

As a whole the report seems to show that steady 
progress is being made in acquiring the knowledge 
of what conditions should be produced by storage 
in order to improve its effectiveness, and thus 
increase the amount of available food. The ques- 
tion seems now to arise whether the work has not 
reached such a stage as to call for a similar attack 
on the questions of how storage can produce the 
conditions that the Board’s work has shown, or is 
likely to be showing, are desirable. This aspect of 
the subject has not indeed been wholly neglected. 
A section of the report contributed by Dr. Ezer 
Griffiths and Mr. J. H. Awbery under the not very 
appropriate title of engineering practice, defines, 
for instance, a variety of ingenious and original 
designs of apparatus for measuring or recording 
the heat generated by fruit, the internal pressure 
in meat during freezing, the deposition of dew, 
glycerine and cellophane hygrometers, and instru- 
ments for other purposes, including some which, 
by their combination of robustness and accuracy, 
seem well suited to use in cold stores. A short 
discussion is also given of various methods by 
which the leakage of heat through insulation can 
be estimated in cases where it is difficult to calculate 
it directly, and mention is made of an experimental 
study of the methods by which a brine spray is 
used for controlling the dryness of air, the results 
of which may have wider applications than to 
the air of cold stores. These subjects are all of 
Interest, but the work recorded in the report as 
a whole seems to suggest that it might not be 
premature to institute also some experimental in- 
quiry into points on which refrigerating engineers 
are at present undecided. Adequate heat-transfer 
data, for instance, do not seem to exist for the 
purposes of designing air coolers and condensers. 
Refrigerating engineers are not agreed about the 
merits of various modified cycles of refrigeration. 
So far at least as concerns this country, no satis- 
factory information appears to be available about 
the merits of dry ice (compressed carbon-dioxide 
snow), the use of which is developing rapidly in 
the United States, and on the face of it seems to 
have great possible advantages for purposes such as 
the rapid freezing of fish. An investigation into the 
Process would, moreover, call for the study of the 
design of the containers for this volatile but not 
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ordinarily liquefiable substance. Investigations of 
this character cannot be conducted successfully as a 
side line to biological studies, such, for example, as 
are being carried on at the Board’s Cambridge Low- 
Temperature Research Station. They are essentially 
matters of scientific engineering, for the study of 
which the United States has had facilities for some 
time past, and Germany and Holland are under- 
stood to be providing them. It would be unfortunate 
if the more precise insight into what is required of 
cold storage installations should not be accompanied 
by a similar increase in knowledge of the way in 
which what is required can be supplied. At the 
present time British engineers have an eminent 
position among manufacturers of refrigerating 
machinery, and a predominant one in marine 
installations. It would be both to their advantage 
and to that of the entire community if their practice 
could be improved at the same time as more 
profound knowledge is being obtained of the results 
that improved practice might effect. The common 
interest of these manufacturers and of the State 
seems to show that such an inquiry as we suggest 
would be a proper subject-matter for a joint inves- 
tigation, in which the combined work of engineers 
and physicists might be expected to raise the 
standard of refrigerating practice substantially above 
its present high level. 








THE ECONOMIC PROGRESS OF 
FRANCE. 


Ir is an historical commonplace that all great 
wars have been succeeded by a quickening of civil 
activity. Never has the extent of this movement 
been more remarkable than after that which ended 
10 years ago. In greater or less measure, this 
sequence has appeared in all the chief belligerent 
countries with the exception of Russia. It has 
been most tremendous in the United States, as 
is shown strikingly by the unbounded wealth 
that country has reaped in its commercial profits 
since the war. The revival of Germany is in another 
way more remarkable still, if the exceptional 
difficulties of that country are considered. When, 
however, the extent of industrial progress in the 
various countries is compared, none is so much 
indebted to the war as France for the creation of 
an industrial power and prosperity beyond any 
previous achievement or prospects. This is shown 
convincingly in the latest report issued by the 
Department of Overseas Trade, a brilliant account 
by Mr. J. R. Cahill, C.M.G., Commercial Coun- 
cillor to His Majesty's Embassy at Paris, of 
the economic conditions in France in 1928 
(H.M. Stationery Office, 5s. net) During the 
period it covers, the sagacity of French statesmen 
has transformed an economic situation that was 
going from bad to worse into a period of resilient 
advance. As in Germany, though to a far less 
extent, its industry has owed much to the deprecia- 
tion of its currency, which now has been stabilised 
by writing off four-fifths of its value. The sacrifice 
involved in this measure did not enure to the benefit 
of industry to the same extent as in Germany, for the 
restoration of destroyed works had to be made at 
enhanced prices, though the substantial sum 
recovered and still to be paid as reparations may be 
set against this loss. The fact remains, however, 
that while the attention of Europe was being 
directed pre-eminently to the extent to which 
French works in the occupied regions had been 
destroyed and to the depreciation in the value of 
French securities, the country was not only regaining 
the prosperity it had enjoyed before the war, but 
was establishing it at a far higher level. 

Considering that England is separated from France 
by only a few miles, and for some persons an hour or 
two of discomfort, our neighbours’ circumstances are 
not known as generally in this country as might be 
expected, and it may not therefore be superfluous to 
recall a few leading facts in regard tothem. France 
has about the same population as Great Britain, 
but is about double its size. By far the chief 
ocenpation of its inhabitants is agriculture, in which 
with forestry about nine millions persons are 
engaged, out of a total occupied population of 22 
millions. Nearly two-thirds of these, moreover, are 
not wage earners, but independent cultivators, a 








circumstance which is notable when the industrial 





protective policy of the country is considered. Of 
its manufactures, judging by exports, by far the 
most considerable are its textiles, which in 1913 
represented about 40 per cent. of the total value of 
manufactured exports, and have increased substan- 
tially in the last four years, in 1927 being nearly 
half as much again in weight as in 1913, and in gold 
value nearly double. These circumstances are 
material to remember when it is sought to consider 
the progress in the engineering industries. During 
the war, the northern and eastern industrial area 
occupied by the enemy was the greatest of the three 
principal productive districts,and to supply the needs 
both of the fighting forces and the civil population 
works had to be enlarged or erected on the greatest 
possible scale in unoccupied territory. These works 
naturally were equipped on modern lines, and on the 
return of peace the productive capacity of the country 
was increased further by similar reinstatement of 
the works in the occupied area. The addition, 
moreover, of Alsace-Lorraine, besides doubling the 
iron-ore capacity of the country and providing it 
‘with potash and oil, placed in French hands highly- 
developed metallurgical and engineering industries, 
besides making large additions to textile, chemical, 
and other manufacturing capacities. The collieries 
have developed not only the extraction of their coal, 
but also its conversion on the spot into electricity, 
gas, and by-products. In the last three years, for 
instance, the northern mines have erected about 
500 new coke ovens, and whereas in 1913 under 
5 per cent. of their coal was got by pneumatic 
hammers, this had risen by 1927 to 65 per cent. 

The contrast between the impression presented to 
the European mind by the picture of devastated 
works and depreciated currency and the fact, is seen 
even more clearly in the course of trade. In this 
present autumn, the total number of persons 
receiving unemployment benefit was under 1,000, 
and between the end of 1921 and the spring of 1927, 
about one and a-half million foreign workers had 
been imported to fill the urgent demands for labour. 
The tonnage of exports as a whole in the first eight 
months of this year was double that of the same 
period in 1913, and in the engineering trades the 
progress was still more conspicuous. It is mainly no 
doubt an internal matter that the output of. coke 
has been doubled and the electricity capacity more 
than trebled. The international industrial position 
is seen more directly in the fact that France is now 
producing more pig-iron than Great Britain, though 
in 1913 her output was little more than a fourth, 
and more steel, as against less than a third, while 
engineering exports in 1927 were about a million 
and a-half tons, as against less than a fourth of 
that quantity in 1913, and imports have dropped 
from about half a million tons to a quarter of a 
million. The output of iron and steel, indeed, in 
1927 was within 2 per cent. of the total productive 
capacity of the country. It is needless to compare 
this state of things with the position of trade and 
of unemployment in this country, but it seems worth 
remarking that whereas the amount of taxation 
required to meet British liabilities is roughly four 
times what it was before the war, the French burden 
has increased only to double. 

From the point of view of this country, the 
economic situation of France will be viewed with 
mixed feelings. Unreserved satisfaction will most 
certainly be felt at the magnificent recovery of 
its industries from the gravest difficulties, and 
admiration at the brilliant manner in which the 
situation has been not only restored, but greatly 
improved. Our country in its international settle- 
ments is making a substantial contribution to the 
means by which France has been able to undertake 
these operations. As a net result the world’s pro- 
duction capacity has been increased, notably in 
the engineering trades on which Great Britain so 
largely depends. At the same time France’s policy 
is protectionist, and as a result our large business 
with her in those directions has greatly diminished, 
and we have to look elsewhere to make good the 
loss. This naturally involves a considerable degree 
of readjustment of the outlook of our manufac- 
turers, and while we do not grudge France her 
success, we should be less than human if we did not 
regret the passing of conditions which formerly 





meant so much to us. 
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AMALGAMATIONS IN THE STEEL AND RatLway- 
CARRIAGE INDUSTRIES. 


AN important step in the direction of the con- 
solidation of the steel industry in this country has 
recently been taken by Messrs. Vickers Limited, 
Messrs. Vickers-Armstrongs Limited, and Messrs. 
Cammell Laird and Company, Limited. Subject to 
certain consents still to be obtained, these three 
firms have agreed to amalgamate the whole of 
their steel interests, with the exception of those 
concerned with guns, gun mountings, armoured 
cars and tanks, and a new company, to be known as 
The English Steel Corporation, Limited, is to be 
formed to take over these interests. They include 
the River Don, Attercliffe and Holme Lane works 
in Sheffield, the Openshaw works in Manchester, 
and the drop-forging plant at Elswick of the 
Vickers-Armstrongs organisation, with the excep- 
tion of certain gun-making and similar plant at the 
River Don and Openshaw works. In addition, the 
Cyclops and Grimesthorpe works in Sheffield, and 
the Yorkshire Steel and Iron Works, Penistone, will 
be taken over by the new company from Messrs. 
Cammell Laird, and Messrs. Vickers will also transfer 
to it the ordinary shares in Messrs. Taylor Brothers 
and Company, Limited, manufacturers of steel tyres, 
wheels and axles, of Trafford-park, Manchester. It 
is understood that negotiations are now in progress 
for including other important steel-manufacturing 
firms in the new company. Another agreement of 
considerable interest to the British engineering 
industry has been similarly concluded between 
Messrs. Vickers and Messrs. Cammell Laird for the 
amalgamation of the railway-carriage and wagon 
interests of the two concerns. In this connection, the 
name of the Metropolitan Carriage, Wagon and 
Finance Company, Limited, which is one of the 
subsidiary companies of Messrs. Vickers Limited, 
will be changed to the still more unwieldly one of 
the Metropolitan Cammell Carriage, Wagon and 
Finance Company, Limited, which will also com- 
prise the Patent Shaft and Axletree Company, 
the Willingsworth Iron Company, the Nottingham 
factory of Messrs. Cammell Laird and Company, 
Limited, and the interests of the latter firm in the 
Midland Railway Carriage and Wagon Company, 
Limited, and in the Leeds Forge Company, Limited. 
It should be pointed out that the agreements 
referred to relate only to the steel and railway-car- 
riage and wagon interests of the three firms con- 
cerned ; their other activities are unaffected and 
will be carried on as has been the case hitherto. 


DEVELOPMENT OF THE LACHLAN BAasInN, 
New Sovutu WALEs. 


Conservation works of minor importance have 
been in existence on the Lachlan River, New South 
Wales, for some considerable time. During recent 
years, however, the lack of an abundant and certain 
water supply has so severely hampered the develop- 
ment of the districts in the neighbourhood of the 
upper reaches of the river, that the provision of more 
substantial works has become imperative. Plans 
were announced recently by the Prime Minister, Mr. 
S. M. Bruce, relating to a scheme which has been 
approved by the British Government as a suitable 
undertaking under the 34,000,000/. migration 
agreement with the Commonwealth. The project 
consists of two principal works, the construction of 
the Wyangala Dam, at an estimated cost of 
1,352,0001., and the building of a railway line from 
Roto to Hillston, at an estimated cost of 170,000I. 
Dealing first with the dara, the point chosen for the 


construction of this work is situated some 30 miles | 


by river above Cowra; it is estimated that it 
will have a total capacity of about 273,700 acre- 
feet of water, and, at the same time, will greatly 
facilitate the regulation of the flow of the river 
through both the wet and dry seasons. The 
scheme is not primarily intended for irrigation 
purposes, although of course riparian holders, for a 
distance of some 760 miles along the river, will 


greatly benefit by the provision of an assured water | 


supply, but it will mean a regular supply for stock 
and domestic purposes for about 1,357,000 acres of 
country. Perhaps the most important result of the 
project will be the opening up for settlement of an 





area of nearly 1,000,000 acres of Crown lands, situ- 
| ated to the west of the river, between Euabalong 
| West and Roto, while it is anticipated that 
| approximately 850,000 acres will be added to the 
| State wheat lands, and that the settlement of more 
| than 600 farmers will be made possible. Inci- 
| dentally, a limited amount of hydro-electric power 
| will be available, and it has been found in other parts 
| of the State, that similar conditions have tended to 
| encourage the establishment of secondary industries. 
The construction of the railway line from Roto to 
Hillston, which was favourably commented upon 
by the Federal Pastoral Advisory Committee, will 
provide better connection between the Murrum- 
bigdee areas and the pastoral districts of the West 
Darling and Broken Hill, the distribution and 
transport of produce and livestock over the new 
farming areas will be greatly facilitated, and it will 
give an alternative route to the seaboard for wheat 
from the new wheat areas. In addition to the 
above, the line will offer greatly improved conditions 
for the transport of gypsum from Ivanhoe, on the 
Broken Hill line, to the irrigation areas on the 
Murrumbigdee and in Victoria. The Common- 
wealth government, Mr. Bruce said, is convinced 
that the building of this new line will greatly assist 








at his back, and would have splayed reflecting 
walls on his side. When the stage was to be used 
for theatrical performances, the fire curtain would be 
up, but the hard plastered surface of the cyclorama 
and the temporary stage ceiling would reflect the 
sound. 


THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


AN ordinary general meeting of the Institution of 
the Mechanical Engineers was held on Friday last, 
the 14th instant, at Storey’s-gate, Westminster, the 
President, Mr. Richard W. Allen, occupying the 
chair. 

MACHINABILITY. 

A contribution, which represented the Report of 
the Cutting Tools Research Committee on Machin- 
ability, was read in abstract by Mr. E. G. Herbert. 
We commence to reprint this report in abridged 
form on page 789 of this issue. 

In proposing a vote of thanks to Mr. Herbert, 
the President stated that he considered the author’s 
tests with hacksaws formed a useful conclusion 
to his research. With regard to the question of 
free-cutting steels raised by Mr. Herbert, it seemed 


the development and utilisation of the territories | Vety regrettable that since the war such steels 


tively mitigated. The scheme was formally put in 
hand on Monday last (December 17), by Mr. T. R. 
Barin, Premier of New South Wales, who inaugu- 
rated the work on the Wyangala Dam. 


IpEAL AUDITORIUM ACOUSTICS. 


In an address delivered last summer before the 
Convention of the American Institute of Architects 
at St. Louis, Professor F. R. Watson, of the 
University of Illinois, upon whose acoustic researches 
we commented on page 90 of our issue of July 20 
last, emphasised the one aspect of the twofold 
problem of the ideal auditorium acoustics, which 
does not always receive the attention it deserves. 
The conditions, he remarked, should be favourable 
not only for perfect reception of the sounds by 
the auditors, which was often considered the 
essential thing, but also, and in the first instance, 
for the perfect generation of the sound. From 
that point of view the advantages of the antique 
open-air theatre became intelligible. The audi- 
torium of the Greek and Roman ampitheatre was 
open to the sky ; the stage was backed by a vertical 
| wall partly overtopped by a sloping roof, which 
assisted the reflection of the sounds from the 
stage. According to Ernst Petzold, speech was 
reinforced if the words reflected from walls near 
the speaker reached the audience within 0-05 
second of the direct sound. It took about 0-3 
second, e.g., to enunciate the word “man,” 0-2 
second being required for the vowel a, and 0-05 
second each for the m and n. If the reflection 
interval did not exceed 0-05 second, the direct and 
reflected waves would not overlap much; with 
longer intervals the trains of waves would overlap 
and the sound would become blurred. Professor 
Watson tested this by placing the four players of a 
| quartette on a platform and carrying above them a 
| flat horizontal board of 14 ft. by 12 ft. by means 
of ropes and pulleys. As the height of the board 
above the players was decreased from 12 ft. to 
7 ft., the players declared themselves more and 
more pleased with the smoothness of the tone, 
and the audience concurred. When the players 
were partly surrounded by sound-absorbing walls, 
neither they nor the audience were pleased. Thus 
the player or speaker should have good reflectors 
|near him, whilst the walls behind the audience 
|and the ceiling should be deadened to sound or 
be absent. In the open-air theatre at Hollywood 
| Bowl, speakers were much better understood at 

100 ft. distance than in the acoustically most 
| satisfactory theatre at Los Angeles, and in the 
| Eastman Theatre at Rochester hearing in the 
| well-cushioned, mezzanine balcony was very good, 
though that balcony had only a front opening 
of 9 ft., about 6 ft. back from the main balcony. 
In the new lecture theatre now under construction 
at the Illinois University the lecturer would be 
separated from the stage proper by the fire curtain 











through which it will run, especially as the danger | should have been produced and put on the market. 
of serious losses through droughts will be so effec- | The term “ free-cutting” steel had no real meaning, 


and no engineer to-day should use any steel of the 
analysis of which, together with its tensile strength 
and Izod test, he was unaware. More security was 
needed ; it was not the question of whether a steel 
could be easily machined that was most important, 
but what were its useful properties afterwards. 

Dr. Walter Rosenhain, on being called upon to 
open the discussion, submitted that a mechanical 
engineer rather than a metallurgist would have 
been a more appropriate person to do so. While 
appreciating the compliment to himself and Mr. 
Sturney, paid by the author’s use of the method 
originated some 20 years ago by him (Dr. Rosen- 
hain), he would point out that the results obtained 
by Mr. Herbert by stopping the cut, taking a section 
of the chip and examining it microscopically, 
differed from those Mr. Sturney and he had obtained. 
This did not reflect on the accuracy of the experi- 
ments. They had not, as Mr. Herbert suggested, 
confined themselves to observing the formation of 
the crack at the beginning of the cutting process. 
The length of the cut taken was about the same as 
that in Mr. Herbert’s experiments, though the 
conditions were slightly different. This difference 
might cause divergence in the observed facts, and it 
should be borne in mind that such a possibility 
limited the universal applicability of the author's 
observations. 

Continuing, Dr. Rosenhain quoted a sentence 
from the paper to the effect that it was not possible 
to give a complete explanation of the fact that if 
a pendulum work-hardening test were made on 
metal which had already been work-hardened by 
any previous treatment, the resulting hardness 
figures were always higher than those obtained on 
the same metal in its original (non-work-hardened) 
state. This, he considered, was what most members 
would have expected, and meant that the work 
hardening which could be applied by means of the 
pendulum test was not the maximum work- 
hardening of which the metal was capable, but that 
it was dependent upon the initial condition of the 
metal. Similarly, he suggested that the machin- 
ability, even if it were measured or defined as the 
author did it, was not entirely independent of the 
initial hardness of the metal. If the same steel 
were taken and cold worked and machined before 
and after cold working, it would be found that the 
machining properties were different. Mr. Herbert's 
own law of machinability would lead one to suppose 
that. It was stated elsewhere in the paper that 
the original hardness of the steel had no significance, 
and could have no significance, in relation to 
machinability. Though the original hardness did 
not exist at the point where the tool did its cutting. 
the hardness at that point was to some extent a 
function of the original hardness. 

Hardness. therefore, had a very great effect 
although the machinability was not proportionate 
to it at all. An interesting fact which came out 
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during the war was that hardening obtained by cold 
working any material tended, if anything, to render 
the material more easily machinable, whereas 
hardening obtained metallurgically by a difference 
of composition was inclined to make the machining 
more difficult. With regard to the law formulated 
by the author of the paper, machinability was a 
property of the material, and it was no use defining 
it as a combination of a function of the material 
and of the method of cutting. What the new law 
really enabled them to do was to determine, by 
using, for instance, different angles and speeds 
of cut on the same material, which was the best, 
by determining the hardness of the resulting 
chip. A logical conclusion would seem to be that 
the method of machining which produced the least 
distortion of the chip would do the best work on 
the metal, and would probably be in several ways 
the most economical and satisfactory. He questioned 
whether the differences of machinability of one 
“material and another given in the paper had any 
real meaning, for after all, in a workshop they 
did not use a tool of standard section and speed, 
but adjusted both tool and speed to the material. 

Apart from these criticisms, said Dr. Rosenhain, 
he had been much interested in Mr. Herbert’s 
account of the appearance of what were apparently 
slip bands on manganese steel after machining when 
it had been polished or etched. He could hardly 
agree, however, that their appearance was due to 
the release of internal stresses after treatment, as 
had been suggested. Manganese steel was a peculiar 
material, being an austenitic steel, very close to its 
transformed condition. He had shown, as long ago 
as 1904, that a steel of that type, when plastically 
deformed along the surfaces of slip, underwent 
transformation into the martensitic condition. If 
a piece of polished manganese steel were strained 
the usual formation of slip bands would be found, 
and if they were polished away and the surface 
again etched, there would be found along the more 
marked bands several lines which etched up darkly. 
These were the traces of the martensitic transforma- 
tion which had occurred along that band, and the 
phenomena reported in the paper, he was inclined 
to believe, were the traces of the planes where severe 
slip had occurred during the original transforma- 
tion. It was that transformation occurring along 
the slip planes which accounted for the enormous 
work-hardening capacity of manganese steel. The 
phenomenon was a little complicated, but, roughly 
speaking, that was what occurred. 

This question of slip bands had raised the ques- 
tion of the ageing of steel with deformation, a very 
important factor in the matter of cutting. 
Mr. Herbert had mentioned a fact which was fairly 
well known of the effect of heating to a tempera- 
ture of about 300 deg. C. That process had long 
been in practical use in what was known as the 
blueing of cold-drawn steel tubes. It was only by 
blueing those tubes after their final pass that the 
best properties were obtained. When a steel was 
deformed it lost its elastic properties for a time 
afterwards. It became semi-plastic to a slight extent, 
and only attained the greater hardness, which was 
the result of the deformation, either by ageing for 
24 hours or longer at room temperature, or in a 
shorter time at temperatures going up to 300 deg. C. 
But immediately after deformation, and in the period 
of time which was important from the cutting point 
of view, that ageing and that hardening could not 
occur; at least, it was doubtful whether even at the 
temperature attained in the cut it occurred so 
quickly that the full hardness was developed. He 
suggested, therefore, that while the initial hardness 
did not exist in front of the cutting tool, neither 
did the hardness exist after the specimen had been 
cut, because after that the steel had undergone 
ageing and was changed. This might account for 
some of the minor anomalies in the author’s curves. 

Mr. William Taylor thought Mr. Herbert’s choice 


but that the edge of the tool itself would determine 
the place of separation of the chip from the work. 
He thought that there was some undetermined 
factor arising from the position of the knife-edge tool 
in such experiments, which affected the results. The 
author of the paper had shown that at slow speeds, 
about 7 ft. per minute, the built-up edge disappeared. 
He recalled that at previous discussions, particularly 
that on Dr. Rosenhain’s paper, it had been strongly 
questioned whether the built-up edge and the crack 
which occurred in advance of the cutting was always 
found in cutting action. Sir John Dewrance had 
subsequently made some experiments which seemed 
to show that the crack did advance. He himself held 
thatit didnot do so atslow speeds, and that the cutting 
edge of the tool was up against the metal, a pheno- 
menon receiving confirmation from the fact that 
when tapping or reaming material like phosphor- 
bronze, the tap or reamer required considerable 
force to remove them after the job was done. 

He thought Mr. Herbert had given the explana- 
sion, and the use of a hand reamer at slow speeds 
to give a smooth surface was justified. The photo- 
graphs of chips in the report had shown that with 
low speeds, when the built-up edge was absent, a 
much better surface was left on the work. He 
would like to know why the chip at low speeds 
was broken into fragments, also, why was it harder 
than the chip produced at high speeds. The 
explanation might be that the chips produced at 
high speeds were heated, and, becoming softer, 
were more easily bent out of the way of the tool. 
Dr. Rosenhain had questioned whether the pendu- 
lum hardness figures were always higher after 
work-hardening than with the material in its 
original state, but it occurred to him (Mr. Taylor) 
that work previously hardened by some prior 
operation was better able to resist lateral extension 
of the area of metal on which the pendulum tests 
operated. It was stated in the paper that the 
hardness in many of the tests appeared to reach a 
maximum and then to fall off. Did this imply 
that the yield point had actually been reached, or, 
that, having produced the maximum hardness, which 
it was possible to obtain, the structure of the material 
had broken down ? 

It was also stated that the chip was hard over its 
two outer surfaces, and quite soft at the centre. 
He thought that might be because the centre con- 
tained the neutral axis, and the work-hardening 
when the chip was bent was therefore greater 
where the stresses were greater; that is, near the 
outer surfaces. Mr. Herbert’s reference to the 
possibility of the work-hardening of cast iron by 
the use of a blunt tool illustrated a valuable pro- 
perty of that material. In the sewing machine 
industry, holes which had been reamed were bur- 
nished with a drift having a corrugated surface at 
right angles to its axis. This hardened the metal, 
and a wonderful degree of accuracy was secured. 
Sir Henry Fowler was inclined to agree with 
Dr. Rosenhain that the use of one speed only in the 
experiments was a source of weakness in the paper. 
Judging from the photographs shown in the report 
there appeared to be considerable differences in the 
surfaces of the specimens. What was wanted in the 
shops was the knowledge of how to run the machines 
as fast as possible, and to obtain exactly the degree of 
finish that was required and no more. He would 
suggest to the Research Commitee that further work 
would be of value if extended on the lines of the 
report, to cover the best commercial speeds for a 
given material. It would entail a great deal of 
work, but would be valuable information. The 
words “toughness”’ and “ brittleness’? had been 
used. He would like to know what was the precise 
significance metallurgists attached to these words in 
connection with cutting standards. With regard to 
“free cutting’? steel, he might say that it had 
been used during the war for shells because of its 


compared with mild steel. He thought the cause 
was that it was more brittle than mild steel, due to 
containing sulphur, phosphorus, and perhaps man- 
ganese, which, so to speak, broke up the continuity 
of the metal in much the same way that graphite 
broke up the continuity of cast iron, and made it 
so readily machinable. With that, an extremely 
low Izod value, which had already been referred to, 
was obtained. With regard to cast iron, probably 
the reason the cast-iron chip did not harden was 
because of the graphite, which broke up the cohesion 
of the metal, and which fractured as soon as a small 
amount of stress was applied. It was interesting 
to note that the normalising of steel made it more 
readily machinable, and the hacksaw tests were 
also instructive. In this connection he would 
comment on a few tests he had recently made with 
brass tubes of 60 : 40 and 70 : 30 metal. The 
former were extruded, and were much more brittle 
than the latter, which were cold-drawn. In an 
attempt which was made to saw the 60 : 40 tubes 
which were being used for condenser ferrules, it» 
was possible to part them off with 30 quite easy 
strokes of a hacksaw, whereas the 70 : 30 metal 
took 70 very hard strokes. He thought that illus- 
trated the importance of Mr. Herbert’s hacksaw 
tests. To his mind, however, the most important 
part of the paper related to the compound tools, 
whereby the protective tip or false nose was in 
some sense stabilised, thus enabling the tool to 
stand up to its work permanently. 

Mr. L. St. L. Pendred, asked whether the saw 
used by Mr. Herbert in his tests varied in hardness 
throughout its length, or throughout its depth, 
after grinding the teeth away. The teeth of the 
saw had been ground after every ten strokes, and 
it might be questioned if it was of the same hard- 
ness after the last grind as when it started. It was 
perhaps of some interest to comment on the form 
of the chip taken off by the cutting tool. With an 
ordinary turning operation such as had been 
used in the experiments, the action on different 
parts of the chip varied to some extent with position. 
The part on the inner corner where the solid bar was 
left was likely to be different from that on the outside 
circumference. This introduced a difficulty, to 
avoid which Mr. Herbert in some previous experi- 
ments used an annular specimen or tube which he 
revolved against a fixed tool cutting across the 
whole face. Perhaps, Mr. Pendred asked, Mr. Herbert 
would state why he had abandoned such an 
apparently satisfactory method. 

Mr. E. G. Herbert then replied. Dealing with the 
President’s strictures on the use of “ free-cutting ” 
steels, he said that he understood that this steel was 
somewhat weak structurally and was sometimes 
employed where it ought not to be. At the same 
time there were a good many cases in which, so 
long as the article was made of metal and could be 
polished nothing else was required. Free cutting 
steel could be employed in these cases so long as 
questions of strength did not arise, as the material was 
very treacherous. He fully appreciated Dr. Rosen- 
hain’s prior use of the method he had employed, 
and had not consciously intended to challenge 
his results. It would appear that any sentences 


in his paper which could be construed in this 


light were due to a misapprehension. It would 
seem that he had concluded that Dr. Rosenhain’s 


investigations were all carried out before a complete 
revolution of the disc under test had taken place 
and at a very slow speed. 
not the case, and the crack in front of the tool 
which he himself had found to exist only at the 
commencement of cutting might occur in an 
enormous number of places. 
been going on for some time, a cutting edge formed 
and filled up the place where there would be a crack. 


This was apparently 


If the cutting had 


In reply to Dr. Rosenhain and Mr. Taylor, he 


agreed with the former that the maximum hardness 


high degree of fragmentation. He was much 
interested in Dr. 
martensitic formation. 





of a standard cutting angle for all the tests, though 

not workshop practice, was justifiable in that it 

was impossible to attempt a research of the sort 

undertaken, without getting rid of as many factors 

as possible in each set of experiments. It had struck | 
him that the depth of cut taken was heavy, and he 
_ ved that if the chip were of minimum thickness | 
rom 


problems in metallurgy which existed to-day. 
Mr. H. Rolfe said he had found enormous differ- 


a lighter cut, there would be no built-up edge, | ences in the rate of machining “ free-cutting” steel 


Rosenhain’s reference to the 
Under many conditions 
this formation was not wanted, and he was confi- 
dent that the suggestions made by Dr. Rosenhain 
would be applied by some members to certain 


shown by the pendulum tester was not the actual 
maximum of which the metal was capable, but 
the maximum work-hardening capacity. Mr. Her- 
bert illustrated his point by a diagram showing 
the results of some experiments. From the zero 
point of a base line representing the original hard- 
ness he drew a roughly parabolic curve composed 
of a number of straight lines from point to point 








of the readings, which curve, when it reached 











784 


ENGINEERING. 


(DEc. 21, 1928. 








its maximum flattened out into a wavy line 
more or less horizontal. This represented an 
ordinary hardness curve from the pendulum tester. 
The same metal hardened by the ‘cloudburst ” 
method lately introduced by Mr. Herbert showed 
a virtually symmetrical parabola, the maximum 
point of which did not reach the pendulum maxi- 
mum, and the lowest point of which went down below 
the base. This last did not always occur, but insome 
cases the hardness actually went below the original 
hardness. Taking the same piece of steel and reduc- 
ing it by machining and hammering it down from 
its original thickness, the curve of hardness started 
with a moderate slope which flattened out toa very 
slight one and then ran up somewhat steeply in a 
reverse curve to above the pendulum maximum. 
The pendulum maximum hardness was reached in 
this curve at a point corresponding to a reduction 
of thickness of 96 per cent. At 99 per cent reduc- 
tion, the hardness was slightly greater than the 
pendulum maximum. Continuing Mr. Herbert said 
that the pendulum maximum was therefore not 
the actual maximum of which the material was 
capable. Another hardening process would show 
some other, but lower, maximum, and then go 
down. He could not offer any explanation. 

He had not investigated the subject of cold- 
worked material, so could not comment on Dr. 
Rosenhain’s remarks upon it. All the bars he 
had tested were heat treated. As to Dr. Rosen- 
hain’s view that the law of machinability was 
a property of the material and that the machining 
should not be taken into account, Mr. Herbert 
said he felt a difficulty. It might occur that 
two bars would show different degrees of machin- 
abilitv in a lathe, which would be reversed when 
another machine was used. Apparently the 
machinability changed according to the particular 
machining process employed, and not only the 
actual, but the relative machinability changed. 
It was therefore difficult to see how machinability 
could be defined apart from the process employed. 
He agreed with Dr. Rosenhain that in practice the 
machining conditions should be adjusted to produce 
the best results, but the variables in such an investi- 
gation as he had made must be kept down. He 
quite recognised that a speed of 61 ft. per minute 
was not the best for the majority of the materials but 
it seemed to &im to be necessary to compare them 
under exactly the same conditions. 

With regard to the question of the slip bands 
he took Dr. Rosenhain’s explanataion as being 
authoritative, and now understood the position 
more clearly. He would have liked, however, to 
have had an explanation of the mechanism of the 
ageing process, or the low-temperature annealing 
process, and what happened inside the metal when 
it became harder. His remarks about speed could 
be applied also to Mr. Taylor’s objection to the use 
of a standard angle for the cutting tool. It was 
necessary to cut out the variable of different angles 
to get a clearer idea of what was happening. Mr. 
Taylor had questioned whether a built-up edge 
occurred when very thin chips were taken. As 
direct evidence on this point, there was only a thin 
chip on the tool steel testing machine, which had a 
standard feed of 0-0012 in.; a very marked 
built-up edge existed under those conditions. He 
could not say anything relative to the effect of 
reamers in making a built-up edge with phosphor 
bronze, his investigations had been limited to ferrous 
materials. He had purposely left the question of 
finish out of his paper. He had used roller steadies 
in all his experiments which had rolled down the 
rough-tooled surface irto a very smooth one. In 
any case, the surface appearing in the photographs 
was that in a plane at right angles to the axis and 
smoothness was not here required. 

He could give no explanation of the segmentation 
of the chip at slow speeds, but did not think that 
Mr. Taylor's suggestion that the chips at high speeds 
became so hot as to become ductile was a valid one, 
as he used a very heavy flood of water. With 
regard to the manganese steel chip, he agreed that 
the neutral axis being in the centre might account 
for the chips being harder at the outside. He was 
not surprised at the work-hardening effects on cast 
iron mentioned by Mr. Taylor. He knew of some 
German experiments in which a ball had been 


forced through a hole and it had hardened up the 
surface of the hole very considerably. He could not 
supply a definition of toughness. Mr. Rolfe said he 
was of opinion that “free cutting” steel cut freely 
because it was brittle, and that evidently was the 
opinion of the steel makers, who had supplied him 
with one bar with a very low Izod figure and another 
witha very high one. They had supposed that one 
would be free cutting and the other not. Personally, 
he did not find it so. His impression had been that 
a proportion of sulphur and phosphorus made the 
steel brittle, and it therefore broke up, but on 
investigation his theories bad had to be modified, as 
the steel that was rendered more brittle by being 
normalised made a beautiful curled chip, while the 
one that was tough and soft formed no built-up 
edge, and was very hard to cut. 

The President then announced that an informal 
meeting would be held on Friday, January 4, at 
7 p.m., the subject for discussion at which would 
be ‘“‘The Engineer Salesman Abroad”; this would 
be introduced by Major A. W. Farrer. The next 
general meeting would take place on Friday, 
January 18, at 6 p.m., when a paper would be read 
by Mr. J. G. Weir, on ‘‘ Modern Feed-Water 
Circuits.”’ 

H.M. Tue Kine. 


This being the concluding meeting of 1928, before 
terminating it, the President expressed the hope that 
before they met again next year His Majesty the 
King would be fully restored to health. In this 
members heartily concurred. 


NOTES ON NEW BOOKS. 


A comprehensive collection of thermodynamic formulas 
is to be found in The Principles of Thermodynamics, 
of which a second edition, priced at 7s. 6d. net, 
has recently been issued by the Cambridge University 
Press. The author is Mr. G. Birtwistle, Fellow of 
Pembroke College, and the work is said to contain the 
substance of a two years’ course of lectures. It is 
apparently intended as a cram book for the examinee, 
and it would therefore be unreasonable to expect to 
find in it any critical discussion of modern views 
or any notable originality in either matter or method. 
A good deal of space is devoted to a discussion of 
van der Waals’ famous hypothesis, which, in so many 
cases, affords a qualitative explanation of the charac- 
teristic properties of gases and vapours as established 
by experiment, and yet has invariably broken down 
when quantitatively tested. That the hypothesis on 
which the van der Waals’ equation is based was pro- 
bably incorrect has been suggested years ago, and 
it seems to have been definitely disproved by the recent 
experiments by Callendar (Proc. Roy. Soc., A, Vol. 120, 
1928, page 460). The text book covers a wide field, 
including the discussion of the phase rule, thermo- 
electric phenomena and radiation, whilst there is a 
new chapter dealing with the heat theorem of Nernst. 
Proofs are given of the commoner formule, and of 
these the presentation is good. Many important for- 
mulez are, however, merely quoted, the reader being 
referred to the original source. This method of proof 
by reference, is as unsatisfactory as it is popular, and 
may at times be extremely misleading. For example, 
in quoting the formula for the specific heat of gases 
based on the quantum hypothesis, the author makes 
no mention of the fact that the agreement with 
experiment is qualitative only, the discrepancies in 
the case of hydrogen being far greater than the possible 
experimental errors. In addition to its value as an 
examination text book, the volume under notice will 
also be useful for reference purposes. 





When, a short time ago, the last letter in the trio, 
B.B.C., came to signify Corporation and not Company, 
there were some who feared that the dead hand of 
bureaucracy would be laid on a concern whose actions, 
though not always receiving universal approbation, had 
at least been enterprising. Fortunately, there is little 
sign of this in the interesting account of stewardship 
and future policy which is to be found in the B.B.C 
Handbook, 1929. This account not only indicates a satis- 
factory rise in the number of wireless licences,the number 
in July, 1928, being over 2,500,000, but shows that 
progress is taking place on both the technical and enter- 
tainment sides. As regards the former, the first article 
gives some details of the new twin-wave-length high- 
power station, which is now being erected at Brookmans’ 
Park, some 15 miles to the north of London, with a 
view to covering a larger area without interruption, 
and to providing South-East England with a choice of 


the progress that is being made in transmitter design. 
of the methods used to measure the performance of 
both stations and microphones, and of the echo studies 
which are throwing a useful light on one of the dark 
patches of physical science. Descriptions of new 
listening apparatus and hints upon its use are othei 
useful features. The Glossary of Technical Terms, too, 
will form a guide through the by-ways of a jargon 
with which wireless, to a degree even greater than is 
usual in most new sciences, is encumbered. The book 
may be recommended even to those few persons who do 
not possess a receiving set and who never listen to a 
broadcast programme. It is published by the British 
Broadcasting Corporation, Savoy-hill, London, W.C. 2, 
the price being 2s., and is excellently printed and illus- 
trated. We do notice, however, that, in one place, the 
harpis included under the heading of percussion instru- 
ments. As indicating the efficiency of the. service 
given, it may be mentioned that the total hours of 
transmission increased from 46,215 in 1925 to 65,299 
in 1927, and that, during the same period, the break- 
down percentage was reduced from 0-09 per cent. to 
0-03 per cent., or a total of 19 hours 36 minutes. This 
does not include the Daventry experimental station. 





Motor-driven grabs are grabs which are suspended 
from cranes in the ordinary way, but are opened and 
shut by some separate electric, hydraulic or pneumatic 
gear, and not by the ropes and chains of the crane 
mechanism. These grabs were introduced in America 
twenty-five years ago, but have not found favour over 
here, and from the study of Dr.-Ing. Alfred Ninnelt, 
Ueber Kraft- und Arbeitsverteilung an Greifern, besonders 
an Motorgreifern (Wittenberg: A. Ziemsen; price 
2 marks), they do not appear to offer particular advan- 
tages under general conditions, apart from the conveni- 
ence that different grabs can quickly be attached to the 
same crane. The electric motor-driven grabs in use 
in Germany are of the M.A.N. and D.E.M.A.G. types. 
Messrs. Pohlig, of Cologne, and other firms also build 
special grabs for potatoes, coke, coal, ores, gravel, &c. 
The Maschinenfabrik Augsburg—Nurnberg operates the 
grab by the aid of a worm, one or two sprocket wheels, 
a chain, and links which raise and lower a crosshead 
slightly. The buckets are not raised, but turned about 
their external pins. The motor gear being mounted 
rather high up, the mass centre of the grab lies high, 
so that there seems to be risk of tilting when the grab is 
working on an incline; but there have been no com- 
plaints on that ground. The Deutsche Maschinen- 
fabrik A.-G. places the operating gear lower down to give 
a better balance of the masses, but the gear is then 
rather crowded unless the parts are kept small in 
dimensions. Dr. Ninnelt made his experiments on 
power consumption, weight, working speed, bucket 
shape, ease of operation, &c., in the works of the 
M.A.N., mostly with one of their grabs, but also with 
special grabs. He found that the filling and closing 
of the motor-driven grab required 25 to 30 seconds, 
instead of the usual 10 or 12 seconds of ordinary 
grabs, and that the motors evidently had difficulty 
in the last stages of the closing, owing to their relatively 
small power. The expected easy attendance of the 
electric motor was not realised, and the conclusion is 
that the advantages of the electric motor drive are 
limited to special cases where power, motor, and grab 
shape can be adapted to particular goods and loads. 





New Rattways IN CANADIAN PRAIRIE PROVINCES. 
—tThirteen new branch lines of the Canadian Pacific 
Railway, in Saskatchewan and Alberta, making together 
330 miles of track, will shortly be brought into opera- 
tion. Many of these lines were built during the summer, 
and will serve new districts in which settlements are 
rapidly springing up. Some 300 new grain elevators 
are also nearing completion, or have already been put 
into service. 





Rapip-PackiInG DEVICE FOR WATER-GAUGE GLASSES. 
—A recent simplification of the method of packing the 
glass of the ordinary water-gauge has been made by 
discarding the screws and nuts hitherto employed. The 
water-gauge cocks, which may be either plain or 
asbestos packed as regards the plugs, are of standard 
design, but the screwed nipple, which usually forms 
the stuffing box, is replaced by a plain one having at 
the top a pair of external wedge-shaped lugs. The 
nipple contains a shallow recess in which is inserted 
a special packing ring round the glass itself. This 
ring is compressed by a stiff metal collar furnished 
with two lugs which engage with the tapered lugs in a 
manner similar to that of a hose connection. In 
addition to the rapidity with which a new glass can be 
fitted to this new type of water-gauge cock, the risk 
of fracture of the glass whilst being fitted is reduced, 
inasmuch as no spanner is required to tighten up the 
gland, a perfectly tight pressure being obtained by the 
fingers only. The pressure so set up has been proved to be 
sufficient even on such a boiler as that fitted to a crane, 
which was subject to constant vibration and was worked 
at a pressure of 160 Ib. per square inch, The new 
gauge cocks are being made by Messrs. Nunan and Stove, 
Limited, 118, Broomielaw, Glasgow. 











alternative programmes. Again, accounts are given Of 





3,( 


alt 
on 
is ] 
are 
par 
par 
Is, 

of 

ling 
and 
the 
Abc 


loes 


‘J 





DEC. 21, 1928 


ENGINEERING. 





3,000-KW. AUTOMATIC SUBSTATION ; CHARING CROSS ELECTRICITY SUPPLY CO. 


MESSRS. 


CONSTRUCTED BY 


THE GENERAL ELECTRIC COMPANY, 








Fic. 1. 11,000-VoLt 








ee 


LIMITED, ENGINEERS, 





| 


LONDON. 














CoxtTROL BoaRD AT Snort’s GARDENS. 


Fig. 3. 


and remote-control equipment is indicated by the 
fact that, while the floor space occupied by the Aldwych 
House substation is only 52 ft. by 48 ft., its output is 
no lass than 3,000 kw., which makes it one of the largest, 


if not the largest, of its kind in the country. The plant 
installed consists of four 750-kw. motor-converters of 
compact design, together with the necessary switch and 
control gear. The whole of this equipment was manu- 
factured by Messrs. The General Electric Company, 
| Limited, of Magnet House, Kingsway, London, W.C.2, 
| with the exception of the switchboard controlling the 
| outgoing direct-current feeders, which was made by 
'the staff of the Charing Cross Electricity Supply 
| Company, Limited. 

| The general principles underlying the General Electric 
Company’s system for the automatic control of sub- 
stations have already been dealt with in ENGINEERING, * 
and it will therefore be sufficient to describe its adap- 
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3,000-KW. AUTOMATIC SUBSTATION. 


THE present practice in electricity supply favours 
alternating-current distribution. Nevertheless, the 
once popular, and still widely used, direct-current system 
is likely to persist for some time, partly because there 
are economic reasons against any sudden change and 
partly because there are those who do not see any 
particular advantage in making that change. There 
is, however, likely to be a modification in the design 
of direct-current substations, especially along the 
lines of making the plant automatic in operation 
and of erecting it in confined spaces, either under 
the street or in the basements of existing buildings. 
About two years ago, we described a substation 
located in the former of these ways, which had been 





750-Kw. Motor-CONVERTERS. 


built by the Charing Cross Electricity Supply Company, 
Limited, under Soho-square*, London, and we may 
now deal with a similar plant, which has recently been 
set to work by the same undertaking in the basement 
of the large building known as Aldwych House in the 
thoroughfare of the same name. Incidentally, it may be 
mentioned that, with the increasing loads now provided 
by such buildings, a not unlikely development will be a 
reversion to the old house-to-house distribution idea, 
in which a transformer was installed in each house. 


The substation which we are about to describe, how- | 


ever, serves not only the building in which it is placed, 
but the surrounding district as well. 
The space that can be saved by the use of automatic 


tation to the requirements of this particular case. 
Alternating current is supplied to the station on the 


| three-phase system, at 11,000 velts, through two feeders, 
| which terminate in high-tension switchgear of the metal- 
| clad type, a view of which is given in Fig. 1. 


This 
equipment has been designed so as to be both accessible 
and compact, and another feature is the even dis- 
tribution of the weight of each unit. By adopting 
the principle of vertical draw-out, the appearance has 
been enhanced, while floor space has been economised 
by the use of two pedestals between adjacent circuit- 
breakers, and by the reduction in the projection neces- 
sary for withdrawing the breaker. Each incoming feeder 
is cut off by a manually-operated oil circuit-breaker, 
with a breaking capacity of 250,000 kv.-a., while the 
supply to the motors of the converter sets is controlled 
by four motor-operated oil circuit-breakers. 

It may also be mentioned that each breaker is raised 
or lowered by four chains, which are attached to its 
tank, the chains being operated by a capstan handle. 
The breaker is held in its upper position by a bar under 
the tank with which the trip gear is interlocked. The 
result is that, if an attempt is made to lower the tank 
while the breaker is closed, the latter is tripped, while 
lowering cannot be effected with the breaker plugged 
in. The interlock also prevents the circuit-breaker from 





* See ENGINEERING, vol. cxxii, page 485 (1926). 
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* See ENGINEERING, vol. cxxiii, page 11 (1927). 
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| 
being raised when the contacts are closed. °Bus-bar | 
selection is effected by a device known as a revolving | 
turret. When the circuit-breaker is in its lower or 
isolated position, this turret can be released by lifting 
a locking bolt and turned through 180 deg., thus 
bringing the second set of ’bus-hars into operation. The 
breaker can then be raised again. A shutter protects the 
*bus-bar contacts, and is common to all six plugs, of 
which there are three on each set of ’bus-bars. It is im- 
possible to expose the contacts of both sets of ’bus-bars 
simultaneously. The bar operating this shutter is fixed 
to the centre turret, the position of which automatically 
ensures that the proper plugs are uncovered when the 
breaker is raised. Furthermoge, the fact that the 
shutter covers the entrance to all six socket sheaths pre- 
vents the breaker from being raised into position, if one 
or two of the turrets are incorrectly located. The ’bus- 
bars are supported on bakelised manilla paper plates, 
and are protected by bushings of the same material 
where they pass through these plates. The ’bus-bar 
chambers are filled with compound- and the current- 
transformer chambers with heavy oil. 

As previously mentioned, the converter plant, an 
illustration of which is given in Fig. 2, consists of four 
750-kw. sets, which supply direct-current at 200/220 
volts to the company’s three-wire network. This 
plant is controlled either automatically by the load 
conditions or through pilot wires from the station in 
Short’s-gardens. In the former case, a machine will 
be started up when the ’bus-bar voltage falls to # certain 
predetermined value below normal and remains at that 
value for a pre-determined time. The machine is then 
automatically synchronised and paralleled with the 
alternating and direct-current networks, respec- 
tively. If the load on this machine becomes equal to 
approximately 90 per cent. of its full load, and this 
load persists for a pre-determined period, or if the 
machine fails to start up or take the load, a second 
machine will start up. Similarly, the third and fourth 
machines will start up as the conditions require. The 
voltage of each machine, as it is paralleled, is arranged 
so that a proper share of the load is taken up. As the 
load falls, each machine is shut down in turn, the first 
to start up being the first to be taken off load. As 
each machine is shut down, the switchgear is re-set 
automatically for starting up again. All these opera- 
tions are effected by relays. 

When the station is being remote controlled, the 
automatic relays for starting and stopping the sets 
are put out of action, these operations being per- 
formed through other relays, which are energised 
from the control board at Short’s-gardens, which is 
shown in Fig. 3. The position of the switchgear con- 
trolling each machine and of the synchronising con- 
tactors is also shown on this board, while the individual 
loads and the ’bus-bar voltage can be determined. In 
addition, there are devices for varying the setting of 
the automatic voltage-regulating relay, for delaying 
the closing of the direct-current circuit breakers until 
the desired number of machines are running and then 
closing them simultaneously, for determining whether 
the automatic fan mentioned below is running, and for 
indicating, by an audible alarm, that a machine is 
locked out. 

The machines can also be controlled in the sub- 
station itself, by operating a controller which cuts out 
all the automatic equipment. Stopping and starting 
is then effected by push buttons, which are mounted 
on the relay panels. Even under these conditions, 
synchronising and paralleling is automatic and the 
various protective features are operative. The latter 
include devices to protect the plant against low 
alternating voltage, broken or reverse phase, alter- 
nating-current overload, earth leakage on both the 
alternating and direct-current sides, excessive direct- 
current overload, overspeed, faulty starting, reversed 
polarity, failure to parallel, and overheating. 

In order to maintain the air temperature at a certain 
degree, a large Davidson fan has been installed in the 
substation. This starts up automatically when the 
first machine begins to run, and continues in operation 


THE PHYSICAL SOCIETY. 


AT a meeting of the Physical Society on October 26, 
a paper entitled An Experimental Study of the Anti- 
Elastic Bending of Rectangular Bars of Different Cross- 
Sections, was presented by Dr. Allan Ferguson and 
Mr. Jas. P. Andrews, M.Sc. 

This paper described a method for the survey of the 
surface of a beam bent by couples, with special 
reference to the study of the curvatures in, and 
perpendicular to, the plane of bending. 

In the discussion on the paper, Mr. T. Smith sug- 
gested that a hyperbolic, or somewhat similar, fo 
for the bent bar might be anticipated from very 
general considerations when the positions of the 
knife edges, the points of application of the forces, 
and the dimensions of the bar could be left out of 
account. The form found would then be that for a bar 
of length great compared with the distances between 
the points mentioned. At considerable distances'from 
these points it would be natural to suppose the bar 
distorted but little from its original shape. The formula 
found by the authors for the central longitudinal 
section x = ay*® — by* was not inconsistent with the 
hyperbolic equation (st2)° a e = 1 for small values 
of x. The curvature of the transverse section would 
be a maximum at the centre and diminish to zero at 
a large distance. It would be interesting to know 
whether the authors’ observations were consistent with 
the bar assuming the form of a slice of a hyperboloid 
of revolution, with the axis of rotation parallel to the 
axis of the unbent bar. If this form were correct, the 
ratio of the axes of the central section would be equal 
to Poisson’s ratio, and the form of the bent bar would 
be completely specified by a single variable. 

Mr. A. G. Warren suggested that the reduction of 
the transverse curvature at the knife edges might be 
due to the fact that the knife-edge reaction tended 
to keep the bar flat. The differences in the mean 
values found for Poisson’s ratio and for the ratio of 
the curvatures at the origin might, perhaps, be due tc 
lack of homogeneity in the material, in consequence 
of which different methods of experiment would give 
different results. 

Mr. Andrews, in reply to Mr. Smith, said that a 
very large number of expressions had been tried, 
and those given in the paper best represented the 
shape of the bent surface. While the authors had 
not gone into the matter from Mr. Smith’s point of 
view, they did not anticipate that the surface could 
be represented as he suggested. In reply to Mr. Warren, 
Mr. Andrews agreed as to the cause of the reduction of 
curvature. It was very improbable that lack of 
homogeneity was at the root of the variation of the 
results for bars of different thickness; all rolled 
plates had been annealed twice or three times, yet 
they gave the same type of variation as the lathe- 
turned bars, which were either unannealed or annealed 
once. Moreover, it was unlikely that the turning 
would have produced the same kind of heterogeneity 
as rolling. : 

The next paper, entitled An Instrument for the 
Production of Known Small High-Frequency Alternating 
Electromotive Forces, was presented by Messrs. B. S. 
Smith, F.Inst.P., and F. D. Smith, M.Sc. It dealt witha 
portable instrument for the production of known electro- 
motive forces, variable in frequency from 10 to 50 kilo- 
cycles and in magnitude from 0-0076 to 15,000 micro- 
volts. The instrument was intended for the calibration 
of amplifiers and the measurement of the strength 
of wireless signals of long wave-length. 

Dr. D. Owen, in the discussion, said that the authors 
offered a solution of an important practical problem in 
high-frequency testing. The all-important point, 
however, as to the adequacy of their artificial line 
to supply voltages according to a simple exponential 
law, was not treated theoretically in the paper. It 
seemed desirable that this basic assumption should 
be justified. The steps taken, with such success, to 
avoid leakage of magnetic and electric fields were of 





until the last machine is shut down. All the air 
entering the substation is cleaned by a filter, which 
was supplied by the Premier Cooler and Engineering 
Company, Limited, of Saalford, Surrey. 


CurIvnEsE Lona-DisTaNcE TELEPHONES.—A __long- 
distance telephone service is being installed in Hupeh 
province, China. One of the lines, 800 miles in length, 
will run from Hankow to Ichang, and another, 750 miles 
in length, from Hankow to Yungyang. 


LarGe Deposit or SALT In ALBERTA.—The Minister 
of Railways and Telephones of Alberta, Canada, has 
announced recently that drilling operations at Waterways, 
near the northern terminus of the Alberta and Great 
Waterways Railway, have revealed the presence of a 
large bed of salt. The material was first encountered 
at the 670-ft. level, and it has been ascertained that the 
deposit is at least 213 ft. thick. 


much interest. The method of eliminating stray field 
| due to the toroid was notable in that it recognised the 
|fact—usually quite overlooked—that the current 
| in the winding would not only produce circular mag- 
‘netic lines within its interior, but also generate a 
field outside, in virtue of its acting as a one-turn coil 
coincident with a central line within the toroid. This 
| was true of every solenoidal helical winding, which was 
| thus not the complete equivalent of the mathematical 
| current-sheet of theory. 
Dr. W. H. Eccles said that workers in his laboratory 
| in the early days of amplifiers had found the necessity 
for taking extreme precautions in screening the oscillator 
|used for supplying the current to be amplified by 
| the instrument under test. Complete enclosure in 
metal did not seem good enough, so the amplifier 
hens placed in another room and the leads coming 
from the oscillator were carried through ‘“ compo” 
piping. It was found necessary to close up all gaps 
in the piping. Even then, stray disturbance direct from 














the oscillator was not all eliminated. Instead of an 
artificial line he had used a calibrated variable mutual! 
inductance and a potentiometer in which the resistance 
was a liquid electrolyte. He had experienced difficulty 
from the fact that tapping the potentiometer disturbed 
the voltage distribution in the potentiometer circuits, 
especially when the impedance of the tapping circuit 
was low. Had the authors considered this difficulty 
in their use of an artificial line ? 

Mr. R. M. Wilmotte said the authors were to be 
congratulated on the very ingenious method they 
had devised to obtain such a large range of E.M.F. 


TM ! as 2,000,000 to 1. An artificial line for the purpose 


was far more satisfactory than a potentiometer for, 
while the scale of the latter was linear, that of the 
former was logarithmic. There was, moreover, the con- 
siderable advantage that the input impedance of the 
line was extremely low and capacity effects correspond- 
ingly negligible. The greatest of these capacity effects 
was, no doubt, the input impedance of the amplifier. 
The authors suggested replacing the resistance elements 
by inductances for higher frequencies. He though: 
the design of such a line with the elimination of mutual 
inductances would be extremely difficult, especially 
as the decrement of these inductances, as well as their 
impedances, would have to be low to be able to 
neglect capacity effects. The difficulty, both in 
resistances and inductances, was that, owing to im- 
purities, they varied with frequency. The purest 
form of impedance available was a condenser. He 
would be interested to hear the author’s views on the 
possibility of using large condensers instead of either 
resistances or inductances for high frequencies. Except 
at extremely high frequencies, the inductances could 
be made negligible while capacity-to-screen effects could 
readily: be taken into account in the design, even though 
the impedance of the line were large. The minimum 
size of condenser that could be used would be dependent 
on the input impedance of the amplifier. It might be 
necessary to bring the line on to the lower part of the 
resonance curve in order to obtain a measurable 
current in the thermo-ammeter, but there would be no 
great objection to this. If this produced too large 
voltages, the artificial line could be connected to a 
capacity potentiometer comprising two condensers in 
series, the line being connected across the larger one. 

The authors, in reply, said the description which 
Dr. W. H. Eccles had given of the difficulties which he 
encountered in measuring the sensibility of an amplifier 
and the methods he adopted to overcome them were of 
great interest. His experimental screened cable, in 
which two insulated wires were run through a lead or 
*“compo”’ pipe, could hardly be improved upon, its 
only disadvantage being its limited flexibility. The 
liquid electrolyte as a non-inductive potentiometer 
would be very satisfactory, provided that the circuit 
into which it was introduced had a sufficiently high 
resistance. The artificial line described in the paper 
was wound to a low resistance of about 0-1 ohm, so 
that only a circuit of exceptionally low resistance would 
disturb it. They were unable to give Dr. D. Owen a 
reference to a publication in which the theory of the 
artificial line as a means of producing small known 
electromotive forces was specifically presented. How- 
ever, it was a special case of the electrical filter circuit, 
the generalised theory of which had been published. 

The properties of the artificial line could be inferred 
from first principles, by the application of Kirchhoft’s 
equations for electrical networks. If Z, were the com- 
plex impedance of a series element and Zz the complex 
impedance of a shunt element, the ratio, a, of the 
current in the (n + 1)th shunt element to that in the 
nth element was given by the equation 

£ +a=2+ a 
a Zo 

In general, a was a complex quantity from which the 
decrement of the artificial line and the change of 
phase per section could be inferred. The decrement of 
an artificial line, the shunt and series elements of which 
were any combination of resistance, capacity and induc- 
tance, could be found by solving the above equation. 
The calculated decrement of the artificial line must 
usually be verified by a calibration against some preci- 
sion method of producing small electromotive forces. 

Mr. R. M. Wilmotte had summarised the advantages 
of the artificial line very concisely. The range of electro- 
motive forces which must be measured in the testing 
of valve amplifiers was so large that a measuring 
instrument with a logarithmic scale was very desirable. 
His objection to the suggestion of an artificial! line 
for high frequencies, in which both series and shunt 
elements would be inductances, was that residual 
mutual inductances between adjacent sections would 
introduce errors. Provided, however, that a few 
sections at the beginning and end of the line were 
avoided, the greater part of such a line would have « 
constant decrement per section. A calibration of tlic 
line would be necessary. Mr. Wilmotte’s alternative 
of a line with condensers for series and shunt elements 
seemed quite practicable and had, as he pointed out. 
marked advantages at very high frequencies. 








THE DUNSTON COAL-DISTILLATION PLANT 
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THE DUNSTON COAL-DISTILLATION 


(1018.8) 
retort and sealing valve are shown in Fig. 8, Plate | 
LXXXV. The conveyor traverses from side to side, 
so that an even distribution of the coke in the hopper 
is obtained. 

The distilling gases and the volatile constituents 
of the coal are drawn off by a gas exhauster, as 
indicated by the arrows, and passed through a filter 
F, which cleans the gas before it enters a water-tube 
condenser G, in which the tar vapours are condensed, | 
the crude tar be'ng pumped direct to storage tanks. 
After leaving the condenser, the gas is passed through 
a tar extractor H to remove the final traces of the tar, | 
and then to a rotary washer J, where it is brought | 
into intimate contact with wash oil, which absorbs the | 
spirit from the gas. The oil used in the washer isa | 
light oil produced by refining the tar made in the pro- 
cess. The gas, having been stripped of oil vapours, is | 
piped to burners at the back of the boiler furnace and | 
burnt, its calorific value being about 80 B.Th.U. per 
cubic foot. 

The tar-refining plant has been designed for the 
recovery of spirit, crecsote and pitch from the crude 
tar. The arrangement of the various portions of this 
plant is shown, diagrammatically, in Fig. 1. The 
tar is pumped into a steam-heated still, where the 
water is driven off and the tar is distilled for the re- 
covery of the spirit content. The water and spirit- 
free tar is pumped from this still into a gas-fired still, 
where it is distilled for the production of creosote 
oil, the pitch residue being discharged into moulds ; 
this process is continuous. The tar stills and block- 
moulding plant are shown in Fig. 6, Plate LX XXIV. 

The plant for spirit recovery and refining is housed | 
in a separate building, and is also indicated diagram- | 
matically in Fig. 1. A general view of the by-product | 


| 
| 


plant is shown in Fig. 9, Plate LXXXV. 





| the oil for which is pre-heated before it is introduced. 


| the oil successively gravitates and also passes through 
| an ascending column of steam, so that the crude spirit 


| by a propeller, and, after settling, the sodium cresylate 


| crude spirit is further treated with sulphuric acid, and 


It is designed | for the recovery of low-boiling tar acids. 


GC 





for the production of finished motor spirit, crude | 
paraffin, and an intermediate fraction, known as white | 
spirit. Crude cresylic acid is also recovered from 
the soda liquor, which results from the washing of the 
crude spirit with caustic soda. The wash oil, which 
has been enriched by circulation through the gas 
washer, is pumped to a still through steam heaters, 


This still consists of a series of trays, through which 


is distilled. 

The wash oil, after being denuded of the spirit 
absorbed from the gas, is cooled in a tubular cooler | 
fitted with water sprays, and is then returned to a} 
tank for re-circulation. The crude-spirit vapours | 
distilled from the wash oil are condensed and run into | 
a crude-spirit storage tank, and, after being mixed with 
crude spirit from the tar-refining plant, are distilled, 
in batches of about 1,500 gallons, in an intermittent 
still. A fractioning column K and dephlegmator are 
provided on the still for controlling the distillation 
range, and the distillate is run from the condenser to 
a “once-run”’ spirit storage tank. These tanks are 
provided with compressed-air connections, by means 
of which the spirit is blown into a lead-lined vessel 
L. After the addition of soda for the extraction of the 
tar acids, the whole is agitated and intimately mixed 





is drawn off to a tank, where it is further treated for 
the recovery of crude tar acids. The soda-washed 


finally distilled for motor spirit and white spirit. The 
residual crude paraffin is not, at present, being refined. 
The sodium cresylate is treated with sulphuric acid 
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As regards results, the Northumberland rough small 
coal used has the following ultimate analysis: Moisture, 
9-29 per cent; ash, 10-89 per cent.; carbon, 66-58 
per cent.; hydrogen, 4-55 per cent.; sulphur, 1-15 
per cent.; nitrogen, 1-17 per cent.; and oxygen, 
6-37 per cent. Its thermal value is 11,500 B.Th.U. per 
Ib., and its cost 12s. per ton. To this must be added a 
charge of 4s. 8d. per ton for operating and maintenance, 
making a total of 16s. 8d. per ton. On the credit side, 
a ton of such coal will yield semi-coke and gas having 
a calorific value equal to that of 0-76 ton of raw coal, 
and worth 9s. 1-44d.; 1 gallon of motor spirit, worth 
ls. 2d.; 1 gallon of white spirit, worth ls. ld.; 1-48 
gallon of crude paraffin, worth 5 -36d.; 6-88 gallons 
of creosote, worth 4s. 8-76d.; 5 gallons of pitch, 
worth 2s. 2-9d.; and 0-5 gallon of crude cresylic acid, 
worth 10-14d.; or a total of 19s. 7-6d. The operating 
figure is stated to be based on the results of continuous 
operation for various long periods extending over the 
past three years. The plant, at present, requires sIX 
men per shift to operate, in addition to which three 
men are employed on one shift only. A plant four 
times the size, Mr. Sloan points out, could be operated 
with an increase of approximately 40 per cent. in labour 
cost, and without any appreciable increase in the cost of 
supervision, thereby considerably reducing the operat- 
ing cost per ton of coal distilled. The products have 
found a ready market locally. The motor spirit has 
been in use for a considerable time and is giving satis- 
factory results under commercial conditions when 
used by a wide range of motor vehicles. 

We understand that the plant has now been 
running for about a year and that, in spite of its 
apparent complication, no difficulties have been 
encountered in operation. With slight modifications, 
a coke suitable for domestic use could be produced. 
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MACHINABILITY.* 
By E. G. Herpert. 


In undertaking an investigation of machinability of 
metals it was necessary to decide on certain limitations 
within which the inquiry should be confined, and to 
lay down some general principles for guidance. It 
was decided to limit the inquiry to machinability by 
sharp cutting tools, and, as regards the principal part 
of the inquiry, to the particular form of knife tool 
generally used on the bar lathe. The principal criteria 
by which machinability may be judged are three: 
the speed at which the metal can be cut ; the resistance 
to cutting, usually in terms of force or pressure; and 
the blunting effect on the tool. It was decided to 
make use of all these criteria, but only as a check on 
the conclusions which might be arrived at as a result 
of the main investigation, the purpose and scope 
of which was to ascertain the fundamental principle 
underlying the resistance which a given metal offers 
to a cutting tool, and to lay down, if possible, a quanti- 
tative basis from which machinability might be calcu- 
lated in terms of speed, feed, and depth of cut. An 





on the planer, and introduced a new conception by 
dividing ferrous metals into three groups, within 
each of which the machinability was found to be related 
to certain physical properties of the metals. Thus he 
says*: ‘‘ For certain physical properties the materials 
divide themselves into three groups, namely, straight 
carbon steels, alloy steels and cast iron, for each of 
which a relation is indicated. For the straight carbon 
steels, it appears that the elastic limit in tension and 
compression, the ultimate strength in tension and shear, 
and the Brinell hardness are functions of the unit force 
on the tool. For the alloy steels, the elastic limit in 
tension and compression, the ultimate strength in 
tension, compression and shear, the Brinell hardness, 
and the percentage of elongation in 2 in., each indicates 
a relation to the unit force. For cast iron, a similar 
relation is suggested for the ultimate strength in 
tension, compression and shear, and the scleroscope 
hardness number.” Boston further remarks: “If 
possible, a theory of metal cutting which underlies all 
types of cutting should be developed, as- certainly 
there is something in common in the removal of a chip 
by milling, drilling, turning, &c. All this is a tremen- 





TABLE I.—TABLE OF TEST-BARS. 


As a further check, it was decided to make experi- 
mental cuts on all materials in a hacksaw machine. 
This type of machine was selected because it has a 
permissive feed. It was decided to take advantage of 
this special feature by making ten cuts through each 
test-bar with a saw blade ground to a standard tooth 
angle, and recording the number of strokes taken in 
each cut, the machine being fitted with a revolution 
counter. Thus the number of strokes required to 
make a cut would give a measure of resistance to cut- 
ting, while the progressive increase in the number of 
strokes from the first to the tenth cut would measure 
the blunting effect on the saw. The results of these 
tests are given in Section VI. 

As it was possible that the cutting action of a lathe 
tool might vary with the speed, so that cuts made at 
the speed arbitrarily selected as standard might possess 
some features peculiar to that speed, a preliminary 
series of speed tests was made. Cuts were taken at 
each of the eight speeds with which the lathe was pro- 
vided, the same test-bar being used throughout, and 
an analysis was made of the chip formation. The 
speed tests are dealt with in Section III. 











Analysis, per cent. | 





Physical Tests. 








Bar No. Description. aoe eer ey as ears aan Heat-Treatment. re ‘ i 
| ; c. | Mn | Ni | cr. | Va. | Mo |) et ee | Yield, | ypax, | Elomg- | Reg. | Izod 
| | A ie ae ‘ oH ae — : | tons. "| on 2 in, | a) Te 
at = cana ay (canes | ieiaiaaiaill a aes Les pi eo ee es 
1CL .- | Bessemer, annealed .. ..| 0:636 | 0-277 — — -— —_ —- }j—_—-]- 825 deg. C.; cooled in furnace | 16-0 | 37-0 21-0 | 29-2 — 
2CL ce is normalised .. ..| 0°636 | 0-277 — ; — -— — | — | — | 825 deg. C.; cooled in air --| 23-5 | 48-5 20-5 | 33-6 — 
3EA ae | 1-2 per cent Carbon Steel, | 1-20 0-20 - - - - — — | — | 850 deg. C.; air 730 deg. to| — os —- | — | — 
annealed | | 740 deg. C.; cooled slowly — | 
4EA .. | Chrome-Vanadium, tempered | 0:36 == 1-2 0-15 - - —/]-— 850 deg. C., air; tempered 640 —- - — — - 
for machining | | | | deg. C. | 
5EA .. | Chrome-Vanadium, heat- | 0°36 — — 1-2 0-15 — — | — | — | 850 deg.C., air; 840 deg. C., oil | — —-|}|— — — 
treated | | tempered to Brinell No. 277 | | 
6EA .. | 5 per cent Nickel-Steel, case- | 6-15 — 5-00 — — _ — | — | — | Normalized at 900 deg. C. x - — | —- |j— _ 
| hardening | 
SRH | Cast Iron, hard cylinder (Gra- | 0-67 0-51 a ~ _- —_ 1-12 0-126 | 0-93 | _ j— — — _ — 
phite 2-60 per cent.) } | | | | 
9CL | Acid aia Steel, an- | 0-269 | 0-648 — _ _ — 0-151 | 0-035 0-044 | 850 deg. C.; cooled in furnace | 21-0 33-5 29-5 — 
nealed | | | | 
10CL .. | Acid Open-Hearth Steel, nor- | 0-269 | 0-648 — -- — = 0-151 | 0-035 | 0-044 | 850 deg. C.; cooled in air --| 28-0 | 84-5} 31-0.. — 
malised | | | | 
LICL .. | 3 per cent. Nickel Steel (Sie- | 0-271 | 0-590 | 3-30 — -- o> 0-130 | 0-029 | 0-037 | 830 deg. C., quenched in oil ; 620 | 38-5 | 48-0 26-0 66-0 84/84-5 
mens) | | deg. C., 1 hour ; cooled in air | | 
12AW .. | Ni.-Cr.-Molybdenum, heat- | 0°335 | 0-610 | 2-64 | 0-600) — 0-620 | 0-140 | 0-033 | 0-021 | Heat-treated to 80 tons per — 80-0 —_ ;— | -= 
| __ treated | | _ square inch 
13AW | Ni.-Cr.-Molybdenum, heat- | 0-335 | 0-610 | 2-64 | 0-600) — 0-620 | 0-140 | 0-033 | 0-021 | Heat-treated to 90 tons per — 90-0 —_— — 
| treated | | | | | | square inch | 
15BB  .. | Stainless Steel .. ne ..| 0-26 — — |13-2 } — | — | — | — — — —_ }j;— - 
16BB ie sages We ..| O11 — |10°5 |15-7 ae ee Te A) ee), Ge — — - - }|— 
17H .. | Manganese Steel as Pe — {| —! — gh Sek — os | — | — — — i fo | aa 
18CL .. | 8.11 Nickel-Chrome, annealed | 0-292 | 0°615 | 3-39 | 1-0 — — | 0-133 | 0-027 | 0-033 | Annealed 650 deg. C.,1 hour; oil | 40-0 | 49-0 22-0 | 61-6 73/73 
| | | quenched } | | 
19CL os | S. 11 Nickel-Chrome, heat- | 0-292 | 0-615 | 3:39 / 1-0 | — | — | 0-133 | 0-027 | 0-033 | Oi) 850 deg. C. ; reheat 650 deg. C.,) 48-0 | 56-5 22-0 64-7 79/82 
treated | | | | lLhour; oil quenched | | | 
20CL .. | S. 65 Ni-Cr.-Molybdenum, an- | 0-244 | 0-514 | 3-04 | 1-25 — 0-387 | 0-207 | 0-020 | 0-028 | Annealed 650 deg. C... ..| 45-0 | 55-5 | 24-0 | 66-8 | - 
nealed | | | | | | | 
21CL .. | S.. 65 Ni.-Cr.-Molybdenum, | 0-244 | 0-514 | 3-04 | 1-25 — 0-387 | 0-207 | 0-020 | 0-028 | Oil 830 deg. C. ; reheat 570 deg. C.| 57-5 | 65-5 | 22-0 | 60-8 | 82/80 
heat- treated | | | 1 hour ; water quenched | | 
22WTF Free-cutting steel, “‘ good ’’ ..| 0-110 | 0-74 —— - -- 0-050 | 0-122 | 0-115 | — 30-8 | 32-1 15:0 | 33-47) 16/10/38 
23WTI a “pad” ..| 0-110 | 0-74 — = ~- —- 0-050 | 0-122 | 0-115 | — 30-4 32°6 | 14°5 32°02) 56/52/52 
24PG ya. fe ee a - _ — —_i— —- | — |} - — - | — — | - 
25PG en “ + “geod” .... — — a — — sane — | — | — | — - - a | 
26LM .. | Wrought Iron .. a re — — — — | — <a fm | =a — | moe -- — —- |— | —_— 





investigation of so fundamental a character must 
necessarily begin with a detailed study of the action of 
the cutting tool under certain predetermined conditions. 

Although much valuable work has been done on this 
subject, the need for a fundamental investigation will 


not be denied. Thus, French and Digges conducted | 


at the Bureau of Standards, Washington, an investiga- 
tion extending over three years, involving the use of 
more than a thousand tools and the cutting of over 
30 tons of carbon and alloy-steel forgings. The results! 
include a mass of information relative to the speeds and 
other conditions applicable to the turning of a variety 
of steels, but the final conclusion arrived at was that 
* hardness tests of the steel cut, with Brinell, Rockwell, 
Shore, Herbert, and Bierbaum hardness testers, as 
well as factors ordinarily determined in tension test, 
did not give quantitative criteria of the cutting speeds 
of the different steel forgings. The best general guide 
to the cutting speed was given by the Brinell hardness 
and the tensile strength of the steel cut, but quantitative 
relations were only given by actual tool tests.” 

Benedict and Hershey{ investigated the machina- 
bility of various metals as measured by the torque 
required to drill them. They conclude that “ drill 
torque may be taken to be an accurate measure of the 
machinability of metals. Apparently machinability is 
a factor which depends upon the combined effect of 
the hardness and plasticity characteristics of metals, 
and consequently is not correctly measured by the 
Brinell number.” 

Professor O. W. Boston§ carried out his investigations 





* Cutting Tools Research Committee. 
Mach inability. Read before the Institution of Mechanical | 
Engineers, London, Friday, December 14, 1928. Abridged. | 

t Trans. Amer. Soc. Mech. E., 1926, vol. xl viii, p. 533. | 

I Bulletin 159, 1926, University of Illinois. 

§ Trans. Amer. Soc. Mech. E., 1926, vol. xlviii, p. 749. 


Report on | speed only entered into those tests which were neces- 


| Fig.1. Standard Knife Tool 
| (End View.) 





’ 


| TOP RAKE 35° | 


| 7 


(uee.a) CLEARANCE 7" 


dous problem and should be undertaken in a big 
way. 

It would seem that there exists no general quanti- 
| tative relationship between the machinability of metals 
land their tensile strength, hardness, or any other 
| known physical characteristic which they possess. This 
|conclusion has been confirmed and explained by the 
| present investigation. Nevertheless, it has been found 
| possible, as a result of this investigation, to formulate 
|a simple law of machinability which may serve in 
| future as a quantitative basis for calculations involving 
'that important property of metals. Preliminary tests 

having shown that most of the materials could be cut 
at a certain lathe speed corresponding to a peripheral 
| cutting speed of 61 ft. per minute, it was decided to 
|adopt this as the standard speed, and to reduce it 
| only in those cases where cutting at the standard speed 
| was found to be impracticable, the reduction being 
| made progressively by steps until the highest practic- 
|able speed was found. Thus the criterion of cutting 


sarily made at less than the standard speed of 61 ft. 
per minute. 








* Ibid., p. 816. 


Very early in the investigation it became evident 
that a fundamental inquiry into machinability must 
involve a detailed study of cutting action, and parti- 
cularly of the function of the structure known as the 
‘ built-up edge.’? Close attention was given to this 
subject, as described in Section II, and, as a result of 
this study, a modified form of cutting tool was evolved 
and experimented with, as described in Section V. 

[.—Test Conditions and Procedure—(1) The lathe 
was a No. 13 bar lathe, by Messrs. Alfred Herbert. 
It has eight speeds, giving, on the 1}-in. diameter bars 
used in all tests, the following peripheral cutting speeds : 


Lathe speeds Al A2 A3 A4 BL B2 B3_ B4 
Cutting speeds, 


ft. per min. 7:45 12-218 29 45-5 61 104 165 


(2) The tool was of high-speed steel, sharpened before 
each test. As it was desired that the tool shape should 
be representative of general workshop practice, the 
late Mr. P. V. Vernon was consulted, and he kindly 
furnished particulars of a general-purpose tool as 
shown in end view in Fig. 1. Mr. Vernon pointed out 
that the tool angle should be varied according to the 
material to be cut, but as it was desired to eliminate 
all variables except the one under investigation, the 
tool shown in Fig. 1 was adopted as standard, and was 
used in all tests except those described in Section V. 
(3) The speed was 61 ft. per minute at the periphery of 
the test-bar in all cases where it was practicable to cut 
at that speed. If the tool failed immediately, the next 
lower speed was tried, and, if necessary, again reduced 
until the highest practicable speed was found. (4) A 
first series of cuts was made with a feed of 27 turns 
per inch, but as it was found that, on some of the harder 
steels, there‘was difficulty in driving so heavy a feed, 
those tests were discarded and a fresh start was made 
with a feed of 55 turns per inch (0-0182 in.) which was 
adopted as standard. This feed gave a chip whose 
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actual thickness was just over 1 millimetre, which allowed 
ample room for hardness tests, six abreast if desired, as 
in Figs. 5 and 6, page 791. (5) The cut adopted as 
standard was }-in. deep, giving }-in. reduction of dia- 
meter. On one or two of the harder steels, there was 
difficulty in driving, and the cut was reduced to in. 
or jin. This did not affect the investigation of chip 
formation. (6) A cooling medium, consisting of water 
and a standard cutting compound, was used in all tests, 
except in those on cast iron, and all cuts were made 
with roller-steadies supporting the workpiece. (7) 
The test-bars were all 14 in. in diameter. The bars 





were identified by serial numbers and the initials of 
It was originally intended to include in 


the suppliers. 


under a magnification of 12 diameters. 


photograph, Fig. 5, shows the chip formation and the | welded together. 


The micro- | plete edge, Fig. 3, is built up of innumerable layers 
The cleft running ahead of the tool, 


impressions left by the hardness and work-hardening | which is shown in Fig. 2, and which has taken a pro- 


tests. 
II.—The Cutting Action of Knife Tools. 





minent place in the literature of cutting tools, appears 


—Th In a former | to be a feature peculiar to the commencement of cut- 
investigation by the author* a detailed study was | ting. 
made of the cutting action of roughing tools having a | continued for any length of time. 


It has not been observed in cuts which have 
The built-up edge 


top rake angle of 20 deg., and it was found that the | shown in Fig. 3 appears to be a permanent and self- 


implement which actually does the cutting in such | renewing structure. 


It is constantly worn away by 


cases is not the tool, but the structure known as the | the action of cutting ; but whenever its efficient cutting 


“built-up edge,”’ 


an intensely hard body, roughly | shape is impaired by wear, intense local pressure is set 


triangular in section, formed by the welding together | up, which results in a patch of metal being dragged out 
of successive layers of material derived from the zone | of the bar or chip and welded on, so as to restore the 
of the cut and deposited on the point_of the tool so as | normal cutting angle. This action is seen to be taking 











Fia. 2. 
x 25 Dia. 


the investigation a range of non-ferrous metals, but this | 
was found impossible in the time available. A list of | 
materials investigated and the particulars furnished by 
the makers are given in Table I, page 789. (8) Procedure. | 
—The end of the 1}-in. test-bar having been reduced 

to l-in. diameter and the roller-steadies adjusted, the 

feed was started, and when cutting had become normal | 
the lathe was suddenly stopped and the tool removed | 
from the tool box, great care being taken not to disturb 

the chip or the built-up edge attached to the bar. 

Examination of the chip having shown that normal | 
cutting took place after the first 6 in. of chip had been | 
formed, it was decided to stop the cut after turning 

about 1 in. up the bar. It was desired that all the 

chips investigated should have been produced with a | 
sharp tool, and this would not always have been the | 
case if the length of run had been extended. The end 

of the bar with a short length of chip attached was | 
parted off. A small segment with the chip attached | 
was separated with a hand hacksaw. A section was 

made through the chip and the portion of bar to which 

it was attached, the section being parallel to the axis 

of the bar. The section was made by grinding away 

the outer surface of the bar and chip. The specimen 

was mounted in pitch contained in a steel ring and was 

polished by hand on coarse and successively finer grades 

of emery paper, finally polished with rouge, and etched 

with picric acid. Hardness tests were made with the 

Pendulum Hardness Tester, furnished with a 1-mm. 

diamond ball, on the chip and at many points around | 
the zone of the cut. Hardness tests were made on 

the flat surface formed by the tool just previously 

to the stopping of the cut. Time work-hardening tests 

were made with the pendulum on a part of the speci- 

men which had not been hardened by the action of the 

tool. 

In these tests the original diamond time hardness 
was first measured, the pendulum was then tilted by 
hand, first to the right, then to the left, then back 
to the vertical position, so as to roll out the original 
circular impression into an elongated form and to work- 
harden the metal. A second time-test was then made 
on the surface so rolled and hardened, and this gave 
the hardness induced by two passes of the ball. The 
process was repeated and measurements were made 
of the hardness induced by rolling four, six, eight 
times, and so on, until the hardness reached a maximum | 
and began to decline. The test measured three 
important properties of the metal, its original hardness, | 
its ‘*‘ maximum induced hardness,”’ this being a measure 
of its work-hardening capacity, and its rate of work- | 
hardening. The specimen was then photographed | 
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Fie. 4. Temporary Buitt-Up EpGE aTTacHEeD 


TO THE Curp. xX 12 Dra. 


to protect it from contact with the material it is osten- 
sibly cutting. Fig. 2, reproduced from that paper, 
shows the first stage in the formation of the built-up 
edge. 

A layer of steel is dragged off the underside of 
the chip through the intense frictional resistance 
between the chip and the top surface of the tool over 
which it is constrained to flow. This thin layer separates 
itself from the chip and attaches itself to the tool, and 


| a second layer, similarly formed, welds itself on the top 


of the first, this process being repeated until the com- 





* Trans. Amer. Soc. Mech. E., 1926, vol. xlviii, p. 705. 











Buitt-Ue Epast on Roveuine Toor. 


x 100 Dia. 


place in Fig. 3, where a negative clearance has been 
temporarily formed by wear and is being repaired by a 
patch of appropriate shape. 

In cuts made with acute-angle knife tools, the built- 
up edge is almost universally found, but it is no longer 
a permanent structure protecting the edge of the tool. 
Owing to the steep slope of the top face of the tool, 
the built-up edge is not able to find a permanent resting 
place, but slips off the tool as soon as it has been formed. 
It is carried away by the chip, from which it has never 
become completely detached, and can be seen as a series 
of ridges on the underside of the chip. One of these 
temporary edges is seen attached to the chip in Fig. 4 
and in many other microphotographs throughout the 
report. A careful computation was made in the case 
of the cut shown in Fig. 4, and it was found that the 
temporary edges were formed and discarded not less 
than 3,000 times a minute, or fifty times a second. 
The action is one of very rapid fluctuation, and the 
structure of the edge is continuous with that of the 
| chip, as first pointed out by Rosenhain and Sturney.* 
om infrequently a semi-permanent built-up edge is 








formed, and temporary edges are formed and slip 
fee the back of it, but it is soon carried away by the 
chip. 

| In a typical case of chip formation by knife tools, 
the highly distorted metal just ahead of the tool 
separates into two parts, of which the larger is deposited 
|on the chip in a series of ridges, often of fairly even 
| pitch, whilst the other part forms a similar series of 
ridges on the surface of the bar. In only two of the 
cuts made in the present research was a permanent 
| edge found attached to the tool. One of these was a 
| very minute structure, but it was seen to be a true 
| permanent edge built up of numerous welded layers, 
| and its form is such as to protect completely the two 
| faces which form the cutting edge of the tool. 

| III.—Effect of Speed on Chip Formation.—The cut- 
| ting speed of 61 ft. per minute having been adopted 
|as standard for all test-bars which were capable of 
| being cut at that speed, it was deemed advisable to 
|make a preliminary cut at each of the eight speeds 
| with which the lathe was provided, the purpose being 
| to ascertain the effect of speed on chip formation. 
| All cuts were made with the standard tool, Fig. 1, 
| feed 55 per inch, depth of cut } in. on annealed mild- 
|steel bar 1CL. In addition to the usual hardness 
| teste, a computation was made of the percentage 
ne of the chip compared with the theoretical 
| * Proc, I. Mech. E., 1925, vol. i, p. 141, and Enct- 
NEERING, Vol. exix, pp. 151, 178 (1925). 
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or undistorted thickness which would be equal to the | a scale to the right of Fig. 8. Conversion was made | Maximum induced hardness.—This is the maximum 


feed, 1; in. or 0-46 mm. The actual chip thickness | by means of the following formule :— 
was measured, and it was found that, at the standard 
speed of 61 ft. per minute, the amount of distortion, 
judged by the thickening of the chip, 63 per cent., 


When D is below 22-5, B = 0-54 D? + 30 
When D is above 22-5, B = 13-5 D, 


hardness obtained by rolling the metal with the pendu- 
lum in the diamond time work-hardening test, and is a 
measure of the work-hardening capacity of the metal. 
A selection of the work-hardening tests is plotted in 


was less than at higher or lower speeds, whilst the | in which B is the Brinell-number obtained by the use of | Fig. 7. Especially noticeable features of these tests 
average hardness of the chip was also least at the |a 10-mm. steel ball with 3,000-kg. load, and D is the | are the fact that, in every case, the induced hardness 
standard speed. At the three lowest speeds, 7-45, | diamond time hardness. Comparative tests on a large | rises to a maximum and declines, and the very different 
12-2, and 18 ft. per minute, the chip formation was | number of steel specimens have shown these formul | rates at which the maximum is attained in different 


\ 


Brinell scales. 





thus : 





Fig.6. 
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Fig.8.—Summarized Results of Lathe Tests , Origenal Hardness, Induced Hardness, and 
relative Cutting Speeds. 
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abnormal, there was no built-up edge, and the chip| relation to machinability, but has an important 
was segmented in a manner not found in any other | bearing on the practice, which appears to be fairly 
cuts. The conclusions drawn from these speed tests | prevalent, of making hardness tests on machined 
are, that any study of chip formation at very slow | specimens and attempting to infer from them the 
speeds can give no guidance as to what occurs under | tensile strength of the material. In nearly every 
normal conditions, in the same way that a study of | case, the steel was work-hardened by the tool to a depth 
chip formation at the very commencement of cutting | comparable with that of a Brinell impression, and 
Sives no indication of what occurs when cutting has | many times the depth of a Pendulum impression. The 
continued long enough to become normal. Cutting | hardness of work-hardened material can give no guid- 
at the selected standard speed of 61 ft. per minute was | ance as to the physical properties of the unhardened 


quite normal, and the chip formation at that speed |metal. Path hardness.—This is that immediately in | 


showed no special characteristics except minimum | front of the tool edge, that is the hardness of the 
chip distortion. material the tool was about to cut when the lathe 

I} -—Machinability—The results of the funda-| was stopped. It is in every case (except that of cast- 
mental machinability investigation are plotted in| iron) much higher than the original hardness of the 
Fig. 8, the specimens in that figure being placed in metal, but as an indication of machinability it leaves 
the ascending order of their original hardness. All| something to be desired. It cannot be ascertained 
ardness tests and work-hardening tests were made | without the rather laborious process of section cutting, 
with the 4-kg. Pendulum Hardness Tester equipped | and when obtained is a somewhat uncertain quantity 
— a spherical-faced diamond of 0-5 mm. radius.| by reason of the very steep hardness gradient which 
= the convenience of those not familiar with the | exists just ahead of the tool. A difference of a few 
lamond time-hardness scale, conversion has been | thousandths of an inch in the position selected for the 
vaade into approximate Brinell hardness numbers in path-hardness test may considerably affect the results 











to give approximate results. They do not apply to| metals. In practice, the first drop in hardness is taken, 
non-ferrous metals or to cast-iron, and they cannot | as an indication that the maximum has been reached. 
be used to convert to any of the various diamond | A continuance of the test does not show a progressive 


decline, but usually a fluctuation at, or slightly below, 


The diamond time-hardness figures were classified | the maximum. The explanation of the decline is not 
Surface hardness.—This is that of the flat|known. Neither can the explanation or special 
shoulder formed by the tool immediately before the | significance of the rate of work-hardening be given. 
cut was stopped. It has no special significance in 





Slow or quick work-hardening are characteristics of 


Fig. 7. Diamond Time Work-Hardening Tests 
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| particular metals, but which is the more desirable 


characteristic is not yet known. Maximum and average 
chip hardness.—These call for no special comment, 
except that in several cases the hardness of the chip 
was somewhat greater than the maximum hardness 
which it was possible to induce with the Pendulum. 
This fact was confirmed by repeated tests. It is not 
possible to give a complete explanation, but mention 
might be made of a fact which has long been known, 
‘and which may prove to be related, namely, that if a 
Pendulum work-hardening test is made on metal 
which has already been work-hardened by any previous 
treatment, the resulting hardness figures are always 
higher than those obtained on the same metal in its 
original (non-work-hardened) state. a 

An inspection of many of the hardness charts must 


| inevitably lead to certain definite conclusions. The 


first and most important of these is that the tool 
always work-hardens the steel before cutting it. The 
original hardness of the steel has no significance, and 
can have no signifiance, in relation to machinability, 
since original hardness does not exist in the metal 
machined ; and the same must apply to tensile strength, 
which is known to be a function of original hardness. 
Equally obvious are certain conclusions to be drawn 
from the graph, Fig. 8. In every case (with one 
exception, namely, that of cast-iron) a high maximum 
induced hardness coincides with a high chip hardness, 








and in every case, without exception, a high chip hard- 
ness coincides with a low permissible cutting speed. 
Original hardness is seen to be quite unrelated to 
maximum induced hardness, chip hardness, or per- 
missible cutting speed. 

These considerations lead to the formulation, for the 
first time, of a simple law of machinability, which 
can be expressed in these words:—The measure of 
machinability is the hardness of the chip. 

Chips may vary in hardness according to the char- 
acter of the tool which produced them, but so does 
machinability vary with the tool. Thus stainless steel 
1$BB was not hardened up to the maximum of which 
it was capable. This is in accordance with workshop 
experience in cutting stainless steels. It has been 
found that they can be cut with least difficulty if 
an acute-angle tool is employed, as in the present 
instance. An obtuse-angle tool would harden the 
chip more. The harder the chip the lower the 
machinability and the lower the cutting speed, as 
seen in Fig. 8. The law of machinability takes 
account not only of the characteristics of the metal, 
but also of the machining process. In measuring 
chip hardness as a quantitative guide to machinability, 
it is suggested that a surface should be prepared on 
the edge of the chip, not on the flat. Six hardness 
tests were made across the edge of the manganese 
steel chip, Figs. 5 and 6, to ascertain whether any 
hardness gradients existed, and it was found that 
the centre of the edge was less hard than the inner 
and outer surfaces, which, moreover, are often in a 
burnished or corrugated condition unsuited to a 
reliable hardness test. 

According to the law of machinability, cast iron 
should be the easiest metal to machine, its average 
chip hardness being only 21-3, which is actually 
lower than that of any other test bar. This indication 
of machinability was proved to be correct by the 
sawing tests described in Section VI. The measure- 
ment of the hardness of cast-iron chips does not 
present any insuperable difficulty, but in general it 
will be unnecessary, as the hardness of the chip 
varies only slightly from that of the casting. It 
should be borne in mind that, although cast iron is 
not work-hardened by a sharp and efficient tool, 
it may be hardened by a less efficient one. It is 
well known that cast iron may be so work-hardened 


by a blunt hacksaw as to be rendered incapable of | 


being cut. A measure of machinability even simpler 
than chip hardness is the maximum induced hardness 
measured by the pendulum time work-hardening test. 
This quality is seen to be closely related to chip 
hardness, and it gives a similar, but more general, 
measure of machinability, as it does not depend on 
the particular form of cutting tool. It is also easier 
to measure than chip hardness. It cannot, of course, 
be applied to ascertain machinability in the case of 
metals and machining conditions which do not produce 
work-hardened chips. 

Referring to individual specimens in the machinability 
tests, wrought iron was found to have an unusually 
high work-hardening capacity, its hardness increasing 
from 11-4 to 24, but its maximum induced hardness, 
equivalent to 325 Brineil, would not have been 
expected to cause any difficulty in cutting it, and in 
fact no difficulty was experienced. It was similarly 
the case with the free-cutting steels. The makers 
were asked in each case to furnish a sample of a 


good free-cutting steel and of a steel of similar | 


composition whose free-cutting qualities would be 
unsatisfactory. (The great difference between the 
Izod figures for 22WTF and 23WTF will be noted.) 
There was no material difference in the induced 
hardness or in the chip hardness, such as might 
account for a difference in their free-cutting qualities, 
and in fact no difficulty was experienced in cutting 
any of them. It might be suggested that the firms 
who supplied them were unable, even with the best 
intentions, to turn out a bad steel. Another and 
perhaps more likely explanation is that it is not 
possible to distinguish between a “good” and a 
* bad” free-cutting steel if the cutting conditions 
are so highly efficient that even the “ bad” steel is 
cut freely. The peculiar cutting properties which 
are attributed to wrought iron and to free-cutting 
steels are more likely to be exhibited, either by 
cutting at a very high speed, or with cutting tools, 
such as screwing dies, which, for good reasons, are 
made with little or no top rake. 


Particular interest attaches to the cut made in| 


manganese steel 17H, Figs. 5 and 6. The first attempt 
to cut this bar resulted in total failure. The tool 
broke without removing anything from the bar. The 
work-hardened surface was then ground away, and 
a notch was ground in the end of the bar, in which 
the cut was started. The speed arbitrarily selected 
for this cut was 18 ft. per minute, but this cannot 
be taken as the appropriate cutting speed. The 
chip was work-hardened up to 50-7 diamond time- 
hardness, equivalent to 682 Brinell, which was equal 
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to the hardness of the tool, and it is obvious that 
cutting could not have continued for many seconds 
before failure occurred. The cut was in fact stopped 
as soon as a short length of chip had been formed. 
The appropriate cutting speed for this steel is zero. 
It cannot be cut at any speed under the conditions 
of the test. 

Fig. 9 is a microphotograph, under a magnification 
of 75, of the cut in manganese steel. It shows the cleft 
| running ahead of the tool which is characteristic 


| 
| of the commencement of a cut, and on many of the 


which are undoubtedly slip-bands. Slip-banded 
crystals are a familiar feature in metals which have 
been strained after polishing. They denote gliding 
of layers of the crystal substance as a result of strain 


It is outside the author’s previous experience to 
find slip-bands in a specimen which had been polished 


remove any stepped formation previously existing 
in the surface. Apparently they can only be accounted 
for, in the present instance, on the supposition that 
slip took place, in relief of internal stresses, several 
days after the metal had been strained in cutting. 
They provide an interesting ocular. demonstration of 
the depth to which the metal structure is affected 
by a cutting tool. 

Of the two stainless steels, 15BB was decidedly 
harder than 16BB. The harder steel had a low induced 
hardness and low chip hardness, and was cut without 
any difficulty at 61 ft. per minute. The softer stain- 
less steel, 16BB, had a very high induced hardness and 
chip hardness, and it could not be cut at all until the 
speed was reduced to 29 ft. per minute—a good illustra- 
tion of the relations which have been pointed out 
between original hardness, induced hardness, @d 
machinability. . Cast iron is seen to be entirely anoma- 
lous. This material has a high work-hardening capacity, 
but the chips were not work-hardened by the tool ; 
indeed their hardness was rather less than that of the 
bar, whilst the hardness of the surface left by the tool 
was even lower. It has been noticed that a cutting 
tool may have a certain disintegrating effect on the cut 
}surface of cast iron, resulting in a lower hardness 
| reading than would be obtained on a polished specimen. 
The machinability of cast iron may be a function of chip 
hardness, but is certainly not a function of maximum 
induced hardness if it is cut with a sharp tool of efficient 
form. The two high-tensile steels, 12AW and 13AW, 
had relatively low work-hardening capacity, the chip 





that of the soft stainless steel 16BB, and the cutting 
speed being the same for both. 


(To be continued.) 








MINING THIN COAL SEAMS. 


Most of the seams in the Somerset coal-fields are 
thin, the average thickness being about 20 in. to 24 in. 
and some as thin as 9 in. being worked. It often 
happens, therefore, that the total height at the working 
| faces is insufficient to permit a tram to be taken across 
| them, even when some of the floor or roof is removed 
| with the coal. The traditional method of removing 
the coal from such faces in this and other fields is to 
use shallow sledges or putts holding about 1} ecwt., 





supporting themselves on finger-tips and toes, and 
dragging the load by means of a girdle or chain called 
| @ guss. This appliance does not seem to have been 
| unpopular with the lads who used it, but the abnormal 
| position in which it compels them to work has led 


t : 
|more than once to questions as to whether it may 


involve undue strain or danger, as well as to the | 


| criticism in respect to the indignity of working harnessed 
|in a prone position. The results of inquiries made 
| from time to time did not support these apprehensions, 
| but during the coal strike of 1926 some flamboyant 
| letters appeared in a Somerset paper reviving the 
earlier allegations in an exaggerated form, and in 
; 1927 the Secretary for Mines appointed a small 
| committee, consisting of Sir Frank Heath, Dr. C. G. 
| Douglas, and Mr. George Gibb, to inquire and report 
|on the matter. 

This committee has now made its report (Cmd. 3200, 
H.M. Stationery Office. 1s. 6d. net). The inquiry was 
exhaustive, and extended to other fields where the 
methods in question were in use, as well as to Scottish 
fields employing possible alternatives. The results 
of the inquiry gave no material support to the allega- 
tions against the guss, but it was suggested that it 
should not be used for re-railing derailed trams or 
for checking a sledge down an incline, when it may 
be a source of strain or danger. 

At the same time, it was found that, as a means of 
clearing the coal from the face and allowing the 
maximum output to be obtained, the putt and guss 
method is neither efficient nor universally necessary, 
even in thin seams. It is used in working many seams, 








individual crystals can be seen series of parallel lines | 


and consist of minute steps in the polished surface. | 


after straining ; the polishing process must necessarily | 


hardness of the 80-ton steel 12AW being only equal to | 


which are moved backwards and forwards by boys, | 


where it has not been indispensable, and, in addition 
| to the restriction of output, it involves double handling, 
| which is particularly undesirable with a somewhat 
| friable coal, such as is found in this field. The recent 
revival of a practice of substituting wheels for runners 
on the putt reduces the effort required in hauling or 
increases the load that can be hauled, and, in some 
circumstances, improves the working. 
| It appeared to the committee, however, that in 
many circumstances the use of the putt and guss could 
be avoided by alterations in the methods of working, 
which would at the same time increase the capacity 
|of the transport and the amount of output. It was 
found, for example, that, in many instances, trams 
were not carried along the working face, although the 
height was quite sufficient to permit their passage. 
Wherever it was possible their introduction would, 
|among other advantages, avoid the double handling 
involved in the use of the putt and, while reducing the 
labour, would increase the proportion of round coal. 
In some instances, it was suggested also that deeply 
inclined seams, which at present are being worked 
across the line of inclination so as to give approximately 
level faces, should be worked along it, and the gradient 
utilised for conveying the coal down the face in chutes 
or troughs by gravity. In this way, the face would 
require only a ventilation drift road at top and a tram 
and ventilation road at bottom, without any inter- 
mediate roads, and a saving would be made both 
through the omission of the intermediate road and 
in the cost of transport along the face. 

The committee’s study of present methods used in 
the Somerset fields led them, however, to the belief 
that still more fundamental changes could be applied 
to the methods of working, which, while having the 
incidental consequence of avoiding the use of putt 
and guss, would make important economies in working 
where they were applicable. This aspect of the 
question was investigated particularly by Mr. Gibb, 
who, in a memorandum appended to the report, de- 
scribed the circumstances and methods in which, in his 
view, coal-cutting and conveying machinery could be 
| introduced into the Somerset mines with considerable 
/economic advantage. To obtain the best results from 
| such methods, the present extent of exploration would 
| have to be increased considerably—as, indeed, is done 
| with advantage elsewhere. In a Scottish colliery, for 
| instance, underground exploration is pushed forward 
| continuously, so as at all times to keep in hand areas 
| of proved coal equal to at least two years’ working in 
| the colliery. 
| 

















| THe Maenetic PERMEABILITY oF Iron.—In_ the 
| October issue of the Journal of the Franklin Institute, Dr. 
|. D. Yensen protests against the selection of iron as a 
| magnetic standard. A new material is referred to as being 
| a hundred times more magnetic than iron, although that 
| statement has no definite meaning. In 1885, Ewing 
| considered a permeability of 2,000 gauss as the maxi- 
|mum attainable in iron. By 1910 that figure had risen 
to 10,000. Then Yensen himself prepared an electrolytic 
iron of a permeability of 20,000 ; alloying this iron with 
0-15 per cent. of silicon, which probably removed traces 
of oxides, the permeability was raised to 50,000, and 
Brace and Ziegler have recently prepared an iron with a 
| permeability of 60,000, by melting electrolytic iron in a 
| vacuum furnace with 0-06 per cent. of carbon. This 
iron still contained traces of carbon, oxygen, sulphur, 
| phosphorus, manganese and silicon, and the magnetic 
| properties of the purest iron are liable to be ruined by 
oxidation and grain changes when attempts are made 
| to roll it into sheet metal. When the permeability is 
| plotted against the magnetising force, the curve obtained 
| shows a bend which has been supposed to be sufficiently 
characteristic for specifying the magnetic property of 
the metal. This bend, however, becomes more and more 
indistinct as the higher degrees of purity are reached. 





| British StanpDARD DIMENSIONS FOR AUTOMOBILE 
Parts.—The two following publications have recently 
| been issued by the British Engineering Standards Associa- 
| tion :—No. 5021—1928, British Standard Dimensions 
|for Unions, Nipples and Nuts (B.S.F. and B.S.P.) for 
Automobiles and Nos. 5037/8—1928, British Standard 
| Dimensions for Centres for Artillery Wheels, Centres 
for Steel Dise Wheels, and Hub Flanges for Steel 
| Dise Wheels for Automobiles. These dimensions were 
| originally prepared and issued by the Society of Motor 
| Manufacturers and Traders, as S.M.M. & T. Provisional 
| Standards Nos. 22, 5R, and 40, and at the request of the 
| Society they have now been made into British standards, 
| Two series of unions are included in No. 5021—1928, one 
| with B.S.F. threads and one with B.S.P., to be distinguished 
| by the letters ‘“‘F” and “G,” respectively, stamped on 
| the face of the hexagon. It is recommended that the 
| former type be adopted in future designs when possible. 
The standards in No. 5037/8—1928, which are issued in 
one volume, provide for the interchangeability of wheels 
in relation to the hub flanges. For artillery wheels, 4 
5-stud type is specified, and for steel dise wheels 4, 6, 
7 and 10-stud types are provided to meet the varied 
requirements. It is hoped that chassis makers will adhere 
as far as possible to those types, in order to simplify 
and cheapen production. Copies of the above may 
obtained from the Publications Department, B.E.S.A., 
28, Victoria-street, Westminster, S.W.1, price 2s. 2d. 
each, post free. 
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SHUTTERLESS REINFORCED- 
CONCRETE CONSTRUCTION. 


THE advocates of brick as a building material 
claim more than one substantial point in argument 
with those who prefer concrete as at present generally 
met with. Not the least of these is that, with brick- 
work, the surface of the wall is finished as the building 
grows, whereas, with a concrete structure, the costly 
contrivance, known as shuttering, must remain in 
place for an appreciable time, and then, when removed, 
may leave the wall in such a state that a further 
coating of cement is necessary to give it a presentable 
surface. The invention of hollow-brick blocks which 
can be filled with concrete and strengthened with re-in- 
forcing rods results in a monolithic wall with a surface 
as durable and pleasing as brickwork, and dispenses 
with the use of shuttering. It, therefore, combines 
the leading advantages of the two materials. This 
method of construction, which is being employed by 
Messrs. Permanent Shuttering, Limited, 82, Victoria- 
street, S.W.1, is illustrated in Figs. 1 to 5. 

One of the difficulties in the use of hollow blocks has 
been that if they are strong enough to stand handling 
and carriage by making them of box form, they cannot 

laid to form a continuous structure, and, con- 
versely, attempts to make them so that internal con- 
tinuity is obtained when they are placed in line inevit- 
ably lead to such a large number of breakages as to 
tender the system impracticable. This difficulty has 
been solved by Messrs. Permanent Shuttering, Limited, 
by making the blocks of box section and keeping them 
in that form up to the moment of laying. A view of 
one of the blocks as it leaves the maker’s works is 
shown in Fig. 1. They are made of hard burned 
shale with a uniform face of 10} in. by 9 in., and of 
different thicknesses from 6 in. to 12 in. The two faces 


| crushing tests. A block 6 in. wide filled with Ferrocrete 


Fig.2. 
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shows a plain concrete wall. The continuous nature 
of the concrete filling will be evident as also will be the 
interlocking form of the tiles and the keying of the faces 
to the concrete by means of the T-headed projections 
of the centre diaphragm. The joints are, of course, 
staggered, asin brickwork. In Fig. 3, a portion of a wall 
with a right angle partition is shown, without the 
concrete filling but prepared for it and having re- 
inforcing rods in position. The position of the 
horizontal rods in the arched portion of the middle 
| diaphragm may be noted. The vertical rods pass 
| between the alternating middle diaphragms of the 
|several courses. This figure also shows how right 
angled corners are arranged, while Fig. 4 shows the 
| treatment of a rounded corner. The blocks form a 
| particularly suitable method of construction for circu- 
| lar work such as silos for pulverised coal, grain, etc., 
| cooling towers, tanks, and chimneys, in which the 
| expense of curved shuttering is considerable. 

| An example of curved work done by Messrs. Perma- 
nent Shuttering, Limited, is given in Fig. 5, which 
| shows a chimney 80 ft. high by 4 ft. in internal dia- 
| meter at the top, erected at Lots-road for the London 
County Council. This is 40 per cent. lighter than a brick 
chimney of equal size and has a factor of safety of 
| four, the wind pressure being taken at 50 lb. per square 
|foot. The use of the blocks in chimney work provides 
|a good finish and, as will be realised from the figure, 
|moulded cornices, string courses or other ornament 
|can be readily added. Any form of facing required 
| by local by-laws can be bonded with the shuttering. 
It is, at present, made with either a buff or a deep 
| brick-red finish. A square yard requires only 14 blocks 
and, if of 6-in. thickness, is equivalent in strength to a 
brick wall 9 in. thick, which takes about 96 bricks. 
The strength of the blocks has been shown by recent 

















are tied together by three diaphragms, the centre one | concrete in the proportions of 8: 4:1 only began to 
of which does not extend to the full’depth of the block, | fail under a load of 70 tons. Another block withstood 
and has an arch springing from a T-shaped projection | the same load when filled with Portland cement concrete 
on either side of the block. The end diaphragms are |of4:2:1. A third block, with Ferrocrete concrete of 
carried to the full depth and have a number of vertical | 6:3: 1 withstood 75 tons before failure, while an 
grooves formed in them. These grooves, it will be | empty block resisted a crushing load of 32} tons. 
noted in Fig. 1, extend on opposite sides to beyond | The tests were made after the concrete had been 
the centre lines of the diaphragm, and reduce its| cured for 7 days. Apart from its intrinsic strength 
thickness considerably. The diaphragms are, notwith- | and economy in erection it is claimed that permanent 
standing the grooves, remarkably stiff, and the grooves | shuttering does not, like plain concrete, crack or sweat, 
do not form a source of weakness under a considerable | or like brickwork, require pointing after a continued 
amount of rough handling. At the same time, when | period of weathering. 
the end diaphragms are to be removed, which is done | 
Just prior to laying the blocks, a light tap or two with | . 
a hammer causes a clean break along the outer grooves |, T#® PEKING-TIENTSIN Canat.—In order to relieve 
and leaves the block in the condition shown in Fig. 2. traffic congestion on the Peking-Tientsin section of the 
The block th aitteiduatie teand 4 h Peking-Mukden Railway, the authorities at Peking have 
ocks, as they are individually freed from t © | under consideration the deepening of the canal between 




















SILICA DEPOSITS IN CANADA. 


Tue occurrences of silica in Western Canada are in 
the form of quartz, quartzites, quartz or quartzite 
pebbles, sand, and diatomite. Western Canada is so 
extensive that it is obviously impossible to examine 
all the deposits of silica included in that area which, 
to make matters more difficult, are widely separated ; 
hence the policy adopted by Mr. L. Heber Cole in 
examining and reporting on behalf of the Canadian 
Mines Department was to select certain typical deposits 
which were considered representative of the different 
formations.* The first part of the report is, therefore, 
devoted to a general description of the various forma- 
tions occurring in each province which include com- 
mercial types of silica. The second part of the report 
deals with individual localities where samples were 
obtained. 

In Manitoba, silica is known to occur in various 
forms, and some of these deposits have already been 
commercially exploited to a small extent. The 
various geological formations with which they are 
associated may be considered separately. Recent 
sands, such as beach sands, are found in various parts 
of Manitoba, and although some of them have a 
high silica content, it is doubtful if any of them are 
sufficiently pure for glass-making purposes. The 
purest occur mainly in the vicinity of the sandstone 
outcrops of Black Island, Punk Island and Grindstone 
Point in Lake Winnipeg, from which they are derived. 
Although the quantity available is seldom large, the 
possibility exists that a deposit may be found in which 
the sand is so intermixed with small quantities of 
refractory clay as to render it suitable for use as a 
natural-bonded moulding sand. 

Under pleistocene sands are many fluvio-glacial 
sands and gravel deposits formed by subglacial rivers 
as they emerged from the ice-sheet. But although 
these contain sands with a high proportion of silica, 
the latter are also liable to be high in lime, so that 
unless an inexpensive method of improving them can 
be applied, they are unlikely to be exploited to any 
extent. It is difficult to make reliable estimates of 
the quantities of these sands; they show diagonal 
bedding and may change rapidly from sand to gravel. 





* Silica in Canada. Its Occurrence, Exploitation and 
Uses. Part II. Western Canada. By L. Heber Cole, 





end diaphragms, are laid in courses as shown in Figs. 3} Peking and Tientsin, so as to render it navigable for 
and 4, and the interior filled with concrete. Fig. 4! steam launches and heavily-laden junks. 


Department of Mines, Ottawa. 
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An example of these deposits, where the sand was at 
one time utilised in the manufacture of common green | 


bottle glass and also for sand-lime bricks, is found at 


Beaus¢jour (described in the second part of the report). | 
So-called Dakota sandstones, since recognised as | 


being of more recent age, were described by Wallace 
in 1925, and show exposures on several rivers. This 
sandstone was laid down on an eroded and irregular 


floor of Devonian rocks and the thickness varies very | 


ENGINEERING. 








oceur in the Province of British Columbia, and are the 
only known deposits of diatomite in Western Canada. 
|They occur as dry massive beds high above present 
water-levels, or, alternatively, on the bottoms of exist- 
ing lakes and swamps. 
| down in the Tertiary period, are typical of the Quesnel 
deposits in the centre of the province. They extend over 


|many miles, are in places over 60 ft. thick, and are 


considerably ; the estimated thickness of 200 ft. is given | 


and probably refers to the upper part of the formation. 


However, since the most promising locality, at Swan | 


Lake, is situated too far from present means of trans- 
portation, these deposits cannot, for the present, be 
considered as of commercial interest. 

Perhaps the most promising sources of high-grade 
silica in the province of Manitoba are the Winnipeg 
sandstones which are of Ordovician age and outcrop 
on a number of islands in Lake Winnipeg, particularly 


Elk, Black, Deer, and Punk Islands, Grindstone Point, | 


Washow Bay, and on the shore of Simonhouse Lake. 
The sand occurs unconsolidated, or loosely consolidated, 
often heavily stained to red or dark brown by iron 
with a little clay, but otherwise practically pure. Some 
exposures are white and could be removed without 
being affected by the deeply-stained beds. The thick- 
ness is stated to vary from a few inches up to 100 ft., 


depending on the inequalities of the Precambrian floor | 
on which they are deposited. Generally, the sand is of | 
very fine texture, as much as 30 per cent. being finer | 


than 100 mesh. 

In many parts of the Precambrian areas there are 
quartz veins and quartzites, which may in the future 
provide a source of silica. 
dykes often have their constituent minerals so coarsely 
crystallised as to permit the different minerals to be 
hand-picked—hence this source may also provide a 
considerable quantity of highly pure quartz. 

In the province of Saskatchewan, sand hills formed in 


Pleistocene times by the retreat of the ice-sheet causing | 


morainic belts of great area, are largely composed of 


silica, which, however, is rarely pure white, but varies | 
from reddish to yellowish, and is often grey. The im- | 
purities consist of hornblende garnet, feldspar, and mica. | 


In the southern part of Saskatchewan, the Whitemud 
beds consist of white sands and light grey sandy clays, 
which weather pure white and contain the refractory 


clays which have been successfully used for the | 


manufacture of firebricks at Claybank. In these beds, 


the sand is in the lower and the clay in the upper part, | 


and at certain localities the two blend into one another. 


Samples examined showed a high proportion of impuri- | 


ties. After removing the clay the sand remaining was 
dirty grey, owing to the presence of a considerable 
number of grains of dark green and black hornblende 
and pyroxene, and also pink feldspar. In the northern 


part of Saskatchewan, sandstone beds of Dakota age | 


exist, notably along the shore of the Wapawekka Lake, 
and are said to be made up chiefly of quartz sands 
and sandstones very free from impurities. 


A conglomerate bed containing large quantities of | 
well-rounded water-worn pebbles, mostly hard greyish | 


quartzites varying from } in. to 6 in. in diameter, occurs 


in several districts in Western Saskatchewan and in | 
This conglomerate is of Oligocene 


parts of Alberta. 
age, and the most notable occurrence is on the top of 
the western end of the Cypress Hills. Sometimes the 


The numerous pegmatite | 


easily the largest known in the Dominion. These 
deposits are covered by porous basalt, and below them 
are tuffs and gravels. In many places along the 
Fraser River in the Quesnel district, they have been 
disturbed by landslides, or are exposed on the steep 
banks of rivers and creeks. 

It is possible that suitable refractory material may 
exist in formations which have been tentatively des- 
cribed as sandstone of Triassic Age, found in the Flat- 
head district of south-eastern British Columbia. But 


these have not been examined sufficiently in detail up | 


to the present for any definite statement of their value 
to be made. There are also many other formations, 
from Precambrian upwards, which contain silica beds 
or deposits in the form of quartzites, quartzes, and sand- 
stones of varying degrees of purity, but none of them 
has been exploited to any considerable extent. 








SCIENTIFIC AND INDUSTRIAL 
RESEARCH IN AUSTRALIA. 


| An Advisory Council of Science and Industry, 
|created in Australia in 1916, established four years 
later the Institute of Science of Industry, which the 
Commonwealth Government reorganised into a Council 
|for Scientific and Industrial Research in 1926. The 
first annual report on this Council’s activities during 
|the period April, 1926, to June 30, 1927, has recently 
| been issued. Most of the work so far done naturally 
concerns problems which are specifically Australian. 
Fuel questions are as pressing there as elsewhere, but 
|the Council, for the present, has not instituted any 
experimental research on this subject, although two 
post-graduate research students have been sent to 
the Greenwich Station of the Fuel Research Board. 
| Experimental work on the hydrolysis and fermentation 
of Australian hard woods has been started in the 
University of Western Australia. There is a Common- 
wealth Engineering Standards Association, and in the 
investigation of the manifold irrigation, agricultural 
and biological problems, the governments of the 
various States are in active co-operation. A sum of 
250,000/. was appropriated by Parliament in 1926 for 
the general investigations; the same sum was set apart 
| for the next year, and these sums are supplemented by 
grants from other bodies. 

For irrigation work proper, the present research 


and another station is planned at Coomealla. But 
various problems affecting the Murray Riversettlements, 
the cultivation of fruit trees, citrus stock, viticulture 
and salt and soil problems, are being studied 
at Merbein. Rice growing has been developed con- 
siderably of late in the Murrumbidgee area, though 
Australia does not consume much rice, partly with a 
view to exporting it to Japan which at present draws 
some of its rice supplies from California. Among the 
| agricultural problems, plant diseases and pests, both 


pebbles are well cemented, but occasional beds occur | animal and vegetable, are very prominent. The 


in which the pebbles are irregularly distributed or 


arranged in layers:and lenticular beds in the sands and | 
The fact that unconsolidated layers of | 
pebbles, which must have been derived from this for- | 


sandstones. 


mation, are found widely scattered throughout the drift 


of the western part of the province, indicates clearly that | 


these beds were at one time of considerably greater 
extent. 
Edmonton, are vast deposits of bituminous sands, 


which contain a high percentage of silica, and Mr. Ells,* | 


who has made a prolonged study of this formation, is 
of opinion that after the extraction of the bitumen the 
waste sand might be used as a high-grade silica sand. 
In the mountain range north of the Pipestone River, 
about 22 miles north of Lake Louise station on the 
Canadian Pacific Railway, there is an occurrence of 
sandstone of great purty, which is fine-grained and 
interbedded with a dolomitic limestone, probably of 
Upper Ordovician age. ‘“hese beds of sandstone are of 
great thickness, but the district has not yet been 
examined sufficiently in detail either to determine the 
extent of the beds, or if they also occur anywhere 
nearer to the railway. 

It is also possible that material suitable for silica 
refractories may be found in the neighbourhood of 
Blairmore in Alberta. Palaeozoic rocks, including thin 
bands of quartzites, have been mentioned as forming 


the backbone of the Livingstone Range and of Bluff | 


and Turtle Mountains. ee 
Deposits of diatomite, which are of fresh water origin, 





* See ENGINEERING, vol. cxxiii, page 571 (1927). 





In the McMurray district, 300 miles north of | 


prickly pear covers an area of 60,000,000 acres in 
New South Wales and Queensland, which is about 
three times the present total cultivated area of 
Australia. These obnoxious weeds are to be destroyed by 
insects and by fungous and bacterial diseases, but there is 
the risk that the remedy may not limit its attacks to the 
prickly pear. A new form of tomato disease, viz. the wilt, 
first recognised in 1915, has quickly spread from 
Melbourne ; it is being studied at the Wail Institute, 
Adelaide. As regards tobacco, the British Australian 
Tobacco Company offers 20,0001. for an investigation 
of the possibilities of tobacco cultivation in Australia. 

Food and cold-storage problems are investigated in 
co-operation with the British Department. Paper pulp 
from eucalyptus wood, prepared chemically by the 
sulphite process or mechanically, can be used for news 
print, which does not require bleaching, and promising 
experiments have been made with these pulps for the 
manufacture of artificial silk. The pinus insignis, 
which has been largely imported into Australia, 
gives a good brown wrapping paper for bags, &c., 
commonly known as kraft paper. Some eucalyptus 
trees and the common wattles, as well as certain 
mangroves, are possible sources of tannin with which 
Australia, so far, is not well supplied. The report finally 
refers to the liaison arrangements in Great Britain, 
made in connection with the British Empire Marketing 
Board, constituted in May, 1926. This Board received 
| a grant of 500,000/. in 1926, and a promise of 1,000,000/. 
|for 1927 and future financial years, for supporting 
| scientific research into problems of production and 
| marketing. 


The former, which were laid | 


station at Merbein, on the Murray River, is not suitable, | 


CATALOGUES. 


Electric Lighting.—Messrs. Korting and Mathieson 
Electrical, Limited, 711, Fulham-road, London, S.W.6, 
have sent us a number of leaf catalogues of lanterns, and 
of an are lamp for blue printing. 

Worm Gears.—Messrs. Bostock and Bromley, Limited, 
Reddish-road, Stockport, have sent in a copy of a 
pamphlet illustrating their enveloping worm gears and 
| housed units, and containing technical notes and diagrams. 


| Superheaters.—A general circular describing the manu- 
facture of the ‘‘ M.L.S.” superheater elements, and illus- 
trating the application to several types of stationary 
| boilers, is to hand from the Superheater Company, 
| Limited, 195 Strand, London, W.C.2. 
| Cranes.—A catalogue of hand, steam and electric 
|eranes, received from Messrs. Carrick and _ Ritchie, 
| Limited, Edinburgh, illustrates a great variety of types, 
| ranging from 60 tons to a few ewts. in lifting capacity, 
| and of the fixed, portable and travelling types. 


| Lype-Metal Furnace.—The Monometer Manufacturing 
| Company (1918), Limited, 115, Strand, London, W.C.2, 
| have sent us a new catalogue of their furnace for melting 
| and refining type-metal. The furnace is fully equipped 
with every mechanical facility for its special purpose. 





| fans.—Fans, ducts and general equipment for pro- 
| ducing induced draught in boiler plants, and for preventing 
| the escape of grit and dust to the atmosphere, are dealt 
| with in a pamphlet issued by Messrs. James Keith and 
| Blackman Company, Limited, 27, Farringdon-avenue, 
| London, E.C.4. 

| Power Transmission.—Messrs. Crofts (Engineers), 
| Limited, Bradford, have issued a list of transmission 
| parts including bearings, pulleys, gears, and complete 
units, such as countershafts, reducing gears, &c. All 
dimensions required for fitting are given. and standard 
prices are stated. 

Petrol Engine Trucks.—Messrs. R. A. Lister and Com- 
pany, Limited, Dursley, Gloucestershire, have issued a 
catalogue of their petrol-engine trucks for yard, workshop, 
platform or short road service. The truck bodies are 
made in numerous forms to suit special purposes ; 
trailers are also available. 

Feed-Water System.—Messrs. G. and J. Weir, Limited, 
Cathcart, Glasgow, have issued a new edition of the 
catalogue of their closed-circuit feed system for ships, 
and an auxiliary system for use in port. The general 
arrangement, the main components, and the method of 
operation are illustrated and fully described. 


Accumulators.—An extensive range of starting ignition 
and lighting batteries, suitable for all kinds of motor 
vehicles, is shown in a new catalogue received from the 
Tungstone Accumulator Company Limited, of St. 
Bride’s House, Salisbury-square, London, E.C.4, par- 
ticulars of construction, capacity. and prices being given. 

Petrol Engines.—Messrs. Blackstone and Company, 
Limited, Stamford, have issued a new edition of their 
| catalogue of small petro! engines. of 24, 34, 5 and 7 brake 
| horse-power, arranged for stationary or portable uses. 

Pumping sets, in four capacities, are illustrated, and prices 
| are stated for all types. 


| Water Softeners.—Water-softening and purification 
| plants for industrial, municipal and domestic use, are 
| described in three publications received from Messrs. 
| Bell Brothers (Manchester, 1927), Limited, Denton, 
| Manchester, and much useful information is ircluded, 
| which should be of interest to those having to deal with 
| quantities of hard water. 





| JIndicators.—We have received from Messrs. Hydro- 
| Indicators, Limited, 4, Broad-street-place, London, 
| E.C.2, catalogues dealing with the  Indicadepth 
| gauge, in which the indicating level is raised to any level 
}convenient for observation, and of the Ubiqua 
| indicators which transmit the mechanical indications of 
|movement through the displacement of liquid in a 


| cylinder. They are suitable for connecting with recorders. 


| Boilers.—Messrs. Merryweather and Sons, Limited. 
| Greenwich-road, London, S.E. 10, have issued a new 
| catalogue of their water-tube safety vertical boilers, 
| which are made in sizes ranging from 2 horse-power to 
| 200 horse-power and in the stationary, portable and 
marine forms. They are supplied with steam engines 
| with steam-driven compressors, or with oil-burning appa- 
| ratus, as required. 
| Coal-Treatment Plant.—An extensive range of machines 
|and apparatus for the treatment of coal is described in 
| a catalogue received from the Woodall-Duckham Vertical 
| Retort and Oven Construction (1920) Company, Limited, 
136, Victoria-street, London, S.W.1. e headings 
| cover the treatment of coal before carbonising, of coke 
| and of by-products, carbonising coal, recovery of waste 
| heat, refuse disposal, kilns and furnaces, and peat treat- 
|ment, but the brief notes indicate a great variety of 
| apparatus for each of these purposes. Continuous vertical 
| retorts for gas making occupy a prominent position. 








British PRopDUCcTION oF Pic IRON AND STEEL.— 
According to the monthly report of the National Federa- 
tion of Iron and Steel Manufacturers, Caxton House 
(East), Tothill-street, London, S8.W.1, the number ot 
blast furnaces in operation at the end of October was 
136, an increase of 5 since the beginning of the month. 
The production of pig iron during October amounted to 
543,600 tons, compared with 503,900 tons during Sep- 
tember and 596,300 tons during October, 1927. The 
output of steel ingots and castings during October 
totalled 756,000 tons, compared with 718,000 tons during 
September and 699,000 tons during October, 1927. 
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THE ROLLS-ROYCE ‘“ F’’ TYPE 
AERO ENGINE. 
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| It is not yet possible to refer to some of the more | 
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airscrew hub, but excludes the exhaust boxes, 


|recent improvements in the design of Rolls-Royce | radiator, airscrew, fuel, oil and water. 


|aero engines, but the particulars given above will 


Before describing the engine in detail, we should, 


THe manufacture of aero engines by Messrs. | serve as an indication of the progress made, and as an | perhaps, explain that the object of the design has 


Rolls-Royce, Limited, of Derby, was commenced in 


1914, their first production being an engine with six | new series of 12-cylinder, V-type engines, examples 
cylinders in line, known as the Hawk, and developing | of which were first demonstrated in public at the 


| introduction to the description we propose to give of a 


been to produce an engine having a low fuel con- 
sumption, together with a reduced frontal area, 





120 h.p. About 200 of these engines were made for | Royal Air Force Pageant, held at Hendon Aero-| fuselage to be carried out more effectively { and 


war purposes. The demand for higher-powered 
engines, which arose in the early days of the war, 


was met by the well-known Falcon engine, the | 


production of which was commenced in 1916. This 
was a 12-cylinder V-type engine fitted with epi- 
cyclic reduction gearing and developing 250 h.p., 
its weight being 950 lb. A still more powerful 
engine, developing 350 h.p. and known as the Eagle, 
was also produced in 1916. This was used during the 
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war on twin-engine bombers, and was also fitted on 
the Vickers-Vimy bomber which, with certain minor 
modifications, accomplished the first transatlantic 
flight in 1919. The pilot and navigator on this 
flizht, it will be remembered, were Sir John Alcock 
and Sir J. Whitton Brown, respectively. Another 
notable flight in which the Rolls-Royce Eagle engine 
was used was made to Australia in the same year by 
Sir Ross Smith and Sir Keith Smith also in a Vickers- 
Vimy machine. 

After the war, viz., in 1919, Messrs. Rolls-Royce 
commenced the production of the Condor series of | 
engines, the first of the series, all of which were of the 
12-cylinder V-type with four valves per cylinder, | 
developed 500 h.p., and was fitted with epicyclic | 
reduction gearing. An improved form of this 
engine, known as the Condor III, appeared in 
1922, this engine developing 650 h.p. at 1,900 r.p.m., 
and having a compression ratio of 5-3:1. Spur| 
reduction gearing was used on the Condor III engine, | 
in which the lubrication system was also improved | 
and the height of the cylinder blocks was reduced, | 
thus rendering the design more compact than that | 
of the earlier models. Two of these engines were | 
fitted in the Short Singapore seaplane with which | 
Sir Alan Cobham made his notable flight from this | 
country across Africa, and back along the west 
coast, during the early part of this year. The Condor 
series also includes one known as the Condor IIIA, | 
developing 700 h.p. at 2,000 r.p.m., the compression | 
ratio, in this case, being 6-5: 1. 








| drome in June last. The series, known as the “ F” 
| series, includes four models, differing only with 
| regard to the gear ratio and compression ratio, and 
designated F.XIA, F.XIB, F.XIDA, and F.XIIB, 
respectively. Of these, the first two have a gear 
ratio of 0-632: 1, and the last two a gear ratio of 
0-552: 1, while the letter “A” in the designation 
indicates a compression ratio of 6: 1, and the letter 


” B” a compression ratio of 7:1. In all cases, the 


: Sie " 
| the latter feature enabling the streamlining of the 


consequently reducing the air resistance of the 
machine and enabling a greater speed to be obtained 
for a given power. That the first of these aims has 
been achieved will be evident from the fuel-consump- 
tion figures given above, which, we believe, are lower 
than those for any other standard aero engine of 
equal power. The extent to which the other object 
has been reached can be judged from Figs. 1 and 2, 
on Plate LXXXVI, in which front and rear, views 
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CARBURETTORS, AIR INTAKES AND INDUCTION MANIFOLDS. 
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cylinder bore is 5 in. and the piston stroke 5} in., 
the normal speed of the crankshaft being 2,250 
r.p.m. and the maximum speed 2,500 r.p.m.; the 
normal speed of the propeller is 1,421 r.p.m., with a 
gear ratio of 0:632:1 and 1,244 r.p.m. with the 
0:552:1 gear ratio. The normal brake horse- 
power developed at ground level by the engines 
with a 6:1 compression ratio is 490, and the fuel 
consumption of these engines is given as 30 gallons 
per hour; the corresponding figures for the engines 
with the higher compression ratio are 480 brake 
horse-power, and 28-25 gallons per hour. In con- 
nection with the high-compression engines, it should 
be mentioned that the rated output of 480 b.h.p. is 
developed at normal speed at ground level, and this 
power can also be developed at an altitude of 
3,000 ft., by opening the throttle fully. The oil 
consumption of all types is five pints per hour, and 
the weight of the engine is 865 lb. in all cases. The 
weight, it should be explained, includes the car- 





| burettors, magnetos, engine feet, reduction gear and 





of the engine are reproduced. These, with the side 
view reproduced in Fig. 3, show that the engine is 
particularly clean and compact, the only noticeable 
projections being the air intakes at the top and the 
distributors for the magnetos at the rear; the 
exhaust connections, however, are omitted in the 
illustrations. The extreme overall length of the 
engine is 5 ft. 34 in., the width being 2 ft. } in., 
and the height, measured from the highest point of 
the camshaft covers to the centre line of the cir- 
culating-pump inlet connection, is 2 ft. 9} in. An 
interesting feature of the design which has helped 
to reduce the overall length may be referred to here, 
viz., that the two sets of six cylinders are cast in 
monobloc form. From this it follows that the 
difficulties encountered when individual cylinders 
are surrounded by welded jackets are eliminated. 
Moreover, the longitudinal rigidity of the engine is 
materially increased by this arrangement, since the 
cylinder blocks tend to stiffen the crankcase. 

The general arrangement of the engine is well 


[DEc. 28, 1928. | 








ENGINEERING. 











Te JIB SoIvJINS SULIvOM 19Y}O puR SDULIvAq our 
pue *19A00 a[qvAowlod UINIUTUIN]e-4svo 8 UT peso[vue 
St ‘aaoqe “6% 0% FZ ‘SSIq UI UeAIS ore s[TeYJop 
YoryA jo ‘wstuvyoou Suryetado oy} Jo ajoyA. oY, 
‘pouorjzuow Apvorye sev ‘UOIT 4S8BO JO SopIns sqeMousI 
UI YOM PUB [99}8 UUINIMIOIYO UOOTIS-Ysty Jo ssurs107 
dorp wody pouryovur ore “TTA XX X'T 8d “G “Shy ut 
uMoys ApIvoP OTB YOIYAM ‘SaATBA oT, “AATBA TOws 
JO} poptaoid Sureq Joyoor oyeredes v pu qyeysureo 
peoyioao ue Aq poyerado Suteq saayea oy} ‘1opurpso 
Jad soayeA ysneyxo OM} pUR JoTUT OMY OB OIOIT, 
*9A0qB 


wl 
up 
Th 
en 
wl 
pu 
wi 
sh: 
dr 


ha 


th 
sli 
on 
tu 
als 
mé 
on 
a ¢ 
pr 
of 
th 
ar 
by 
ho 
ste 
flo 
sp 
th 
wl 
ot] 
TOC 








0} poldojor sdurz Suryoerd Joqqni pue urnrurwnye 


~ONINZINIONS. 





























94} YPM JoYyZOSO} ‘UOTZBIYSNYIT sTyZ JO yo, ayy UO 
Ajeyeredes UMOYS SI SOUT, oY} JO OUD pu ‘syooTq 
JapurjAo ay} jo suo sMmoys ‘GGL osed uo ‘gz “AI 
‘outsue 94} JO 4YSIom pue Yyysue, oy} Suronpos 
UI poJsIsse A][elIoJVUL SBY oINZVOJ STYY PUR ‘SJOUT] 
oy} UseMgoq coeds J0}BM OY} UT ST[RA UUNTUTUINe 
ou ore 9104} VY} “F ‘SI UL UMOYS A]Ave[D sv ‘pojou 
eq prnoys yy «“Suryseo yoxoel oy} yQtM yurol 4YyS4 
-19}8M VB OYVUL OF Spud 94} 4B yNO poses soqny 
WnIUIUIN[e UL pasofoUe Suleq s}[oq oY} ‘sioUT] 943 
usoMjoq oovds 108M OY} YSnoIyy ssed sjzjoq uMOp 
-Surpjoy Jayyo 049 !TAXXX'T 94¥ld ‘€ “S11 ur uses oq 
UBd OIA Jo 0M] ‘8}[0q Suo] Aq uorpztsod ut pay Sureq 











A[qulesse aloymM oy “ISBOYUBIO oq uo S1B9q Tour oq 
uo poultoy osuvy ev ‘qurof sty MOfeq ysne “Jeu, 949 
UI 9AOOIS B OFUT pozyy Sut Joqqna v jo suvout Aq 
pours; st yurof 44514-103eM Surprys & Jouty oy} Jo pus 
JOMO] OY} Tv9U OITA “SUL UINTUTUIN]e 4ZOs B JO SUBOUT 
Aq 3451 sed opeur st peoy JoputfAo oy} pure Jou] 
94} jo pus aoddn oy} usemyqoq yurol posuey oyy, “¢ 
puUe PH ‘SSI 0} DOUBTOJOI UO POMOT[OF 9q UR SSUTYSRO 
JopurjAo 9y} OFUT Wey} SuIWWy Jo poyyou oy} puL 
[9038 UOqIeO JO a1e SJOUT] OY, ‘sefpurds oA[eA 943 
apins 0} poy ole ‘Gg “SI UL UMOYS OSTe ‘seAda[s 
uoll-ysvo pue ‘Gg ‘Stq] Ul uMOYS Adve] 4sout 
‘sdeyriod ‘st sv ‘sproy oy} OJUT peMorIoS o1e ssUTI 








BUIPBIS-VA[VA VIGVMoUDY ‘“spoxoul JopBM OY} Sut 

-ULLOF STR O49 TIM AyjeasozUL ysvo Sureq “ysneyxe 

pues ses oy} Joy sodussed Aressaoou oy} YQIA\ ‘speoy 

Jopur[Ao a4} ‘sexe oy} UseMJoq “Bop OQ Jo o[sue ue 
WIA Jos SSuIysvO UINTUTUINTe oe SyDO[q Joput[Ao oy, 
‘sdved SUIAMIp AIeIIXNe pue yeysurvo oy} YSno1qy 
uoryoos vB Ayjied pue pus Ivel oy} Jo UOTPeATe 
ue Ajyied st g “Sy ‘s1ozjoINqIeo pue siopul[so 
a} YSNOIYZ UOTOOS OSIOASUBI} B ST G ‘DIT O[IYA ‘sox 
JopurjAo ay3 Suturequoo sued oy] ysnosyy Apaed pue 
ouT[ e1jzU90 oYyy UO ApyTed UsyLy ‘uOTOoS [eUTpNyISUOT 
pavzseq v Sip “SET “08043 JO “TIAXXX'T 93%Id uo 





‘9 pur g ‘p ‘SSI Ul poonpoidas suotqoos oy} Aq UMOYS 




















‘UNION 


“ACUAG 


OdHV UWdAL oH» 


‘SSUMANIONG ‘CHLINIT “AOAOUSTION 


‘SUSSAW Ad CGALINALSNOOD 


‘te Ory 


‘dH ad-08% WOT WSINVHOUN WATIVA 








a) 
= 
a 
a 


s 





bearings 


the 


bal 


gether with the 


Renewable valve-seating | the liner bears on the crankcase, the whole assembly | on the left of this illustration, to 


jackets. 


the water 


ing 





DEc. 28, 1928.] 


ENGINEERING. 


797 








positively lubricated, oil being supplied under pres- 
sure through the ducts shown in the figures. The 
camshafts are of 5 per cent. nickel case-hardening 
steel, machined from the solid, the bearing surfaces 
and cam faces being hardened and ground, and the 
rockers are made from drop forgings of the same 
material, machined all over; they have hardened 
and ground cam-follower faces, and hardened-steel 
adjustable tappets are also fitted. The driving gear 
for the camshafts can best be followed by examining 
Figs. 4 and 6, on Plate LXX XVII. Inorder to pre- 
vent the torsional vibration of the rear end of the 
crankshaft from being transmitted to the camshafts, 
the latter, as well as the whole of the auxiliaries, are 
operated by the spring drive shown on the right 
of Fig. 4 and to larger scale in Fig. 18, Plate 
LXXXVIII. 

With this drive, the torque is transmitted from 
the end of the crankshaft through a torsionally 
flexible shaft which is connected at its outer end, 
through a friction damper clutch, to a hollow 
sleeve which limits the rotation of the flexible shaft 
to a predetermined amount before the sleeve takes 
up the drive. Keyed on to this sleeve is a bevel 


Fig.30. 
COMPRESSION RATIO 6-1! 
ATMOSPHERIC TEMPERATURE = 16°C. 
ATMOSPHERIC PRESSURE-29:97 INS.MERCURY 


Note: The Curves shown are correct to 
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wheel which drives a short vertical shaft, on the 
upper end of which is mounted another bevel wheel. 
The latter engages with two similar bevels on the lower 
ends of the inclined camshaft-drive shafts, one of 
which is shown in section in Fig. 6, and a bevel 
pinion on the upper end of the. inclined shaft gears 
with a corresponding wheel on the end of the cam- 
shaft, as will be clear from the figure. The inclined 
driving shafts, it will be seen, are tubular, and 
hardened and serrated couplings are included near 
the lower ends to allow for expansion and for any 
slight errors in alignment. The shafts are supported 
on ball bearings at each end and are enclosed in 
tubular casings, shown on the right of Fig. 6, and 
also in Fig. 2, on Plate LXX XVI. 

The pistons, which are made from Y-alloy forgings 
machined all over, are illustrated in Figs.'7 and 8, 
on Plate LXX XVII, which show the piston used for 
a compression ratio of 6: 1; that for the 7: 1 com- 
pression ratio is similar, except that the height 
of the head is increased. As.shown in the figures, 
three compression rings and one oil-scraper ring 
are fitted, the former being prevented from rotating 
by means of stops. The gudgeon pins, which are 
hollow, are of 5 per cent. nickel case-hardening 
steel, hardened and ground, and are of the full- 
floating type, axial movement being limited by 
spring rings at the ends. 

The drawings reproduced in Figs. 9 to 13 how 
the arrangement of a pair of connecting-rods, one of 
which is forked and works on the crankpin, while the 
other is plain and works on the big end of the forked 
rod; the bearing surface, it may be mentioned, is 














the same in each case. The rods are of H section, 
as shown in Figs. 10 and 13, and are made from 
forgings of 34 per cent. nickel steel, machined all 
over and heat treated. The big end of the forked 
rod consists of a steel block split longitudinally and 
lined with white metal internally and also externally 
over the central portion on which the big end of the 
plain rod works, as will be clear from Fig. 12. The 
small ends of both rods are fitted with floating bushes 
of phosphor-bronze supplied with oil from the big 
ends, although we understand that the pipes 
clipped on to the rods shown in Figs. 5, 9 and 12, 
have since been discarded. 

The crankshaft, which is shown partly in section 
in Fig. 4, is machined from a forging of nickel- 
chrome steel, all the crankpins and journals being 
ground to close limits. As usual, the crankpins 
and journals are bored out to reduce weight and to 
allow oil to be supplied through the shaft to the main 
bearings, crankpins and gudgeon pins. The method 
of closing the ends of the openings in the shaft and 
of connecting those in the crankpins and journals 
will be clear from the figure without explanation. 
The shaft runs in seven main bearings fitted entirely 


Fig. 31. 
COMPRESSION RATIO 7-1 
ATMOSPHERIC TEMPERATURE -16°C. 
ATMOSPHERIC PRESSURE 29:97 INS. MERCURY 


Note: The Gurves shown are correct to 
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in the upper half of the crankcase, so that the lower 
half of the latter can be removed without disturbing 
them. 

The bearings consist of split mild-steel shells 
lined with white metal, and fitted into recesses 
machined in the crankcase casting. They are held 
in place by caps and bolts, which are further secured 
by the frictional grip produced by long transverse 
bolts passing through the caps and across the whole 
width of the crankcase, as shown in Fig. 5. This 
arrangement, it is claimed, gives a degree of rigidity 
equal to that in which the bearing caps are formed 
integrally with the lower-half of the crankcase, 
and has the advantage that the latter can be re- 
moved without interfering with the bearings, as 
already stated. 

From the crankshaft, power is transmitted to the 
airscrew through the single spur reduction gearing 
shown on the left in Fig. 4, Plate LXX XVII, and 
illustrated in greater detail in Figs. 14 to 17, Plate 
LXXXVIII. As will be seen, a flange is formed on 
the front end of the crankshaft, and to this flange is 
bolted an internally-toothed ring, the teeth of the 
ring engaging with similar teeth on the end of a short 
hollow shaft. The opposite end of this shaft is formed 
with splines which transmit the torque to a hollow 
pinion mounted in roller bearings and held in position 
longitudinally by a light ball bearing. This arrange- 
ment, it will be understood, prevents any trans- 
verse loads from being transmitted to the crankshaft 
from the gearing. The pinion engages with a 
toothed ring bolted to a flange formed on the air- 
screw shaft, which is supported on roller bearings 


and is fitted with a ball thrust bearing to take the 
thrust of the airscrew. The whole of the gearing, 
which is made of air-hardening steel, the teeth being 
ground after hardening, is enclosed in a cast-alumi- 
nium casing, made in two parts bolted together and 
also bolted to the crankcase; Fig. 16 shows one 
of the special bolts used for the torsional location 
of the gear. The gear teeth are lubricated 
at the point of engagement by oil delivered through 
two jets shown in section in Fig. 17, the oil being 
supplied to the jets through the pipe seen on the 
left of Fig. 14. An airscrew hub, constructed of 
34 per cent. nickel steel and suitable for a wooden 
airscrew, is provided, the hub being fitted on to 
the airscrew shaft by splines, as shown in Fig. 15, 
and in Fig. 4, Plate LXX XVII. In the latter illustra- 
tion, the hub is shown provided with a fitting for 
starting the engine by means of a Hucks portable 
mechanical starter, but hand-starting gear, which 
will be referred to later, is also provided. In con- 
nection with the reduction gear, it may here be 
pointed out that the arrangement adopted brings 
the centre line of the airscrew shaft practically up 
to the centre of the whole engine block, and this 
greatly facilitates the design of the nose of the 
fuselage to give a low air resistance. If a spinner is 
fitted to the airscrew, it covers practically the whole 
space between the engine cylinders. 

A centrifugal pump, shown in the right-hand 
bottom corner of Fig. 4, is fitted at the rear of the 
engine for circulating the cooling water, the pump 
being driven by a vertical shaft from the bevel wheel 
which drives the camshaft-drive shaft, as mentioned 
above. The pump and its connections can be seen in 
Fig. 2, Plate LX X XVI, and also in Fig. 21, on page 
795 which shows the casing for the gearing driving 
the auxiliaries. It will be seen from theseillustrations 
that the water is delivered by two separate connec- 
tions to the rear end of the cylinder jackets, which 
it leaves at the front ends, passing into a horizontal 
pipe running along between the cylinder blocks to the 
rear end of the engine. Connections from this pipe, 
which is clearly shown in Fig. 22, page 795, are made 
to the carburettor jackets and from the rear end of 
the pipe, shown on the left of Fig. 23, the water is 
led to the radiator. From this it returns to the 
pump suction; the connections to and from the 
radiator can be seen in Fig. 2 at the top and bottom, 
respectively, the openings there shown being fitted 
with blank covers to prevent the entrance of dirt 
while the engine is in transport. The three lubri- 
cating-oil pumps, which are of the gear type, are 








also driven by spur gearing from the vertical shaft 
driving the water pump, as will be clear from 
Fig. 4. The engine is lubricated on the dry-sump 
system, the bulk of the oil being carried in a 
separate service tank, from which it is delivered 
by the pressure pump through the main bearings 
into the crankshaft, through which it passes to 
the big-end bearings, flowing thence to the gud- 
geon pins, as already mentioned. A compound 
relief valve is fitted on the delivery side of the 
pressure pump and this serves to regulate the 
pressure of the oil in the main lubricating system 
and to allow part of it to pass, at a lower pressure, 
into the system supplying the camshaft, reduction 
gear and other parts requiring lubrication. The 
used oil drains back to the crankcase, from the 
forward end of which it is drawn by one of the 
scavenge pumps and delivered to a sump at the rear 
end; asecond scavenge pump draws the oil from this 
sump and returns it to the service tank. Strainers 
are fitted on the suction side of each of the scavenge 
pumps to collect comparatively large impurities, 
but the main filter for the pressure pump is supplied 
as a separate unit. 

A hand starting gear, shown on the right, in Fig. 4, 
is fitted, and details of this gear are given in Figs. 19 
and 20, Plate LXXXVIII. It will be seen that 
a worm wheel, incorporating a multi-plate clutch, is 
mounted on the sleeve carrying the main bevel wheel 
for the auxiliary drive, the plates being pressed into 
contact by means of springs, so that the clutch slips 
when a pre-determined torque is exceeded. Below 
the worm wheel is a splined shaft on which the worm 
is mounted, and, with the worm in the position 
shown in Fig. 19, the engine can be turned round 
by means of a crank handle applied to either end of 
the splined shaft ; the reduction ratio of the worm 
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gear is 13:1. When the engine fires, the worm will 
be driven along the shaft into the position indicated 
by the chain-dotted lines in Fig. 19, where it will be 
clear of the worm wheel, and in the event of a 
back fire the clutch will slip so that the gears will 
not be damaged. The worm is restored from the 
free to the working position by means of a mechani- 


cally-operated striking gear, indicated by the letter | 


a in Fig. 19. To facilitate starting, a priming 
device is supplied which is fitted in the cockpit, 


and this enables a mixture of air and petrol | 


vapour to be injected into the induction system, 
whence it is drawn into the cylinders by turning 
the engine with the hand-starting gear. 

Two Rolls-Royce duplex carburettors, one of 
which is shown in section in Fig. 5, Plate LX X XVII, 


are mounted between the cylinder blocks, and the | 
complete induction system, including the air intakes, | 
carburettors and manifolds, are illustrated in Fig. 22, | 


on page 795. The two throttles of each carburettor 
are connected by a pair of toothed quadrants, one 
of which can be seen in Fig. 6, and one quadrant 
of each pair is mounted on the end of a longitudinal 
shaft, so that all four throttles are opened and 
closed simultaneously and to the same extent. 
The carburettors are fitted with a device by which 
the flow of petrol from the float chamber to the 
jet is automatically regulated in accordance with the 
altitude at which the machine is flying, and com- 
pensating passages are provided to maintain the 
same pressure in the float chamber as in the throat 
under all conditions. The compensating passages, 
in addition to reducing eddying, enable the float- 
chamber cover to be sealed, and thus reduce the 
risk of petrol leakage. Drains are provided at the 
lowest points of the air-intake passages to allow any 
petrol which may collect there to escape. The 
petrol is supplied to both carburettors by a small 
gear-type pump, shown in section near the bottom 
right-hand corner of Fig. 6, Plate LX X XVII, the 
pump being driven by helical and spur gearing from 
the auxiliary-drive shaft, as will be understood on 
reference to Fig. 4. 

The two B.T.-H., twelve-terminal, high-tension 
magnetos provided are mounted on opposite sides of 
the auxiliary-gear casing, as is perhaps most clearly 
shown in Fig. 2, Plate LXXXVI. Figs. 4 and 6 
show the method of driving them from the auxi- 
liary-drive shaft; it should be noted, however, 


that a device to enable the ignition timing to be | 


adjusted is included in the drive. Two sparking 
plugs are fitted in each of the engine cylinders, one 
being supplied from each magneto. 
controlling the throttle and regulating the mixture 
are connected to a transverse shaft on the rear of the 
engine, as shown in Figs. 4 and 6, and are inter- 
locked with the magneto controls; suitable con- 


nections to the cockpit are, of course, made in | 
An arrangement for driving | 


installing the engine. 
a revolution counter is mounted on the rear end of 
one of the camshafts, the connection being driven 
at one-fourth of the crankshaft speed, and provision 
is also made in the auxiliary-gear-drive unit for 


driving the cams for operating the Constantinesco | 


gun-fire control gear, if this is required. 
In view of Messrs. Rolls-Royce’s well-known 
reputation, it is perhaps hardly necessary to mention 


that the utmost care is exercised to ensure that the | 
whole of the material employed in the production of | 


the engines is in exact conformity with the speci- 
fications. All mild and alloy steels are subjected, 
in the raw state, to Izod, fracture and Brinell tests, 
and each individual crankshaft and propeller shaft 
is tested separately. 


batch of a specified number, and subjected to tensile, 
Stanton and Izod tests after heat treatment. With 


non-ferrous metals, tensile test pieces are taken from | 


each large casting, and from each cast in the case of 
small castings. 

The complete engine has successfully passed the 
100-hour type test of the Air Ministry, and each 
engine is tested before delivery in accordance 
with the Schedule of Standard Production and Type 
Test of that Department. The tests comprise a 
run of two hours at 90 per cent. of full power, after 
which the engine is dismantled and thoroughly 
examined. After re-assembly, a final run of 30 
minutes’ duration is made, the engine developing 


The levers for | 


In the case of camshafts, | 
connecting rods, &c., one forging is selected from each | 
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90 per cent. of full power for 25 minutes and being 
opened up to full throttle for the last 5 minutes. In 
Figs. 30 and 31, on page 797, diagrams showing the 
results of tests run on engines with compression ratios 
of 6:1 and 7: 1, respectively, are reproduced, and 
from these an interesting comparison of the charac- 
teristics of each type can be made. 

In conclusion, we may mention that the engine 
is now in full production, orders for a considerable 
number having been placed by the Air Ministry. 
Some of these engines, it is interesting to note, are 
| required to replace those of American manufacture, 
‘imported some time previously. Others will be 

installed on new machines, of which it is not yet 
| possible to give the performance, although it is 
| understood to be of a very high order. 





COAL RESIDUES IN CONCRETE. 


Aw enquiry of considerable importance has re- 
| cently been conducted upon the use of coal resi- 
|dues in concrete having contact with steel. Some 
‘eleven institutions were represented on a com- 
|mittee which dealt in detail with this question. 
| This committee recently issued its report, together 
|with a pamphlet setting forth particulars of the 
enquiry, upon which—with other information—the 
|report is based. It has long been known that coal 
| residues in concrete may be very objectionable, both 
| because they result in permeability in some cases, 
| due to the open character of the aggregate, and its 
| liability to expansion by absorption of moisture ; 
| because in some cases of its poor resistance to fire, 
|and, lastly, perhaps of the greatest importance, 
| the injurious effects, largely due to sulphur content, 
| in promoting wastage of steel reinforcement. The 
|advantages sought by the use of such aggregates, 
‘economy and small weight, though not paramount, 
|cannot be overlooked, and the Committee have 
|therefore sought by diligent enquiry to decide 
|what of these coal residues are to be considered 
/unfit for use, and what other, if any, may under 
|suitable conditions be accepted without misgiving. 
No capable architect or engineer would knowingly 
permit the use of faulty material, as, for instance, 
unsound timber, in a structure under his control, 
neither should he permit the use of other material, 
| which, though sound when first put in, is liable to 
develop serious faults as time passes. .This is the 
more apparent in the case of materials the faults in 
which may be hidden from view, and realised only 
| after ill-effects have become evident. The London 
County Council bye-laws relating to reinforced- 
'concrete exclude the use of certain materials, various 
|coal residues, slags, sulphates and limestones, but, 
| though making specific objection to the use of such 
|materials in reinforced concrete, do not forbid 
\their use in other constructions where contact 
with steel may occur 

An extensive series of tests by Dr. Graucob, of 
Hanover, upon the corrosive effect of coal residues 
| containing sulphur may be noted, as being relevant. 
It having been observed that serious rusting of 
steel was frequently to be found where breeze or 
|slag aggregates had been used, the question arose 
| whether this rusting was due to the presence of 
sulphur, or to the porosity of the concrete, which 
was a marked feature, or possibly to both influences. 
Pumice-stone slabs had been freely used in Germany 
with success, but, the more readily obtained residues 
| offering economies, it was sought to determine which 
of these residues might be used, and with what 
restrictions. Tests were made with slabs in which 
varying proportions of cement, pumice-stone, and 
breeze were tried. These tests established that the 
more breeze there is present, the more marked is 
the corrosion ; that addition of sand, favouring im- 
permeability, is advantageous ; and that as between 
the relative influence of porosity and of sulphur, the 
presence of sulphur is found to be the principal 
cause of corrosion, this being ascertained by tests 
with aggregates of known porosity and with, or 
without, sulphur content. With respect to the 
presence of sulphur, Dr. Graucob is definitely of 
‘opinion that a percentage of 1-5 is much too high 
/as a permissible limit. A further objection to the 
| use of coal residues is made evident by an enquiry, 
|of which particulars are also given in the pamphlet, 


|instituted by Mr. D. B. Butler, forming the subject 
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of a paper read before the Society of Architects. 
The chief purpose of this author’s work was to 
determine the probable range of contraction o1 
expansion in concrete made from coal residues. 
Coal being suspect as an occasional constituent of 
breeze, was first tested in 1 : 3 cement and coal! 
mortars, by sealing in bottles kept under observa- 
tion for over a year in some cases. The cements 
used—sixteen in number—were of various origins. 
British and foreign. All the bottles finally cracked 
badly, or burst open, excepting some which had 
been filled with a standard cement-sand mortar 
for purposes of comparison, the coal-mortar bottles 
giving out within a few days in many cases. 
Attention was then given to the examination of 
samples of breeze and allied materials, by tests of 
a more precise nature than was possible with the 
bottle method. Ten samples were put under test 
by the preparation of briquettes, formed, with 
cement, of the several constituents of the samples, 
each sample having first been separated by sifting 
and by hand, into various sizes and recognisable 
items—as, for instance, coal or clinker—these 
separated constituents being then reduced to pass 
a z\-in. sieve. Briquettes, which, as to composition, 
represented the average of any sample, were also 
made. Results were observed both for air and 
water curing for three months, and, as might be 
expected, varied considerably with different classes 
of material, which included fine pan breeze, coarse 
pan breeze, coke breeze, furnace ashes, clinker, 
&e. There is evidence generally, in the case of 
the “average” samples, which are for an un- 
complicated statement most informing, but exclud- 
ing two of the more hopeless “ ashes,” of a contrac- 
tion of from 0-05 to 0-10 per cent. with air curing, 
and expansion somewhat greater with curing in 
water, this being but a rough statement of the facts, 
with occasional marked differences. These materials 
are evidently very susceptible to the influence of 
moisture. The sample which appeared to give the 
best results is described as “coke breeze ””— 
presumably from gas retorts—which shows con- 
traction and expansion for air and water of about 
the same amount, viz., 0-05 per cent. Well-burnt 
clinker is unobjectionable with respect to expansion, 
though contraction may be considerable. It is to. 
be observed that as the briquettes yielding the results 
quoted were but 4 in. long by { in. square, some 
doubt may be felt as to their value, when con- 
sidered with respect to full-size work. The influence 
of size will be evident when it is stated that the 
surface area per unit of volume is, for the briquettes 
tested, about fifteen times as great as it would be for 
a floor of 6-in. thickness. This contention is,. 
however, suggestive rather than conclusive, though 
its tendency is to discount somewhat the significance 
of the results recorded. It is made evident by 
Mr. Butler’s tests that unconsumed coal, or imper- 
fectly burnt clinker, are very prejudicial, and when 
present in the aggregate, favour disintegration. 
This subject is one of those under investigation by 
the Department of Building Research at Watford. 
Particular cases, gathered from various sources, 
are cited, showing misbehaviour of slab floors 
after many years; such ill-effects not being always 
associated with the use of coal residues, are not 
wholly to the point. Cases of considerable expan- 
sion of floors having breeze aggregate have, how- 
ever, been observed ; in some instances these have 
been chiefly due to the formation of rust between 
the sides of steel joists and concrete filling. 

The facts presented by the Committee are of value. 
It is stated in the report referred to that “ coal 
residues are in general unsatisfactory materials 
to use as aggregate in concrete to be placed in 
contact with steel.” Expansion is attributed 
largely to the presence of included coal, or imper- 
fectly burnt material. In this respect, clinker 1s 
thought to be unobjectionable. Permeability 1s 
said to be greater with the coal residues of whatever 
kind than with ballast concrete ; sulphur is, of course, 
condemned. Clinker which will not pass a }-inch 
mesh is approved provisionally in a somewhat half- 
hearted manner, more information with respect to 
this material being wanted. The enquiry reviewed 
and the conclusions of the Committee, for which 
body Mr. W. G. Shipwright has acted as secretary: 
are of considerable interest. It is to be noted that 
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though there may be marked contraction of breeze 
concrete, air-cured, this does not appear to call for 
such condemnation as expansion, possibly because 
where contraction occurs, relief may be found by 
drawing inwards at the supports, or by the develop- 
ment of minute cracks in the material, there being 
no such relief in the case of expansion, which may 
then cause the bulging of walls or other displace- 
ment troubles. Expansion is much aggravated by 
the absorption of moisture, and it should not be 
forgotten that other and more desirable aggregates 
than the coal residues are also influenced by moisture 
content, though in a lesser degree. In reinforced 
concrete work, though steel, cement, sand and the 
usual aggregates can be readily secured of satis- 
factory quality, breeze cannot be so easily obtained 
free from objectionable characteristics. Coke, being 
commonly a bye-product is not manufactured with 
rigorous regard to freedom from sulphur, and is, in 
any case, just as it may be, its harmlessness only to 
be ascertained by close analysis, which may not 
always be convenient or practicable. For this reason 
it would seem to be, of necessity, a material under 
suspicion. Some ready means of determining the 
sulphur content with sufficient precision would thus, 
it is evident, be of advantage. 

It is proposed, if possible, to secure legislative 
enactment controlling the use of the materials 
studied, in building construction. Whether such 
action should be taken—probably by the amending 
of building bye-laws—is another matter; some 
restrictions would, however, seem to be desirable. 








THE CONSTRUCTION OF THE DELA- 
WARE RIVER SUSPENSION BRIDGE. 
(Concluded from: page 736.) 

Cables.—Dealing next with the cables, there are 
only two of these, each 30 in. in diameter, built 
up with 61 strands of 306 wires each. The wires 
are galvanized steel, of 0-196 in. diameter, and 
an average strength of 221,000 lb. per square inch. 
Carbon was limited to 0-85 per cent. and phos- 
phorus and sulphur had to be kept below 0-04 per 
cent. Over 25,000 miles of wire, weighing 6,800 
tons, are contained in the cables. The methods 
used for spinning the cables were substantially 
identical with those used on the Bear Mountain 
bridge, as described in ENGINEERING, vol. cxxii, 
page 803 (1926). The calculations for the cables 
were similar also, although in the Delaware River 
bridge the side spans are suspended from the cables 
and the cable movement is, therefore, greater in 
proportion. The lengths of the unloaded cables 
were computed to be 781-60 ft. for each side span 
and 1,791-60 ft. for the main span. Actual field 
observations after the cables were in place, con- 
sisting of the determination of the sag by elevations 
and measurements of tower deflection and tempera- 
ture, showed side span lengths of from 780-56 ft. to 
780-63 ft., and main span lengths of from 1791-60 
ft. to 1791-77 ft. 

The procedure in stringing the wires differed 
from that used on the Bear Mountain bridge in 
two respects: The means employed to compensate 
for the greater tension required in the side span 
cables before the dead load is added, and the 
method of compacting. The cables were designed 
so that under maximum dead load the tops of the 
towers are deflected 5 in. towards the shore. For 
the lengths of cable as thus determined; it was 
found that the unloaded cables would require a 
displacement of the saddles of 18 in. shoreward, in 
order to balance the tension in main and side spans. 
This movement could be accomplished by pulling 
the strands over into the main span, as they were 
put in place in the saddles. The friction between 
strands and saddles would hold the strands against 
slipping, and bend the towers. The strands were 
built up, however, in sheaves which were free to 
turn, and they therefore hung in balanced position. 
[t was found that the balanced position decreased 
the sag in the main span and increased the 
sag in the side spans to such an extent as to 
make the condition of working from the footbridges 
impracticable. The expedient was therefore adopted 
of using “ pull back” ropes to bend the towers. 
Four 2}-in. ropes were attached to the tops of the 
lowers and fastened at the anchorages, under a 





strain of approximately 132,000 lb. each, to produce 
a deflection of 11 in. at the tops of the towers. 
The remaining 7 in. deflection was accommodated by 
regulating the sag of the strands as they were put 
in place in the saddles, by means of winches. The 
difference in sag between balanced and unbalanced 
tension for this additional 7 in. deflection was within 
practical limits, although the balanced strands hung 
close to the footbridges in the side spans and well 
above them in the main span. The cable saddles 


and the procedure of using pull-back ropes and the 
strands to deflect the tower avoided the necessity 
for rollers and a rust joint, as used on the Bear 
Mountain bridge. The foot bridges and stringing 
arrangements are shown in Fig. 78, page 810. 
The compacting of the cables presented a special 
problem because of their unprecedented size, and 
a new form of compacting machine was developed. 
This consisted of a rigid hexagonal frame, made of 
six pairs of steel channels bolted to steel castings, 
which were socketed to hold the forged-steel cylin- 
ders of six hydraulic jacks. 


143 


groove and formed a ring round the cable. 
jacks exerted a pressure of 30 tons each or 180 tons 
total force on the cable. In order to determine the 
diameter to which the cables could be compacted, 
for purposes of machining the cable bands, a test 
section 5 ft. long was prepared, with the proportionate 
number of spliced wires. The compacting of this 
model reduced it from 35} in. diameter of the 
original hexagon to 2948 in. diameter. Compacting 
to 303 in. diameter was secured with the first 15 tons 
pressure, and the additional 15 tons was required to 
produce the final in. reduction in diameter. 
The steelwork of the bridge structure is hung 
as shown in Figs. 69 and 71, page 800, from the cables 
by suspender ropes passing around steel band cast- 
|ings bolted in place on the cables above each panel 
point of the stiffening trusses. The interior sur- 
faces of each half-band casting was machined with 
16 cuts to the inch to increase the frictional resist- 
ance to slipping, and the two halves of each cable 
band are held together with high tensile steel bolts 
tightened to 60,000 lb. each. The suspender ropes 
are 2} in. wire ropes, four pieces of rope being used 
at each panel point. Between the cable bands, the 
cables are encased with a wrapping of No. 9 gal- 
vanized steel wire, 0°148-in. diameter, applied under 
tension by special wrapping machines. 





protection of the cable against the weather. 


span, and 20 ft. 8in. in the side spans. Warren-type 
trusses have been employed, as best adapted to the 
reversals of stress that occur in the trusses. The 
trusses are continuous from anchorage to tower and 
from tower to tower, and pin connected to the 
towers and the anchorage bents by rocker arms 
that prevent any but vertical stresses being carried 
to the towers or anchorages. The connection to the 
anchorages is illustrated by Figs. 56, 61 and 63, pages 
734 and 735, ante. Nickel steel, with a yield point of 
55,000 Ib. per square inch and ultimate strength of 
90,000 Ib. per square inch, was used for the chords of 
the trusses, to secure the required flexibility without 
great weight. The truss diagonals are of silicon 
steel and the verticals and detail material of carbon 
steel, the stresses in these members being such that 
desirable minimum sections were secured without 
the need of higher strength material. 

A feature of the design is the omission of overhead 
lateral bracing of the top chords of the trusses. In 
place of overhead bracing, which for the span of 
89 ft. would require heavy sections for its own sup- 
port and would produce an extremely unpleasant 
effect zxsthetically, the top chords are restrained 
by cantilever action of the vertical members of 
the trusses. This will be clear from the general cross- 
section Fig 69, page 800. As shown, the verticals 
have been designed flaring out from the top chord 
down to the floorbeams, and this arrangement has 
resulted in a pleasing appearance, and at the same 





time in economy of material. The design subjects 


were fixed in place when the towers were erected, . 





The jack plungers | : 
were 33 in. diameter. Cast-steel shoes machined to | anchorage bents, special connections are provided 
in. radius were attached to them, the shoes | for the transfer of the wind stresses. 
being provided with one end forked and the other | hung on the suspenders by bearings provided for 
single-ended, so that they fitted together, tongue and | the suspender rope sockets on shelf angles near the 
The | 





Suspended Structure.—The stiffening trusses are | The stat a : 
28 feet deep, with panels of 20 ft. 6 in. in the main | Pass is illustrated by Fig. 79, page 810. Delays in 





the top chords to a combination of bending and 
buckling strains. When the floorbeams deflect 
under load on the bridge deck, the verticals are 
deflected, and transverse bending is produced in the 
top chord. At the same time, the compressive force 
in the chord tends to buckle it. The loading of the 
footwalk produces a similar combination of stresses 
in the top chord. A number of such combinations 
were investigated, and a reduction of 3,000 lb. per 
square inch was made in the working unit stress to 
provide for these stresses. 

The floor system consists of steel floor-beams, 
8 ft. deep, riveted to each panel point of the stiffening 
trusses, with 18-inch I-beam stringers spaced at 
3 ft. 10 in. from centre to centre. At every second 
floor-beam, the stringers are supported upon shelf 
angles riveted to the web of the floor-beam, forming 
a “stress expansion ”’ joint, to prevent the stresses 
in the stiffening trusses being participated in by the 
floor system. The lateral bracing of the bridge 
consists of diagonal members connecting the bottom 
chords of the trusses and the floor-beams, beneath 
the roadway stringers. At the towers and the 


The trusses are 


top of the truss verticals, as shown in Fig. 69, and 
the accompanying details. 

The steelwork was erected by the use of elec- 
trically-operated travellers, equipped with two 70-ft. 
booms each, and moving along the bridge deck on 
85-lb. rails, laid on sleepers resting on the stringers. 
Except for the portion of the Philadelphia side span 
over the street, the material was delivered to the site 
on barges and lifted directly into place. Erection 
was begun as soon as the suspender ropes adjacent 
to the towers were in place, and proceeded rapidly, 
the entire suspended structure (18,700 tons) being 
erected between March and October, 1925. Three 
panels of steelwork were required for assembling the 
travellers, and these were erected on each side of 
each tower as the first operation. 

In order to add the load as uniformly as possible 
and avoid excessive distortion of the cables, the 
erection was handled, in general, by four move- 
ments or passes of the travellers. On the first 
pass, the vertical posts, bottom chords, floor-beams 
and the stringers required for support of the 
travellers, were erected. On the second pass, i.¢., the 
return of the travellers to the towers, the truss 
diagonals were erected. The third' pass accom- 
plished erection of the top chords ; and on the final 


This wire | return of the travellers to the towers the track and 
wrapping, together with painting, constitutes the | footwalk brackets, lateral bracing, intermediate 
| stringers and miscellaneous material were erected. 


state of the work during the latter part of the first 


shop delivery of side span truss material, and 
clearance requirements for erection of the top chords 
at mid-span, resulted in slight modification of the 
sequence of operations, but the balance of load 
between side spans and main spans was maintained. 

The stiffening trusses of a suspension bridge are 
designed to have no stress at full dead load and 
normal temperature, and the trusses had been 
assembled accordingly at the builders’ shops and 
the splices reamed. For field riveting, it was 
necessary to bring the various members into the 
same relative positions as they had occupied when 
the connections were reamed. To accomplish 
this result without the use of prohibitive amounts 
of surcharge, partial loadings were used, with the 
roadway slab to provide the necessary weight. 
Small sections of the slab were first poured in the 
side spans, which brought the top chords of the 
side span and the bottom chords of the main span 
into bearing, and these were then riveted. Main 
span slab construction was then proceeded with 
from the towers toward mid-span, which made the 
riveting of the remaining chord splices possible 
until near mid-span, and by the use of two surcharges 
one of 100 tons and one of 200 tons, these splices 
were then brought into line. The diagonals were 
riveted whenever the trusses approached their “ no 
stress” position. It was possible to rivet the floor 
system during all positions of the trusses, as it is 
independent, as already stated, of truss stresses. 
Two interesting parts of the work are illustrated by 












800 ENGINEERING. | [Dec. 28, 1928. 





THE CONSTRUCTION OF THE DELAWARE RIVER SUSPENSION BRIDGE. 








fe Og noe 


ba | 


Fig. 72. 















#9104 


SECTION E.E. 


is Conc. 
a9 1 Sheet Lead Lining x 


| 
| 
| 
| 






2% Dia. Fig. 78 
Fig. 69. *\ SPLIT COLLAR | 
Py + Cast 
7.¢ Sagi 
Sroka 


_ 


8'Ship » 
310° 












































































































































































































> j 
J Rein. Concrete Slab, ag HALF SECTION 
yt BENT N97. 
81s 20.51 | 40 Ox4x 
| WebY ia 
| oe 41S-4x4'x Tig 
: sa ry Web. 29°x 7g 
SECTION A-A. ey | 4US-44'x NYG 
302 I.D. W.S. Pipe ; Hs | 2Webs 2°9'x%5 
————— HE 
Cast ii : NY rn : 
Post | > ! EL+12-0 
s 
= ott ite 
? on x bed a t ar 1 
3 SHE ie “x ' BENT NO7 | I 
Soak a ciniainiaiiii aan ania 
8 oe ae 4 Rein Concrete \; \) |! jy! yi ty il tl Ppa rit 
F Ss ABs INF Hes HTH HE HEEEEL TT 
Sy | es 
ie ins 6 § : A % Se SR AEN TS hae Uouud Fig. 70. 
oe ADE sey. 1'4te'-—- | sn mnilftgcateleee aoe a 570 Roadway: (¥'¢ (3 Oreular Crown) Se an ae Stress Expansion 
Y ‘ei Sa wie a T aoe ing Lg. bars. - "7 244 Asphalt 6 Rein, Concrete Slab "Dein Trusses 445 0.00 0. 6 ctrs.| Joints.8x 38 x19-6 
a ae : = 
e ; Top eI 4 3 i \ : 
Ht onan ' rte Pe é Ss ‘t ord | Hd a 1 iB 8 4 eet} 
H . wh Dorrie” “A web axGh pf Conauicks Bieiagrestt se] Seabe Hop | one 
Web. . * . H H Silicon ff a H7PL18'.%", |< ' 
] 8 0% x% : Ye B H Stell ff M218 x6: ee i 
rt aed ¥ ‘ ‘ uy 2198x6346 38 hn 4 ] 
YW H ‘S sx B fe 4 » os A Fe 288.6. H ‘ 1 
eH & = i ri ; 1L- 7x B42 x Ye 4 Bott.Chord \s' 183 i 
64. PL. 2'2"x 33 Le 
Se wL---—-——-----~---~--890'c. toc. Trusses ---—--—--—--—------=-<--------------- 
i een 128-6Y4 Out to Out-——-——- 
(1093.8) ENGINEERING 
| 
Figs. 80 and 81, page 810. The former shows one | =) 
of the 8-ft. floor-beams being swung into place for | LD. WroughtSteel 9-8/2" Fig. 75. 
riveting to the verticals, while the Fig. 81 illustrates | {rotwalkt .« 
the closing of the top chord of one of the main span | CI.Panels 3 Rein.Concrete Slab 
trusses. 
Floor Construction.—The floor system has been | ” 7 ~--16:038"--44 15:0'=-—-« »%—— 57-0 Road 
LD.W.S: Pipe * ras At 
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Reinforced concrete slab has been used for the | Pe 
roadway, designed for a concentrated axle load of | sonra 2486:6,58 
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to secure the required strength with a light-weight | Track Stringers a 
slab, steel reinforcement providing positive shear | 2411059 2vneng 228 
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were rigid, with high shear resistance, and made | » = SECTION D.D. 
certain the accurate placing of the longitudinal rods, D D Bey 
and at the same time secured greater ease in placing | 2 Webs 7%" 
than ordinary systems of slab reinforcement. The | 2-Webs 5/a” 
slab was 6 in. thick on the main structure, and 7 in. oe 
thick on the approaches. The slab rests directly Prem hes 
on the stringers. G-LS 44 
The specifications :or the reinforcing trusses | Diaphragm 
required that they should be either cut from a} Pu.60 cap ‘ 
solid section or with web members “ positively | LE6x4x°4 
attached” to develop their yield point strength 
(32,000 Ib. per square inch minimum) without 








becoming loose. These requirements were met by | Structural Base fo __feh 
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trusses in which the chord bars were rolled sections, 
and the web bars flats, rolled with projecting lugs 
on each side. In the process of manufacture, the | 
web bars were first bent to the proper shape and | 
then assembled with the chord channels, and passed | 
through a press which forced the flanges of the | 
channels onto the lugs of the web bars. This | 
press action formed a “rivet-grip’’ connection, 
































1 
J} 
J 
7 
5) 
at 


J “ENGINEERING” 











whi 
725 
7 
in 1 
7-ir 
con 
stri 
abo 
bet 
diat 
assi 
of t 
ann 
T 
stre 
pro) 
2,0 
| ae 
in t 
brid 
dist 
on 
the 
assis 
rive 
accc 
dy 
in 
cons 
tong 
mac 
for | 
TI 
are « 
by : 
on ¢ 
atta 
and 
into 
bacl. 
trate 
T) 
slidi 
bloc 
The) 
in t 
plat 
and 
hom 
secti 
Tl 
1}-i: 
appr 
thicl. 














ENGINEERING. 























Fia. 76. Truss REINFORCEMENT OF ROADWAY. 


Approaches.—In order to complete the des- 


which developed the specified strength. A total of | 
cription of the Delaware River Suspension Bridge, 


725,000 linear feet of such trusses were used. 
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bridge for this work, as all the money required 
was not available at the commencement of the work. 


The trusses were spaced 6 in. centre to centre | We propose to conclude this series of articles by | Contracts were awarded as funds were appropriated, 


in the 6-in. slabs, and 7 in. centre to centre in the | reference to the approaches, although these did 
7-in. slabs. They were held in position during | not, of course, present any technical problems of 
concreting by special steel chairs resting on the | moment in connection with their construction. The 
stringers, which kept them at the proper elevation | approaches consist on each side of a series of truss 
above the forms, and maintained exact spacing | spans anda series of girder spans, followed by short 
between the trusses. Longitudinal bars, 4 in. in | lengthsofreinforced concrete roadway between facing 


4 
diameter, completed the reinforcing system, and | walls. On the Philadelphia side there are five truss 
spans and nine plate girder spans, while on the 


assisted in holding the trusses in position. A view 
of this reinforcement in position is given in Fig. 76,/ Camden side on which the approach is longer, 
there are seven truss spans, followed by eight 


annexed. ; 

The specifications required concrete with aj girder spans. The arrangement on the two sides 
strength of 2,500 lb. per square inch, and nominal | differs considerably owing to the fact that provision 
proportions of 1 : 14 : 3 for the 6-in. slab, and | is made on the Philadelphia side for all the tracks, 

which in the future are intended for use by rapid 


2,000 lb. per sq. in. and nominal of proportions 
1:2:4 for the 7-in. slab. The concrete was mixed | transit, and street-car systems being carried down to 
| a subway, whereas on the Camden side the track 


in three central mixing plants, located beneath the 

bridge. It was hoisted to the bridge deck, and | spaces at present terminate at a level, from which 
distributed in l-yd. dump body trucks, operated | they can ultimately be continued by elevated line. 
on a plank roadway. On the suspended spans} he gradients of the approaches are approximately 
the weight of the slab was, as described, used to | 3.2 per cent. for the roadway, and from 3-2 per cent. 
assist in closing the connections of the trusses for | to 5 per cent. for the car tracks. The truss spans 
riveting, and the order of concreting was regulated vary from 170 ft. to 186 ft. in length and the girder 
spans from 78 ft. to 116 ft. in length. Four trusses 


accordingly. 
he main expansion joints, one of which is shown | or girders are provided for each span, in groups 
of two on each side of the bridge over the columns. 


in Fig. 77, are at the towers and anchorages, and 
consist of machine steel castings, which interlock | The latter are in pairs braced together, and between 
| those underthe upper part of the ramps cross-bracing 


tongue and groove. Transverse grooves are 
machined in the top surfaces to provide foothold | ajgo extends from pair to pair under the roadway. 
The columns themselves are of curved tapering 


for horses and to increase tractive resistance. 
The “stress expansion” joints of the steelwork | profile, conforming to the general lines of the main 
columns. The general features of the approach 


are carried through the roadway by the use of 8-in. 
steel work will be clear from Figs. 72 to 75, page 800. 


by 3}-in. bulb angles at the edge of the concrete 
on each side of the joint. These bulb angles are | Of these, Figs. 74 and 75 give elevations at a point 
towards the upper end of the Camden approach, 


attached to the stringers on one side of the joint | 
and the floorbeams on the other side, and are bonded | and Figs. 72 and 73 at the point on the same side, 
at which the truss girders give place to the plate 


into the slab by hook bolts. The nominal distance 

back to back of angles is $ in. This joint is illus- girders of the lower stretch. In Figs. 74 and 75 the 

trated by Fig. 70, page 800. columns supporting the girders are seen with the 
The expansion joints of the approaches consist of | bracing extending between them. This naturally 

sliding plates resting on cast-iron blocks. These | varies with the position. In the lower stretch the 

cross-bracing under the roadway is not required. 


blo ks are machined, with a recess for the plate. 

They are held in place on the slab by stirrups set | [t will be noted that one set of tracks on each side is 
in the concrete. The plate is a }-in. checkered | accommodated directly over the columns, while the 
Plate, fastened by tap screws on the up-grade side, | other is carried on cantilever girders. The foot- 
and sliding on the down-grade castings. The 
hominal opening is } in. to 1} in., for different | 
sections of the approaches. 

The suspended spans are paved with asphalt, with 
1}-in. binder course and a 1-in. top course. The 
approaches are paved with granite block 43 in. 
thick, set in asphalt mastic. 





are carried on taper columns forming extensions of 
the lower outside columns. 
Contracts and  Personnel.—Construction 








walks are raised above all other traffic levels, and | 


| 

| 

was | 

handled by a succession of contracts for various parts | ¢riterion R/8 greater, equal to or smaller than 3, 

of the work. The fact that contracts could be so | is frequently referred to in the book; but there is no 
° ee ¢ P ° ° 

awarded was one of the advantages of a suspension | hint as to its approximate physical meaning to help 


and the work was carefully planned to secure com- 
pletion within the shortest possible period of time. 

The work was under direction of a board of 
engineers headed by Dr. Ralph Modjeski, Chairman 
and Chief Engineer, with Messrs. George S. Webster 
and Laurence A. Ball as associates. Mr. Paul P. 
Cret was architect, Mr. Leon S. Moisseiff, engineer of 
design, and Messrs. Daniel E. Moran, Holton D. 
Robinson and Edward A. Byrne, consulting engi- 
neers. 








NOTES ON NEW BOOKS. 


Tue Introduction to the Theory of Eddy Currents, by 
C. R. Burch and N. Ryland Davis, which Messrs. 
Ernest Benn, Limited, publish in form of a book 
of 72 pages at the price of 12s. 6d. net, is an essentially 
mathematical monograph. ‘The frontispiece shows the 
150-kw. 500-cycle induction furnace for steel charges 
of 350 Ib., installed in the Research Department of 
Metropolitan-Vickers, which we referred to last week. 
The authors discuss the principle of the induction 


| furnace, its mathematical theory, form, behaviour and 


design with particular regard to the preferential] fre- 
quency of coreless induction furnaces. They show that, 
for any coreless induction furnace, there is, if not an 
optimum frequency, at any rate a considerable choice 
of frequencies, above a certain minimum frequency, 
which will give identical efficiencies. The introduction 
of a core acts similarly to an increase in frequency. 
One would therefore expect an iron-cored furnace 
to work at a lower frequency than a coreless furnace of 
comparable overall dimensions, and that is so, the 
authors admit. But the coreless furnace has out- 
standing metallurgical advantages, and its slow develop- 
ment may be due to doubts of its somewhat question- 
able soundness from the electrical point of view. 
Messrs. Burch and Davis rely upon their theoretical 
studies, and their experiments were not the founda- 
tion, but the test of their conclusions. They make 
use of Bessel functions, and have not rendered the 
study of their monograph easy for the general reader. 
The letter R stands, in their formule, first for resistance, 
and afterwards for radius. They speak of three 
parameters as determining the performance of an 
inductance furnace: frequency, thickness of lagging, 
and length and number of turns per cm. of the inductor. 
From considerations of efficiency, and the capital cost of 
condensers and motor generators, it is stated, a fre- 
quency such that R/8> 3, will be found profitable. 


| R is defined as the outer radius of the charge, and 8 as 


J pjA x p uw» where p is the pulsatance and p the 
resistivity of the charge and u its permeability. The 
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the electrical engineer to decide upon a furnace without 
making a full study of the book. Valuable practical 
notes are not missing, and there is also a table of 
impedances, efficiencies, power factors and charge 
data; but the authors do not claim to have done 


more than lay a foundation in determining the most | 


advantageous furnace dimensions. 


We have received a copy of the Oesterreichisches | 


Montan-Handbuch for 1928, which is compiled by the 


Austrian Ministry of Commerce and Transport and | 


issued by the Mine Owners’ Association of Austria. 
(Vienna: Verlag fir Fachliteratur G.m.b.H., 4, 
Vegagasse ; price 12 marks.) This volume contains 
much information and numerous tables of statistics 
relating to the Austrian coal, iron, and metallurgical 
industries. Since 1919 the production of coal in 
Austria has steadily increased from 90,000 tons to 
176,000 tons in 1927. The production of brown coal 
in the same period has fluctuated somewhat, but also 
shows an increase, the figures being 2,217,000 tons in 
1919 and 3,077,000 tons in 1927. Pig iron increased 
fairly steadily from 62,000 tons to 435,000 tons in the 
same period, and steel from 162,000 tons to 551,000 
tons. This last figure does not compare unfavour- 
ably with the 1913 production of 890,000 tons when 
it is remembered that present-day Austria covers a 
very much smaller area than the pre-war empire of 
Austria-Hungary, which included industrial districts 
now absorbed by other States such as Czecho-Slovakia 
and Poland. Hence it is not surprising to find that 
Austria is now compelled to import very considerable 
quantities of coal from outside her present borders. 
The total consumption of fuel in Austria in 1927 
amounted to 8,762,693 tons, of which only about 
170,000 tons consisted of home-produced coal, and 
about 3,000,000 tons of home-produced brown coal 
and 450,000 tons of home-produced gas coke, the 
balance of approximately 5,500,000 tons of fuel being 
imported. Of this, Czecho-Slovakia supplied 1,838,420 
tons, Poland 2,921,286 tons, Germany 724,136 tons, 
and the remainder being made up of small quantities 
from Hungary and Jugo-Slavia (mostly brown coal) 
and negligible quantities from England (1,982 tons), 
Belgium, Holland, and France. 
book includes a number of diagrams illustrating the 
percentage of coal consumed from different sources of 
supply, percentage consumed by the various districts 
(Vienna 29-6 per cent., Steiermark 21-6 per cent.), 
percentage consumed by various services, thus: 
domestic use, 20-63 per cent.; transport, 20-68 per 
cent.; iron and metallurgical industries, 16-14 per 
cent. ; gas, water and electrical works, 17 -O04 per cent. ; 
and other industries, 25-51 per cent. The number of 
fatal accidents during 1927 in Austrian mines was 25. 
The handbook is a reliable source of information, since 
the statistics it gives have all been officially compiled. 
It is intended in future to extend the scope of these as 
necessity arises. 


Dictionaries, more than perhaps any other books, 
require a great amount of research not visible in the 
results, and are exposed on every flank to the shafts of 
both the informed and the uninformed critic. When 
it comes to technical dictionaries the case is even 
worse than usual. Science and engineering are both 
very much alive, and one sign of their vitality 
is a delight in coining new words or in employing 
old words for new purposes. The result is con- 
fusing enough when only one language is concerned, 
but when more than one comes into the picture it is 
often chaos. The compiler of Pitman’s Technical 
Dictionary, Mr. Ernest Slater, is therefore to be con- 
gratulated on which he has achieved in the work which 
Messrs. Sir Isaac Pitman and Sons, Limited, London, 
are now issuing in thirty-six fortnightly parts, at a 
price of 2s, 6d. net per part. Using the English language 
as a basis, he has given the corresponding words and 
expressions in French, Spanish, Italian, Portuguese, 
Russian and German, and though we can find things 
that we would like to see altered and others upon 
which we feel sure there will be differences of opinion, 
on the whole the dictionary is one which can be 
heartily recommended to those whose business necessi- 
tates traffic to a greater or less extent with some 
language other than their own. Personally, however, 
we should have found Mr. Slater's dictionary more 
useful had it been, say, Italian-English and not 
English-Italian, and we hope that even now by means 
of an index, or in some other way, it may be possible 
to make it reversible. This criticism is, we fear, 
fundamental. A great lexicographer once said that 
the extraordinary thing about a dog walking on its 
hind legs was not that it did it well, but that it did it 
at all. This fundamental comment may with equal 
force be applied to anyone who attempts to translate 
even a sentence from his own language into a foreign 
tongue. Ludicrous results from such efforts are 
all too common. While it is desirable that more of 
our trade literature should be issued in foreign 
languages, it is to be feared that the 


ENGINEERING. 


must usually be a native of the country concerned. | 
Such an one incidentally will find this dictionary | 
of the greatest use. Mr. Slater in his compilation | 
had the assistance of a number of able co-workers | 
and has drawn freely on the literature of the | 
countries concerned during the work of preparation | 
with excellent results. We must also congratulate | 
him on his introductory matter, which, both in | 
content and in manner, is excellent. For instance, | 
he says, ‘‘ One of the first things that the technical | 


translator has to do with the original text is totally to | 


| 


general oversight of building construction. With this 
consideration in mind, the little book by H. J. Leaning, 
on “ The Supervision of Building Work, and the Duties 
of a Clerk of Works,” published by Messrs. Batsford. 
Limited, at 5s. net, should be appreciated. The 
information given is clear and specific, and is evidently 
the outcome of long experience of building operations. 
Discussion of the qualifications of the model clerk of 
works, and of the supervision of work, leads up to 
detailed information relating to the various trades en- 
gaged upon buildings. As no one man can be expected 


dissociate the meaning from its method of presentation.” | to have complete knowledge of all the various crafts, 
That is very true, so true that we would go a step | the information in this book should be of considerable 
further and say that the duty of the translator is to | use to one taking up a position controlling works in 
| find out what the original author means and then | progress. There may be some differences of opinion 


express it in his own words. 


‘from making any detailed criticisms of the dictionary 


_ assumed to be non-liquefiable, from liquefiable vapours. | 
Some fifty years | 


itself for the two reasons, that it is not yet complete, 
and that the true value of such a work can only be 
discovered by using it. We see no reason to suppose, 
however, that in final test it will not be satisfactory. 


The word gas was created by Helmont, who died 
1644, to distinguish fluids like air and carbonic acid, 


But that belief was soon shaken. 
later Boerhave tried to solidify air, and within two 
hundred years, it was clearly demonstrated that the 
vapour and gas conditions, and the states of aggrega- 
tion generally, were merely questions of temperature 
and pressure. After 1800, the term gas meant coal 
gas for the ordinary man, and the many technical gases 
of our days were for a long time indeed chiefly laboratory 
gases. But some of these technical gases and processes 
are so directly the outcome of the coal gas industry 


| that it is hardly possible to keep the discussion of 


Part II of the Hand- | 


translator | 





coal gas, which has an ample literature of its own, 
out of a book on technical gases. That was the 
unacknowledged difficulty of Dr. Franz Muhlert, of 
Gottingen, and Dr. Karl Drews, of Berlin, in their 
volume on Technische Gase, ihre Herstellung und thre 
Verwendung (Leipzig; S. Herzel; price 22 marks). 
Combustible gases from coal and oil, carbonisation and 
the distribution and uses of gas practically occupy three- 
quarters of the 416 pages of the volume. Some of the 
sections, e.g., those on internal combustion engines 
and on gas testing, could hardly be satisfactory in 
their brevity, but one cannot say that they should 
have been omitted in a volume which deals also with 
gas applications. The first part of the volume on the 


generation of gases discusses simple gases and gaseous | 
fuels and their sources. The simple gases treated are: | 


the carbon oxides, hydrogen, methane, acetylene, 
sulphur oxides, chlorine and hydrochloric acid, ozone, 
hydrocyanic acid, nitrogen oxides and gaseous blasting 
and propelling agents. More about these and other 
simple gases is given in the next chapter on gas 
condensation, liquefaction, and refrigeration. This 
chapter is by Dr. Drews, and it may be owing to the 
dual authorship, that oxygen is dealt with only in 
this chapter, and that the barium peroxide process 
is not mentioned at all. 
the inert gases, helium, neon, &c., either. On the other 
hand we find ample references to the most recent 


| complex catalytic process in the pages on the generation 
of hydrogen and carbon compounds, and on the latest | 


coal processes, and the central long-distance supply of 
coal gas and coke oven gas in the Ruhr and Saxon 
districts are duly noticed. The book is full of detail, 
ably summarised from a broad practical standpoint ; 
it is well-illustrated both with diagrams and photo- 
graphs, has full references, and can warmly be 
recommended to engineers. 


The subject of electrical transmission by overhead 
lines is one that is receiving a good deal of attention 


at the present time, and its various phases are being | 


subjected to considerable comment, both well-informed 
and otherwise. It is desirable therefore, in a famous 
phrase, that engineers should free their minds from 
cant in this matter, especially as in future an increasing 
number of them will find their activities diverted 
from generation to the new, but not less interesting, 
branches of transmission and distribution. To assist 
them to do this, and to help them to acquire reliable 
information, they may as a start be recommended to 
study Electrical Transmission and Distribution, which 


is edited by Mr. R. O. Kapp, and is being published | 


by Messrs. Sir Isaac Pitman and Sons, Limited, in 
about thirty weekly parts at a price of ls. per part. 
As only one of these parts has been sent for our com- 
ment it would be useless to attempt a critical review, 
and we must content ourselves with saying that the 
list of subjects to be covered, no less than the roll of 
those who are to deal with them, seems to offer assur- 
ance of a valuable work of reference in the not too 
distant future. 


There is probably no other calling in which a know- 
ledge of so many crafts is needed as that involving the 


There are no references to | 


We have refrained | as to the propriety of the author’s recommendations on 


| particular points of practice, but this, it must be 
| admitted, is to beexpected, with respect to such a variety 
| of operations. Remarks upon the preliminary training 
|of a clerk of works are much to the purpose, and 
| particulars are given of the requirements for such 

appointments under various authorities, with indica- 
| tions in some detail of the nature of the tests by 
| examination for some of these. : 


| A growing custom in the engineering trades, which 
| has set in not before it was wanted, is to employ persons 
| of engineering training in the commercial branches 
|of the work. Both manufacturers and their customers 
| have found advantage from this practice, and many 
| are likely to be interested in the light thrown on this form 
| of activity in The Sales Engineer (Mining Publica- 


| tions, Limited: 10s. net) in which Mr. Gilbert Rigg 
| gives a lively account of some of his own adventures as 
|a sales engineer for an American company making 
|zine and its products, and selling sulphuric acid and 
| spiegeleisen. Mr. Rigg had previously acted as the 
| head of the research department of the firm, and it will 
|come as news to some of his readers that the sales 
| engineer has nothing to do with selling. His function 
|is to be a technical ambassador. He looks after the 
| well-being of his company’s products when they have 
|found their way into the hands of their customers, 
| provides the customer with such guidance as to their 
| use as he may not happen to have himself, and tries 
| to get at the facts when anything goes wrong, and in the 
| discharge of his duties has constantly to be acquiring 
| information in regard to the technique of the manu- 
| facture to which his firm’s products are applied. Thus 
| customers quickly got to find Mr. Rigg a useful man with 
whom to take counsel in times of technical trouble, 
and on occasion would adopt unworthy subterfuges 
to procure his present attendance and help when it 
might otherwise have been delayed. The stories of his 
travels, the many connections in which zine and its pro- 
ducts may be used, and the variety of opportunities 
that may arise for difference of opinion when explaining 
defects of the manufactures into the composition of 
which these substances are made to enter are numerous, 
instructive, and sometimes diverting. Zinc oxide in 
enamel varnish and again in linseed-oil paint, zinc-oxide 
paint on galvanised iron, zinc oxide again as a filling in 
the rubber industry, zinc in the manufacture of gal- 
| vanised sheet and wire and in Sherardising, the troubles 
in rolling zinc which may or may not be due to the 
presence of cadmium, the use of insufficiently pure zinc 
for casting purposes, and the influence of season 
cracking, are among the subject with which the book 
deals. It is supplemented by very sensible chapters on 
sampling and assaying, advertising, and on the exchange 
of information which occurred on a_ standardising 
|committee. ‘It was,” says Mr. Rigg, “ an intensely 
interesting game, and I enjoyed it thoroughly.” The 
reader will probably say as much of his narrative. 
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| British WATERWORKS YEAR BooK AND D1ReEcToRY, 
| 1928.—The second edition of the British Waterworks 
| Year Book and Directory with Statistical Tables has 
| recently been published by the British Waterworks Assoc- 
| iation (Incorporated), 173, Rosehery-avenue, London, 
| E.C.1, the first issue having appeared in January, 1927, 
| and covering the previous year. The work is generally 
| similar to the previous issue, the contents being arranged 
into three principal sections, namely, directory, statistical 
| data, and. general information. Changes, of course, 
have been made wherever necessary to bring the intor- 
mation up-to-date, and the number of pages has been 
increased by approximately 50 per cent. by the addition 
of new items. The value of the directory section, which 
gives full particulars of all waterworks undertakings In 
alphabetical order, has been enhanced by cross-referencing 
the names of the larger towns and places within the limits 
of supply of the larger undertakings. The statistical 
tables furnish information regarding sources of supply, 
extent of catchment areas, filtration works, service 
reservoirs, estimated populations and the average daily 
quantities supplied, comparison of annual domestic 
charges for residential property, &c., and the general 
|information contains lists of the committees, boards 
and councils, &e., concerned with, or interested in, water 
supply. The price remains at one guinea net. 
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MACHINABILITY.* 
By E. G. HERBERT. 
(Concluded from page 792.) 


\’.—Truncated and Compound Tools.—The observa- 
tions detailed in Section II of the essential differences 


between the cutting actions of obtuse-angle and acute- | : ; a 
| but a permanent built-up edge is formed, of characteris- 


angle tools, led to the inquiry whether it might not be 
possible to devise a form of tool which should combine 
the advantages of both, that is the free-cutting proper- 
ties of the acute tool, with the faculty of acquiring a 
permanently protective built-up edge possessed only 
by the tool of obtuse angle. The primary condition for 
success of any tool form differing from that established 
by general usage is that it must not entail any difficul- 
ties in the tool room. Klopstock has suggested a tool 
in which a hollow is formed immediately behind the 
cutting edge, the intention being to facilitate the flow of | 
the chip, to reduce the vertical force and the generation 
of heat which are the primary causes of the failure 
of the tool. 

There is no reason to doubt the claims for increased 
efficiency and increased output due to the higher 


Fig. 10.—Truncated Tool. 
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Fie. 14. Hacksaw CHIP. 


cutting-speeds which can be used with the Klopstock 
tool, yet, so far as can be ascertained, this tool has not 
been adopted extensively, and the probable reason is 
the difficulty, real or imaginary, of grinding a tool to 
this form. The tool forming the subject of the present 


inquiry is shown in Figs. 10, 11 and 12, and the various | 


combinations of rake angles and edge widths are given 
in Table IT. 
_ The process of preparing the tool consists simply 
in grinding a small flat on the top face of the 
tool at a more obtuse angle than the main top rake. 
All the tool forms comply with the condition stated 
above. They can be ground without any difficulty 
whatever, either by hand or on an automatic grinder, 
the extra grinding time being insignificant. All the 
tools had a principal top rake of 35 deg. Secondary 
takes were ground at 0 deg., 10 deg., and 20 deg., and 
the widths of the flats so formed varied from 0-4 mm. 
to2 mm. 

The conclusions drawn from these experiments are 
that, when the truncated or compound edge has a width 
of more than 0-5 mm., the resistance to cutting and the 


—— 





* Cutting Tools Research Committee. Report on 


| tic layered structure. 
| over the edge of the tool, so as to protect it completely 
|from contact with the work. 


ENGINEERING. 
generation of heat are increased. There is also distor 
tion and undue hardening of the chip. With truncated 
or compound tools 35 deg., 0 deg., 0-4 mm.; 35 deg., 


| 10 deg., 0-4 mm.; and 35 deg., 20 deg., 0-4 mm., no 
|such extra resistance occurs; the cutting action and 
|the character of the chip are quite normal and indis- 


tinguishable from those obtained with ordinary tools, 
This built-up edge is hooked 


Temporary built-up 
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before the permanent edge has been built up, such a 
tool would continue cutting indefinitely and would 
never become blunt. Whether the principle of the 
compound tool can be applied to roughing tools for 
heavy centre lathe work is a question that has not 
been investigated. It is generally supposed that 
roughing tools must be ground to somewhat obtuse 
angles, in order to give them strength to resist the heavy 
vertical force and to provide adequate section to 
conduct away the heat. For these reasons, the com- 





pound tool may be found inapplicable to heavy roughing 


Fig.13.—Maci inability measured by Rate of Sawing and by Blunting of Saw. 







































































10) iH 
\ 
I 
4 BLUNTING OF SAW i 
3 INCREASE OF STROKES i! 
= IN 8 CUTS - 
2 50 
m i 
3 + 
m 
g i i 
i! 
' 
300 O+- 40 — t 
1 
| 
! 
| 
o =] | 
3 > | 
o 3 j 
2200 4 S30 
a z 1 
ys ! 
» 4 J) 
= NQ 
o m 
8 = be dil 
z 2 STROKES AT SECOND CUT 
oOo o 4 4 4 4 4 rt 
100 —4 320 
re) re 
> a 
ORIGINAL HARDNESS 
Zee 
o— 104 i oA OR iol ee 
wo (26tM! oct | 4ea | cea | i688 l2swtrl 24pG! rect | sea | tect | ory | i2aw 
BAR No (eee sea 10CL 22WTF 25PG  2CL 17H ICL. 15BB. 20CL 21CL 13AW 
(uze.t,) 


Bar No. 16 BB. Fia. 15. 


TABLE IT.—T'runcated and Compound Tools. | 


Top Rake 35 deg. 


Edge Rake. Edge Width, | Chip and Pitch of 


Mm. Ridges. 

Deg. | 

20 2 | Straw coloured, } in. 
20 1 Very bright, } in. 

10 1 | Straw with blue edges, 

din. 

0 1 Much serrated. 

0 0-4 Normal chips, } in. 
10 0-42 % 7 4 in. 
20 0-4 »» irregular. 





edges are formed and slip off the back of the permanent 
| edge exactly as they do from an acute-angle tool of the 
| ordinary form, and the direction of flow of the chip is 

such that it does not come into contact with the tool, 

even after leaving the permanent built-up edge. With 
| the 35 deg., 20 deg., 0-4-mm. tool, the built-up edge 
|appears to be less permanent in character, with a 
| tendency to slip off the tool. The best results appear 
| to be obtained with the 35 deg., 10 deg., 0 -4-mm. tool. 


Machinability. Read before the Institution of Mechanical | It would appear that apart from the slight amount of 
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| wear which must take place in starting the cut, i.e., 
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work, but it should be pointed out that the acute angle 
| would tend to reduce both the vertical force and the 


~ {evolution of heat, whilst the compound tool would 


| acquire a permanent built-up edge completely pro- 
| tecting it from the rapid blunting which would take 


| place with an acute edge of the ordinary from. It is 


| proposed to make the compound roughing tool the 
| subject of further investigation. 

| VI.—Sawing Tests.—In order to obtain a further 
| measure of machinability, and to check the conclusions 
arrived at in the preceding sections, ten cuts were 

made through each test-bar on a power hacksaw machine, 
the number of strokes taken in each cut being counted. 

The machine used was a “ New Rapidor” machine 
of 6-in. capacity and 6-in. stroke, fitted with three- 

speed gear, and with a counter operated from one of 

the slide-bars. Preliminary tests having shown that 

all the test-bars could be cut at a speed of 94 strokes 

per minute, this speed was adopted for all cuts. A 

cooling medium, consisting of water with washing soda 

in solution, was used on all bars except cast iron, which 

was cut dry. The spring loading mechanism was set 

at position 7 for all cuts, and the oil dashpot was 

adjusted so that the saw frame, when in the forward 
position, fell from the highest to the lowest position 

in 13 seconds. The whole of the cutting was 
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type of 18 per cent. tungsten high-speed steel, and 
provided with the Evans patent set extending into the 
body of the blade. This set allows the blade to be 
sharpened repeatedly without loss of side clearance. 
The blade was sharpened on an automatic saw-blade 
grinding machine before the commencement of cutting 
on each test-bar. The teeth were automatically 
sharpened to a top rake 0 deg. (the front face of the 
teeth being at right-angles to the axis of the blade), 
and a clearance angle of 32 deg. 

As to procedure, the speed and dashpot adjustment 
having been checked and the counter read, the machine 
was started and the saw frame allowed to fall under 
control of the dashpot. The counter was put into gear 
as the saw came into contact with the work, and was 
thrown out of gear on the completion of the cut. Ten 
cuts were made through each bar, and in several 
instances the first cut with the newly-sharpened blade 
took a few more strokes than the second cut. It was 
therefore decided to take the number of strokes in the 
second cut as the measure of machinability, and to 
take the difference between the number of strokes in 
the second and tenth cuts as the measure of blunting. 
In several instances this difference was negative, that 
is to say the tenth cut was made in a few less strokes 
than the second. This gain in rate of cutting is attri- 
buted to the “ built-up edge”? phenomenon referred 
to later. The results of the sawing tests are plotted in 

‘ig. 13. Referring to the middle curve in Fig. 13, this 
is seen to confirm the curves of chip hardness in Fig. 8, 
page 791 ante. It is clear that machinability, judged by 
resistance to sawing, is unrelated to the original hardness 
of the metal. The most difficult steels to saw are the 
soft stainless steel 16BB and soft manganese steel 17H 
which could not be cut with the saw. Both these 
steels had an abnormally high chip hardness and in- 
duced hardness. 

The easiest of all the test-bars to saw was the cast 
iron 8RH, which had a high original hardness, a very 
high induced hardness measured with the pendulum, 
but whose chip hardness was lower than that of any 
other test-bar. Thus cast iron conforms with the Law 
of Machinability. Certain anomalies appear, the most 
interesting of which are shown by the Bessemer steel 
bars 1CL and 2CL. These bars were of the same 
steel, but 1CL was in the annealed state and was the 
softest of all the steels, while 2CL had been normalised 
and was much harder. The softer bar not only took 
longer to cut than the harder, but had a greater blunting 
effect on the saw. The figures are :— 


Original. Strokes. Loss of strokes 
hardness. percut. in 8 cuts. 
1CL annealed 12-5 191 46 
2CL normalised .... 17-0 151 2 


In this connection, particular interest attaches to a 
remark made by Sir Henry Fowler in discussing the 
author’s ‘“‘ Report on Cutting Temperatures” in 1927. 
Sir Henry Fowler said* that ‘in his own works they 
always heat-treated nuts in order to cut them freely.” 
In the present case, the normalised steel cut more freely 
and damaged the tool less than the softer annealed 
steel. In order to investigate this matter further, a 
microscopic examination was made of chip formation 
in sawing. The machine was stopped in the middle of 
a cut and sections were made through the chips which 
were found attached to the bottom of the cut when the 
saw was lifted out. Photographs of the hacksaw chip 
formation provide the explanation sought for. On the 
hacksaw as on the lathe, cutting is not done by the 
tool but by the built-up edge. The efficiency of the 
cutting action depends less on the “ artificial”? cutting 
angles imparted to the tool by the workman than on 
the ‘“‘ natural” cutting angles of the built-up edge 
which actually does the work. In two cases of annealed 
steel and normalised steel, respectively, the “ artificial ” 
top-rake angle of the saw tooth was the same, namely 
zero. The ‘natural’ top-rake angle of the built-up 
edge was, in the case of the annealed steel, 6 deg. This 
gave inefficient cutting, great distortion and probably 
great work-hardening of the metal, and short chips 
nearly at right-angles to the cut surface, and consequent 
high resistance to cutting and damage to the tool. In 
the case of the same steel in the normalised condition, 
the *‘ natural’’ top-rake angle of the built-up edge was 
26 deg. This gave efficient cutting, a free-flowing 
curled chip with little distortion, slight resistance and 
little damage to the tool. 

The same principle is illustrated by the hacksaw chip 
in chrome-vanadium steel 4EA. There was no dis- 
tinguishable built-up edge, the action was less one of 
cutting than of pushing the metal off in irregular lumps, 
there was great distortion, great resistance, very slow 
cutting, and considerable damage to the tool. When 
cut on the lathe with an acute-angle tool, this steel 
was cut at the standard speed with normal chip forma- 
tion, and the usual temporary built-up edge. The chip 


° Proc. FA Mech. E., 1927. vol. ii, page 899; also 


ENGIvgagrRinaG, vol. oxxiv, page 755. 





hardness was, however, notably higher than the maxi- 
mum induced by the pendulum as mentioned in 
Section IV. The same steel treated to a greater degree 
of hardness, bar 5EA, offered a much lower resistance 
to sawing and had an abnormally low blunting effect 
on the saw, Fig. 13, but judged by the lathe tests, 
Fig. 8, the harder bar 5EA showed a low machinability 
and could only be cut at a reduced speed. 

The principle is still further illustrated by the hacksaw 
chip in wrought iron, 26LM. In this case, the “ natural” 
top-rake angle of the built-up edge is no less than 52 deg. 
The cutting done by this very acute natural tool, of 
only 38 deg. cutting angle, is highly efficient, the strokes 
per cut being lower than for any test-bar except cast 
iron, and the blunting effect in eight strokes zero. 
Wrought iron is usually regarded as a difficult metal 
to cut by the hacksaw, probably because of its tendency 
to clog the teeth of the saw. The blade used in the 
present tests had ample clearance and coarse pitch, 
(6 teeth per inch) which accounts for its freedom from 
clogging. The same type of saw has been found to give 
efficient service in cutting pure aluminium, another 
metal with a bad reputation with regard to machining. 

Figs. 14 and 15 show the cutting action of the hack- 
saw on stainless steel 16BB. In this case, the “ natural” 
top-rake angle is 35 deg. This was the angle of the 
tool used in the lathe tests. The discovery here dis- 
closed, of the all-important réle played by the built-up 
edge, not only in cutting with roughing tools of some 
what obtuse angle, but also when cutting is done with 
acute-angle knife tools and with right-angle saw teeth, 
throws light on the whole subject of ‘‘ the art of cutting 
metals.” It explains how tools of such apparently 
inefficient form as taps, screwing dies, broaches, saws, 
and milling cutters, are, in practice, capable of highly 
efficient cutting. It may explain the anomaly that, in 
a series of cuts with a saw, there was, in some cases, a 
progressive increase in the rate of cutting, measured 
by the number of strokes per cut. There can have 
been no negative blunting effect, but there may have 
been a slight alteration in the tooth shape, rendering 
it more favourable to the building up of an efficient 
natural’? cutting angle. It is significant that the 
progressive decrease in strokes per cut was most 
marked in the second hardest of all the specimens, the 
80-ton steel 1ZAW. In this case, the tenth cut actually 
took six fewer strokes than the second cut (Fig. 13) 
and thirteen strokes fewer than the first cut with the 
perfectly sharp saw. The advantages that may be 
obtained by deliberately blunting a cutting tool are 
dealt with in Section V. 


CONCLUSIONS. 


(1) Machining processes change the physical pro- 
perties of metals to which they are applied. No 
quantitative relationship can therefore exist between 
the machinability of metals and the physical properties 
which they originally possess and which have not 
been changed by machining. (2) Since metals differ 
in their capacity for being hardened by deformation, 
and machining processes differ in respect of the degree 
of deformation they produce, machinability is not an 
attribute of metals which can be considered or measured 
apart from particular machining processes. (3) The 
hardness of the chips removed by a metal-cutting 
process indicates the hardness induced in the metal 
by that process. It takes account of both the charac- 
teristics of the metal and the character of the machining 
process, and is a measure of machinability. (4) The 
original hardness of metals gives no indication of 
machinability. The maximum induced hardness 
measured by the Pendulum work-hardening test gives 
a general indication in the case of ductile steels, but 
none in the case of brittle metals such as cast iron, 
which are separated without deformation of structure. 
(5) No quantitative relationship exists between the 
speed at which a metal can be cut, the resistance it 
offers to the cutting tool, and its blunting effect on the 
tool. A general correspondence has been found, 
but subject to important exceptions. (6) In metal- 
cutting operations, whether conducted with acute- 
angle or obtuse-angle tools, the actual cutting is done 
by the built-up edge which begins to form immediately 
on the commencement of cutting. The efficiency 
of the cutting process, and therefore the machinability 
of the metal, depends on the natural angles of the 
built-up edge rather than on those of the tool which 
serves to support it. (7) Very soft steel offers greater 
resistance to cutting and has a greater blunting effect 
on the tool than similar steel which has been made 
harder by heat-treatment. This may be attributed to 
the less efficient natural cutting angles of the built-up 
edge formed in cutting the softer steel. Highly efficient 
natural cutting angles have, however, been found, 
and highly efficient cutting obtained, in soft wrought 
iron. (8) The edges built up on acute-angle tools 
are of a temporary or semi-permanent character, being 
formed and discarded as often as fifty times per second 
in some cases. Obtuse-angle roughing tools, when 
used in continuous cutting, form permanent built-up 








edges composed of many layers welded together and 
firmly attached to the tool. Obtuse-angle tools used 
for intermittent cutting, such as saw teeth, form buili- 
up edges which are generally temporary. They may 
be fully formed in one-tenth of a second or less and are 
generally discarded and built up afresh at each strok 
of the saw. (9) Acute-angle tools may be caused to 
form permanently protective built-up edges by grinding 
them to a truncated or compound-angle shape. The 
obtuse-angle which is to retain the permanent built-wp 
edge should not extend more than 0-5 mm. back from 
the tool edge. (10) A power hacksaw with permissive 
feed and a standard sharpened saw blade provide a 
convenient means of measuring machinability in the 
workshop. Caution must, however, be exercised in 
applying results obtained by this or any other cutting 
process to cutting operations in which the conditions 
are dissimilar. 








ATMOSPHERIC POLLUTION. 


THE most notable feature of the thirteenth report 
on atmospheric pollution, viz. that for the year ending 
March 31, 1927, is, perhaps, the announcement that it is 
the last to be issued by the Meteorological Office Com- 
mittee on the subject. Until now, the work has been 
conducted on the basis of observations made by a 
number of local authorities and other bodies, who 
maintain gauges and other appliances at their own 
cost. It was thought, however, that upon the termina- 
tion of the existing arrangement in March, 1927, 
provision should be made for developing the research 
side of the work, and sufficient promises of financial 
support were received from the bodies who at present 
make the observations to justify the transfer of the 
inquiry to the Department of Scientific and Industrial 
Research on its usual pound for pound basis. Adminis- 
tratively, special researches directed towards the solu- 
tion of the scientific problems of atmospheric pollution 
will be an addition to the responsibilities of the Director 
of Fuel Research. The researches will, however, be 
supervised by a small specialist committee of the 
Department, with the Director of the Meteorological 
Office as chairman, and including Sir Napier Shaw and 
other members of experience in the subject. The con- 
tinuity of the observations will be secured by the 
services of Dr. J. S. Owens, who will act as Superin- 
tendent of Observations. 

The present report adopts the same form as its pre- 
decessors. The largest body of observations are those 
obtained from 79 deposit gauges maintained at different 
spots by 34 authorities. They show, as before, very wide 
variations both in the amount and the composition 
of the deposits, but up to now it does not seem to have 
been possible to extract results of general significance 
from the figures. It is, indeed, pointed out in the report 
that even relations between the figures which may seem 
to suggest a possible causal connection may readily be 
the result of chance. It happens, for instance, that the 
month of highest deposit occurs often immediately 
before or after the month of lowest deposit, but on 
examination it is found that, in this instance, ‘* often’ 
seems to be about once in five times, which is exactly 
the ratio which would occur if the distribution were 
purely fortuitous. A class of inference based on the 
observations which have some practical importance 
is that which is derived from the classification of the 
districts according to the amount of the mean monthly 
deposit, both of total solids and of individual con- 
stituents. The range is so great that the maximum 
weight of total solids and of each individual constituent 
carried by atmospheres of the purest class is not more 
than a fifth of that found in those of the most highly 
charged class. The stations are divided into four classes 
covering this range, and a comparison of the figures 
through the years from 1914-15 to those of the present 
report shows a marked overall improvement. In the 
first of these years, only 2 per cent. were of the A or 
purest class, as against 13 per cent. in the last two years, 
and the B class, with some fluctuations, has increased 
from 52 per cent. to 74 per cent. These changes are 
due mostly to the decrease in the C class, which, from 
forming 42 per cent. in the first of the years under 
notice, fell to 9 per cent. in each of the last two years. 
The D, or worst class of all, has a somewhat erratic 
history ; from 4 per cent. in the first year it increased 
by 1 or 2 per cent. per annum in each of the next three 
years, for the next two years dropped to 4 per cent., 
and disappeared altogether in the three following years, 
after which, for some reason, it reappeared, and in the 
last year stood at the same figure as in the first. No 
great quantitative significance can, of course, be att ached 
to percentages reckoned on so small a number of 
stations, but, as a whole, the figures show a marked and 
steady improvement in most parts of the country. 
while exhibiting some parts of Newcastle and Burnley 
in a bad eminence, which might possibly be shared by 
other cities if the stations were distributed more wicely. 

At a few stations, automatic filters have been obser vet l, 
showing the amount of smoky pollution, as measured 0? 
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Fig. 4.. Orr-SIpE oF ENGINE. 


a standard scale of shades of black and white. The 
coal stoppage in 1926 showed somewhat strikingly the 
effect on the purity of the atmosphere which is pro- 
duced by coal as now burnt. In London, any effect: of 
the shortage of coal seems to have been offset by the 
smoky character of much of the coal which was im- 
ported. In Stoke-on-Trent, on the other hand, the 
shortage was much more acute, and between May 5 and 
October 13, 1926, the average smoke impurity in the air 
was less than half that in the corresponding period in 
1925. By a simple arrangement devised by Dr. Owens, 
an examination was made of a dense summer haze at the 
seacoast in Norfolk, which was found to consist prac- 
tically entirely of crystallised salts. A beginning was 
made of observations in regard to the effect of smoke 
pollution in obstructing the passage of ultra-violet 
rays. From the observations made, which do not 
appear to have been numerous, it seems that any 
pollution above that corresponding to the lowest 





shade is sufficient to prevent any appreciable amount 
of ultra-violet radiation from reaching the ground. 
It is suggested that, from the point of view of the public 
health, observations of this kind would enable a standard 
of maximum permissible smoke pollution to be based 
upon rational grounds. 








Pustic Works IN THE CANARY ISLANDS.-—The 
Department of Overseas Trade has received a report from 
His Majesty’s Consul in Teneriffe regarding various build- 





ing developments and public works schemes, either in 
progress or at present under consideration, in the Canary | 
Islands, including the proposed construction of a new | 
university and school buildings, at an estimated cost of 
two million pesetas. A copy of the report, together with 
lists of likely importers of building and constructional 
materials in the Canary Islands, can be obtained by 
firms interested in the export of British materials, on 
application to the Department at 35, Old Queen-street, | 


' London, 8.W.1. \ 


DOUBLE - ACTING HIGH - SPEED 
INTERNAL-COMBUSTION ENGINE. 


THE internal-combustion engine, in the course of its 
evolution, has been the subject of many attempts to 
apply its principles in the form of a double-acting 
engine analogous to the ordinary type of steam engine, 
the advantages of which have always been clearly 
recognised. Hitherto, however, satisfactory results 
have only been achieved when very moderate speeds 
have been attempted. Perhaps the greatest difficulty 
associated with the design of a high-speed engine of 
this type is that of adequate cooling, particularly if 
a stuffing box is employed for the piston rod, and in 
the Biga engine, made by Mr. E. G. Hohe, Speersort, 
3, Hamburg, this difficulty is met by employing a 
double-ended piston of the crosshead type, as shown in 
Figs. 1 and 2, on this page. Moreover, it was sought 
to produce an engine presenting no radical departure 
from accepted practice, and not calling for any special 
processes of manufacture, but offering, on the other 
hand, distinct advantages in regard to size, weight, 
and production cost, even when compared with normal 
single-acting engines of similar power. In the par- 
ticular design depicted, which is for a small engine 
developing about 20 brake horse-power at 2,300 r.p.m., 
the pistons, piston rods and crossheads form one piece, 
but for larger engines, the pistons and rods may be in 
one piece pivoted on the crosshead pin, or the rods 
may be provided with big-end and small-end bearings 
in the usual way, although they will not oscillate 
under any circumstances. Each crosshead is connected 
to the crankshaft by two connecting rods, as shown in 
Fig. 2. 

Although there is a greater reciprocating weight in 
each double cylinder of the Biga engine than in that 
of an ordinary single-acting engine of the same power, 
having trunk pistons and twice the number of cylinders, 
the total weight of the reciprocating mass of the Biga 
engine is approximately 40 per cent. less. Of course, the 
design compares very favourably in this respect with a 
double-acting engine of conventional form, in which a 
crosshead is essential. In common with the latter type, 
the crosshead slippers take all the side thrust due to 
the obliquity of the connecting rods, leaving the piston 
free to float within the cylinder, so that the only friction 
between the piston and cylinder walls is that due to the 
piston rings. Although, in the engine illustrated in 
Figs. 1 and 2, the space between the pistons is open 
to the crankcase, it could be enclosed without any 
great difficulty, when it would serve as a pump chamber 
for scavenging air, for supercharging, or for the initial 
compression of the air when operating the engine on the 
two-stroke cycle. In such an event, various forms of 
construction are possible. For instance, the combus- 
tion air may be drawn partly from the atmosphere and 
partly from the crankchamber, the last-named portion 
being saturated with oil mist in sufficient quantity to 
lubricate the cylinder walls. The latter require but 
slight lubrication to maintain the piston rings in good 
condition, and since the piston does not bear on the 
cylinder walls, no more oil is required on full than on 
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light loads. After abstracting the heat from the piston, 
the combustion air, thus preheated, is drawn or forced 
into the combustion space through the slots in which 
the small ends of the dual connecting rods move up 
and down, leaving the cylinders by the slots facing 
those by which it entered. In other cases, where the 
slipper has been formed as a pumping piston, only the 
lower half of the piston would be in communication 
with the crankcase, the upper half being part of the 
pump cylinder. In such a case, the slipper would be 
externally guided. From the foregoing, it will be 
clear that the path of the slipper is not exposed to the 
high temperatures to which the piston proper is sub- 
jected, and that air is continually circulating in the 
interior of the piston, irrespective of the design of the 
slipper and the auxiliary purpose which it may serve. 
Similarly, it is an easy matter to supply the slipper 
and gudgeon-pin with a copious flood of cool clean 
oil. The general principle permits of considerable 
latitude in design, but it may be noted that the piston 
crowns can be kept shorter than those of an ordinary 
engine, and, in view of the relatively low stress to 
which they are exposed, they can be made of the 
lightest materials. 

A single-cylinder engine, running on petrol and 
developing about 12 brake horse-power, was the first 
to be built, and, as a result of an encouraging re- 
port on tests carried out by Professor Dr. Weisshaar, 
of Hamburg University, a second experimental engine, 
having three twin cylinders and developing about 
45 brake horse-power at 1,800 r.p.m., was constructed. 
Photographs of this engine are reproduced in Figs, 4 
to 12, on page 805 and on this and the opposite pages, 
while Figs. 1 to 3, as already stated, show the latest 
engine, developing 20 b.h.p.. at 2,300 r.p.m. It will 
be seen that the latter engine differs in detail con- 
struction from the one shown in the photographs, 
although the general arrangement of the pistons, crank- 
shaft, valve gear, and so on, is the same in the two cases. 

The 45-h.p. engine as a complete unit is shown in 
Fig. 4, while various details are illustrated in Figs. 5 
to 12. The complete cylinder block is made up in three 
parts. The upper part, containing the three top 
cylinders, is shown in Figs. 5 and 8, the latter showing 
the under side. The cylinder walls project a short 
distance below the block, and are surrounded by a 
spigot, as shown in both figures, and these spigots 
register with the top of the slipper guides in the middle 
portion of the cylinder block, shown in Figs. 6 and ¥. 
The slipper guides are cylindrical, and, as will be evident, 
are of larger diameter than the cylinders proper. The 
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bottom portion of the cylinder block, illustrated in 
Figs. 7 and 11, contains the three bottom cylinders, the 
walls being again extended to register with a spigot 
on the underside of the middle portion. 

The most important respect in which the engine 
shown in the photographs differs from the later model 
illustrated in Figs. 1 to 3, is in the arrangement of the 
crosshead. It will be seen from Figs. 1 and 2, that 
the crosshead pin is of a greater length than the bore 
of the cylinder forming the crosshead-slipper guide, so 
that the latter is completely cut away at the sides, and 
there is no wall of metal between the connecting-rods 
of adjacent cylinders. In the earlier engine, however, 
the bore of the crosshead-guide cylinder is sufficiently 
large to accommodate the crosshead pin. The con- 
necting-rods, one of which is illustrated in Fig. 12, are 
thus inside the guide cylinder, but pass outside the 
lower cylinders, through the slots clearly visible in 
Fig. 1]. In the case of the upper cylinder block, there 
is ample space for the water-jacket, but in the lower 
block, the jacket does not completely surround the 
cylinders, there being a short wall of solid metal on 
each side, as shown in Fig. 3. 

Apart from the pistons and crossheads, the working 
parts of the engine call only for brief comment. The 
crankshaft is carried on five bearings, and is formed 
with disc webs, as shown in Fig. 10. There are two 
crank throws between each of the intermediate bearings. 
The camshaft is mounted on the side of the middle 
block, as shown in Fig. 6, and is driven by bevel gear 
at the top of a vertical shaft at the end of the engine 
remote from the flywheel. This shaft, which can be 
seen on the right in Fig. 4, is driven from the crank- 
shaft by a gear train terminating in another pair of 
bevel gears. The arrangement of the valve gear is 
the same in both engines, and can be gathered from 
Figs. | and 4. The valves are mounted in cages, one 
|complete unit being illustrated in Fig. 12. The same 
figure shows the lay shaft forming the intermediate drive 
between the crankshaft and the vertical shaft for the 
cam drive, and the water pump, which is mounted at 
the bottom of this vertical shaft. Coil ignition is em- 
ployed, the distributor being driven from the camshaft 
by skew gearing, as shown in Fig. 4. The position of 
the sparking plugs is shown in Fig. 1. 

It may be noted that, although the connecting rods 
are long as compared with an engine of normal type, 
the total height of the engine does not exceed that of a 
conventional engine with overhead valves and cover. 
Due to the double-acting principle, the engine can be 
made about 40 per cent. lighter than a single-acting 
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engine of the same power, and there is an equivalent 
saving in space occupied. Should the experimental 
results be confirmed in actual practice, it is pro- 
bable that the Biga engine will have an important 
future, particularly in large sizes, where the space 
occupied is often of primary importance. It is also 
possible that the advantages already outlined may 
prove considerable for light engines, and that the de- 
sign may offer a distinct step towards the solution of the 
problem of producing a satisfactory heavy-oil engine 
for use in aircraft. The designer claims that a power- 
weight ratio of 4-4 lb. per brake horse-power is quite 
practicable. 

A point of great importance is that of the weight 
of the reciprocating masses. As regards a comparison 
with an ordinary single-acting engine, it is claimed 
that the reciprocating parts of a Biga engine need be no 
heavier than those of the former, if of equivalent power ; 
but when a conventional double-acting, crosshead-type 
engine, having an output of, say, 1,800 brake horse- 
power at 120r.p.m., is compared with a Biga engine of 
4,500 brake horse-power at 350 r.p.m., the two engines 
having, of course, the same number, diameter, and 
stroke of cylinders, the total weight of the reciprocating 
parts of the former, 7.e., piston, piston rod, connecting 
rod and crosshead, amounts to approximately 2,000 kg., 
whereas that of the equivalent parts of the Biga engine, 
i.e., the double piston with its slippers and dual 
connecting rod, is in all about 850 kg., representing a 
saving of no less than 1,150 kg. Apart from more 
obvious reasons, this difference is explained by the 
fact that the Biga pistons are air-cooled from the 
gudgeon-pin side, while the pistons in the ordinary 
double-acting engine are cooled by fluid circulation 
which necessarily involves certain complications. From 
the above considerations it is claimed that the Biga 
engine compares favourably with the opposed-piston 
system, which has three connecting rods per cylinder, 
and shows distinct advantages over the crosshead type 
of double-acting engine when applied to large and 
medium-size heavy-oil engines. e ; 

Finally, we may again refer to the suitability of 
the Biga engine for the more extensive adoption ol 
the two-stroke cycle, especially for engines consuming 
the heavier hydrocarbons, the construction of the 
piston being particularly well adapted to form a com 
pressor with little or no addition to the space required. 
This consideration holds good equally for gas, oil and 
petrol engines, and it is interesting to note that a 
double-acting, two-stroke petrol engine for aviation 








purposes is now under construction. 
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to percolate and to settle on the table. In sorting 
columns and pockets fed with pulp from above and 
with water from below, other factors come into play. 
As the particles sink, the liquid mixture becomes denser 
and the sedimentation takes place, not in water of 
unit density, but in a medium of greater density. The 
rate of fall V is, therefore, diminished, and if d, is the 
density of the ore particles, d, that of the liquid 
(generally water), V will be equal tok /D(d, —d,), where 
k is a constant and D expresses the diameter of the 
portion of the cross-section of the column taken up 
by the particles. This is Rittinger’s well-known 
approximate formula. Owing to the increased buoyancy 
of the heavier medium, less water is required to balance 
the sinking particles by the ascending current than 
would be the case with water alone, and this fact has 
been utilised in various classifiers, but, Mr. Fahrenwald 
suggests, not altogether in the correct way. 

When particles are all held in suspension by the 
rising water in the classification column, they are said 
to be held in ‘“teeter.”” The greater the diameter of 
the particles of a given gravity and the larger the 
number of particles in the volume of the teetercolumn, 
the greater will be the density of the medium. The 
classifier, it is considered, should consist of a pocket, or 
series of pockets, of sufficient depth, a pressure chamber 
underneath it into which the water is fed, and between 
the two the classification or teeter column, the depth of 
which will be half or two-thirds of the pocket depth. 
The media tried, placed at the column base, to ensure 
good water distribution, were perforated or slotted 
the fine particles will again accumulate at the maximum | plates, beds of pebble or shot, and the settling gangue 
distance. In other cases, the separation will be unsatis- | itself. Arather complicated classifier is recommended 
‘actory. Reciprocating movement of the table and|in the pamphlet, on the strength of long-continued 
water-streams of some depth do not necessarily|runs in the works, and is a V-shaped tank, along 
promote separation and hindered classification. The | the bottom of which five pockets are arranged in series 
water velocity issmaller close to the table surface than at | and beyond them further a conical vessel. As the feed 
‘ distance above, and the larger particles roll over one | comes in, a sand bed, nearly the depth of the classifying 
‘nother and become interlocked, allowing finer particles | pocket builds up quickly in the pocket, and this depth 


HYDRAULIC CLASSIFICATION IN 


ORE MINING. 


THE practice of classifying sands and ores prior to table 
concentration has fallen into disuse as ore-flotation has 
progressed. Classifiers require a good deal of attention, 
and the common drag classifiers, which roughly separate 
sand from slimes, and classifiers with V-pockets and 
cones, are not altogether effective, while the simplicity of 
the all-flotation plant appeals to the mill operator. On 
the instigation of the Bunker Hill and Sullivan Mining 
and Concentrating Company, of Kellogg, Idaho, the 
United States Bureau of Mines, in conjunction with the 
University of Idaho, has, however, been inquiring into 
the advantages of hindered classification, and has come 
to the conclusion that good classification of the ore 
pulp really results in increased recoveries, higher-grade 
concentration and greater table capacity. In Technical 
Paper 403 of the Bureau, on HyTraulic Classification, 
its Theory, Mechanical Development and Application to 
Ore Dressing (price 15 cents), Mr. A. W. Fahrenwald 
vives an account of the experiments which have been 
made on the plant of the company mentioned during the 
last three years. 

The factors influencing table-classification are, in the 
lirst instance, the specific gravity and size, and also the 
shape, of the particles. When the particles are of 
(lifferent sizes but of the same gravity, the finest particles 
will be carried farthest and will finally occupy the 
highest position on the deck. When both size and 
‘cavity differ, and the smaller particles are the heavier, 
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is maintained by means of a special mechanism and of 
observation windows provided in the pipes of the 
pockets. The control is effected automatically by a 
device involving the use of a rubber diaphragm. 
The first pocket retains the coarsest particles. The 
pulp then flows on to the second and other pockets for 
further separation. A simpler apparatus, not requiring 
automatic control, is mentioned but is not described. 

In connection with this investigation, Mr. Fahrenwald 
also determined the density of mixtures of sand or 
pulp and water under the conditions of free or hindered 
settling. When a glass tube, open at both ends, is 
inserted in the mixture, the tube will soon contain 
only clear water, which will rise in it higher than it 
stands in the mixture outside. If the density at, say, 
3-in. depth is wanted, one tube is immersed to a depth 
of 2-5 in., another to a depth of 3 in., and the mean 
will roughly give the density at 3in. A quicker method 
is to use a graduated U-tube of fine bore, over the 
shorter limb of which a small rubber balloon (about 
1 in. diameter) is pulled ; the balloon and tube contain 
some coloured water. Immersed in water, the coloured 
liquid and water would be level. In a liquid of higher 
density d, the coloured liquid will rise in the tube to a 


height 4, such that d *, where s indicates the 
depth of submergence. 





THE InstrTuTION or MINING ENGINEERS.—The Council 
of the Institution of Mining Engineers has awarded the 
“ Mavor and Coulson ”’ travelling post-graduate scholar- 
ship for 1928-29, which is valued at 300/., to Mr. F. C. 
Swallow, graduate in Mining of the University of Sheffield. 
The successful candidate is required to devote one year 
to underground investigations of the methods practised 
in the actual mining of coal, and in the transport of coal 
from the face to the main mechanical] haulage; also to 
follow a pre-arranged itinerary, specifying the collieries 
to be visited, including the Continent of Europe, Canada 
and/or the United States of America, 




















ZINC-CADMIUM SOLDERS. 


To THE EpiTor OF ENGINEERING. 


Srr,—With reference to Mr. Rowell’s letter in your | 


issue of December 14, and in particular to his third 
paragraph, we wish to make it clear that we make 
no claim of priority in the use of zinc-cadmium alloys, 
other than for the particular purpose for which we 
used it in connection with the structure of H.M. Air- 
ship R.101, described in your issue of November 30. 

The metallurgy of the zinc-cadmium alloys was 
investigated and the results published by C. Hind- 
richs in Zeitschrift fiir Anorganische Chimie in 1907; 
moreover, after deciding to try zinc-cadmium, we 
made ourselves familiar with the work of Mr. R. B. 
Deeley, from his paper before the Institute of Metals 
in 1925, and, in fact, the figures in ENGINEERING for 
the eutectic composition and the shear strength are the 
figures which Mr. Deeley gives in his paper. 

The word ‘‘ Cazin”’ has been adopted because it is 
obviously inconvenient to have to refer continually 
to material in an engineering works as zinc-cadmium 
eutectic solder. 

Strictly speaking, in the form in which it is used in 
the joints for R.101, the alloy is not used as a solder. 
For example, white metal has been employed for a 
similar purpose. It was desired, however, to take 
advantage of the superior corrosion-resisting powers 
of zinc-coated cable instead of tin-coated, and the 
zinc-cadmium eutectic alloy was chosen as having 
many advantages. 

It is hardly necessary to say that the use of “‘ Cazin” 
for these cables is so different from the use to which it 
was put in Mr. Deeley’s work that the specific applica- 
tion had to be very fully and thoroughly investigated. 

Nevertheless, we feel that Mr. Rowell, in his em- 
phatic scatement that some of these alloys have curious 
and obscure defects, must necessarily throw suspicion 
on the reliability of this type of joint. 

In view of this we have invited Mr. Rowell to fur- 
nish us with further information, making clear what 
are the curious obscure defects which the investiga- 
tions of his association since 1925 suggest might be 
found in the application of the eutectic alloy. 

Yours faithfully, 
For Bovutton AND Paut, LimIreD, 
J. D. Nort, 


December 21, 1928. Chief Engineer. 








THE ROYAL METEOROLOGICAL 
SOCIETY. 


THE usual monthly meeting of the Royal Meteoro- 
logical Society was held on December 19 in the Society's 
rooms, South Kensington, Sir Richard Gregory, LL.D., 
president, being in the chair. The following papers 
were read and discussed :— 

The Dines Float Barograph, by L. H. G. Dines, M.A. 
—The author said this instrument was designed by the 
late Mr. W. H. Dines about twenty years ago, and had 
been in use at the observatories of the Meteorological 
Office for a number of years. It was a pen-recording 
barograph, of which the leading feature was the care 
taken to reduce friction in the mechanism. The record 
would indicate barometric oscillations of amplitudes 
down to one or two-tenths of a millibar. 

The Distribution of the Average Seasonal Rainfall 
over Europe, by Dr. J. Glasspoole.—This paper stated 
that the proportion of the average annual rainfall 


BOOKS RECEIVED. 


Annuaire de la Houille Blanche Francaise et des Forces 
Naturelles Mondiales. Edited by Aucustre PawLow- 
SKI and GEorGES Baupovux. Paris: Revue Générale 

| de l’Electricité. 

| Egypt. Ministry of Public Works. Physical Department. 
Paper No. 24. The Measurement of the Discharge of 
the Nile through the Sluices of the Aswan Dam. By 
H. E. Hurst. Cairo: Government Press. [Price 
P.T. 10.) 

Manual of Electrical Undertakings and Directory of 
Officials. Vol. XX XI, 1927-1928. Compiled by EmiLe 
GarRcKE. Edited by F. C. Garcxre. London: Elec- 
trical Press, Limited. [Price 35s. net.] 

Department of Overseas Trade: Report on Economic 
Conditions in France in 1928. J. R. Cantiu. London: 
His Majesty’s Stationery Office. [Price 5s. net.] 

Proceedings of the Institution of Railway Signal Engineers, 
1928. Part I. February to August. Reading: Offices 
of the Institution. [Price 7s.,6d. to non-members, ] 

Water Engineering. By the late CHartes Stace and 
F. JoHNsToNE Taytor. London: Crosby Lockwood 
and Son. [Price 8s. 6d. net.] 

Definitions and Formule for Students. Electrical. Com- 
piled by P. Kemp. Heat Engines. Compiled by A. 
Rimmer. London: Sir Isaac Pitman and Sons, 
Limited. [Price 6d. net each.] 

Fordermittel zum Bekohlen und Besanden von Loko- 
motiven. By Dr.-Ing. Max GorrscHatk. Berlin: 
Verkehrswissenschaftlichen Lehrmittelgesellschaft, 
G.m.b.H. [Price 7 marks.] 

Proceedings of the Rugby Engineering Society. Vol. XXII. 
Session 1927-8. Part 2. Rugby: Offices of the Society. 
{Price 10s. 6d.] 

Wave Mechanics and the New Quantum Theory. By 
ArTHUR Haas. Translated from the German by 
L. W. Copp. London: Constable and Company, 
Limited. [Price 7s. 6d. net.] 

Virginia Polytechnic Institute. Engineering Experiment 
Station. Bulletin No. 4. The Efficiency, Strength and 
Durability of Spur Gears. Part II. A New Type of 
Gear Testing Machine Embodying the Webb Principle 
of Energy Conservation. By W.H. Rascue and J. F. D. 
SmirxH. Blacksburg, Va.: Virginia Polytechnic Insti- 


tute. 

Life and Work of Sir Norman Lockyer. By T. Mary 
LockyEeR and WINIFRED L. Lockyer. Assisted by 
Prof. H. Dinete. London: Macmillan and Company, 
Limited. [Price 18s. net.] 

Department of Scientific and Industrial Research. Report 
of the Food Investigation Board for the Year 1927. 
London: His Majesty’s Stationery Office. [Price 
4s. net.] 

American Society for Testing Materials. A.S.T.M. Tenta- 
tive Standards, 1928. Philadelphia, Pa, : Offices of the 
Society. [Price 7 dols.] 

Proceedings of the Royal Philosophical Society of Glasgow. 
Vol. LVI. 1927-28. Edited by the Acting Secretary. 
Glasgow: Offices of the Society. 

Proceedings of the Staffordshire Iron and Steel Institute. 
Vol. XLITI. Session 1927-28. Dudley: Offices of the 
Institute. 

Department of Overseas Trade. Economic Conditions in 
Bulgaria. July, 1928. Report. By C. BRAMWELL. 
London: His Majesty’s Stationery Office. [Price ls. 
net. } 

Mines Department. Safety in Mines Research Board. 
Paper No. 46. The Ignition of Fire-Damp by the Heat 
of Impact of Rocks. By M. J. Burcess and R. V. 
WHEELER. [Price 9d. net.] No. 47. Pyritic Oxidation, 
with Special Reference to the Ravine Seam. By H. 
MACPHERSON and Others. [Price ls. 6d. net.] London : 
His Majesty’s Stationery Office. 

More Machines. By Percy M. Baker. London: Wells 
Gardner, Darton and Company, Limited. [Price 7s. 6d. 


net. ] 

Handbook for Oxy-Acetylene Welders. By LEONARD M. 
Fox. Second Edition. London: Allen-Liversidge, 
Limited. [Price 3s. 6d.] 

University of Illinois. Engineering Experiment Station. 
Bulletin No. 183. Tests of the Fatigue Strength 
of Steam Turbine Blade Shapes. By H. F. Moore 
and others. [Price 25 cents.] No. 184. The 





in the seasons in different parts of Europe could be 
considered as of three main types : In Western Europe | 
there was abundant rain at all seasons with a minimum | 
in summer and a maximum in winter; in the Mediter- | 
ranean region there was very little rainfall at all | 
during the summer, while there was generally a prepon.- | 
derance at this season in Central Europe. In the | 
three months June to August, only one-fiftieth of the | 
average annual rain fell in the south of Spain, while | 
more than half the annual amount fell in the same period | 
in north-eastern Russia. The paper included maps | 
showing the proportion of the average annual rain | 
falling in each season. These maps emphasised that | 
the distribution of the rainfall amongst the seasons | 
depended very largely on‘ the physical features, | 
especially on the distance from the sea and the arrange- | 
ment of mountain and plain. 








Tae WaitwortH Socrety.—The sixth annual com- | 
memoration dinner of the Whitworth Society was held | 
at the Holborn Restaurant, W.C., on December 21, when | 
the president, Mr. F. H. Livens, occupied the chair. | 
Mr. W. H. Fowler was elected president for 1929, and | 
will take office at the summer meeting to be held in| 
Manchester next July, during the meeting of the Institu- 
tion of Mechanical Engineers. The next annual com- 
memoration dinner is to be held in March, 1930. 





Measurement of Air Quantities and Energy Losses 
in Mine Entries. Part III. By A. C. CaLten and 
C. M. Smirx. [Price 35 cents.] Urbana, Ill. : Univer- 
sity of Illinois. 

Aeronautical Research Committee. Reports and Memo- 
randa No. 1154. Wind Tunnel Experiments on a 
Model Autogyro at Small Angles of Incidence. By 
C. N. H. Lock and H. C. N. Townenp. London: 
His Majesty’s Stationery Office. [Price 2s. 6d. net.] 





TrENDERS.—We have received from the Department 
of Overseas Trade, 35, Old Queen street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
details and information relating to these may be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case :—Tenders are invited by the Municipality of 
Bulawayo for the supply of material for extensions to 
the electricity undertakings. Closing date, January 18, 
1929, (Ref. No. B.X. 4965.)—A firm of structural engineers 
at Brugg, Aargau, Switzerland, desires to get into touch 
with United Kingdom manufacturers, with a view to 
purchasing a four-roll type plate-rounding or bending 
machine, (Ref. No. A.X. 7294.)—The authorities of the 
Victorian Government Railways are calling for tenders, 
to be presented in Australia by January 23, 1929, for 
the supply of one crank-pin turning machine of the 
portable type. (Ref. No. A.X. 7288.) 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MrIppDLEsBRouGcH, Wednesday. 

The Cleveland Iron Trade.—Stocks of Cleveland pig-iron 
are heing augmented this week as the result of consuming 
departments being shut down for the holidays, bui 
makers holdings are not heavy, and the additions will 
not cause inconvenience. As is usual during Christmas 
week, the market is closed. Producers adhered firmly to 
the prices they definitely fixed so long ago as March last. 
No. 1 grade of Cleveland pig is 68s. 6d.; No. 3 g.m.b., 
66s.; No. 4 foundry, 65s.; and No. 4 forge, 64s. 6d. 

Hematite.—In the East Coast hematite branch, stocks 
were cleared some weeks ago, and some accumulation 
of iron, through customers’ works being temporarily in- 
operative, is very welcome. Makers of hematite have 
a free hand as to charges they can demand for their 
products, and, as a rule, they base quotations on round 
about ordinary qualities at 71s. 

Foreign Ore.—Sales of imported ore are few. Consumers 
are as reluctant as ever to pay rates asked, but merchants 
look for upward movement in prices. Quotations are at 
the equivalent of best rubio at 22s. 6d., c.i.f. Tees. 

Blast-Furnace Coke.—Durham blast-furnace coke pro- 
mises to be in rather better request. Good average 
qualities keep at 17s. 6d., delivered here. 

Manufactured Iron and Steel. —Nothing new of moment 
is ascertainable concerning manufactured iron and steel. 
Common iron bars are 101. 5s. ; best bars, 101. 15s. ; double 
best bars, 11/7. 5s. ; treble best bars, 11/. 15s. ; iron rivets, 
1ll, 5s.; packing (parallel), 7/. 10s.; (tapered), 10J. ; 
steel billets (soft), 67. 15s. ; steel billets (medium), 7/. 2s. 6d. ; 
steel billets (hard), 7/. 12s. 6d.; steel rivets, 11l.; steel 
ship plates, 8/. 7s. 6d.; steel angles, 7/. 17s. 6d. ; steel 
joists, 71. 17s. 6d. ; heavy sections of steel rails, 8/. 10s. ; 
black sheets (No. 24 gauge), 10/.; and galvanised corru- 
gated sheets (No. 24 gauge), 131. 12s. 6d. 








NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

Sale of Ferndale Coal.—The famous Ferndale coal 
will in future be sold under the direction of Mr. Roger W. 
Price, of Messrs. Gueret, Llewellyn and Merrett, Limited, 
Cardiff, who have taken over the management of 
Messrs. Thomas and Davey, Limited, sales agents for 
the Cambrian Combine collieries. The output of Ferndale 
coal, under normal conditions, runs to approximately 
1,250,000 tons a year. 

Nixon’s Collieries.—The collieries belonging to Nixon’s 
Navigation Company, Limited, have been acquired 
by Mr. W. M. Llewellyn, of Aberdare, with the sanction 
of the Court. A new company is to be formed to take 
over the property, and it is expected that work, which 
will give employment to some 5,000 men, will be resumed 
in the new year. It will be recalled that it was recently 
decided voluntarily to wind up Nixon’s Navigation 
Company, Limited, and that Mr. R. H. March, of 
Cardiff, was appointed liquidator. 

Regulation of Coal Output.—The scheme of the South 
Wales coal owners for the regulation of output will 
not come into operation on New Year’s day, as had been 
anticipated. This is due to the fact that several colliery 
companies have not been able to give the details of 
the scheme their consideration, with the result that the 
committee dealing with the matter has decided not to 
meet for another three weeks. 

Egyptian Coal Contract.—In October it was announced 
that the Egyptian State Railways would be inviting 
tenders for the supply of 380,000 metric tons of large 
coal to be delivered at Alexandria between February 
and August next. It is now stated that the quantity 
has been reduced to 200,000 tons over February—May, 
and that an inquiry is circulating for tonnage to carry 
130,000 tons of Polish coal to Egypt over the first six 
months of next year. It is thought that this inquiry 
is with the object of securing a freight basis for the 
Egyptian contract, and that Polish colliery owners 
and exporters are likely to tender for the business. 








Coopers Hm War MemoriAL PrizeE.—The triennial 
award of the Cooper’s Hill War Memorial prize and medal, 
which has, this year, fallen to the Institution of Electrical 
Engineers, has been made to Mr. W. Phoenix, A.M.LE. E., 
for his paper, ‘“ Electricity in Agriculture, with special 
reference to Electro-Culture.”’ 





AMERICAN CONORETE INSTITUTE.—The twenty-fifth 
annual convention of the American Concrete Institute 
will be held at Detroit, Michigan, U.S.A., from February 
12 to 14, 1929. A considerable number of committee 
reports and papers will be read and discussed at the 
business sessions, which will commence on the afternoon 
of the first day and terminate on Thursday evening, 
February 14. The annual dinner of the Institute will 
be held at 8 p.m. on February 25. The offices of the 
Institute are at 2970, West Grand Boulevard, Detroit. 





BritisH Propuction oF Iron AND SreEL.—The 
monthly report of the National Federation of Iron and 
Steel Manufacturers, Caxton House (East), Tothill- 
street, London, S.W.1, states that 135 blast furnaces 
were in operation at the end of November last, a net 
decrease of one since the beginning of the month. The 
production of pig-iron during November amounted to 
544,400 tons, compared with 543,600 tons during October, 
and 575,900 tons during November, 1927. The output 
of steel ingots and castings amounted to 762,500 tons 
during November, 756,000 tons during October, and 
698,700 tons during November, 1927. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—The holiday stoppage at steel and 
engineering works in this district varies from four 
to ten days. The average will be about a week, which 
has been the usual period within recent years. Con- 
ditions at individual works are extraordinarily mixed, 
but generally, the state of order books is such as gives 
fair confidence in new year developments. Though 
considerable tonnages of foreign steel are still arriving 
under contracts placed months ago when prices were 
much more attractive, Continental competition has 
weakened, and export deliveries from South Yorkshire 
are reported to be of growing magnitude. Moreover, 
inland needs are distinctly on the up-grade, and 
engineering requirements, under contracts that are 
shortly to be put in hand, are expected to be heavy. 
Buying of raw and semi-finished materials is necessarily 
restricted at the moment owing to the-holiday influence, 
but for the most part prices are firmly held. Quotations 
per ton are as follow: Siemens acid-steel billets, 9. ; 
hard basic-steel billets, 67. 17s. 6d. to 81. 12s. 6d.; soft 
basic billets, 6. 12s. 6d.; Derbyshire foundry pig iron, 
61s. ; Derbyshire forge iron, 58s. ; Lincolnshire foundry 
iron, 60s.; Lincolnshire basic, 60s.; crown iron bars, 
102. 10s.; iron hoops, 12/. 10s.; steel hoops, 91. to 
91. 5s.; soft basie wire rods, 7/. 12s. 6d. The trend 
of recent contract developments respecting foreign 
railway requirements is welcomed as indicating a 
growing reliance on British quality and British work- 
manship. A contract just completed for South Africa, 
towards which Sheffield, Penistone, and Leeds have 
substantially contributed, is of the estimated value of 
160,0007. The Argentine is proving a valuable connection 
for the supply of rails. America is a keen competitor 
for tramway steel contracts. Sheffield firms are also 
meeting with close rivalry from inland firms. The 
Crown Agents for the Colonies have placed orders in 
this district for stone-crushing plant and steel rods. 
Makers of special steels for high-class engineering 
purposes maintain world-wide connections, but there 
is evidence that inland users are absorbing a large 
quantity of lower-grade alloy steels of foreign origin, 
for which (according to loca) producers) British ma- 
terials of increased efficiency might usefully be sub- 
stituted. 


South Yorkshire Coal Trade.—Business is largely in 
a state of suspension, though there are reliable indications 
that the forward demand, particularly for industrial 
purposes, will offer early openings. Manufacturing needs 
in the heavy basic industries have shown a welcome 
expansion during the last three to six months. In 
several important directions exports are looking up. 
The house-coal market has benefited considerably from 
the return of wintry conditions, though the maintenance 
of advanced rates in lower-grade fuels has not been 
easy having regard to the widespread surplus of supplies. 
Quotations: Best branch handpicked, 26s. to 27s. 6d. ; 
Derbyshire best bright house, 23s. to 24s. 6d.; best 
house coal, 20s. 6d. to 21s. 6d.; screened house coal, 
17s. to 18s.; screened house nuts, 16s. to 18s.; York- 
shire hards, 14s. 6d. to 16s.; Derbyshire hards, 
14s, 6d. to 16s. ; rough slacks, 8s. 6d. to 9s. 6d.; nutty 
slacks, 4s. 6d. to 6s.; smalls, 3s. 6d. to 4s. 








Contracts.—The Jersey Granite and Concrete Com- 
pany, Limited, St. John’s, Jersey, has placed an order 
with Messrs. Blackstone and Company, Limited, Stamford, 
for spring-injection, heavy-fuel-oil, engines totalling 450 
h.p.—The Bristol Corporation has placed an order 
with Messrs. Metropolitan-Vickers Electrical Company, 
Limited, for a 50,000-k.w. turbo-alternator set, to be 
installed in the new power station at Portishead, together 
with important extensions to the boiler plant, switchgear 
and transformer equipment.—Messrs. Sir W. G. Arm- 
strong, Whitworth and Company, Limited, sole agents for 
Messrs. Monometer Manufacturing Company (1918), Limi- 
ted, inform us that amongst a number of firms who have 
recently placed orders for Monometer plant and furnaces, 
are Messrs. Kromhout Motors, Holland, Messrs. Werks- 
poor, Amsterdam, Messrs. Workman, Clark and Company, 
Limited, Belfast, Messrs. John Kincaid and Co., Limited, 
Greenock, and Messrs. Holmes and Co., Limited, Hull.— 
The Leeds Forge Company, Limited, 3, Central Buildings, 
Westminster, S.W.1, has received an order from the 
South African Railway Administration for six hundred 
steel drop-sided bogie wagons, each of 80,000 Ib. capacity. 





ENGINEERING WorKS Co-PARTNERSHIP SCHEME.— 
A co-partnership scheme, which came into operation on 
August 1 last, has been instituted by Messrs. Thompson 
Brothers (Bilston), Limited, Bradley Engineering 
Works, Bilston, Staffordshire. The scheme provides a 
new class of shares to be called Employees’, or “‘ E” 
shares, and the basis of distribution is one 1/. share for 
each complete year of service to employees of over 21 
years of age, and who have not given less than three 
continuous years of service. These are 6 per cent. 
cumulative preference shares, on which interest, free of 
tax, will be paid half yearly. The directors of the 
company will hold these shares for the first three years 
on behalf of employees, the dividends being paid to the 
latter as though the shares were in their own names. 
At the termination of this period, the shares will be 
transferred to the employees and will become their 
property. War service will count as service with the 
company. The scheme is entirely voluntary, and em- 
ployees not wishing to take up shares will not be preju- 
diced in any way. Furthermore, those participating will 
be free to remain members of any trades union or friendly 
society. 





NOTES FROM THE NORTH. 


Giascow, Wednesday. 


Scottish Steel Trade.—There has been rather more 
activity in the Scottish steel trade during the past week, 
and several of the works have been in receipt of a larger 
number of specifications than was anticipated. Con- 
sumers have been ordering steel material in sufficient 
quantity to ensure a good start after the holiday period, 
and this, in itself, points to the fact that there is quite a 
fair amount of work on hand. Business has certainly 
been getting better, although the improvement has 
been very gradual. The number of shipbuilding contracts 
announced during the past few weeks has made the out- 
look much brighter ; moreover, there are thought to be a 
number of others, either definitely fixed up and not yet 
reported, or likely to be settled shortly. The export 
trade is also a little better again, and on the whole the 
steel trade outlook is rather brighter. In the black 
sheet trade there is still a fair amount of activity, and 
some of the works are very busy at the moment on 
orders for delivery before closing down. Prices have 
a firm tendency, and are quoted as follow :—Boiler 
plates, 107. 10s. per ton; ship plates, 8/. 7s. 6d. per ton ; 
sections, 7]. 17s. 6d. per ton; sheets, }4-in., 8/. 15s. per 
ton; and galvanised corrugated sheets, No. 24 gauge, 
131. 12s. 6d. to 137. 15s. per ton, all delivered Glasgow 
stations. 


Malleable-Iron Trade.—A dull state continues to 
prevail in the West of Scotland malleable-iron trade, 
and little fresh business is passing. Inquiries are also 
of very moderate dimensions. In the steel bar re-rolling 
departments there is still quite a lot of business on hand, 
but fresh bookings are reported quieter. Prices are 
being well maintained and are quoted as follow :— 
“Crown ” bars, 101. 5s. per ton for home delivery, and 
97. 15s. per ton for export; re-rolled steel bars, 7/. 15s. 
per ton, both for home delivery and for export. 


Scottish Pig-Iron Trade.—No change of any kind can 
be reported in connection with the pig-iron trade of 
Scotland. Orders are very limited and not of heavy 
tonnage, with the result that stocks are on the increase. 
Producers are hopeful that the local steel works will 
shortly be sending in a better demand. Prices are as 
follow :—Hematite, 74s. per ton, delivered at the steel 
works; foundry iron, No. 1, 75s. to 76s. per ton, and 
No. 3, 70s. to 71s. per ton, both on trucks at makers’ 
yards. 

Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig iron from Glasgow Harbour for the week 
ending Saturday last, December 22, was only some 257 
tons. Of that total, 247 tons went overseas and 10 tons 
coastwise. Last vear the total shipment for the corre- 
sponding week was 574 tons. 








PuysicaL AND Optica SocretTres’ ExuipBition.—As 
already stated in our columns, on page 534 ante, the 
nineteenth annual exhibition of the Physical and Optical 
Societies will be held from January 8 to 10 next at the 
Imperial College of Science, Imperial Institute Road, 
South Kensington, London, 8.W.7, from 3 to 6 p.m., 
and from 7 to 10 p.m. on each day. Discourses will be 
given on each evening at 8p.m. On January &, Professor 
F. Lloyd Hopwood will speak on ‘“‘ Experiments with 
High-Frequency Waves.’’ On January 9, Mr. Conrad 
Beck will lecture on ‘ Lenses,’ and on January 10, 
Mr. A. J. Bull will give a discourse on ‘‘ Some Colour 
Problems in Photo-Engraving.’”’ Particulars regarding 
tickets of admission and all other information may be 
obtained on application to the Secretary, Physical and 
Optical Societies, 1, Lowther gardens, Exhibition-road, 
London, S.W.7. 


Lirtinc Gear For HEAvy VEHICLES.—The present 
rapid growth in both the size and number of the heavier 
types of motor vehicles has been the cause of serious 
difficulties in connection with their shipment overseas, 
to meet which an interesting contrivance has been 
evolved by the London Midland and Scottish Railway 
Company for their service between Heysham and 
Belfast. The gear, which by itself weighs approximately 
1 ton, is capable of lifting four- or six-wheeled vehicles 
with a maximum weight of 10 tons, and maximum 
height and wheelbase of 10 ft. and 20 ft. 6 in, 
respectively. In order to avoid any undue stresses, 
the vehicle is lifted under the wheels only, by means 
of two troughs, made up of steel plates, of sufficient 
length to accommodate a width over tyres of 7 ft. 54 in., 
and with an internal radius of 1 ft. 6 in. A third 
is added in the case of six-wheeled vehicles. Hooks 
are fitted at each end of the troughs, to which the 
wire lifting ropes are attached, the latter being kept 
clear of the bodywork by overhead spreaders made 
of steel tubing, further ropes running from the ends 
of the spreaders to a single ring for attachment to the 
crane hook or ship’s derrick. The horizontal thrust, 
due to the angularity of the lifting ropes, is taken by 
two struts arranged to slide in guides fixed to the ends 
of the troughs, the longitudinal spacing of the latter 
being made adjustable, to increments of 1 in., by steel 
pins passing through the guides and fitting into holes 
in the struts. The wire ropes lifting the front end of 
the gear are fitted with a chain of six links; thus, by 
using a suitable link, the centre of lift can be moved 
forwards or backwards according to the centre of 
gravity of the load. When a six-wheeled vehicle is 
being handled, the lower portions of the back pair 
of lifting ropes are replaced by snatch blocks and 
ground pulleys, which arrangement provides for the 
two extra points of suspension and automatically 
adjusts itself to any inequality in the loads on the 
rear axles. 





NOTICES OF MEETINGS. 





Roya Instrrutrion.—Tuesday, January 1, 3 p.m., 
Institution of Electrical Engineers, Victoria Embank- 
ment, W.C.2, Christmas Lectures. “‘ Sound Waves and 
Their Uses.”’ Lecture III. By Mr. A. Wood. Thursday, 
January 3, 3 p.m. “Sound Waves and Their Uses.” 
Lecture IV. By Mr. A. Wood. Saturday, January 5, 
3 p.m. ‘Sound Waves and Their Uses.” Lecture 
V. By Mr. A. Wood. 


INSTITUTION OF ELECTRICAL ENGINEERS.—Wednesday, 
January 2, 6 p.m., Victoria Embankment, W.C.2. 
Wireless Section Meeting. ‘‘ The Design of Transmitting 
Aerials for Broadcasting Stations’ by Mr. P. P. Eckersley, 
Mr. T. L. Eckersley and Mr. H. L. Kirke. Friday, 
January 4, 7 p.m. Meter and Instrument Section 
Meeting. Discussion on “ Precautions in the Use of 
Standard Instruments,”” by Mr. W. H. Lawes. 


INSTITUTION OF HEATING AND VENTILATING ENGIN- 
EERS.—Wednesday, January 2, 7 p.m., Caxton Hall, 
Westminster, S.W.1. ‘“‘ Economie Application of Elec- 
tricity to Low-Temperature Heating Purposes,” by Mr. 
G. Wilkinson. 


INSTITUTION OF SANITARY ENGINEERS.—Wednesday, 
January 2, 7.30 p.m., Caxton Hall, Westminster, 8.W.1. 
Presidential Address by Mr. W. L. Jenkins. 


InsTITUTION OF MECHANICAL ENGINEERS.—Friday, 
January 4, 7 p.m., Storey’s Gate, S.W.1. Informal 
Meeting. ‘‘ The Engineer Salesman Abroad,” introduced 
by Major A. W. Farrer. Midland Graduates’ Section.— 
Friday, January 4, 7.30 p.m., Wolverhampton Engin- 
eering and Scientific Club, Wolverhampton. “ Patents 
for Inventions and their Relation to Trade,” by Mr. 
J. P. Fuery. 


JUNIOR INSTITUTION OF ENGINEERS.—Friday, January 
4, 7.30 p.m., 39, Victoria-street, S.W.1. “‘ The Geared 
Steam Locomotive,”’ by Mr. K. W. Willans. 


INSTITUTE OF British FounDRyYMEN.—Lancashire 
Branch : Saturday, January 5, 4 p.m., College of Tech- 
nology, Sackville-street, Manchester. ‘“‘ Wood Patterns 
from the Pattern Makers’ and Moulders’ Points of View,”’ 
by Mr. F. C. Edwards. West Riding of Yorkshire 
Branch: Saturday, January 5, 6.30 p.m., Technical 
College, Bradford. General Discussion on ‘* Foundry 
Costs,” by Mr. W. G. Thornton. 


Pre-TwistepD SHAPED-CoNDUCTOR CaBLES.—The 
usual method of manufacturing shaped conductor multi- 
core cables is to insulate the stranded conductor with 
paper tape and then to place the resulting cores in a 
laying-up machine. This combines them into a circular 
cable and at the same time imparts a circular lay to the 
conductors. Such procedure obviously leads to a dis- 
placement of the various layers of insulating material, 
and, owing to twisting and distortion, causes deteriora- 
tion. Moreover, creases are found throughout the di- 
electric, which are difficult to fill and keep filled with 
compound. This is a great objection in super-tension 
cables, since it results in electrical discharges. Messrs. 
British Insulated Cables, Limited, of Prescot, have, 
therefore, devised a method of stranding the conductors 
circular in the usual way, and afterwards pressing them 
into the required shape. Each conductor is then twisted 
on its own axis, and a lay, which is the same as it will 
have in the finished cable when laid up into a circular 
multi-core shaped cable, is imparted to it. The twisted 
conductor is then insulated with paper tapes in the 
usual way, so that the latter lie smoothly. Conductors 
insulated in this manner, fall naturally, it is claimed, 
into their position in the finished cable, and there is no 
tendency for them to spring apart. The advantages 
of this type of construction are said to be that the insu- 
lation is not wrinkled or creased, and that the conductors 
are not under mechanical strain, with the result that the 
cable is flexible. 





PrersonaL.—During the last six months, Messrs. The 
British Perlit Iron Company, Limited, 15, Victoria- 
street, London, 8.W.1, have sold licences for the manu- 
facture of Lanz Perlit iron, under the patents controlled 
by them, to Messrs. Clarke, Chapman and Company, 
Limited, Gateshead-on-Tyne, Messrs. Belliss and Morcom, 
Limited, Birmingham, and to Messrs. Workman, Clark 
(1928), Limited, Belfast, on account of their Cyclops 
Foundry and Patternmaking Company, Limited, Glas- 
gow. The firm has alco sold a licence to the Crown Agents 
for the Colonies, on behalf of the Singapore Harbour 
Board, for the manufacture of Perlit and Emmel irons in 
Singapore.—Dr. A. L. Rawlings, late principal scientific 
assistant in the Department of Scientific Research of the 
Admiralty, has joined Messrs. The Sperry Gyroscope 
Company, Limited, 15, Victoria-street, London, 8.W.1, 
in the capacity of chief engineer.—Messrs. Higgs Motors 
have removed their London offices to larger premises 
at Dudley House, 36 to 38, Southampton-street, Strand, 
W.C.2.—Sir Cecil L. Budd has resigned the chairmanship 
of the board of the London Metal Exchange, Whittington 
Avenue, E.C.3, which position he has held continuously 
for over 26 years.—Messrs. Thos. W. Ward, Limited, 
Albion Works, Sheffield, have acquired the whole of the 
Lowmoor Ironworks, the purchase including the exten- 
sive estate with collieries, mineral bearing lands, farms 
and houses, etc., and the whole of the assets of the Best 
Yorkshire Iron, Limited. It is understood that the 
blast furnaces, forge, rolling-mills and other plant will be 
maintained, the out-of-date plant eliminated, and the 
works and methods re-organised on an economic producing 
basis. 
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480-B.H.P. “F” TYPE AERO ENGINE. 
CONSTRUCTED BY MESSRS. ROLLS-ROYCE, LIMITED, ENGINEERS, DERBY. 


(For Description, see Page 795.) | 


























Fia. 1. 


ENGINE FROM PROPELLER END. Fig. 2. Rear View or ENGINE. 

















Fig. 3. Sipe VIEW oF ENGINE. 
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are naturally found between those adopted by 
different analysts, and their results accordingly are 
not comparable. 
stand in some sort of relation to the properties of 
the coal, but this relation will be different, according 
to the methods adopted ; and uniformity can only 
be obtained if some analysts change their methods 
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THE SAMPLING AND ANALYSIS OF 
COAL. 


Amone the materials engineers use, there is per- 
haps none which they have to take so much on trust 
as coal. The vast quantities that are bought and 
sold can indeed be measured, but the means of 
identifying the quality to which the transaction 
refers are extraordinarily imperfect. The absence 
of such means would be a consid rable handicap to 
business under any circumstances, but it is particu- 
larly serious when, as in the British coal industry, 
producers need to make the most of their superior 
quality, but are unable to define it. Much remains to 
be done before a satisfactory basis for such definitions 
can be reached, and still more before they are adopted 
both nationally and internationally, as the best 
interests of the industries concerned require. It is 
therefore satisfactory to learn that the matter is 
engaging the active attention of the Fuel Research 
Board’s Committee on the subject, and that there 
is hope of arriving at results that will enable the 
British Engineering Standards Association to take 
appropriate action. 

It is naturally in respect of methods of analysis 
that the work has proceeded with least delay, for 
this is by far the easier part of the business. The 
determinations made in the analysis of coal do not, 
indeed, represent its properties directly. As the latest 
annual report of the Fuel Research Board admits, 
the results of proximate analysis do not define the 
constituents of the coal, and, indeed, the meaning 
of some of these results depends essentially on the 
method adopted in their determination. 

In the absence of standard methods, differences 





The analytical figures doubtless 


for others which in themselves are not necessarily 
better. Ultimate analysis gives little more infor- 
mation than proximate about the substances in 
which the elements determined are combined in the 
coal, and in the absence of methods for identifying 
these substances, tests such as those of the caking 
power and the assay values are under investigation. 
It is hoped by their aid to obtain some closer guid- 
ance in regard to the suitability of individual coals 
for treatment at high or low temperatures. Before, 


however, such tests can be standardised with the 


prospect of serving practical purposes, the relation 
between their results and those of full-scale working 
must be determined, and the tests reduced to such a 
form that regular relations can be made out. This 
work apparently is not yet completed, but it is well 
to know that the Fuel Research Station, which has 
exceptional advantages for carrying out such inves- 
tigations, is proceeding with the inquiry energetically. 
In the meantime, it may be hoped that the material 
collected in regard to the older tests will be found 
sufficient to enable the British Engineering Standards 
Association to standardise these methods, and to 
procure their general adoption by practising analysts 
and the coal-using and producing bodies and 
authorities. As stated in our issue of December 14, 
page 751, ante, the Engineering Standards Associa- 
tion propose to hold a meeting towards the end of 
next February at which it is hoped to bring forward 
some definite proposals for sampling and analysis. 
In the meantime some information about the Fuel 
Research Board’s Sub-Committee dealing with this 
matter may be of interest. 

It will be agreed that analytical uniformity 
or even precision loses much, if not most, of 
its value if the precision of sampling may be only 
a tenth or less of that attained in analysis. 
Coal, unfortunately, is not a synthetic product, 
but a heterogeneous mixture of growths, with 
very various proportions of other substances. The 
composition even of a single seam may vary from 
foot to foot, and chance must enter into the re- 
sults of sampling to a greater or less extent. The 
material, moreover, is cheap and bulky, and the 
operation of sampling may become an intolerable 
burden both on the energies of those who have to 
perform it and on the cost of the material. There 
is accordingly every reason to avoid making a 
method of sampling more elaborate, or requiring 
larger quantities to be taken, than will be enough 
to give the desired accuracy. Nevertheless, as 
the report remarks, it is even more wasteful to 
use any method, however cheap, if the results 
are not sufficiently accurate for the purpose in 
hand. The problem is in effect to determine by 
how few samples, and with how little weight, the 
mean value of a cargo can be represented within 
the limits of accuracy desirable in commercial 
transactions. If any data were available to define 
the closeness with which a certain number of 
random samples would represent the value of 
a cargo of given size, the problem would doubtless 
be solved, but at present such data, in the absence 
of which no such method could be adopted for 
business purposes, do not seem to have emerged. 
Moreover, when the wide differences between the 
products of different collieries, different seams, and 
even different parts of the same seam are con- 
sidered, it seems evident that a considerable 
amount of information will be necessary before 
they are likely to be found. 
In the meantime, the work of the Board’s 
Sampling Sub-Committee has been resumed, after 
its suspension through the dislocation produced 
by the strike. Sampling of a number of entire 
cargoes from Newcastle to the South Metropolitan 
Gas Company’s East Greenwich wharf has been 
carried out both at the port of shipment and on 
arrival. At Newcastle representatives of the 
Gas Company and of the Committee took inde- 
pendent samples, the one from a flowing stream 
of coal, and the other from the surface of trucks. 
Similar sampling was carried out on the arrival 
of the cargoes. The results as yet available reveal 
discrepancies, which have not yet been cleared up, 
but also some encouraging uniformities. It is 
said, for instance, that the analytical results given 
by samples taken from a flowing stream of coal 








during loading were found to agree remarkably well 
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with those of similar samples taken on unloading’ 
the discrepancies being in fact within the tolerances 
which the American Society for Testing Materials 
allows for discrepancies in the analysis of the 
same sample by different analysts. The samples 
taken from the trucks, on the other hand, varied 
within much wider limits, even in the case of the 
largest sample. It would be idle to pursue the 
discussion of the matter further on the data that 
have been published until now. It may, however, 
be permissible to remark that the restriction 
which practical and economical considerations 
impose on the extent of sampling to be adopted 
in commercial transactions does not apply to 
the sampling required for the present investi- 
gations. The more the variations known to exist 
in coal are compared with the precision to be 
required of samples if their use is not to lead to 
unendurable commercial unfairness, the clearer it 
becomes that a very great amount of sampling 
will be required before general methods can be 
prescribed. The necessity of making the sampling 
comprehensive enough to embrace the variations 
that are found in practice must be evident on 
any careful consideration of the subject. The 
hope that such investigations may lead to a method 
or methods that can be applied with confidence 
to all commercial coal, is sufficient to justify the 
considerable labour and expense involved in 
making such observations, and the Committee 
may feel assured that the coal-using industries 
will approve a comprehensive scheme for this 
important investigation, and on all grounds will 
wish it a satisfactory conclusion. 





BRITISH TRADE IN INDIA. 

THE year 1927-28 was a year of improved eco~ 
nomic conditions in India, and is noteworthy if 
only for the reason that a definite check was 
then given to the downward trend of the British 
share of India’s imports, which had been such a 
marked feature of the three previous years. There 
are distinct signs that the improvement is being 
maintained during the present year. 

In the report on Conditions and Prospects of 
British Trade in India, 1927-28, issued by the 
Department of Overseas Trade, a clear view of the 
trade situation is given. During the year economic 
conditions improved in the principal markets of 
the world, with the noteworthy exceptions of Russia 
and China, there was resulting stability in world 
prices, the stabilisation of the rupee was effected 
and, lastly, conditions were favourable in the country 
itself. There was a remarkable improvement in 
the railway earnings which, by enabling important 
reductions to be made in railway charges, itself 
gave a new stimulus towards business and agri- 
cultural prosperity. The value of the total imports 
increased, as compared with 1926-27, by 8 per cent. 
while the total exports, including re-exports, rose 
by 6 per cent. 

The improvement is being maintained during the 
present year in spite of the wave of labour unrest 
which has swept through the country since the 
beginning of the year, which is in large part due to 
the increased use of machinery and labour-saving 
devices involving the employment of a reduced 
but highly-skilled and .better-paid labour force. 
The situation is similar to conditions in England 
in the early forties, which led to the machinery 
riots. 

It is satisfactory to note, from the table compiled 
by the Director-General of Commercial Intelligence 
and Statistics, that tne steady reduction in the 
United Kingdom’s share of the import trade, which 
fell by no less than 10 per cent. in the previous 
three years, has at last been checked. The figure 
of 47-0 per cent. is actually one decimal point 
lower than the previous year, but in view of the 
greatly increased imports of raw materials in 
which the United Kingdom has no interest, the 
figure, so far as competitive goods are concerned, is 
really considerably higher. Imports from the 
United Kingdom advanced by 9 crores of rupees 
from Rs. 110 crores to Rs. 119 crores, which is 
all the more remarkable when one considers that 
the values of the British shipments of cotton tex- 
tiles were actually reduced. The result is due to 





greatly increased shipments of iron and steel, 
machinery, railway plant, hardware, motor cars, 
cycles and other manufactured goods, which involve 
a material strengthening of the British position. 
This improvement continued during the first three 
months of the present fiscal year, and the report 
states that there are grounds for hope that our rela- 
tive position will be still further strengthened during 
the year 1928-29. 

Foreign competition now enters into practically 
every trade in which we are interested. There is 
intensive American competition in machinery, 
motor cars, rubber tyres and electrical apparatus, 
and a continuance of severe Belgian competition in 
iron and steel and railway material. 

New railway construction to the extent of 636 
miles of new line were opened in 1927-28, and it is 
expected that a further 800 miles will be opened to 
traffic in 1928-29. The lines under construction 
are mostly short branches or feeder lines to the main 
system. In Burma and Assam, however, pioneer 
lines are being constructed to open out rich but 
undeveloped country. In Southern India the 
branches will serve densely populated tracts where 
the traffic should at a very early date yield an 
ample return on the capital invested. In the 
Punjab they are for the most part cross connec- 
tions from East to West linking up existing lines ; 
in Sind feeder lines are being commenced in conse- 
quence of the Sukkur Barrage. 

The purchase of railway plant and rolling-stock 
shows a very considerable increase, from Rs. 2,83 
lakhs in 1926-27 to Rs. 4,58 lakhs in 1927-28, both 
on account of State-operated lines, and also on 
account of the company-worked railways. This 
is mainly due to very heavy purchases of steel 
sleepers from the Continent and increased imports 
of coaching stock and locomotives from the United 
Kingdom. 

The British share of only 55 per cent., is largely 
explained by grouped contracts for Belgian sleepers 
not likely to recur for some years, and it may be 
anticipated that the British proportion will increase. 
For some years now the Director-General of the 
Indian Store Department has been carrying out his 
instructions to purchase in the cheapest market, 
irrespective of origin. The result has been, until 
the year under review, a steady reduction in the 
British share of the trade. In the case of the 
company-worked lines the British share has in- 
creased from 61 to 78 per cent. 

During the financial year important irrigation 
systems have been opened, and further projects 
commenced or have been under consideration. In 
the Punjab the Ferozepore headworks were com- 
pleted and opened in October, 1927. The main 
canals were finished and the distribution system is 
being extended to cover the area commanded by 
the headworks. The Suliemanke headworks were 
opened in April, 1926, Irrigation has commenced 
on all the three canals, but a considerable amount 
of work remains to be done on the distribution 
system of the Eastern Sadiqia Canal. The Islam 
headworks were opened in October, 1926, the 
Quaimpur and Balawal Canals of Behawalpur State 





on the left bank, and the Mailsi Canal on the right 
| bank, for British Territory, take their water from 
| this headwork. Construction of canals and irriga- 
| tion systems is in progress. The Panjnad weir and 
canals are advanced in construction. Other pro- 
| jects are the Haveli, Jalapur, and Bhakra schemes ; 
|for the Bhakra scheme a site has been approved, 
|and a dam has been recommended 500 ft. high, 
| with a storage capacity of 4} million foot acres of 
| water. 
| InSind on the Lloyd (Sukkur) Barrage and Canals 
|much work has been carried out. The four canal 
| circles have been occupied in surveys, preparation 
|of working designs of canals, acquisition of land 
| for canals, construction of buildings and the excava 
| tion of main and branch canals both by mechanical 
jand manual labour. The designs were completed 
| for all main canals and for most of the branch and 
/main subsidiary canals, and excavation was carried 
| out during the year with 44 dragline excavators 
|of various types. During the year 1928-29, 46 will 
be in operation, the largest group of such excavators 
ever assembled. 
| In the Madras Presidency the Cauvery-Meter 





project will irrigate one million acres already culti- 
vated and an extension of over 300,000 acres. The 
overall length of the dam is 5,300 ft., and the 
greatest height 230 ft., making this dam the biggest 
in the world in cubic content. 

Work is in active progress, and a considerable 
amount of machinery and plant is already installed. 
or is on order. Included in this total is one con- 
creting tower 210 ft. high, purchased from Tata’s 
and two from Stothert and Pitt, each capable of an 
output of about 1,500 tons of concrete per day of 
10 hours. The cost of the project is estimated at 
Rs. 737 lakhs. 

In Bengal, for the Damodar Project, work was 
commenced on the weir across the Damodar in the 
financial year, 1927-28, and is continuing this year. 
All plant has been, or is being, supplied by British 
firms to a value of more than Rs. 6 lakhs. 

Of harbour works carried out in 1927-28, progress 
was made in the scheme for the Calcutta Dock 
extensions, including the execution of the King 
George’s Dock Scheme in its first phase, together 
with a number of connected improvements and 
extensions, and the construction of an additional 
80-ft. lock entrance to the old Kidderpore Dock 
system. On the Bombay Port Trust Capital Works 
capital expenditure during the year was restricted 
to essential works and kept down to a minimum. 
Good progress was made with the construction of 
the six deep-water births at Karachi Port. Ten 
electric cranes will be ordered in 1929. The traffic 
figures for the Port of Rangoon constitute a record. 
During the year 1927-28, 1,526 steamers with an 
average net tonnage of 3,880,057 entered the port, 
an increase of 78 in number and 66,493 tons in ton- 
nage compared with the figures of 1926-27. The 
sea-borne traffic was 5,558,831 tons, of which 
1,968,688 were imports, 3,375,075 tons exports, and 
15,068 tons transhipment; a total increase of 
564,507 tons. Considerable developments are in 
progress for wharf extension (Rs. 47,75,000), fore- 
shore development (Rs. 6,21,394) and other works 
including a wharf for the landing of coal for the 
Burma Railways, some 250,000 tons per annum, 
and for coal imported into Rangoon for railways 
up-country, some 60,000 per annum. 

At Vizayapatam Harbour additional quay space 
with transit sheds is being provided, and the con- 
struction of a dry dock 321 ft. by 60 ft. 6 in., with 
8 ft. depth of water over the sill at low water was 
started during the year. 

Of hydro-electric schemes the Punjab Scheme 
(known as the Uhl River Project) has made progress 
in the completion of the construction equipment, and 
tunnel driving started in March, 1928. Specifica- 
tions and tenders have been issued for the pipe 
line, generating plant, switch-gear, transformers, 
transmission lines (400 miles) and towers, and sub- 
stations. Development of electric power in Southern 
India on a reasonably large scale depends now 
on the electrification programme of the South 
Indian Railway. The local authorities are generally 
in favour of electrification, but the decision rests 
on the recommendations which will be made 
by the consulting engineers appointed bythe Railway 
Board. 





| As to the public works referred to above now being 
carried out in India, there can be no question as 
'to the real effect they will have on the trade and 
the prosperity of the country. Additional areas 
brought under irrigation create real values and 
are the basis of the credit structure, and additional 
berth accommodation and improvement in port 
facilities mean cheaper handling of goods in export 
and import. The important Government pro- 
grammes for railways, irrigation and public works 
are bound to result in heavy imports of plant of all 
kinds. 

In machinery and millwork, including that for th 
textile, electrical, mining, metal working trades. 
paper rice and flour, and tea machinery, British manu- 
facturers generally retain their hold on the business, 
and in most cases there is an advance, in spite of 
United States and German competition. In the 
case of prime movers (other than electrical), British 
makers control 90 per cent. of the trade. There is a 
steady expansion in the demand for oil engines 
which are largely displacing steam and gas engines 
for many industrial purposes. The Indian market 
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for imported agricultural machinery and other 
implements is most disappointing. 

Of India’s population, 70 per cent. are agricul- 
tural labourers, and the Royal Commission on 
Agriculture in India says :—‘‘the greatest hope 
for the salvation of the rural masses from their 
crushing burden of debt rests in the growth of a 
well-organised co-operative movement.” Any sales, 
propaganda or research work which British imple- 
ment manufacturers may undertake in India, should 
be carried out in co-operation with the officers of 
the departments of agriculture. 

Perhaps the most hopeful feature of the year has 
been the heavy advance in the total quality of iron 
and steel imported, from 845,000 tons in 1926-27 
to 1,197,261 tons in the year under review, corres- 
ponding as it does with a record production of 
363,195 tons of finished steel from the Tata Iron and 
Steel works, showing that the Indian consumption 
of steel is capable of very great expansion. The 
Tata works will probably meet a steadily increasing 
portion of this demand, but railway, public works, 
building and general industrial requirements will be 
so great that the market for structural sections, 
plates, sheets, &c., rolled to the British standard 
specification will also continue to expand, particu- 
larly in view of the lower rates of duties now imposed 
on British standard steel. 

A very valuable analysis of the question of the 
rupee tender and its implications is included in the 
report we refer to above, and very necessary infor- 
mation is given in regard to the new stores rules, 
the results of the new policy and the position of 
the British suppliers of stores and railway plant. 

The economic basis upon which India stands 
to-day is sound, her credits, both external and 
internal, have never been so good ; to keep our hold 
upon the market new and scientific methods are 
demanded. The manufacturer must be in personal 
touch with the market, and realise that without the 
expenditure of capital he cannot hope to have his 
goods effectively distributed. From this it follows 
that the formation of cartels or fusion of interests 
amongst engineering firms in Britain may give the 
organisation necessary for the efficient handling 
of our trade in India. 








THE ROUTINE TESTING OF MOTOR 
VEHICLES. 


THERE are few problems which at some stage do 
not become matters of compromise, and of none of 
them is this more true than of the tests that are 
applied to automobile vehicles during, and still 
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should be used. 

That some amount of road tests are indispens- 
able is due to the variety of conditions a road may 
present to a vehicle, each independent of the other, 
and in their combination entailing independent 
consequences. It would take an extremely costly 
outfit to reproduce in a shop test all the effects of 
the road, and, indeed, at whatever expense such an 
arrangement would be unlikely to cover their 
complete variety. Among the conditions, of which 
the effect can be observed only by actual running, 
the most obvious are those in which sudden strains 
are thrown on a vehicle through the emergencies of 
traffic. At the present time these are probably 
greater and certainly more numerous than ever 
before. The number of drivers is increasing 
rapidly, and so, it is to be feared, is the proportion 
of those who are reckless or incompetent, and no 
assurance is more necessary in a vehicle than that 
it can stand, without distortions, the repeated strains 
to which it will be exposed in the resulting traffic. 
Apart, however, from this resistance to exceptional 
strains, there are many observations which for 
practical purposes cannot be made off the road. 
The behaviour of the steering gear, for instance, its 
effect on front-wheel braking, the lock and minimum 
turning circle of the chassis, the efficiency of the 
brake, the convenience of changing gears, the 
precision of carburation, hill climbing and accelera- 
tion, the adequacy of the springing, and the general 
behaviour of the frame and body when running, can 
be observed or judged only on actual performance, 
and though many of these factors cannot be expressed 
in precise units, the observations of an experienced 
tester over a standard route may give a useful and 
sufficiently good basis for comparison. On the 
other hand, road running involves considerable 
expense in the time of a skilled tester, which has 
to be devoted exclusively to a single vehicle, and 
both aptitude and some training are necessary for 
distinguishing, locating, and interpreting on the 
road sounds that would be more readily intelligible 
if the vehicle were not moving. 

There is accordingly every inducement to substi- 
tute dynamometer tests in the shop wherever they 
will answer the purpose. In a paper recently read 
before the Institution of Automobile Engineers by 
Dr. E. C. Wadlow, an analysis was given of the 
convenience and advantage with which road testing 
and dynamometer testing can be applied respectively 
to the various factors which enter into the efficiency 
of a motor chassis. While some difference of 
opinion may be felt about the respective advantages 


more at the end of, their manufacture. It is inevit- | of the several methods for some of the factors, there 
able that this should be the case in the choice of |is no doubt that for some of them dynamometer 


seems to exist about the proportion in which they 





tests for a complex structure, operating under a con- 
siderable number of variable and often of conflicting 
The purpose of a test is to obtain 
under one set of conditions results that will be true 


conditions. 


generally in all conditions likely to occur in practice. 
With the utmost possible elaboration tests can 


seldom fulfil this purpose completely, and even the 
extent of elaboration by which tests might be 
perfected in practice is limited by considerations of 


cost. At the same time, the disposition to demand 
tests is economically sound. The advantage of a 
recognised acceptance test in defining and limiting 
the responsibility of the manufacturer is obvious, 
but it is probably the least of the advantages that 
can be derived from testing. Leaving out of 
account tests on the engine and other individual 
parts of the vehicle, the various adjustments and 
the detection of defects, which are necessary before 
the vehicle can run at its best, are made more 
effectively and economically as the result of syste- 
matic tests thanif done haphazard. In the perform- 
ance of tests under standard conditions, a manu- 
facturer stands, moreover, a better chance of 
obtaining incidentally, fresh information about the 
behaviour of his vehicle, and upon occasion may 
apply the same methods to comparing its results in 
detail with those of another type of vehicle, whether 
made by himself or by a competitor. Speaking very 
broadly, the tests that can be applied may be dis- 
tinguished as shop tests and road tests. Probably 
to some extent, each type will always be necessary, 
but both from the technical and the economical 
points of view some doubt or difference of opinion 


testing has incomparable advantages, both in 
precision and convenience. In addition, it can be 
conducted by a less highly-trained operator, who 
can concentrate his attention on testing, and, more- 
over, should be able to conduct the tests of several 
vehicles simultaneously. The determination of 
power, for instance, and the investigation of noises 
in the gear box, transmission and back axle, can be 
conducted more accurately and easily on the 
dynamometer than on the road, and the necessary 
adjustments made and tried much more rapidly. 
Other factors, on the other hand, such as observa- 
tions on the steering mechanism when running at 
a high speed, cannot possibly be observed while the 
vehicle is stationary, and others, again, such as the 
springing, and the effect of corners and bad surfaces 
on the steering, springing and front wheel braking, 
would, for practical purposes, be equally impossible 
by dynamometer methods on a stationary vehicle, 
or would involve arrangements too complex or 
costly to be admissible. It is likely, therefore, that 
no great dissent will be found from Dr. Wadlow’s 
view that for a long time to come, the road test will 
continue to provide the most satisfactory means of 
judging the performance of a vehicle as a whole, 
leaving the dynamometer to supply information on 
one or two points which it is specially adapted to 
measure. 

In one respect, however, it is suggested with 
some plausibility that the use of the dynamometer 
should be substituted for some part of the road 
trial, which in that case would be cut down to no 








definite points for which it still would have to be 
made. This proposal relates to running-in, with 
the object not so much of imparting a final fit 
to bearing surfaces and cylinder bores, as of giving 
any latent defects a chance to develop. In this 
process, which necessarily would include a certain 
amount of bedding down and wearing, it would 
be inexpedient to run the vehicle at the outset at 
anything like its full speed or load. The ideal 
arrangement would obviously be to increase the 
speed and the load gradually from a slow speed 
and low load up to maximum values, a procedure 
which, though difficult on the road, would be 
simple on the dynamometer. There is no reason 
to think that the wear on the tyres would be more 
severe than if the vehicle were run on the road, 
and all the run not required for determining definite 
points could be conducted on the more economical 
basis, which is one of the advantages of running 
on the stationary vehicle with a dynamometer. 
A run on this basis is so much less costly that a 
manufacturer could afford to provide it as a matter 
of routine where on the road it would be too com- 
plex, and by this means he could give his customer 
and himself both the advantage of a good deal 
more running-in than is usually allowed, and the 
assurance that the vehicle has run on the dynamo- 
meter for a sufficient distance to have enabled 
any defects to which it is liable to have developed. 
Such a practice, moreover, would go some way to 
preventing the vehicle from being run-in during its 
early life at a speed and under a load in excess of 
what is good for it. It seems, in fact, as though 
for the purposes of running-in either the road test 
or the dynamometer test must be prolonged con- 
siderably beyond what is necessary for determining 
the individual points to be ascertained, and both in 
economy and in precision there seems to be every 
advantage in running this extra time on the dyna- 
mometer. 





THE CENTENARY OF SIR JOSEPH 
SWAN. 

THosE who are looking about for further regula- 
tions, wherewith to circumscribe our freedom, might 
turn their attention to centenary celebrations. 
These are sadly lacking in standardisation. Accord- 
ing to the taste and fancy of the organisers, they 
are based either on the date of the birth or of the 
death of the person, whom it is desired to honour, 
or, as a third alternative, on the date when that 
person performed some service to science which 
later redounded to the good of humanity. One 
result of this empiricism is that while the centenary 
of Faraday’s discovery of the principle of electro- 
magnetic induction is not to be celebrated until 1931, 
the centenary of Sir Joseph Swan, who did not invent 
the electric incandescent lamp until, at earliest, the 
middle of last century, was honoured last week, be- 
cause he happened to have been born in 1828. Thus 
a curious inversion of the secular order of things has 
taken place. Any irritation, which may have been felt 
at this inconsistency, must, however, have been dis- 
pelled by the lecture on Swan’s work, which was 
delivered by Mr. James Swinburne, F.R.S., at the 
Institution of Electrical Engineers on Thursday, 
December 20. The earliest mention of the incan- 
descent lamp, he said, was in Le Courier Belge in 
1836, where a carbon conductor, electrically heated 
in a vacuum, was mentioned as being used in a 
miner’s safety lamp. In 1845, or soon after, Swan 
began experimenting, employing carbonised paper 
strips heated in a pottery kiln. These were some- 
times hardened by soaking in gum, treacle, or 
dextrin. They were mounted in the best vacuum, 
which could be obtained. This, however, was very 
poor, and the lamps soon burnt out when connected 
to a 50-volt battery. The invention of the Sprengel 
and Geissler pumps improved the prospects of in- 
candescent lighting, and Swan, with Stearn and 
Topham, succeeded eventually in overcoming the 
difficulty of mounting the carbonised paper and of 
others arising from the heating of the joint between 
the filament and the glass, of gas occlusion from 
the conductor, and of variation in the length and 
resistance of the filament. In 1878, a lamp con- 
taining thin straight carbon rods was exhibited, but 
Swan soon found that better carbon was obtained 
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homogeneous thread by treating knitting cotton 
with sulphuric acid and, after drying, drawing it 
through sharp-edged jewel holes. To make the 
ends, muslin was wrapped round the thread and 
acid treatment again applied. The early lamps had 
silver and steel holders to grip the thickened ends. 
The joints were made by local heating under aniline 
or benzole. By 1881 a 60-volt carbon lamp had been 
made, and this was soon followed by one suitable 
for 100 volts. To overcome the lack of uniformity 
in the parchment thread the carbon was heated in 
coal gas under reduced pressure. This hardened the 
carbon, equalised the temperature, and enabled the 
resistance to be reduced, so that lamps could be 
run in parallel. In 1884 Swan, assisted by Stearn and 
Topham, worked out the squirting process, while 
his brother invented the Vitrite cap. In conclusion, 
Mr. Swinburne said that in his work on the electric 
lamp Edison was behind Swan all the time, though 
this made no appreciable difference to his reputation 
as a great inventor. On the evening of the lecture 
a small, but interesting, exhibit was staged in the 
Common Room of the Institution. This included 
examples of Swan’s early lamps, an autograph 
account of the invention, and reprints from various 
journals relating both to the lamp itself and to 
installations in which it had been used. 
LITERATURE. 
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The Evolution of Industrial Organisation. By B. F. 

SuieLtps, M.A. London: Sir Isaac Pitman & Sons, 

Limited. [Price 10s. 6d. net.] 
LOOKERS-ON are said proverbially to see most of 
the game, and among the academic spectators of 
industry instances are not uncommon when they 
likewise imagine that they know more about it | 
than the players. If, moreover, in the time they 
have not devoted to acquiring any practical know- 
ledge they have managed to acquire a readable 
style, or if, lacking this, they have sufficient political | 
interest and connections, they may turn readily 
to writing books, which purport to teach leaders 
of industry their business. A public which has 
little more practical knowledge of the subject 
than such authors may be misled readily into 
attributing to them an authority they do not deserve, 
and accepting views on the strength of it which are | 
mischievous both to the industries concerned and | 
the community at large. It is satisfactory to | 
find that no such criticism can be applied to the | 
work here under notice. The author is Professor 
of Commerce at the University College of Dublin, 
and the present work reproduces in a revised and 
amplified form a series of public lectures, which 
were well attended by business managers, trade | 
unionists, civil servants, and teachers and students 
of business organisations. The lectures were 
followed by keen discussion, and the author was 
led to the belief that their publication might offer 





a means of systematic instruction to readers of the | 


same classes as those represented by his audience. 
In arriving at this view the author has not over- 
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the river Shannon in the generation of electrical 
power it is predicted that it will be a useful support 
for industrial development, especially for isolated 
industries, though the ability of that scheme to 
furnish power at an economical rate has yet to be 
established. The statement, again, that technical 
experts from Government departments sit on the 
very many committees and sub-committees of 
the British Engineering Standards Association 
seems to imply some measure of government 
control, whereas, of course, the representation 
in question is due merely to the position of the 
Government as large users of the products to be 
standardised, and the presence on their staff of 
men of high technical or scientific competence, 
who on these committees merely take their equal 
part with their non-official colleagues. The chapter 
on business combinations gives an unusually 
complete account of a complex subject and many 
generally well-informed men of business may find 
information new to them, in regard to some of the 
many varieties of combinations developed, for 
example, in the United States and Germany. It 
is interesting to observe that the evidence collated 
by the author leads to the conclusion that there 
is a limit to the size of productive organisation 
which is profitable, and that the optimum size 
for economical production may be secured either 
by a single large-scale firm or by a combination, 
each of them being dependent essentially on the 
vigour and acumen with which their operations 
are conducted. Other subjects discussed are 
scientific management, methods of payment, 
the minimum wage, vocational guidance, industrial 
education, and industrial welfare work. Here 
and there a point seems to have been missed. In 
the chapter on remuneration, for instance, the 
systems of augmenting day-work money according 
to shop or works results does not seem to be men- 
tioned, and the objection to the Rowan bonus 
system that it limits the maximum a man can earn 
is mentioned without recording the fact that 
authoritative trade-union opinion has been known 
to approve this feature as reducing the incitement 
to cut basis times. As a whole, however, the 
several views are stated fully and fairly. 





One Thousand Questions and Answers on Company Law. 
By Henry ALLEN AsHTON. London: The London 
Financial Service, Limited. [Price 5s. net.] 

As its name implies, this is a compilation of questions 

put together (according to the preface) in ‘“‘no 

ordered sequence,” relating to company law and 
practice. No attempt has been made to classify 
the questions under various headings, it being left 
to the reader to find out what he wants by means 
of the index. The answers to the questions pro- 
pounded are given without reference to any 
authority. “To state the authority or points of 
law involved in each reply,” says the author in his 
preface, ‘‘ would often have necessitated giving the 
names of well-known writers, judicial decisions 
and sections and sub-sections of various acts, 
for in some instances a reply consists of the general 





rated the quality of his work. It contains an 
exceptionally clear and well documented account 


of the important aspects of the subject with which | 


it deals, and in a short compass gives a plain and 


well-balanced summary of the many variant or | 
divergent views which make up public opinion at | 


the present time. 


The foundations of the study are laid in the first | 


two chapters. which are also the longest, in which 


the author deals with the landmarks in industrial | 
history before and aiter the introduction of power | 
and the factory system, and with the wide subject | 


of business combinations. The purpose of the former 
chapter is to pass under review the stages of 
evolution by which industry, not only in these islands 
but in all important manufacturing countries, has 
arrived at its best position. In this part of the 


work there is perhaps some slight tendency, which, | 


however, does not appear in the later sections, 
to accept at their face value the official estimate of 
the effects to be expected from measures in process 
of development, and to refer to some kinds of par- 
ticipation by the State in technical or industrial 
progress as though it were in the nature of official 
control. Of the scheme for example, for utilising 


consensus of standard authoritative opinion or the 
gist of considered judgments of the Courts.” 

Perhaps the author is not familiar with the 
maxim Compendia sunt dispendia ! To the lawyer 
a mere answer to a legal conundrum is of little value 
unless he is referred to the authority upon which 
that answer is founded. Nor does the author always 
give a reason (authoritative or other) for his answer. 
He is content with a “yes” or a “no.” Let us 
take an example. 

Q. 923.—Are one-man companies legal ? A. Yes. 
But there another question arises. What is a 
“one-man ’’ company ? Can there, in strictness, be 
such a thing? Upon these matters this book is silent. 
But so to criticise is not to say that this work does 
not contain a vast amount of information in a form 
which will be easily accessible to the director or 
secretary of a limited company. It would be well, 
however, if the author were to exercise more care 
|when revising the list of Latin legal maxims 
which he prints at the beginning of the volume. 
| There seems to be something wrong about these : 


Telephone and Power Transmission. By R.\ BRADFIELD, 
B.A., and W. J. Jonn, A.R.C.Se., A.M.I.E.E. London : 
Chapman & Hall, Limited. [Price 21s. net.] 


As a result of the development of the complet: 
theory of electrical transmission, the practice of long- 
distance telephony has, within quite recent years, 
been revolutionised. The heavy-gauge overhea:| 
lines, costly in erection and maintenance, have given 
place to the underground loaded cable and now, 
almost without exception, submarine telephone 
circuits also are so constructed. The latest Atlantic 
telegraph cable also embodies the results of ex- 
perience gained with loaded land lines. On the 
other hand, the transmission of power over single 
and three-phase lines in Great Britain has not called 
for exact methods for the pre-determination of the 
performance of the transmission line, because for the 
voltages hitherto employed and for the distances 
involved, approximate methods were sufficiently 
accurate. These conditions, however, will not 
obtain with the schemes of long-distance power 
transmission at 132 kv., to be put in hand by the 
Electricity Board in the immediate future, and 
accurate calculation of voltage drop and conditions 
of stability have become imperative. 

The authors present a good case for the production 
of this book. It is perfectly true, as they submit, 
that existing treatises, excellent in their complete- 
ness, do by that completeness, place a practical 
appreciation of the problems beyond the reach of 
many engineers who are not also expert mathe- 
maticians. By presenting complex hyperbolic 
functions as useful but absolutely necessary tools of 
which it is unnecessary to acquire a rigid mathe- 
matical conception, their employment is rendered a 
much happier task to those without a thorough 
mathematical training. Assuming then, on the 
part of the student, a very general mathematical 
knowledge, an introduction leads through statements 
and definitions of the properties of vector quantities 
to a re-statement of De Moivre’s Theorem, which 
expresses the circular functions of sin @ and cos 6 
in terms of the exponential function. The reader 
must then take on trust that there are functions of 
the rectangular hyperbola related to the hyperbola, 
just as circular functions are related to the circle, 
and that these hyperbolic functions can also be 
expressed in terms of the exponential function. It 
is then pointed out that the well-known identities 
existing in circular functions have counterparts in 
hyperbolic functions ; that the values of hyperbolic 
functions are obtained from tables similar to those of 
circular functions; and that a complex function 
can be calculated from the circular and hyperbolic 
functions of real quantities. After 18 pages, then, 
we know how to use the tools ! 

The authors are surely optimistic. Does their 
experience as lecturers to students of London 
University justify this optimism or is it founded on 
that hope that springs eternal in the human breast ? 
Chapter 2 launches the general theory of trans- 
mission, beginning with the case of the direct-current 
line with distributed resistance, leakance, inductance 
and capacitance; twenty-one pages further on, it 
ends with distortionless lines, composite lines, 
attenuation and wave-length constants. The appli- 
cation to telephone transmission then follows. 
The method of measurement of attenuation adopted 
by the British Post Office is described. The cause 
of distortion in received speech is explained as due 
to the alteration of the relative amplitudes of the 
components of the wave and of their phase relation, 
since the components travel at different velocities. 
This leads to the necessity of artificially loading the 
line with added inductance since the electrostatic 
capacity of underground cables is such that the 
product of resistance and capacity is always greater 
than the inductance-leakage product, whereas they 
should be equal for distortionless transmission. 
This is also the condition for minimum attenuation 
when leakance is kept at its natural low value. 
Heaviside published this result in his “ Electro- 
magnetic Theory ” in 1894, and it was developed and 
applied in practice by Pupin a few years later. 
Telephone transmission is concluded on page 62; 
the chapter on line constants and their measure- 





|‘ Actio personalis moritur cumu (sic) persona” ; 
“In pare (sic) materid.” ‘“ Ut res magis valeat 
| quam perent (sic).”” 


ments being distressingly short. If only about three 
pages can really be allowed for A.C. bridges, the 
| subject might just as well have been omitted for «l! 
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the practical value such scanty treatment is likely to 
afford. 

Power transmission constitutes the remaining 
three-fourths of the book. As in the telephone 
circuits, the primary constants of power lines are 
resistance, inductance, capacitance. and leakance, 
and for short lines only the first two constants need 
be considered. The calculation of inductance and 
capacitance of overhead lines and cables for single 
and for three-phase working is explained, and the 
simple method for the solution of short lines given. 
The calculation of longer power lines, in which the 
capacity effects cannot be neglected, follows in 
veneral the theory of transmission given in the 
second chapter. The equations are modified, how- 
ever, in order that they may embrace the conditions 
imposed by power line problems.: In the simplest 
case, considering only the line characteristics, this 
problem is to calculate the current and voltage at 
the generator for given power, power-factor and 
voltage at the receiving end. The use of the relevant 
equations is illustrated by a worked-out numerical 
example. Because the majority of transmission 
schemes include step-up and step-down transformers, 
it is essential that the modifications introduced by 
transformer characteristics shall be included in the 
calculation of line performance. This is most 
readily accomplished by substituting for each trans- 
former its equivalent network which is obtained 
from open- and short-circuit tests carried out on the 
transformer. Typical calculations of regulation 
which take account of the transformer characteris- 
tics, bring to an end the work on “steady state ” 
conditions in transmission lines. The subject is by 
no means treated exhaustively ; some of the omis- 
sions, in view of the large amount of literature of 
this subject, must challenge comparison with other 
treatises. Important aspects, such as conditions of 
stability, corona formation, the use of synchronous 
condensers for voltage control, and modification of 
the maximum kv.-a. rating of long-distance lines, 
receive no attention, the scope of the book as regards 
the steady-state condition being limited, as we 
have indicated, to the calculation of its voltage 
regulation and current distribution. 

The concluding chapters refer to travelling waves 
in transmission lines and to the mathematical theory 
of travelling waves. The phenomena attending 
switching-in is investigated and the conditions are 
worked out for the cases when the line is open- 
circuited, short-circuited, and closed through a 
resistance. The special cases of overhead lines being 
brought into substations or continued across rail- 
ways or roads through lengths of underground cable 
are of considerable importance. The laws for the 
behaviour of a voltage surge reaching such junctions 
are worked out to explain the well-known fact that 
a portion of the wave will be transmitted and a 
portion reflected, causing a voltage rise at the junc- 
tion. Other causes of travelling waves are switch- 
ing off an inductive load, earthing the line, and 
atmospheric influences. Typical examples of the 
results of these disturbances are given and the work 
concludes with a chapter devoted to the intro- 
ductory mathematical theory of travelling waves. 
Tables in the appendix give sizes and particulars 
of hard-drawn copper telephone conductors, trans- 
mission line data for telephone cable and aerial 
conductors and mathematical tables of hyperbolic 
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which met in London and Brussels in July, 1919. 
The Council appointed the editors, who selected the 
authors. The 29 pages of the bibliographical refer- 
ences of this volume, which contain nearly 600 
entries, confirm what the preface implies, that the 
international character of science was not dis- 
regarded by the authors. For American chemists, 
the style of the treatment marks something of a 
departure from the usual policy of the country, as 
it presents chemical literature without a primary 
regard to commercial considerations. These mono- 
graphs are intended to enable the investigator to 
keep in contact with the work of chemists in other 
fields of research, and to survey progress made and 
its desirable extensions. 

The volume is divided into four sections : Coating 
Methods, Commercial Metallic Coatings, Testing 
Methods, and Bibliography. The first general 
section distinguishes coating methods depending 
upon the alloying of coating and base (hot-dipping 
and cementation processes), electroplating, metal 
spraying and the chemical treatment of surfaces. The 
second section is arranged as to metals, zine, tin, 
copper, nickel, chromium, &c., and the various 
methods outlined in the first section are discussed 
separately as applied to each of these metals. Thus, 
we have in the chapter on zinc and the hot-dipping or 
galvanising process, notes on cleaning of the base 
surface, on the molten bath, on effects of impurities, 
flux and temperature, the microstructure of iron- 
zinc alloys, by-products, the painting of the zinc, &c. 
The cementation, electroplating and spraying of 
zine are similarly dealt with in a further chapter. 
The bibliographical references to volume and page 
are sub-divided on the same plan and are, as we 
stated, plentiful. Mr. Rawdon is the senior member 
of the metallurgy division of the United States 
Bureau of Standards, and we need hardly say that 
he has done his work ably and conscientiously. 
The book is highly instructive. But we have already 
explained the objects of these monographs, and 
they are not those of the electroplater or the theo- 
retical electrochemist, to select one group of the 
processes surveyed. Thestandpoint is intermediate. 
We have little detail on bath composition, potential 
differences and practical difficulties. It is not 
stated that the double ammonium-nickel sulphate is 
generally preferred to the nickel sulphate in nickel 
baths. There are no general notes on pitting, 
the influence of colloids and the importance of a 
soft water for the electroplater. If the Bureau 
has more to do, however, with the testing and the 
general science of nickel coatings than with their 
application, it has also to study the processes, and 
the limitations which we here point out have been 
unavoidable in view of the great range of problems 
dealt with. 











THE SOCIETY OF GLASS 
TECHNOLOGY. 


At the meeting of the Society of Glass Technology, 
in Stourbridge, on November 20 and 21, the President, 
Mr. Walter Butterworth, Senior, gave a lecture on 
Byzantine, Saracenic, and Venetian Glass. In the 
production of artistic glass, he said, the outstanding 
periods were the Egyptian, Roman, Byzantine and 
Saracenic, Venetian, German, French, and the Modern, 
in which English flint glass occupied a worthy place. 
Probably the Venetian was the most brilliant of all 
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Protective Metallic Coatings. By Henry S. RAwDon. 
New York: The Chemical Catalog Company, Incor- 
porated. [Price 5°30 dols.] 

[rv the subjects of the protective metallic coatings and 

of the corrosion of metals are intimately related, as 

we are told by Mr. Rawdon, the relations are of | 

the family character and not always harmonious. A 

perfect metallic coating gives perfect protection ; 

a (efective coating may be worse than no coating at 

all, because it concentrates corrosion locally. Mr. | 

Rawdon does not commit himself to this expression 

ol view; but he does not omit to indicate the 

limitations of the coating processes he describes. | 

lhe volume is one of the series of scientific and 
te nical monographs which the American National | 

Research Council and the American Chemical | 

Society undertook to produce and to publish at the | 

Interailied Conference of Pure and Applied Chemistry 








these, and the Byzantine and Saracenic period preceded 
it. Venice held pride of place in the production of 
artistic glass for several centuries. She drew much 
knowledge from Egypt, Rome, Constantinople, and 


on much earlier in Venice, and so great was the extent 
of the manufacture of mosaics and beads, that in 1292, 
the Grand Council ordered the removal of all glass 
works to Murano. The Guild of Glass Blowers was 
already formed, and processions were organised to 
display the fine glasses made. The city regarded the 
industry as the ‘‘ Apple of her Eye,” and repressive 
laws were passed to keep it within her power. Drastic 
measures were taken to prevent emigration of workers, 
and workshop regulations were stringent. Four 
categories of glass were made (1) canes for beads ; 
(2) canes for pearls and enamels ; (3) hollow ware and 
general; (4) window and plate glass. Each section 
had its guild, and the State kept a ‘‘ Libro d’Oro,” 
skilled workers being regarded as a class of nobility. 
Following the suggestion of Marco Polo, the great 
Venetian traveller, a considerable export trade was 
obtained. 

During the first half of the sixteenth century, 
Venetian glass reached its zenith for incomparable 
craftsmanship, grace, lightness, and delicacy of form ; 
it was a triumph of blown glass of a thin, delicate type, 
tending towards the fantastic. The variety of the 
graceful glasses was astonishing, and a great trade was 
done with Europe, Asia, and the far East. The 
tendency to let the playful fancy of the craftsman 
run riot was, in time, to undermine the fine qualities 
of Venetian glass. In the effects of filigrane, mille- 
flori, and lattecinio, the ability of the Venetians seemed 
to have no limit. Show pieces of the exquisite work 
were exhibited in guild processions, &c., and the fame 
of this work influenced the course of glass manufac- 
ture in other countries. 

After the sixteenth century, foreign competition 
from France, Bohemia, Germany, the Netherlands, and 
England, dealt a severe blow to Venice, whose crafts- 
men had at last carried away her secrets. In the 
seventeenth century, English cut lead flint glass became 
the rage, ousting Venetian and Bohemian styles. The 
floried style of Venetian glass remained in favour for 
some time, and usually specimens of this period are 
found in museums. Political circumstances contri- 
buted towards the decline of the Murano craft in the 
eighteenth century, and by 1806 the number of glass 
works had sunk to 12. At the present, a vigorous trade 
had again arisen, but it was only a shadow of the former 
grandeur. 

On November 21, the meeting was devoted to 
‘**Glassworks Refractory Materials.” The discussion 
was initiated by Professor W. E.S. Turner, who spoke 
on ‘Recent Progress in the Study of Refractory 
Materials.”’ He referred, at the outset, to the work of 
the Refractories Committee of the Society of Glass 
Technology, and to the general report which had 
recently been published. Professor Turner went on 
to state some of the most important problems awaiting 
solution, and referred at some length to work which 
had been done by the German Society of Glass Techno- 
logy. The results of the two independent sets of 
investigation showed a good deal of concordance. 
Particulars were given of a number of British and 
German clays of various compositions and types. 
Clays rich in alumina were more resistant to the action 
of a lead batch than were clays with a lower alumina, 
but a higher silica content. Similar results were 
obtained with soda-lime-silica, and with opal glass 
batches. Clays with high ferric oxide content were 
less resistant to corrosion than those with low ferric 
oxide values. Sodium sulphate was the one raw 
material to which highly silicious clays were more 
resistant than the highly aluminous clays. Emphasis 
was laid upon the greater importance of porosity on 
the properties and behaviour of the glass. Clays with 
high porosity were most susceptible to attack. High- 
temperature firing of refractory materials for the 
glasshouse was most important. Clays with high 
alumina content were better for nearly all purposes 
than were clays of low alumina content, provided the 
clays were given adequate firing. 

Professor Turner also referred to investigations on 


Damascus. 


The Byzantine Empire, 330-1453, founded by 
Constantine, with its capital Constantinople, had a 
Constantine en- 
couraged arts and industry, attracted skilled artists 
and workers, including glass-makers, who became 
numerous, occupying the quarter near the “‘ Gateway 


troubled and chequered history. 


| glass passed to Venice. 


of Glass.”” Their glassware soon commanded exports 
to Alexandria, Persia, &c. Enamel painting on glass 
was apparently begun by Greeks under Byzantine rule. 
In the seventh century, the Arabs conquered Syria, 
Egypt, and Spain in the eighth century, and oriental 
influences spread westwards. Saracen glass coins and 
weights were in use, some being stamped with the 
names of Caliphs from 720 to 1225. The glass factories 
at Damascus became famous, and this fame lasted until 
the fourteenth century. 

In the fifteenth century, the manufacture of beautiful 
Glass-making had been carried 


the tensile strength and expansion of glass-house 
refractories by Mr. J. F. Hyslop and his colleagues, at 
the Research Laboratories of the General Electric 
Company, Limited, at Wembley. Mr. J. F. Hyslop 
supplemented Professor Turner’s remarks, and gave 
some details of his experiments. He pointed out that 
the composition of the material was important. With 
light or moderate burning, it was possible that siliceous 


refractory materials might give superior results to 
aluminous materials. 
were that the best possible results were only obtain- 
able by using materials of high alumina, or mullite 
content which had been adequately fired. 


All the indications, however, 
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Inpustry.—The President of the Board of Education 
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In the discussion following Dr. Swift’s paper before 
the Institution of Mechanical Engineers on ‘“ Power 
Transmission by Belts,”’ reference was made by more 
than one speaker to the work that had been done 
on this subject in Germany and the United States.* 
In view of the interest aroused we now give an outline 
of an interesting investigation on the transmission 
power and stretch of belting, which investigation has 
been carried out by two members of the staff of the 
Ohio State University, Prof. C. A. Norman, and Mr. 
G. N. Moffat. The tests were made in the mechanical 
engineering laboratory of the Ohio University at Colum- 
bus, and the results are given in Bulletin No. 41, 
Engineering Series, Ohio State University Studies, 
entitled T'ransmissive Power and Stretch of Belting. 
The apparatus used was of the single-belt system, 
the two pulleys being mounted directly on the 
shaft of a dynamometer and motor, respectively. 
The dynamometer was, of course, bolted down, and 
had a capacity of 20-h.p. and a speed range up to 
2,000 r.p.m. The motor, of 12-h.p. capacity, and with 
a speed range of from 500 r.p.m. to over 1,000 r.p.m., 
was carried on what amounted to a ‘truck; that is, 
it was fitted with two axles having two wheels each 
and running on roller bearings. The wheels ran in a 
smooth track parallel to the vertical plane of the belting, 
and the tension on the belting was opposed by a rope 
attached at a point of the motor frame situated on the 
centre line of the pulleys in both the horizontal and 
vertical planes. 

The other end of the rope was attached to a screwed 
rod which passed through the end of the vertical arm 
of a large bell-crank lever and was adjusted longitu- 
dinally by a handwheel. The horizontal arm of the 
bell-crank lever, which lay towards the motor, was 
formed with a knife edge, on its lower side. This rested 
on the centre of the platform of a weighing machine 
of the usual type, with a steelyard type arm. An 
increase of tension on the belt under test, caused by 
drawing the motor farther away from the dynamometer, 
immediately resulted in a downward pressure on the 
platform and a change in the scale reading. This 
simple arrangement proved quite sensitive, a light tuuch 
on the belt being sufficient to move the motor. The 
belts were in part purchased and in part presented by 
different manufacturers. In both cases, the highest 
grade of belting was specified or suggested, and it is 
assumed that the tests represent, therefore, the per- 
formance of high-grade belts. The belts were flat, 
3 in. wide, and of single leather or of fabric of corres- 
ponding ply strength. The developed length was, in 
general, from 30 ft. to 35 ft., and, except in the case 
of the solid-woven fabric belts which were joined 
by clip fasteners, the joints were scarfed. 

The pulleys used were standard cast iron, special 
cast iron, special sheet steel, and wood pulleys with iron 
spokes. The last-mentioned were used, as the makers 
guaranteed them for speeds up to 9,000 ft. per minute. 
The guarantee for cast-iron and sheet-iron pulleys 
was not so high. When comparative tests were made, 
crowned cast-iron pulleys, 18 in. in diameter, were used, 
but runs were made with diameters varying between 
6 in. and 32 in. The smallest pu'leys were, however, 
only used for leather belts, as the manufacturers 
concerned directed that most of the fabric belts required 
diameters larger than 6 in. Tests were also carried 
out on a rubberised V-section belt, said to be coming 
into wide use. The belts were first run on 18 in. crowned 
cast-iron pulleys. A speed of about 500 r.p.m. was 
used with effective pulls varying from 15-2 lb. to 
49-5 lb. per inch of width. For each effective pull, 
the total belt tension was varied from the lowest value 
possible without extreme unevenness of running or 
danger of the belt slipping off, to a value bringing the 
slip apparently into the region of pure creep. These 
low slip values were about 1 per cent. The slips were 
measured with Hassler tachometers and common speed 
counters, the latter giving the most reliable results. 
In cases of uncertainty, runs were repeated until 
consistent readings were obtained. 

These initial tests were all carried out on new belts, 
and after them the belt was allowed to run for about 
9 hours under an effective pull of about 35 lb. per inch 
of width at a speed of about 2,400 ft. per minute. The 
initial tests were then repeated and were followed by 
tests in which the speeds were increased by steps to 
about 4,800 ft. per minute at the maximum effective 
pulls possible with the plant. The distance between 
the pulley centres was, in most instances, measured 
simultaneously with every speed reading, so that the 
stretch of the belt could be ascertained. This practice, 
however, did not commence until the tests on stitched 
canvas and balata belts had been finished, and the 
stretch for these belts was ascertained by the somewhat 
unreliable method of using dead weights, allowing the 
belt time to settle between the readings. In tests to 
determine the effect of speed, a pulley 18 in. in diameter 





* See pages 656 and 709 ante. 
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was used on the dynamometer and one 32 in. in dia- 
meter on the motor. The results, in all cases, were 
plotted in terms of tension ratio and slip. The slip 
was, however, expressed in more than one way. Chiefly 
it was plotted as a percentage, that is, the speed loss 
between the pulleys. In some cases, in crder to com- 
pare the results obtained from the static slip machines, 
values in feet per minute on one pulley were desirable 
and they were accordingly plotted as a separate scale, 
and on the assumption that the total slip occurred in 
equal amounts on both pulleys; that is, that the slip 
velocity on the pulley responded to half the speed 
loss. 

Examining the results plotted as described above, 
some conclusions may be noted, of which those regarding 
the effects of high speeds are outstanding. The authors 
of the research, after pointing out that in the United 
States power transmission above speeds of 5,000 ft. per 
minute has, in many quarters, come to be regarded as 
‘“‘ rather a foolish undertaking,’ make a reference to 
a paper by Mr. Edwin Kenyon published in ENGINEER- 
1nG, vol. Ixxxvii, pages 368-396. In this paper, 
which dates from 1909, a table for cotton-rope drives 
is given showing increased power with increased speed 
up to a speed of 7,000 ft. per minute. Professor 
Norman and Mr. Moffat have confirmed by their 
experiments that this increase of power transmission 
with increase of speed is really obtainable despite the 
effect of centrifugal force on the belt. Several plotted 
results with different kinds of belt, running at speeds 
as high as 8,875 ft. per min., show, when compared 
with similar diagrams at lower speeds, that the belt 
transmits power at higher speeds with practically the 
same tension ratio as at low speeds and with a total 
pull on the shafts no higher. 

This is a very useful result and should dispel the idea 
that high speeds somehow lift the belt off the pulley. 
They stretch it, and, if no automatic tightening device 
is available, the belt may have to be put on very tightly 
when the pulleys are at a standstill in order not to 
become too loose while running. In the actual test 
apparatus, if the distance between the pulleys was not 
reduced, the weighing mechanism, when the machine 
was stopped, indicated a tension which even for small 
3-in. single belts might be several hundred pounds 
higher than the running tension. This suggests that 
the centrifugal force relieves some of the shaft pull and 
decreases the useful tension in the belt. The fact, 
however, that during running at high speeds neither 
the total pull nor the maximum tension need be higher 
than at low speeds may be emphasised. At the same 
time there is another factor to be considered, 7.e., the 
amount by which the useful tension is reduced depends 
not on the centrifugal force alone, but also upon the 
elasticity of the belt as the tension is relieved in 
some ratio to the elasticity. Therefore, a high-speed 
belt should not have too great an elastic stretch, and, 
since centrifugal force is proportional to unit weight, 
the weight per foot of length should not be too great 
either. A final requirement is, of course, that the 
belt should be able tc transmit the load with a high 
tension ratio, so that the initial tightness needed will 
be as small as possible. 

It would appear that the belt which most nearly 
fulfilled these three conditions for high-speed work, was 
a mineral-tanned leather belt which had already yielded 
some remarkable results at low speeds. This was 
3 in. wide, and weighed 0 -162 Ib. per foot. It had an 
elastic stretch of 0-15 in. in a length of 8 in. under a 
load of 400 lb., and a permanent stretch of 0-03 in. 
under the same conditions. At a speed of 8,875 ft. 
per minute, on 32-in. and 18-in. wood-rimmed pulleys, 
this belt gave almost identical slip results with the 
same tension ratio as it did when running at 4,480 ft. 
per minute on 18-in. cast-iron pulleys. These results 
were plotted against differences in revolutions per 
minute of the two pulleys, and indicate that the per- 
formance is dependent on velocity of slip rather than 
on percentage slip. The test apparatus was run with 


| the tight side of the belt on the under side, and, under 


these conditions, at the lower speed, the mineral-tanned 
leather belt could be run so slack that it touched the 
tight side, and the tension in the slack side was out- 
side the degree of sensitiveness of the apparatus. Even 
in this extraordinary condition, the slip was only 
about 1 per cent., that is, almost certainly in the region 
of pure creep. 

This condition was maintained after 14 hours of 
running when it was transmitting all the power that 
the motor could furnish, and the performance at the 
highest loads was, if anything, somewhat improved 
over that at lower ones. It showed no tendency to 
slip off the pulleys when running so slack. The belt, 
being very flexible, was tried on pulleys 6 in. in dia- 
meter, one of cast-iron and the other of steel. The per- 
formance, at speeds up to 1,665 feet per minute, was 
quite as good as that on the larger pulleys. When new, 
this belt showed enormous transmissive values in the 
static tests, even on a pulley that barely moved. After 
the surface was worn in to some extent, it gave values 


that agree well with those from the running machine. 
After 12 hours of running, the mineral-tanned leather 
belt had a permanent stretch of 0-61 per cent. on a 
distance from centre to centre of pulleys of 16-2 ft. 
The permanent stretch indicated by a testing machine 
was 0-38 per cent. 

Another type of belt which gave some interesting 
results was one of a solid woven cotton. This was of 
the same width as the others tested, namely, 3 in., 
and was 0-145 in. thick. The weight per foot was 
0-199 lb., and the ultimate tensile strength on the whole 
section was 3,125 lb. When new, and also after 
12 hours’ running, the cotton belt obtained very high 
tension ratios at speeds of 2,580 ft. per minute on 18-in. 
cast-iron pulleys with a slip of just over 1 per cent. 
It was feared that, based on observations by Kammerer, 
the necessary metallic jointing would interfere with 
the performance of the belt, but its effect is stated not 
to be very serious. A drawback compared with the 
mineral-tanned leather belt is that it cannot be run 
in so slack a condition, and, at a certain minimum 
tension ratio, it lost hold suddenly and was apt to slip 
off. This tension ratio is, however, a high one, and this 
type of belt appears to be a very efficient one. It 
stretched very little while running, but exhibited a 
somewhat anomalous condition in that the tension 
ratios on the static machine were considerably lower 
than on the running machine. This may be inter- 
preted to mean that the pulling capacity of the woven- 
cotton belt is not improved by real slip, and for the 
best results it should be kept running in the creep 
region. This belt does not appear to have been tested 
at high speeds or on the 6-in. pulleys, though its high 
degree of flexibility renders it very suitable for use on 
the latter. 

Another belt of a comparatively new type which 
gave good results is described as a V-belt, made from 
rubberised cotton cords. The test on it was run with 
V-groove pulleys of about 12 in. mean diameter, so that 
the speed range differs from that of the flat belts. The 
recommended effective pull for the size of belt used 
is about 90 lb., and the recommended tightness is such 
that the tension ratio would, in normal running, 
barely exceed 3. Under these conditions, the slip of 
the belt, both new and after 8 hours’ running, is about 
1 per cent., or alittle more. The rubber coating wears 
off the belt very rapidly, but the power transmission 
seems, if anything, to be more dependable after this 
has taken place. The belt, at least when run in and 
normally loaded, can be run quite slack without the 
slip exceeding 2 per cent. This seems to obtain 
particularly at high speeds. The highest speed for 
which figures are given is, however, only 1,820 ft. 
per minute. This type of belt also permits a con- 
siderable over-load. On the new belt, the load was run 
up to 100 per cent. above normal (179-5 lb. effective 
pull) without the slip exceeding 2 per cent., even when 
the tension ratio was as high as 7. 

With regard to the effect of the rubber coating re- 
ferred to above, it would seem that the degree of slip 
is an important factor where rubber is concerned. 
Tests on one type of rubber belt showed that the 
pulling efficiency increased somewhat with slip, and 
it was improved somewhat by preliminary running. 
There was practically no difference in performance 
at high and low speeds. The original surface wore 
off considerably during the preliminary running in, 
but this did not affect the pulling power unfavourably, 
and at no time within permissible tension ratios did 
the belt lose hold. At the same time, in another type 
of belt, when it was allowed to slip considerably, the 
surplus rubber surface came off in the form of. rolls, 
and these rolls ruined the transmissive power. Evi- 
dently there is no advantage in surplus rubber. 
Balata belting is another form which requires some- 
what careful handling. If it is allowed to slip and 
heat up excessively, the impregnation softens, and the 
pulling power may be impaired. As the pulling effi- 
ciency increases with the slip, thisis a point which should 
be watched. The balata belting tested carried a load 
of 49 -6 lb. per inch of width readily. A so-called “ hair 
belt: was tested, but in a less complete manner, and the 
results scarcely demand comment. Stitched canvas 
and oak-tanned leather belts do not show any out- 
standing features. The authors do not appear to 
place much reliance on the figures obtained regarding 
stretch, other than those we have quoted above, 
and it would seem, therefore, that no useful purpose 
would be served by reproducing them. 








EXTENSIONS ON THE CANADIAN NaTIONAL RAILWAY 
System.—Some 391 miles of track have been laid in 
Western Canada during the summer by the authorities 
of the Canadian National Railways. Out of this total, 
168 miles of railway have been built in Manitoba, this 
figure including the branch line to the Flin Flon mines and 
the extension of the Hudson Bay Railway towards the 
Port of Churchill. In Saskatchewan, nine branch lines, 
aggregating 159 miles, have been constructed. Three 
branch railways, making together 63 miles, have been 
eonstructed in Alberta. 
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LABOUR NOTES. 


‘ Statistics, relating to the membership of trade unions 
and trade union federations, in Great Britain and 
Northern Ireland in 1927, have been officially compiled 
from returns collected by the Chief Registrar of 
Friendly Societies, the Registrar of Friendly Societies 
for Northern Ireland, from trade unions registered 
under the Trade Union Acts, and the Ministry of Labour 
from unregistered unions. They relate to all organisa- 
tions of employees, including those of salaried and 
professional workers as well as those of manual wage 
earners, which are known to include among their 
functions that of negotiating with employers with the 
object of regulating the conditions of employment of 
their members. The total number of such unions known 
to have been in existence at the end of 1927 was 1,127, 
as compared with 1,136 at the end of 1926. The number 
of unions dissolved in 1927, so far as reported, was 23, 
with an aggregate membership of 2,000 at the end of 
1926; 12 unions, with an aggregate membership of 
14,000 at the end of 1926, amalgamated with other 
unions ; while 26 new unions, with a total membership 
of 7,000 (including one union formed by amalgamation), 
were reported as formed during the year. 





The total membership at the end of 1927 was approxi- 
mately 4,908,000, as compared with 5,207,000 at the 
end of 1926, showing a decrease of 299,000, or 5-7 per 
cent. The number of male members was 4,116,000, 
a decrease of 280,000, or 6-4 per cent., as compared with 
the previous year, and the number of female members 
was 792,000, a decrease of 19,000, or 2-3 per cent. The 
total of 4,908,000 includes about 29,000 members in 
Irish Free State branches, and 30,000 members in other 
overseas branches of certain unions (compared with 
30,000 in Irish Free State branches and 28,000 in 
other overseas branches in the previous year. It also 
includes a certain number of persons (principally 
teachers) who are members of more than one society, 
and are therefore counted more than once in the figures. 
When allowance is made for these cases, the net number 
of members in Great Britain and Northern Ireland is 
estimated to have been about 4,840,000 at the end of 
1927, compared with about 5,140,000 at the end of 1926. 
Of this total approximately 72,000 was the membership 
of unions or branches of unions in Northern Ireland. 





According to the Ministry of Labour Gazette there was 
a further decline, on the whole, in employment during 
November. Among the workpeople, numbering approxi- 
mately 11,880,000, insured against unemployment in 
Great Britain and Northern Ireland, the percentage 
unemployed in all industries taken together was 12-2 
at November 26, 1928, as compared with 11-8 at 
October 22, 1928, and 9-9 at November 21, 1927. The 
percentage wholly unemployed at November 26, 1928, 
was 9-3, as compared with 8-9 at October 22, 1928; 
while the percentage temporarily stopped was 2-9, 
as compared with 2-9. 





The principal industries in which the rate of unem- 
ployment increased included the building trade, public 
works contracting, brick, tile, cement and concrete 
manufacture, the pig-iron and tin plate industries, 
general engineering, leather tanning, the clothing trades, 
river, dock and harbour service and the fishing industry. 
In the coal-mining industry there was a slight increase 
in the number recorded as wholly unemployed, which 
was partly offset by a reduction in the numbers tem- 
porarily stopped. There was a further improvement, 
however, in the cotton, worsted, linen, and motor 
vehicle industries; while a reduction in the number 
unemployed also occurred in textile bleaching, dyeing 
and finishing, and in the shipbuilding, coke oven and 
by-product, and glass bottle industries. 





In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation 
in November, resulted in an increase of 4,400/. in 
the weekly full-time wages of nearly 69,000 work- 
people, and in a reduction of 5701. in those of 10,000 
workpeople. The increases which occurred were 
mainly due to the operation of cost-of-living sliding 
scales. Under such scales, coopers in various towns 
in Great Britain and Northern Ireland received an 
increase of ld. per hour on time rates and 6} per cent. 
on basis piece rates; in the boot and shoe repairing 
trade, the minimum piece rates fixed under the Trade 
Boards Acts were increased by 5 or 24 per cent.; and 
there were also increases in the minimum time and 
piecework rates fixed under the Trade Board Acts 
for various classes of workpeople employed in the 
brush and broom trade. Other bodies of workpeople 
whose wages were increased included higher-paid men 
employed in the Siemens steel industry in South-West 
Wales, machine calico printers, and leather belt 
makers. The principal bodies of workpeople whose 





wages were reduced were blast-furnacemen in Cum- 








berland and Lincolnshire, and iron puddlers and 
millmen in the North-East Coast area, in all of which 
cases the reductions took place under sliding scales 
dependent on selling prices. 





During the eleven completed months of 1928, the 
changes reported to the Ministry of Labour in the 
industries for which statistics are compiled, have 
resulted in net increases of 21,100/. in the weekly 
full-time wages of 211,000 workpeople, and in net 
reductions of 166,000/. in those of 1,638,000 work- 
people. In the corresponding period of 1927, there 
were net increases of 29,8501. in the weekly full-time 
wages of 276,000 workpeople, and net reductions of 
383,350/. in those of 1,857,000 workpeople. 

The number of trade disputes involving stoppages 
of work, reported to the Ministry of Labour as 
beginning in November, was 18. In addition, 12 
disputes which began before November, were still in 
progress at the beginning of the month. The 
number of workpeople involved in all disputes in 
November (including workpeople thrown out of 
work at the establishments where the disputes 
occurred, but not themselves parties to the disputes) 
was about 7,000, and the aggregate duration of all 
disputes during November was about 64,000 working 
days. These figures compare with totals of 7,000 
workpeople involved, and 59,000 working days lost, in 
the previous month, and with 10,600 workpeople 
involved, and 51,000 days lost, in November, 1927. 

The aggregate duration of all disputes, in progress 
in the first eleven months of 1928, was about 1,375,000 
working days, and the total number of workpeople 
involved in these disputes, was about 121,000. The 
figures for the corresponding period of 1927 were 
1,136,000 days and 109,000 workpeople, respectively. 











At a meeting in London last week of the Trades 
Union Congress General Council, the case of Mr. Percy 
Glading, who was dismissed from Woolwich Arsenal 
because he refused to renounce his Communist principles, 
was again under consideration. Instructions were 
given for the preparation of a memorandum dealing 
with the constitutional and other points raised by the 
Admiralty’s action. 





The General Council also decided to ask the Minister 
of Labour to receive a deputation on the subject of 
the administration of unemployment benefit by trade 
unions under the Unemployment Insurance Act of 
1927. In a statement issued after the meeting, the 
General Council declared that under the present 
regulations, a considerable number of trade unions 
will be compelled to cease administration of State 
Unemployment Insurance. According to the inter- 
pretation of the Act given by the Minister of Labour, 
unless a union is prepared to pay from its own fund 
unemployment benefit to partly unemployed men, 
it will not be allowed to administer State unemploy- 
ment for wholly unemployed men. 





Complaints were considered by the General Council 
from certain trades councils to the effect that the 
Government scheme for the transference of labour 
from one district to another had been used in such 
a way as to undercut and displace local workers. It 
was decided to make a full investigation of the matter, 
and to consider it in the light of the information ob- 
tained, at a future meeting. 





The Industrial Review, an organ of the Trades Union 
Congress General Council contains ‘‘a Christmas 
message to Trade Unionists’ by Mr. Citrine. ‘*‘ Much 
has happened in 1928,” he says, ‘‘ to cause us anxiety 
and foreboding. The situation in the mining indus- 
try especially, has become tragic ; unemployment has 
continued ; and the long-awaited revival of trade has 
not materialised. Nevertheless, the old year closes 
with a promise of brighter things in 1929. It is 
gratifying to find that some of the trade unions are 
able to report increased membership and better financial 
results as the year comes to anend. Itis not toomuch 





to hope that the tide has turned and that 1929 will see 
a real and material improvement in the position of 
the trade unions as a whole. It is pleasant to be able to 
congratulate unions like the Railway Clerks’ Associa- 
tion, the General and Municipal Workers’ Union and 
others on the good showing they have made during the 
year. Both the R.C.A. and the General Workers’ 
organisation have an increased membership, whilst 
unions, which have been specially badly hit during the 
years of trade depression, like the Amalgamated Engi- 
neering Union, can report a moderate improvement 
in their position. The progress of the General and 
Municipal Workers’ Union is particularly impressive ; 
it has enrolled no fewer than 41,000 new members in 
the first nine months of this present year, and has 
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is, Mr. Citrine, hopes, a foretaste of what most of the 
affiliated unions will enjoy in 1929. 


The New Year, he goes on to say, should see the 
beginning of a renewed effort to strengthen the organised 
movement in all its branches. “‘ For the tasks that 
lie before us,’ Mr. Citrine continues, “‘ a united 100 per 
cent. organisation is essential. It should be the 
business of every trade unionist in 1929 to see that 
his fellow-workers become trade unionists and give 
loyal and devoted service to the Labour organisation. 
There will be many opportunities for service in 1929. 
The impending General Election will absorb the 
thoughts ‘and energies of many of our people ;_ but 
I hope it will not be forgotten in the electoral struggle 
that Trade Unionism counts for quite as much in 
the lives of Labour voters, and that propaganda for a 
Labour Government should be equally a plea for 
loyalty and enthusiasm in the work of the unions. 
The history of a hundred years testifies to the fact 
that an active and powerful Trade Union movement is 
the workers’ best assurance of progress.” 





The possibilities of amalgamation between several 
groups of British trade unions are to be discussed early 
in the New Year. One of the groups consists of the 
National Society of Operative Printers and Assistants, 
the National Union of Printing, Bookbinding, Machine 
Ruling and Paper Makers, and the Scottish Typo- 
graphical Association, and to its deliberations, the 
Typographical Association have been invited to send 
representatives with a view to reporting back to their 
Executive. Another group is composed of the National 
Union of Clerks and Administrative Workers and the 
Association of Women Clerks and Secretaries. A 
third group of nine unions suggested by the National 
Federation of Glass and Allied Trade Unions is to 
be invited by the General Council to discuss closer 
working relations. 

The award of Herr Severing, the German Socialist 
Minister of the Interior, who was appointed arbitrator 
in the Ruhr metalworkers’ dispute, is described by the 
Berlin correspondent of the Times as ‘a delicate 
compromise.”’ The original award declared binding 
by 'the Minister of Labour, but rejected on legal 
grounds by the employers, who declared a lock-out, 
granted a wage increase of six pfennigs an hour and 
two pfennigs allowance to piece workers. The new 
award grants to time workers an increase in the form of 
an additional allowance varying between one and six 
pfennigs, distributed on the principle that the higher 
the wage hitherto earned the smaller the percentage of 
the total increase should be if it is desired systematically 
to raise the general standard of living in the Western 
industrial area, where prices are high. On the same 
principle, the wages of pieceworkers are left almost 
unchanged. On the other hand, the award also deals 
with working hours (a question which would in any 
case have come up at the end of the year) and makes 
a concession to the men. It provides that, in all cases 
where groups of employees have been working 60 hours 
a week under the special modifications of the legal 
working conditions, the hours of work shall be reduced 
to 57. oe eta 

Herr Severing’s award, it is pointed out, does not 
affect the legal issue over the original award, which 
remains to be settled in principle by the Reich Labour 
Court. Moreover, it decrees that the terms of the 
original award of October 27 shall apply as from the 
resumption of work at the beginning of November 
until December 31, when the new terms supersede 
them. The Minister recognises that the introduction 
of a scale of wages for so short a period will be difficult 
technically, but he insists on it as a gesture designed to 
maintain respect for the arbitration system. 


The weekly official organ of the International Labour 
Office states that an experiment in the employment of 
persons out of work has been tried for some years in 
Bale, apparently with entire success. It consists of 
giving unemployed persons, especially commercial 
workers, positions in an ‘‘ address office.” The office 
is organised in accordance with modern principles of 
scientific management. A systematic collection of 
Swiss addresses, classified by industries or occupations, 
or, in the case of private individuals, by social classes, 
is kept up to date, to serve as a basis for the distribu- 
tion of circulars, advertisements, &c. The office also 
undertakes all manner of typing and copying work. 
The sale of lists of addresses and the carrying out of 
other work allow the office to offer to the unemployed 
persons engaged by it a wage, which in some cases is 
supplemented by a fraction of the compulsory unem- 
ployment insurance benefit. During 1927, the wages 
paid amounted to 180,718 francs, and the office gave 
work on an average to 82 unemployed persons a day. 
Some of the unemployed persons engaged were found 





increased its reserve funds by as much as 40,0001.” That 





temporary posts in commercial undertakings. 
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Fig. 1. 


THE PULVERISER House. 








Fie. 2. 


THE NEW BRIMSDOWN' STATION 
OF THE NORTH METROPOLITAN 
ELECTRIC POWER COMPANY. 

\s the result of various Acts, which were passed 
between 1900 and 1927, the North Metropolitan Electric 

Power Supply Company, Limited, obtained power to 


supply electricity over an area of 632 square miles in | 


Middlesex, Hertfordshire and Essex, and, in conjunc- 


tion with associated undertakings, has now extended | 


its transmission lines as far afield as Cambridge and 
3edford. The erection of the main 132,000-volt trans- 
mission network of the Central Electricity Board south- 


ward from Peterborough to Watford via Bedford and | 


Luton, and eastward from Bedford to Ipswich via 
Cambridge, will further assist in opening up the dis- 
trict in which the company is interested, and should 
stimulate the development of its activities in the impor- 
tant fields of secondary transmission and distribution. 
At the same time, it will be called upon to supply the 
Board with energy, at least temporarily, from its 
Stations at Willesden and Brimsdown (Old), while its 
most recent station at Brimsdown (New) has been 
sag as one of the capital stations under the 
scheme. 


originally the com 


pany operated two other static as at 
St. 


Albans and Hertford respectively, that the st tions | 


As a matter of history, it may be added that | 





25,000-Kw. TurBo-ALTERNATOR AND CONDENSERS. 


| at Brimsdown (Old) and Willesden have heen inter- 


| connected for some time, that two 15,000-kv.-a. under- | 


| ground feeders, working at 30,000 volts, have enabled | 


| a supply to be obtained from the County of London 


| Electric Supply Company’s station at Barking, and | 


| that a connection with the local authority’s station 
at Luton has provided in some measure for the grow- 
ing load in that part of the area. The extent to 
which this load has increased of recent years is indi- 
cated by the fact that, while in 1922 it was 27,700 kw., 
(at the end of 1925 it had risen to 49,000 kw., or 
approximately the combined capacity of the plant at 
the Willesden and Brimsdown (Old) stations, and was 
growing at the rate of 8,000 kw. to 10,000 kw. per 


| 
coal strike in the previous year. 


| tricity Commissioners to begin the erection of a new 


annum, attaining 65,800 kw. in 1927, in spite of the | 


Permission was therefore obtained from the Elec- | 


station at Brimsdown, on a site adjacent to the old | 





buildings, and to instal! in it two 25,000-kw. turbo- | 
alternators, together with five steam-raising units, 
arranged so that two boilers could normally supply one 
turbine, the fifth acting as spare to each .of the other | 
double units. The ground is capable of accommodating | 


has now been in operation for some three months, it will 

be interesting to say something about a problem which 
| presented considerable difficulties to the designers. 

This, as in other places, was connected with the provi- 
| sion of an adequate supply of water for cooling pur- 
| poses. The original station obtained the water it re- 
| quired from the River Lea Navigation, which runs along 
| one side of the site. It wascontemplated that the first 
| section of the new plant should also draw its supply 
| from the same source and that the two stations could 
|then be operated together, at least during the winter 
|months, though under ordinary conditions it is not 
| proposed that this should be done. In fact, the arrange- 
| ment suggested is to operate the old station as a reserve 
| to the new. To provide for the future, however, nego- 
| tiations were entered into with the Metropolitan Water 
| Board with the idea of securing the use of the water in 
| the adjacent King George Reservoir, and as these had 
| not come to a head at the time the work was put in 
| hand, the erection of cooling towers could not be ex- 
| cluded as an alternative. The result has been that the 
| station is designed so that the pumping plant can deal 
| with cooling water drawn from any of the three sources 
| mentioned. 
| The company’s officialsk—Mr. J. M. Donaldson, 
| M.Inst.C.E., chief engineer, Mr. W. N. C. Clinch, power 
station engineer, Mr. C. A. Smeed,-architect, and Mr. 
A. H. Jenkins, electrical designer—were responsible 
for the major part of the general design of the steam- 
raising, electrical generating and ancillary plant, as 
well as for the structural work. The main contract for 
the building, civil engineering work, and steam-raising 
equipment was let to the Foundation Company, 
Limited, of London, who, by arrangement, sublet the 
| contract for the latter section to Messrs. International 
Combustion, Limited, of London. Contracts for the 
rest of the plant were effected direct with the firms 
mentioned in the body of this article. 
| The area of the site occupied by the new station is 
| 43 acres. It is bounded by the Lea Navigation on 
one side and the main line of the London and North 
Eastern Railway on the other. It is level with a very 
sound gravel foundation, which has been made use of 
for mixing the larger part of the concrete required for 
| the new buildings. Coal is normally brought in by 
rail over a branch siding and passes on to a weighbridge 
and an automatic side tippler with a capacity of 120 tons 
per hour, whence it is transferred to a hopper. It is 
then carried by a tray conveyor to a point where it can 
| be discharged through one of two branches of a bifur- 
cated chute, either on to an endless belt conveyor leading 
to the coal store or through a magnetic separator and a 
crusher to one of two bucket conveyors with a capacity 
of 60 tons per hour, which carry the coal to a 1,000-ton 
raw-coal bunker at the top of the pulveriser-house. 
|The belt conveyor can also be used for taking coal 
| from the store to the raw-coal bunkers. When this 
| operation is being performed the conveyor is loaded 
| by an electrically operated fixed jib crane, which runs 
jon a system of wide-gauge tracks, so that the entire 
ground can be covered. The whole of this plant has 
been supplied by Messrs. Babcock and Wilcox, Limited, 
of London. The total capacity of the coal store is 
20,000 tons, the coal being piled to a maximum depth 
| of 10 ft. 
| The pulveriser house, on the top of which is 
the raw-coal bunker already mentioned, is a_ brick 





| structure separate from the boiler house. A view 
of it is given in Fig. 1. From the bunker the coal 
passes downwards through an Avery weighing 


| machine, either direct to the pulverisers or to a pair of 
driers, which are supplied with live steam from the 
| boiler house by pipes carried on the ash gantry. At 
| present, three pulverising mills, each with an output 
of 15 tons per hour, are installed, from which the pul- 
verised coal is brought back into the cyclones by ex- 
hausters. It then enters one of two screw conveyors, 
which carry the dust to one of three Fuller-Kinyon 
pumps, each of which has a capacity of 40 tons per hour. 
The auxiliary air for the supply of these pumps is 
obtained from two air compressors with a capacity of 
400 cub. ft. per second at a pressure of 80 lb. per square 
inch. These were manufactured by Messrs. Fullerton, 
Hodgart and Barclay, Limited, of Paisley. ‘The 
powdered fuel is transmitted by these pumps to the 
powdered fuel bunkers, which are immediately over 
the boilers in the boiler house. There are five of these 
bunkers, one for each boiler, and they are supplied 
in turn on the Venner-Graseby pneumatic system, 
which enables control to be effected either automatic- 
ally or by hand. The bunker which is actually being 
filled at any time is indicated on an illuminated 
switchboard in the pulveriser house. The connecting 
pipes now being used for this purpose are underground, 
but it is proposed eventually to carry them overhead 
to a point in the second boiler house and to run branches 
therefrom to the existing boiler house on the south 
and to a third boiler house to the north. The trans- 


two other such stations, making six 25,000-kw. turbines, | porter system used for this purpose was constructed by 


and three separate boiler-houses in all. 
Before proceeding to a description of the plant, which | 





| Messrs. Babcock and Wilcox, Limited. 


Coming to the steam-raising plant, each of the five 
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boilers, which were also manufactured by Messrs. 
Babcock and Wilcox, Limited, have a normal output of 
100,000 lb. of steam per hour at a pressure of 325 lb. 
per square inch, and a final temperature of 750 deg. F. 
The combustion chamber is very large and extends 
right down to ground level. It is partly lined with 
water-tubes at the sides and there is also a water screen 
above the ash pit. The back consists of a radiant 
heat superheater, which, like the economiser, was sup- 
plied by Messrs. Foster-Wheeler, Limited, of Aldwych 
House, London, W.C.2. After leaving the economiser, 
the gases pass through an air pre-heater, manufactured 
by Messrs. Howden-Ljungstrém Preheaters (Land), 
Limited, of Caxton House, Westminster, London, and 
then are led into one of two stacks. One of these stacks 
serves a group of three boilers and the second the other 
two. There are eight burners of the Lopulco type to 
each boiler fed from the bunkers through a system of 
four duplicate feeders. The ash-handling plant, which | 
was manufactured by Messrs. the Underfeed Stoker 
Company, Limited, of Africa House, Kingsway, London, 
in conjunction with Messrs. Ritchie Atlas Engineer- 
ing Company, Limited, of Glasgow, and Messrs. Pulso- 
meter Engineering Company, Limited, of Reading, 
consists of a sluicing system in the boiler house base- 
ment, whence the ash is discharged into a settling tank. | 
Extraction from this tank is effected by an overhead | 
run-way and grab, so that the ash can be disposed of 
either by road or rail. The whole of the heat insula- 
tion work in the station was carried out by Messrs. 
Newalls Insulation Co., Ltd., of Washington Station, 
Durham, with their 85 per cent. magnesia material 
and, for high temperature insulation, with Newtem- 
pheit which will withstand temperatures from 700 deg. 
to 2,000 deg. F. 

The generating plant at present consists of two 
25,000-kw. turbo-alternators, which are arranged longi- 
tudinally in the turbine house not, as is usual, in the 
same straight line, but in staggered formation. 
This enables a minimum of floor space to be wasted, 
while it facilitates the withdrawal of the alternator 
rotors or condenser tubes. Furthermore, it makes 
the basement light as no chequer plate flooring is | 
needed, there being merely passage ways of expanded 
metal round the two sets and a suitably designed 
duplicate gangway between them. 

The sets themselves, which were constructed by 
Messrs. C. A. Parsons and Company, Limited, of 
Heaton, possess more than one point of unusualinterest. 
The turbines are of the two-cylinder pattern, the high- | 
pressure portion and the double-flow, Jow-pressure | 
portion being in one line. The high-pressure evlinder | 
is arranged, so that only one-third of the steam sup- | 
plied passes right through it. The remaining two- | 
thirds is tapped off before the low-pressure blading | 
in the high-pressure cylinder is reached and is then led 
direct to the low-pressure cylinder, which thus deals | 
with two-thirds of the low-pressure steam. The steam, | 
which has passed right through the high-pressure | 
cylinder, does not enter the low-pressure turbine, but is | 
exhausted to a condenser, which also receives half the 
steam from the low-pressure cylinder. The remain- | 
der of the steam from the low-pressure cylinder is | 
exhausted into a second smaller condenser, which is | 
half the size of the first. These two condensers and 
a view of the lower part of one of the generating sets are 
visible in Fig. 2. The speed of these sets is 3,000 
r.p.m., and it is understood that they are the largest 
single-line machines in this country running at this 
speed. 

As regards the alternators the machines, as originally | 
ordered, were designed to supply three-phase current | 
at 11,000 volts and a frequency of 50. This arrange- 
ment has been followed in the case of one of the two | 
sets now installed, direct connection being made | 
between it and the system, working at that pressure, | 
which is centred on the old station. In this way trans- 
formation is avoided. As, however, all the future 
output from the new station will be supplied at 33,000 | 
volts, the interesting and bold course has been taken 
of designing the second machine to generate direct at 
that pressure. As far as is known, generation at such 
a voltage, at least on so large a scale, has never been 
attempted before, and the results will be awaited with | 
much interest by power station engineers. It is | 
satisfactory to be able to add that the operation of | 
this set to date has been all that could be desired. | 
Though it was always intended that generation at this | 
voltage should eventually be undertaken it was, as | 
stated above, at first proposed to provide both sets | 
with 11,000-volt alternators, and to step up to 33,000 | 
volts through three 10,400-kv.-a. transformers. Time | 
did not, however, permit this double change to be} 
made, and though the lower voltage alternator and the | 
transformers are on site they have not in fact been used. | 

Another interesting point about the station is the | 
arrangement of the 33,000-volt switchgear. This is of | 
the outdoor type and was manufactured by Messrs. 
Ferguson Pailin, Limited, of Manchester. The growth 
of the load on the system made it necessary to employ | 
witchgear operating at this pressure some time before 
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Fig. 4. RevoLtvina BanpD SCREENS. 


the new station was started, and as it was impossible | tion off the screen and returns it by an outfall channel 
to find room for it in the old station and difficult to | into a movable hopper, which can be run along rails'to 
erect a separate building, it was therefore decided, as | an incinerator. , 
will be clear from Fig. 3, to place it out of doors. This| The pumps were manufactured by Messrs. W. H. 
enabled it to be controlled from the old station to begin | Allen, Sons and Company, Limited, of Bedford, and 
with, while now, by simply changing over the operating | are arranged for working on two different heads, the 
cables, it is possible to control it from the new power | lower being used so long as the river is drawn upon as 
house. It may be added that this switchgear has been | a source of supply, while the latter will be required 
in operation for over two years without giving rise to | when cooling towers or the King George Reservoir are 
any difficulty. |employed. The pumps are driven by English Electric 
in conclusion, it may be said that the circulating | three-phase motors, which have an output of 260 h.p. 
water for the first portion of the new station, the | at 485 r.p.m. and of 430 h.p. at 585 r.p.m. The varia- 
difficulties in connection with the supply of which have | tion in speed is obtained by pole-changing. Each 
been already mentioned, will be drawn from the River | pump is arranged to deal with two-thirds of the water 
Lea Navigation. The inlet for this purpose is at the | required for one turbine. The valves used on the 
extreme northern end of the site, where stop posts have | circulating water system were supplied by Messrs. Alley 
been placed to prevent craft from entering, and screens | and MacLellan, Limited, of Glasgow, and Messrs. J. 
have been installed for dealing with the large debris, | Blakeborough and Sons, of Brighouse, Yorks, Limited, 
which occasionally comes down the river. This inlet | and are electrically operated. They allow individual 
is connected to the pumphouse by a tunnel 6 ft. in| pumps and sections of the pipe line to be isolated, 
diameter, which runs parallel to the river and emerges | provision also being made for connection to the cooling 
in the screen pit, where four screens, constructed by | towers, if these are erected at a later date. 
Messrs. F. W. Brackett and Company, Limited, of | The outlet for the cireulating water is through a 
Colchester, are installed. These screens, which are | discharge spillway at the south end of the new station 
illustrated in Fig. 4, are of the revolving band type, | site, where there is also a well from which the make-up 
and each handles the water for one pump. They are | water is obtained and an overhead concrete tank for 
fitted with a spray device, which sweeps any accumula- | storage purposes. 
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AMERICAN SOCIETY OF NAVAL | Early in his paper, the author described the main 


conditions to be complied with by the ship designers. | 


| To meet the requirements the vessels had to be capable 
| of passing through the Soo locks at the end of Lake 


THE means, adopted by engineers, shipbuilders and | Superior into St. Mary's River and thus reach Lake 


other technical workers in the various parts of the world, 
to meet the demands of modern times and changed 
conditions, are not always the same. Indeed, although 
their problems may be generally similar, the solutions 


| Huron, from which they could pass into Lake Erie by 
| the Rivers St. Clair and Detroit. Draught limitations 
| were imposed by the Soo River, where dredging had 
| only made 20 ft. of water available. Because of the 


suitable. Were such a length decided upon, and a 
speed of about 25 knots, the minimum displacement 
| for a suitable aeroplane carrier was about 10,000 tons 
|as a standard. It appeared that 14,000 tons was an 
| approximate maximum standard displacement for a 
carrier. For purposes of operation, the deck was 
| divided into the forward area for dispatch of aircraft, 
| the mid-section for service purposes, and the after- 
| end for landing. An inclined ramp at the stern was 





found for them by the experts in different countries | imposed handicap of comparatively shallow draught, | usual to reduce the chance of damage when an aero- 


frequently present very great contrasts. 
ample is afforded by the work of the designers of ships 
of all types, and particularly so in the case of the 
work of naval architects and marine engineers in the 
United States, in which country conditions, very 
different from our own, have to be met, owing to the 
special circumstances of, for instance, navigation on 
the Great Lakes, the plentiful supply of oil, &c. In 
accordance with the general policy we have always 
maintained, we now propose to give summaries of 
various papers presented at the general meetings of 
the Society of Naval Architects and Marine Engineers, 
held in New York on Thursday and Friday, Novem- 
ber 15 and 16. 


WELDING IN SHrp CoNsTRUCTION. 


About a year ago the United States Navy Department 
issued specifications regarding the use of welding on 
naval vessels and, at the same time, the rules of the 
American Bureau of Shipping were revised with the 
intention of permitting the construction of ships, with 
all the joints made by the various suitable welding 
processes. A paper on “ The Scientific Application of 
Welding to Ship Construction,” was presented by Mr. 
James W. Owens, to show how the processes might be 
used safely and economically in repairs, as well as in 
new work. In the course of discussing the uses of the 
various processes of welding, the author suggested 
the suitability of resistance spot welding for the con- 
struction of ventilation ducts, and of the gas torch for 
work on cast iron, for all non-ferrous metals and for 
brazing, but regarded the application of gas welding 
to hull construction as undesirable, because of the 
great heating and cooling stresses accompanying its 
use in any structure of considerable rigidity. Gas 
cutting was more essential in the shipyard than gas 
welding. The Thermit process was of service in the 
production and repair of heavy sections such as anchors, 
rudder posts and stocks, and heavy shafts. Such 
welds were superior to the manual and machine-made 
smith welds. 

The new stern frame of the cutter Northland of 
the U.S. Coast Guard service was cast in two parts 
and welded together with Thermit after annealing. 
Of all the processes, that of electric arc welding offered 
the greatest field of usefulness in ship construction, 


A good ex- | 


the ratio of length to depth for the ships was con- 
| siderable, being practicaliy standardised at the value 
|of eighteen. Other conditions that confronted the 
| designers were due to the relative levels of the railway 
|} at the loading docks and that of the water. These 
| were fixed to suit the smaller vessels used in early days. 
| Consequently, all the larger ships entered the docks 
| with a great amount of water ballast to keep them low 
| enough for easy loading of cargo. The newer vessels 
| were provided with double manifolds to permit the 
|pumping of water from any one compartment to 
|} another. When running light they were trimmed to 
draw about 14 ft. to 16 ft. of water aft, in order to 
submerge the propeller, and nothing forward. Such 
working was not desirable in heavy weather, when it 
was necessary to ballast the ships well down at the 
bow. Vessels of their proportions were naturally 
subject to undesirable hogging when running light. 
Ordinary ore carriers had been observed to deflect as 
much as 10 in., while some with heavy weights forward 
and aft had deflected 16 in. The temperature effect 
on the action was very marked. Observation had shown 
a variation of 5} in., in deflection with a long self-un- 
| loading ship, as the air temperature changed from 70 
| deg. F. to 85 deg. F. between morning and afternoon. 
After thus calling attention to some of the matters 
affecting the design of ships for the Great Lakes, Mr. 
Cross described the bulk-cargo vessel Harry Coulby, 
built, in the year 1927 by the American Shipbuilding 
Company, at Lorain, Ohio. This ship had a length 
overall of 630 ft. 9 in. and 607 ft. between perpendi- 
culars. The breadth moulded was 65 ft., and the 
depth moulded 33 ft. This long shallow vessel had no 
obstructions on deck from the forecastle to the after 
deckhouse, and thus there was nothing to interfere 
with the loading chutes and the unloading rigs. On 
the ore docks the loading chutes were spaced at 12 ft. 
distances apart, and the hatches were arranged to suit. 
The hatch covers were made of steel plate in sections, 
telescoping away from the centre line. They were 
opened and closed by small winches operating steel wire 
lines. When necessary, tarpaulins were fitted over the 
steel covers. The cargo holds were in the form of 
hoppers. Propulsion for the Harry Coulby was ob- 
tained from a triple expansion engine developing 





| plane approached the ship rather low, and a collision 
|net below the ramp was used to absorb the shock of 
an aeroplane coming to the ship so low that collision 
was unavoidable. In some cases it was arranged for 
light planes to take off from a lower level over the 
bow than the normal flight deck. Many carriers had 
bare steel decks, but on the United States Saratoga 
and Lexington a covering of wood planking was used. 
The speed of an aeroplane carrier had to be greater 
than that of the general fleet, to permit rejoining the 
other vessels after each set of planes had been launched 
into the air with the virtual wind practically ahead. 
Only the smoke disposal presented difficulties to the 
attainment of 33 to 35 knots. When the discharge of 
gases was at the stern it was believed that the hangar 
space became too hot, and smoke was objectionable 
at the stern. The ideal motive power seemed to be 
Diesel engines, as the gases could be easily handled, 
but the questions of space taken and weight of the 
engines might prove serious. Ample fire protection 
was essential for the hangar. 

Captain H. C. Richardson, of the United States Navy, 
then dealt in a paper on “ Design of a Large Flying 
Boat,” with the considerations which determined the 
form and loading conditions met with, as determined 
by model trials in wind tunnels. The calculations 
he gave related to aircraft now under construction. 

Rear-Admiral J. G. Tawresey also discussed ‘‘ The 
Inclining Experiment,” and referred to the various 
conditions that were regarded as necessary or desirable 
for the performance of successful tests. 

Some experiments conducted by Mr. Alfred J. C. 
Robertson were dealt with in a paper on “ Propeller 
Backing Power in Tugboats,” which seemed to show 
that the rounded back of a propeller made a very poor 
driving surface. Further tests were made with a 
blade section symmetrical about its axis, and though 
these showed results with a noticeable loss of efficiency, 
it was thought to be not serious for tugboats. 





Furt ror Marine PurpPosss. 


The use of pulverised coal and oil fuel in the combus- 
tion chambers of boilers, as well as the utilisation of 
chain grate stokers were all dealt with in the next series 
of papers. It was suggested in a contribution by Mr 





3,000 i.h.p. at 95 r.p.m., supplied with steam at 





and the author of the paper recommended the use of 
direct current in preference to an alternating supply, | 
because, he thought, the instability of the arc required | 
the use of a higher open circuit voltage than was | 
necessary with direct currents and thus introduced | 
an element of danger to the welder. A further reason | 
given for the choice was the fact that satisfactory over- | 
head welds were not made with alternating currents, | 
unless flux-covered electrodes were used. It was | 
suggested that the high cost of covered electrodes was | 
one of the reasons for the restriction of the development | 
ot welding in places where they were used. There were 
undoubted savings when welding was the means 
adopted of effecting joints in steel. Ordinarily these 
were restricted to first cost, but, in dealing with a ship’s 
hull and machinery, the process made possible a saving 
in weight, and thus a greater carrying capacity, a | 
reductiontin cost of running the ship or the advantage | 








of an increased speed. All these factors had a bearing | €Xtremely valuable in ma 


on the net income obtained, throughout the life-time | the air power of a fleet. : : 
| was converted to a carrier, renamed the Langley, to | section close to the burner was resorte 


| carry out investigations to obtain the data necessary 
as the basis of design of new craft of the type. 


of a vessel. In naval craft the weight saving could be 
utilised to obtain improved military characteristics. 
For a vessel of 13,000 tons deadweight capacity it was 
found to be possible to save 494 tons or 16-7 per cent. | 
of the weight of the hull. The paper was concluded 
by references to the welding used in the construction 
of new vessels by the Newport News Shipbuilding and | 
Dry Dock Company. 


SHIPBUILDING ON THE GREAT LAKES. 
The types of vessels in use on the large inland seas | 
ot America, known as the Great Lakes, were the 
resulting products of a long evolutionary process. 


Nature had imposed certain conditions, which had to | 
be met, and gradual development on established lines | 
mace possible the provision of the reliable and efficient | 
vessels of the present day. The features of these | 


ships were described by Mr. A. W. Cross, in his paper | 
entitled « Recent Developments in Shipbuilding on the 
Great Lakes.” The cargoes carried by these vessels 
Were generally iron ore and coal, but at certain times 
of the year grain had to be transported. Some of the 
hulls were, however, of special types, built for parti- | 
cular trades, such as ear ferries, tankers, passenger 


smoke disposal was found satisfactory. 
|and the Saratoga were then set aside for conversion 
into aeroplane carriers in 1922. : 
for a hangar space for the storage of planes, for| required to determine their economic merits. 
elevators to raise them to the flight deck, for their | § i j ) 
launching and landing, and for the necessary workshops | Hydrocarbons under Marine Boilers,” dealing with oil 
fuel as well as pulverised coal. 


and stores. 
clusion from the work which had already been done 


valuable type was obtainable from experiences with | J oe 
| such converted vessels, but great variations in type | that low cost in preparing pulverised coal, delivering 
must be expected when very different types of ships | it to the burners and removing the ash from the boiler 
were used for conversion into carriers, and it was to| flues were the crucial points, on which depended the 
be remembered that only the British aeroplane carrier | future success of the use of pulverised coal at sea in com- 
Hermes and the Japanese Hosho were designed origi- | petition with oil. 

nally for the purpose. 


215 lb. per square inch gauge, superheated some 80 deg. 
F., from three Babcock and Wilcox water-tube 
boilers. The displacement of the ship at 20-ft. draught 
was 19,092 tons and the block coefficient on this draught | 
was 0-867 with a deadweight of 14,000 tons. The 
speed was given as 13 statute miles per hourloaded, and 
1431 miles per hour light under favourable weather 
conditions. 


AEROPLANE CARRIERS. 
Rear-Admiral George H. Rock, of the United States | 
Navy, presented a paper giving some observations of the | 
design of these useful additions toa fleet. Aeroplanes | 


could be carried and launched from vessels of the battle | 


line and the accompanying light craft, but after they | 
had been in action it was not practicable to retrieve | 
them or to re-equip them from such types of ships, | 
and carriers were therefore essential. 

king possible 


This | 


| made to discharge the gases vertically when cruising, | ing with continuous operation. It ! : 
'and horizontally when flying operations were in pro- | the reliability and safety of pulverised coal in marine 
| gress. For the limited power of the Langley this type of | service had now been thoroughly demonstrated. The 
use of fuels unsuitable for firing any other way in 
Scotch boilers had been definitely established. 
| tests of the various available low-grade fuels were 


The Lexington | 





Provision was made 


| 


As a basis for design information of a | 


Length of deck was important, | 


purpose of preventing this burning back. 
tests with the S.S. Stuartstar, equipped with Clarke- 
ship was given a flush type of flight deck, and had a | Chapman high-speed mills and Woodeson burners, 
| maximum speed of 15 knots. The funnels were carried | an inferior coal, with 14 per cent. of ash, was used, 
| outboard underneath the flight deck and discharged to | and though naturally the slagging effects were con- 
the port side. At the extreme section, provision was | siderable, the deposit was removed without interfer- 


Carl J. Jefferson and Commanders Joseph 8. Evans and 
Joseph Broshek on ‘‘ Development of Pulverised Fuel 
for Marine Purposes during 1927-1928,” that the results 


| of the Bayonne tests emphasised the need for further 
| research with water tube boilers, especially the effect of 


various types of coated wall furnaces. From a year's 
operating service with the S.S. Mercer certain points 
had been deduced regarding the use of pulverised fuel 
in Scotch boilers. These were mainly that finer pul- 
verisation was necessary than was found to be the case 
with refractory lined furnaces, great turbulence was 
necessary to get good combustion within the limited 
length of a Scotch boiler, dust-tight smoke-box doors 
were essential to obtain good fireroom conditions, while 
as much attention to velocity with pulverised fuel was 
required as were given to viscosity and pressure when 
using oil firing. On the 8.8. Lingan considerable difficulty 


They were also | was, at first, experienced in preventing the coal from 
an increase in | igniting in the burners, rather than in the furnace 
In 1919 the collier Jupiter | retardation of the ignition by an exposed water-cooled 


The 


d to for the 
In the British 


It was claimed that 


Service 


Mr. Ernest H. Peabody discussed “‘ The Burning of 


He came to the con- 


Mr. T. B. Stillman, in his paper on “ Forced-blast 


vessels and self-unloading stone and coal carriers. | and 600 ft. seemed to be the minimum that had proved | Chain-grate Stoker Tests of a Marine Water-tube 


’ 








822 





Boiler,” gave the results of tests with a Babcock and 
Wilcox boiler, which had previously been used for 
similar work with pulverised coal. From this investi- 
gation it was found that with suitably designed stokers 
a wide variety of coals could be burned with efficiency, 
in the relatively small furnace volumes normally 
available in water-tube boilers. Less than 1 h.p. per 
boiler was needed for the operation of the stoker. 
Compared with hand firing, a saving of 10 per cent. 
might be expected. An appreciable saving in overall 
efficiency of a ship might be anticipated, not only 
from the increased boiler efficiency but also from the 
reduction of boiler room personnel. 

In a paper entitled “The Central Power Station 
Goes to Sea,’”’ Commander Q. B. Newman stated 
that trials with the 8.S. Modoc, a coastguard cutter, 
had shown that 32 per cent. of all the steam produced 
at full power was consumed by auxiliary machinery, 
and that at three-quarter speed the figure was about 
40 per cent. These figures were regarded as startling, 
and the question of their reduction was stated to have 
been solved by the adoption of central power plant 
practice in a vessel, the Pontchartrain, similar in 
practically every respect, except that it had a contra- 
propeller, and the boiler pressure was 245 lb. per 
square inch gauge, as compared with 201 lb. per square 
inch gauge. The tests showed that at full power the 
percentage steam used for centralised auxiliaries in 
the Pontchartrain was only from 11 to 14, and for 
three-quarter speed was from 17 to 23. 

Mr. Roger Williams also presented a contribution 
entitled “* Description and Trials of the 8.8. California, 
a vessel of 601 ft. overall length and 574 ft. between 
perpendiculars, with a beam moulded of 80 ft. and a 
depth moulded to upper deck of 42 ft. 6 in. This 
vessel had a deadweight capacity at load draught of 
17,800 tons, and was designed for the Panama-Pacific 
service. It had electric transmission. The fuel oil 
consumption was found to be 0-80 Ib. per shaft 
horse-power for all purposes in a voyage from New 
York to San Francisco and return. The second trip 
gave the figure of 0-77 lb. per shaft horse-power. 

Further experiences with, and the running results of, 
ships were recorded by Captain R. D. Gatewood, of 
the United States Navy, in his paper on “ Performance 
of the Converted Motor Vessels of the United States 
Shipping Board.” It was stated that various changes 
in the design of certain parts of the engines had 
been made for the second part of the Conversion 
Programme to obtain improvements found to be 
desirable from the experiences in practical service. 
Altogether the 12 vessels in service had travelled 
a total distance of 545,852 miles, and although 
mechanical difficulties had been experienced, it was 
thought that the experiment had clearly demonstrated 
the suitability of Diesel engines for ocean-going vessels. 


Turso-ELecrric Drive oN THE GREAT LAKES. 

Further information regarding the navigation of 
the Great Lakes was given in a paper by Messrs. 
C. R. Fisher and A. Kennedy on * Turbine-Electric 
Drive as Applied on the Great Lakes Cargo Ships.” 
The cost of operating ships on these waterways had 
materially increased during the past fifteen years. 
Attempts to counteract this had been made _ by 
building larger vessels, and by reducing the fuel costs 
along the lines of running at more economical speeds, 
and improving the boiler and engine-room equipment. 
The present reciprocating steam engine ship consumed 
from 1-65 lb. to 2-25 lb. of coal per shaft horse-power 
hour under steady load and, though this was in practice 
materially increased by the navigating conditions, 
coal only cost one-third the price of Diesel oil. Advan- 
tage was, therefore, taken of the experience gained 
in the generation of electricity to apply this form of 
drive to the Great Lakes ships, and there were now 
some 30 vessels, representing a total of over 500,000 
shaft horse-power, using the turbo-electric drive. 

One of the latest of these was the Carl D. Bradley, 
a limestone carrier with a displacement of 24,600 
short tons, when loaded to a draught of 22 ft. 6 in. 
Her steam-raising equipment consisted of two water- 
tube, water wall boilers, equipped with automatic 
stekers and air pre-heaters, and supplying steam at 
a pressure of 325 Ib. per square inch and a total 
temperature of 490 deg. F. The turbo-generator had 
an output of 5,600 k-.-a. at 2,300 volts, and was 
connected to a 4,800 shaft horse-power induction 
motor, running at 104-5 rpm. The turbine speed 
was controlled by a governor over a range from 
2,700 r.p.m. to 3,600 r.p.m., and this arrangement, 
combined with a regulating resistance in the rotor 
circuit of the motor, enabled the propeller speed to 
be adjusted as required. The auxiliary power was 
taken either from the main generator or from a 
direct-current machine directly coupled to it. In 
addition, there was a “‘ dual drive ’’ machine consisting 
of a direct-current generator which could either be 


driven by an alternating-current motor from the main | 


alternator or by a steam turbine. In the latter case, 


the alternating-current motor could be used as a 
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| Subsequently the authors modified the instrument 
generator. | So as to embody an air-gap between double plates of 

As the result of extensive tests it was found that | dead-soft iron, as shown in Fig. 4. The shields were 
the Carl D. Bradley required about 1-15 lb. to 1-2 lb. | made of Swedish iron, but any iron having a low 


of coal per shaft horse-power hour when running | residual magnetism can be used. Actually, the plates 


| under constant steaming conditions, while the overall| were stamped from ordinary E.P. soup-plate dies; 


consumption on 30 trips including all the coal used | hence the cost of these was but a fraction of those 
for loading and unloading was 1-39 lb. per shaft|embodied in the first instrument already referred 
horse-power hour. The automatic stokers allowed | to, since the latter were hand-raised. As will be seen 
slack coal to be used, with a consequent saving in the | from the sectional drawing, Fig. 4, the plates them- 
cost of fuel of 20 per cent. | selves are magnetically insulated from each other, and 
|a practical test showed that the double shielding was 
| effective. The unshielded instrument used in actual 
PRACTICAL PYROMETRY.* | practice showed, on rotation through 180 deg. C., an 
By G. B. Brook, F.L.C., H. J. Srucox., B.Sc., and | error of 2m.v. to 3m.v., equivalent to 50 deg. C. ; 
Professor E. Witson, Wh.Sc. | _ 374 shielded ee erste was never greater 
Tue study of pyrometry as a separate subject is ‘ iF ples clas eos aiaeady added, viz., the 
frequently overlooked in works practice, and in only | (i ular screening plate (A) revolving ecitiediitaait: 
a few cases does it receive the attention it deserves, | Lith the telescope. Here it might be stated that for 
cnndering the important prt the contol of temper greater accuracy & low-power ln iy monited aos 
4 : fe ee SC omeaR vaulingn | Une scale ; e latter is illuminated by a 2-volt lamp, 
estan note da ith pops Tah oe Psa | contained in ¢ side tu et at an angle of 30 de on 
facturers faced with problems just as difficult, and in | pA sping Be iin ae Fig. 4 le antes aan mone 
errr igo comand o a soy waa 2 t t : the method of illumination as novel; it at once solved 
ee ae ‘The pe rie! | the obvious difficulty of reading a scale necessarily 
pi “we div ded ate thes nieke (1) Magnetic ate | small, with an instrument at considerable depth, and 
Ray ese : ae ‘ — |at the same time the limited field provided in the 
poe “og oo (2) Tt Fase _aanareogg of | hands of an unskilled assistant a self-centreing reading 
couples in the furnace. (3) The development of &| Which was virtually foolproof. 
quick-reading couple. For years these problems pre- | The results of tests carried out in the Laboratory 
sented difficulties which seemed insuperable, but now | (King’s College) on both single-shielded and duai- 
they have been solved, and we have increased our | 1 :.j¢ed instruments are as ieliows cles Gime ilies 
accuracy and prolonged the life of couples and mbnetRs | 1 ssn eeeeeineed tn te neighbourhood of Bie 
by over 100 per cent. This success has been attained | carrying electrical currents of the order of 20,000 amperes 
3.4 | were the cause of considerable errors in the readings 
Fig.4. peng ; ; : 
L fi |of instruments of the moving-coil type which the 
ers Se f | authors employed, and, as indicated above, they found 
| it necessary to resort to shielding if reliable results were 
to be obtained. The intensity H of the magnetic force 
at a distance d from a conductor carrying an electric 








Millivoltmeter 
/ Iron Shields = 

A el ad’ 
+ Insulation | this it will be seen that an intensity of 130 c.g.s. 
(Magnetic) | units would be produced by the above current of 
| 20,000 amperes at a distance of about 1ft. The problem 
| which presented itself was so to shield the measuring 
|instrument that forces of this order of magnitude 
| produced no appreciable error. In the first instance, 
(902A) aa a single shell of mild steel was employed, but the 
complete solution of the problem has been found in 
the employment of two concentric shells separated by 
an air space. The theory of the single spherical shell 
is well known. It culminates in Maxwell’s expression 
for the intensity inside the shell, which is : 


9 H/{9u + 2(u — 1)2 (1 — a3/b3)}, 


aa. 
Scale and from 


| current 7, is given by the relation H = 









































with very little additional outlay, owing to the fact 
that everyday materials were used. 

Magnetic Insulation.—In common with other indus- | 
tries, the importance of pyrometric control has 
developed in our own particular metallurgical prac- | 
tice. We are called upon to take a large number of | 

smpe »s daily, as well as to control furnaces by | : eae : 
asa aaa < dodo A : y where uw is the permeability, @ and 6 the inner and 
recorders. Couples and millivoltmeters of the ordinary = : See Nes : 

: : ” | outer radii, and H is the intensity of the field outside 
type were formerly in use. The reduction furnaces | 7 a 3 
Alt Mee : i |the shells, If, for example, the permeability « is 
run in rows on either side of a railed track, and, along | 2 a 
ba : . - | 100, then «1 —1 may be replaced by » with a maximum 
each row, there are aluminium ‘bus-bars carrying in | aes : 3 
aA: , _.| error of 1 per cent., and the shielding ratio which can 
many cases over 20,000 amperes. In order to take | : 2 Sa : : 
: He | be obtained with an unlimited quantity of material 
the temperature of a furnace, it is necessary to place | . ok oo: : : 
. ; ; HESS : | is only 2/9, or about 22, if a single shell is concerned. 
the instrument between the rows, and it will be obvious | ie o 
eae | It is therefore necessary to study the fundamental 
that the magnetic influence exerted by the conductors |". ”. : P , 
: 7 as : | principles involved in the employment of multiple 
on such instruments as temperature indicators is con- . : 
. = : : ___ | Shells, in order that for a given volume of the enclosed 
siderable. For many years we contented ourselves |. see maiko: sides aaa deli tae anak ot the 
with placing the instrument in such a position that | eer en: ns ° 8 
; : ; | shield may be a minimum. 
the magnetic effect was to all intents and purposes | A few particulars of the original mild-steel single 
symmetrical to the known fields, care being taken |): tee : 2 paris 
sy S 8 shield, and the dual shield finally adopted, are given 


that the relative position in front of each furnace was | ; S age : ee alae 
the same, in wear to obtain the least magnetic inter- |” Table I. When it is realised that shielding 1s 
ference. This answered quite well if all the adjacent 
furnaces were in circuit, but if a furnace on one side 
was cut out, serious inaccuracies arose, owing to the | Dictate | Mild Steel, {Swedish Iron, 
asymmetry of the magnetic field. el | Single Shell. | Double Shell 

To obtain further security, shielding of the instrument | 


Taste I. 











| 
was resorted to. This also presented difficulties, Overall diameter .. em. | 23-0 | 25-3 
owing to the fact that a normal-sized millivoltmeter, | Thickness of metal ; , 0-238 | 0-165 
when shielded, becomes very cumbersome and heavy. Dae - which the di > | me | agers 
smaller ins > the We Mectric | . dishe i co 10D} 2-5 3-14 
A smaller instrument, made by the Weston Electric Spacing between shells... | pis | 0.335 
Company, the actual size of which is about 4 in. by | Weight of one half-shell’ grm. | 756 730 


5 in., was therefore used. The scale of this can be | 


read to 0-5 m.v., and with the aid of a single lens). 
can be read to 0-25 m.v. Having obtained an instru- essentially a function of the curvature of the surfaces— 


ment small enough for the purpose, with a scale that is, surfaces of high curvature, such as spheres of 
that was sufficiently legible, we obtained two dished | small radius, make efficient shields—it was at least 
stampings in mild steel; the instrument was placed | Becessary to measure the shielding ratio in two directions 
in one, and the other (inverted) placed over the | @ the present design. This has been done (A) oe 
top. A slot was cut in the top plate to expose the | the external magnetic field H was parallel with t i 
scale, and a small lens mounted for reading the latter. | Plane defining the junction of the upper and lower 
The results at first were very encouraging, but after | Portions of the shield, and (B) when the magnetic 
continuous use for a short time, the magnetic effect | field had & direction at right angles to this plane. 
once more began to be apparent, but disappeared after | The mild-steel | single shell was tested by are 
resting the instrument for a day or two. This suggested | Metropolitan—V ickers Electrical _Company, Limited, 
that the shields were made of the wrong type of material, | firstly, when the curved Opening in the upper half or 
inasmuch as the failure was due to residual magnetism. covered by a piece of mild steel of the same thickness 








. Paper read before the Institute of Metals, Liverpool, * Proc. Roy. Soc. [A], vol. xcii, page 529 (1916); vo 
on Thursday, September 6, 1928. Abridged. | xciii, page 129 (1917) ; vol. xciii, page 393 (1917). 
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as the material of the shell itself; and, secondly, 
when the covering piece was removed. The external 
magnetic field H had the value 47 c.g.s. units, and the 
shielding ratios have been calculated from the test 
figures as follows :— 
Slot Closed. Slot Open. 
Direction A eas aa 0-051 0-062 
Direction B aes ses 0-255 0:276 
In the experiments made at King’s College, London, 
the Swedish soft iron shield was tested in the form in 
which it is described in the paper—that is, with the 
double shell, and also when the inner shell was removed. 
Tests were also made with the mild-steel single shell 
above mentioned. It will be seen from the test figures 
which are given in Table II that the magnetic field 
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| efficiency is obtained for values of H ranging from 
about 150 to 200 c.g.s. units, with the exception of 
the dual shield in the direction A, when it occurs at a 
somewhat higher force. Reviewing the results gene- 
rally, the advantage gained by employing the more 
| permeable material is well illustrated by comparing 
|the mild steel and the soft iron single shells, more 
especially as the latter are made of thinner material. 
Then there is the greater efficiency obtained by the 
use of multiple concentric shells. Comparing the 
mild-steel single shell with the dual shield of Swedish 
soft iron, the advantage in favour of the latter is about 
fourfold in the A direction for intermediate values of 
H, and it increases considerably when the magnetic 
force is either diminished or increased. In the B 








Fia. 5. 
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TaBLe II.—Values of the Shielding Ratio. 





Mild Steel 








Swedish Iron Shield. Shield. 
External | 
Magnetic SS ae ee 
Field | ‘Two Shells. One Shell. One Shell. 


Intensity, | 
H. 





A. B. Ae | oR: A. B. 
25 0-018 | 0-118 | 0-032 | 0-133 | 0-085 | 0-272 
50 0-014 | 0-085 | 0-022 | 0-097 | 0-055 | 0-20 
100 0-0096 | 0-070 | 0-017 | 0-084 | 0-038 | 0-16 
150 0-0080 | 0-066 | 0-016 | 0-080 | 0-031 | 0-135 
200 0-0073 | 0-068 | 0-019 | 0-080 | 0-033 | 0-13 
250 0-0069 | 0-075 | 0-025 | 0-084 | 0-040 | 0-14 
| 0-103 | 0-052 | 0-14 


300 | 0-0070 | 0-080 | 0-036 





If was varied through wide limits. This was done to 
show the effect of variable permeability upon the 
shielding ratio. An examination of the data in this 
connection shows that, as a function of H, the maximum 
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direction the advantage is fairly constant over the 
whole range of H. 

The millivoltmeter was of the Weston moving-coil 
type, and was tested for accuracy in terms of a standard 
instrument, first, when it was removed from the shield, 
and again when the shield with the enclosed instrument 
was placed in the magnetic field. The arrangement 
was such that the external magnetic field H could be 
reversed at will relatively to the shield. When the 
dual shield was placed in what has already been 
defined as the plane A, it was turned until the direction 
of the field within the shell coincided with the direction 
of the magnetic field produced by the instrument 
magnet across its own gap. Readings were then 
taken. The external field H was then reversed and 
readings again taken. The shield was then turned 
in the plane A through 90 deg., and the instrument again 
tested. It was found to give reliable results for all 
values of the external field H up to about 130 c.g.s. 
units. When the field H was increased to 150 and 
200 c.g.s. units, the instrument was slightly affected 
positively and negatively when the direction of the 
external field coincided with the direction of the field 
produced by the instrument magnet. In the B direc- 
tion the instrument was again tested, and found to be 
reliable for values of H up to about 100 c.g.s. units. 
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Experiments were made when the instrument was 
placed in the mild-steel single shell, and without going 
into details, it may be said that further shielding 
was necessary if satisfactory results were to be obtained. 

The final type of instrument evolved is shown in 
Fig. 5; it presents many novel features, and costs only 
about two-thirds the price of an ordinary millivoltmeter. 
This particular instrument has been tested, and is in 
continual use under the most rigorous conditions. It 
has proved eminently successful, and, although small 
enough to be portable, it is quite efficient. 

Electrical Insulation.—On various occasions serious 
irregularities and inaccuracies have been noticed in 
the readings of recorders controlling reheating furnaces. 
At first, the trouble was attributed to the recorder 
itself, but on one occasion, as the result of testing the 
insulation of the line wires, it was discovered that the 
insulators on the couple wires themselves had become 
ineffective, whilst some were actually relatively good 
conductors. This was found to be due to a coating of 
black oxide of iron and finely-divided carbon on the 
outside of the insulators. In some cases the oxide had 
penetrated to the centre. The actual source of this 
trouble has been suggested as arising from machine oil 
resident in the iron sheath, and, of course, the iron 
oxide was obviously of the same origin. Insulators 
which become discoloured are now discarded. 

Difficulties, possibly due to the peculiar conditions 


| obtaining in our particular industry, were met in con- 


nection with recorders. Some of these have four 
circuits, of which two are always recording; the 
authors found, on disconnecting the negative lead of 


| one of these couples, that the recorder still gave two 


records of temperatures, although only one couple 
was properly connected. It was found that the couple 
was making contact with the tip of the iron sheath— 
and the Ni-Cu element constituted, with the iron sheath, 
a subsidiary false thermocouple. This was overcome 
by adapting a thimble of some insulating material 
(fused silica or high-resistance refractory) over the end 
of the couple. In passing, it may be mentioned that 
the authors have in practice found it absolutely neces- 
sary to use lead-covered paper-insulated cable for the 
leads from the cold junction to the recorder. At one 
time ordinary 3/20 VIR cable was used, fixed by 


| cleats overhead along beams and girders, but after a 
| short time had elapsed it was found that the insulation 
| was breaking down, thus inducing inaccuracies in the 
| recording instrument. The leads are now laid in 


underground ducts. The initial outlay for this may be 


| considered great, but the authors’ experience shows 
| that it is an economy in the long run under conditions 


where trouble is always present as the result of stray 
currents. 

Sheathing and Protection of Couples in the Furnace.— 
Before describing the various methods used for sheath- 
ing and protecting the couple, it may be of interest 


|if it is stated that during the course of a week’s 
| work it is nothing out of the ordinary for us to use 
| between 60 ft. and 100 ft. of thermocouple wire for 
| various types of furnaces. 


If couples were bought 
ready-made, it would involve increased expenditure, 
and we find it very economical and convenient to buy 
our wire in coils from the mills and make the couples 


|in the laboratory. The wires used are known as Ferry 


and Ferrozoid, the latter, which is a nickel-chrome 
steel, being the positive. The Ferry comprises 54 per 
cent. Cu, 45 per cent. Ni, and 1 per cent. Mn. The 
e.m.f. is conveniently large (about 60 m.v. at 1,000 
deg. C.), and, compared with bought couples, the cost 
is very low. Actually, the wire costs less than 8s. 
for a dozen 6-ft. couples. The makers of the wire 
state that it should not be used above 1,000 deg. C. 
but we have exceeded this by 100 deg. C. and still 
maintained accuracy. 

The most important use we have for these thermo- 
couples is for recording the temperatures of the reheated 
aluminium, whilst in the furnace, immediately prior 
to the casting into ingot moulds. It is well known that 
aluminium will attack almost any metal at a tempera- 
ture of 750 deg. C., and great difficulty has been 
experienced in the past in finding a suitable sheath for 
such thermocouples. Originally, ordinary weldless 
steel tubing was used, the outside being coated with 
French chalk, but the life of this was at the most a 
week, and we were constantly having failures owing 
to the metal attacking the sheath ; perforation resulted, 
and the thermocouples failed. Numerous alloy steels 
were tried, in the hope that some improvement could 
be made, with varying success. The most satisfactory 
results, however, were obtained with ordinary cast 
iron. This proved eminently successful; whilst the 
old type of sheath lasted one week, those of cast iron 
lasted six months or more. 

It is necessary further to protect them with a daily 
wash of equal parts of French chalk and graphite in 
10 per cent. sodium silicate solution. This should be 
mixed to the consistency of a thick cream, and a coating 
#; in. thick applied, care being taken when drying that 
all cracks developing are filled in. If this is carried 
out regulariy and systematically, the sheath, which 
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| 
costs, when new, about 7s. 6d., will last for at least| For some months past the authors have tried out | recording the load on the bit both on a dial in view of 
six months, whereas the cost of the original sheaths | similar couples, and although those described did | the driller and on a chart. These indicators were in- 
|not answer their purpose, they have evolved from 
| them a thermocouple which attains the true temperature 
|in about 10 seconds. 
|suggested by Marsh involves the use of asbestos, 
but it was found that after one or two immersions | 


for a similar period would have been about 51. 

The above description refers only to the outer sheath, 
which is in contact with the aluminium. The couple 
itself is mounted in a weldless steel tube (which is 
inserted in the outer sheath), with a head of the type 
shownin Fig.6. This design was evolved by the authors, 
and presents several advantages. The freedom with 
which itcan be inspected, its security, and the elimina- 
tion of short circuits are its outstanding features. 
The latter point is very important where the couples | 
are constantly being handled by unskilled persons who, | 
when disconnecting couples, force the terminals off 
instead of unscrewing them. ‘This very often loosens | 
the inside connections, and so damages the couple, or | 
distorts the wires, and causes short circuits with the | 
sheath. This is almost impossible with the type of 
head shown in Fig. 6, which consists of a cup covered | 
with an ebonite disc holding the terminals. The latter, 
which have a straight-through hole for the ends of the 
couple wire, are held firmly to the ebonite by lock- 
nuts, the wire being secured by grub-screws. By this 
means security and good contact are obtained, and 
such heads will last for years with occasional renewal 
of the ebonite. 

Turning to couples which are used for measuring | 
temperatures of gas-fired furnaces of the cycle type for 
baking electrodes, it is a comparatively easy matter, | 
between 400 deg. C. and 1000 deg. C., to find some 
means of protection against furnace gases, but at tem- 
peratures above this range the problem presents 
increased difficulties. Gases like sulphur dioxide pass | 


| breakage of the silica than as insulation. 


The method of insulation 


short-circuits developed owing to the breakdown of 
the insulation. After various attempts to make this 
method a success, it was decided to insulate the 
wires with silica tubing of small bore, and to bind 
this with asbestos cord, more as a protection against 
A couple 
such as this has been tested against the ordinary 
sheathed type, and on no occasion was the difference 
greater than 5 deg. C., the quick-reading couple 
reading lower than the other. After a number of 


|immersions the ends of the wires became alloyed, 


owing to the action of the aluminium. These were 


|cut off and a fresh portion exposed repeatedly until 


the couple became too short to be of use. If, however, 
the thermocouple is originally made about 36 in. long 
it will last about two months, assuming that the 
number of immersions per day is about 20, as it is 
only necessary to cut off 1 in. after about 40 immersions, 
and it is possible to go on using the couple until it 
is only 12 in. long. Such a couple should be of 


| considerable value in many small non-ferrous foundries 


where casting temperature is of primary importance. 
The cost of the complete couple is very small, being 
only about 6s., if made of wire similar to that mentioned 
above and in the manner described. 

In conclusion, the authors would state that it has 


through the sheaths quite readily, and at such tem- | been their object to show that by the use of common 
peratures attack almost any metal, nickel and nickel | materials adapted to the particular purpose, and with 
alloys being particularly sensitive to sulphur attack.|a minimum of expense, it is possible to obtain 
The authors had occasion to carry out a temperature | pyrometric control of a high degree of accuracy, 
survey of the insides of individual chambers of a ring | and so bring within the reach of firms whose resources 
type furnace. The latter is producer-fired, and it| are not great an efficient means of improving their 


should be stated that the sheath (in part) was in | 
contact with finely divided carbon. The atmosphere | 
was therefore reducing in the early period, and oxidising | 
in the later period. Couples of the type mentioned | 
above (one wire of which is an alloy rich in nickel), | 
sheathed in steel tubes, were put in, and all went well | 
until 900 deg. C. was reached ; the couples then failed | 
in succession—not merely broke, but became fused in | 
the tube, so that all efforts to remove them and | 
substitute new ones during the period of firing were 
rendered futile. 

When the baking was finished, the tubes and couples 
were inspected, and Fig. 7 shows a portion of one of the | 
tubes with the couple burnt into the side. The tubes 
themselves were shown to consist of lamine of oxides, 
which broke quite easily in the hand ; the couple wire 
was quite brittle. Micro-examination of the nickel 
alloy wire revealed large pools of sulphide around the 
grain boundaries. Sulphur, therefore, was the chief | 
cause of the failure of the couples, and it was then 
decided to insert the sheathed couple for the last 
2 ft. or 3 ft. (which was the part chiefly affected) in a 
jacket containing lime, with a view to absorbing the 
sulphur. The results were almost startling, and quite 
beyond all expectations. Not only was the attack of 
sulphur eliminated, but the couples remained sound 
throughout the period of baking, although even our 
previous maximum of 1100 deg. C. was exceeded. 

The use of lime in this connection, so far as the 
authors understand, is quite novel, and as the 
conditions obtaining are common to almost all 
annealing furnaces, such lime protection may find 
considerable and wide adoption. The lime layer, 
after only 30 hours, showed 3:0 per cent. sulphur. 
Previously, it has been impossible to get any idea 
of the relationship between time of firing and tem- | 
perature, but with use of lime as a protecting layer 
we have been able to plot curves and so control | 
pyrometrically a process which was hitherto largely 
empirical. 

Quick-reading Thermocouple for some Non-ferrous 
Metals.—For meta! contained in a furnace a couple 
which is protected by a sheath is quite satisfactory, 
for although there is a considerable period of lag 
when heating up initially, the couple subsequently 
shows any change in temperature quite quickly 
enough for normal furnace control. The sheath is 
also economical from the point of view of replace- 
ments. On the other hand, where frequent casting 
temperatures are required to be known, a sheathed 
couple introduces a time lag for each reading, which 
makes it necessary to provide some means of preheating 
the couple on every occasion. 


to within } in. of the ends. 


metal. 


|up to the end of June last, 


| per sq. in. 
| line from each of two slush pumps, and another gate 


| valve on the common line leading to the stand pipe, 


The delay attendant | 
on this method can be obviated by using couples | 
such as were recently described by Marsh in Foundry. | 
He uses a couple in which the wires are only insulated | 
The latter are not | 
twisted, and the contact is made by the molten| be effected without any interruption of the circulation | 
The couple is immersed to a depth of 3 in. | or any hammering. 


practice. 


DRILLING AND OIL PRODUCTION IN 
THE SEMINOLE FIELD, OKLAHOMA. 

At a recent meeting of the Institution of Petroleum 
Technologists, Mr. G. Heseldin, M.Sc., gave some 
interesting particulars regarding drilling and production 
methods in the Greater Seminole Field, Oklahoma, 
United States. 

The field, he stated, was made up of five pools which, 
had produced some 
200,000,000 barrels of oil, mainly from the Wilcox 








| sands at a depth ranging from 4,000 ft. to 4,300 ft., and 
The | 


also from the Hunton limestone below 3,800 ft. 
wells were usually drilled with rotary drills down to 
3,700 ft. or more, at which point a string of 8} in. casing 
was set and cemented. Drilling was then continued 


| down to the limestone resting on the Wilcox sands, 


and a string of 6% in. casing was set on top of the lime- 
stone without cementing; 5 in. tools were afterwards 
used through the lime. The gas pressure was low, and 
water sands were not encountered below 3,700 ft. until 


'the pay sands had been passed. Drilling was on the 


whole better done by the large contractors than by 
the companies; the crews worked seven days of 12- 
hour turns. On one of the wells, on which Mr. Heseldin 
was working, the rig was commenced on January 8 
and completed by January 11, 1928, and drilling com- 
menced on January 28 and completed by May 2, the 


rotary portion of the hole down to 4,100 ft. and the | 
| casing setting being finished by March 5. 


The rotary drilling was done by rock bits through- 
out, or by fish-tail bits down to 1,700 ft. The 
most popular form of the latter had two cutter 
blades and two reamer blades, both renewable, the 
cutter blades being ribbed at the back. The rock 
bits were more liable to hang up in the hole than 
the fish-tail bits; about 30 sets of cones were re- 
quired per well giving on average 126 ft. per cone. 
The success depended largely upon preventing the 
balling up of the cones and bits, and there was hence a 


|demand for pumps of increasing size, with steam 


cylinders of 14} in., and fluid end cylinders of 7} in. 


| diameters, and strokes of 18 in. to 20 in. for steam 


pressures of 250 lb. and pump pressures of 1,000 lb. 
There was a gate valve on the discharge 


but the latest practice replaced the separate valve on 
each discharge pipe by a Brauer automatic manifold 
valve, consisting of a 4-in. cylinder, 18 in. long. The 
discharges from two pumps entered opposite ends, and 
the discharge from the cylinder was placed in the 
centre of the stroke of the loose piston, which was 
pushed to one end when the pump was started up. 
Thus a change over from one pump to the other could 


The drill pipe used throughout 


| sisted upon particularly because rotary drills frequently 
went crooked ; drills had been known to run into the 
drill pipe of an offsetting well, 600 ft. away. The hole 
was started with clean water; the drill made its own 
mud in passing through clay and soft shale. The mud 
density was not determined, but if a mud appeared too 
thin, hydrated lime was added. 

The cementing was mostly done by cementing 
contractors on the plug or on the displacement method. 
On the first method the cement bags, made from 
several layers of brown paper, were placed around 
the mixer and slit open by a knife when passing over 
the table so that the cement fell directly into the 
hopper, into the nozzle of which it was drawn by the 
water jet. There were separate clear water and cement 
pumps on the truck which was 10 ft. from the mixer. 
The accelerators for hastening the setting of the cement, 
which were sometimes used in excess, were added 
either in the suction box underneath the hopper, or 
better, to the water. When all the cement had been 
pumped into the casing, a wooden plug fitted with 
a leather cup and a gasket was pushed into the pipe. 
The plug was then pumped down with the aid of the 
slush pump, while the plug depth was recorded by a 
well-measuring device. 

In the displacement method, which was in extensive 
use, the mixer was attached to the truck and con- 
sisted of a set of paddles driven by the truck motor. 
The water tank was divided into two equal portions. 
When all the cement had been pumped into the casing, 
the pump suction was switched on to the water tank, 
and water was pumped on the top of the cement in 
order to wash the cement off the walls; then mud 
was turned into the tank and pumped into the pipe, 
the halves of the tank being alternately emptied 
and filled in a continuous process. The displacement 
method appeared slower, but there was little difference 
in the end. A third method made use of a floating ball 
valve, made up of a substance of a density inter- 
mediate between that of the mud and the liquid cement. 

On many fields every group of wells had only one 
gas and oil separator or trap, but in the Seminole 
| fields each well had its own trap, because both the 
| Tock pressure and the gas-oil ratio were low, so that 
}the amount of back pressure on each well was 
| important for the production. Air-gas lifts produced 








| about 55 per cent. of the total oil; the gas medium 
|used was preferably natural gas, recycled from the 
| well to the compressor, and not air, because the air 
|corroded the tubing rapidly. The pressure drop 
| between the compressors and wells might be so large, 
e.g-, 29 lb. per square inch on a line of the usual 
2-in. diameter, 1,134 ft. in length, and 11 Ib. on a 
line of 231 ft., that the economy of a central com- 
| pressor station became very doubtful; multiple units 
were more flexible. Temporary installations of semi- 
portable compressors and gas engines of the auto- 
mobile type, mounted on skids, offered advantages 
where gas lifting was not likely to be required for 
long periods. In the Seminole field the yields of 
| the first two weeks were generally the more profitable, 
| and everything was made quite ready for the initial 
| production which decided whether the well would 
| pay. Intermittent gas injection was fairly successful. 
|Gas was in that case introduced for periods from 
|2 to 10 minutes, at rates considerably exceeding the 
| rate required for straight flow, and was then cut off 
|for from 3 to 15 minutes. During the cut-off period 
| the oil accumulated in the eduction pipe, and when 
| the gas was turned on again, it drove the oil out in 
| a series of slugs. These intermittent workings required 
| careful timing by electric devices or simply by water 
|tumblers or wobblers; the electric device was more 
|easy to adjust, but also more liable to be corroded 
| by the hot gases. A dozen of the ordinary 1,000-barrel 
|stock tanks, 21} ft. diameter, 163 ft. high, were 
| frequently insufficient to deal with the peak production. 
| 


| British STANDARD SPECIFICATION 











| FOR THE ELEc- 
| TRICAL PERFORMANCE OF TRANSFORMERS FOR X-Ray 
| PurPosEs.—This new specification, the first to be issued 
| dealing with X-ray apparatus, applies to the main high- 
| tension transformers, the subject being dealt with in a 
| very similar manner to that adopted in the case of 
| transformers for power and lighting. The most important 
| feature is the definition of the rating of the transformer, 
| this being in terms of the R.M.S. milli-ampere output 
| when the rated peak voltage is being produced across 
|the terminals. In addition to the rating, the specifica- 
| tion deals with the types of cooling, standard sizes, 
| primary voltage, regulation, &c., limits of temperature 
| rise and the quality of the insulating oil. The tests to be 
| applied to the transformer are also included, one of which, 
| the switching test, is of special importance in the case 
|of X-ray transformers. Special attention is also paid 
to the method of testing the output, and the specification 
| concludes with some notes on rectification. Copies of 


or 4 in., so that, although virtually a bare couple is| was 6-in. 22-2 lb. seamless steel pipe, made up with | this specification, No. 326—1928, may be obtained from 


used, the temperature of the centre of the pot is 
measured and not that at the surface. 


|a spinning rope. The perfected modern equipment |the Publications Department, B.E.S.A., 


comprised a Martin-Loomis load indicator for every rig 





28, Victoria- 
street, S.W.1, price 2s. 2d. post free. 





in 


id 


ee 


it 
rs 
it 
3 


3y 
e 


ly 
e 


n 
yf 














DEc. 28, 1928.] 








DROP-LINK CHAIN GRATE 
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STOKER. 


these bars and the grate links are carried by cleats, 
the latter being in turn, attached to heavy mild steel 
driving chains. These chains are provided with 


CONSTRUCTED BY MESSRS. BABCOCK AND WILCOX, LIMITED, ENGINEERS, RENFREW. | bushes, through which mild steel pins are passed, and 








Fic. 1. Hopper 





Fig. 2. 


DROP-LINK CHAIN GRATE STOKER. | 








END OF STOKER. 

















ARRANGEMENT OF LINKS ON BuLB Bars. 


| manufacturers, Messrs. Babcock and Wilcox, Limited, 
| are improving their designs with a view to giving this 


THE opinion has been expressed that the smaller | type of fuel handling appliance a still wider field of 


type of boilers are best equipped with mechanical 
stokers, and large boilers with pulverised fuel firing. 
It was even stated recently by an eminent electrical 
engineer that the stoker was really limited to boilers 
with outputs not exceeding 40,000-1b, and though larger 
units had been thus equipped, the practice meant 
the employment of several stokers, and the consequent 
difficulties became accentuated as the size of the boiler 
increased. Large stoker-fed boilers are, however, suc- 
cessfully employed, and the 250,000-Ib. boilers in the 
new Battersea station of the London Power Company 
are to be equipped with such fittings. Among other 


service than formerly. 

This firm’s latest stoker, of which we give illustrations 
in Figs. 1 and 2, above, has been designed to meet the 
many modifications necessitated by modern steam rais- 
ing conditions, especially those of high duty with forced 
draught. As will be seen, it is enclosed at the front, 
though doors are provided, so that it can also be operated 
under natural draught and at lower rates of combustion. 
These doors can be adjusted by one simple movement. 
The travelling grate, the appearance of which will be 


V wheels, running on rails fixed to the top portion of 
the grate, are mounted on the pins. The bottom 
portion of the grate is supported on skid bars, which 
are carried on bearers. The sides of the grate are 
flush and so form an effective seal. A scraping link is 
provided on each side to prevent clinker growth from 
taking place. When water walls are fitted, this 
addition is not required. 

The grate links are of special metal and are arranged 
so that the air spacing is a maximum and the quantity 
of riddlings is as small as possible. It is claimed that 
the air stream through the grate is singularly un- 
obstructed and is uniform over the whole area. An 
interesting development is the ease with which the 
links can be renewed, a point of special importance on 
wide stokers. As the links are threaded on the fixed 
bulb bars it is only necessary to break the damaged 
link so that it drops off, push those between it and the 
side along, so that its place is occupied, and insert a 
new link to re-complete the row. The whole operation 
can be carried out in a very short time. A further 
point is that as alternate links swing more than their 
neighbours a scissors action is obtained when the ends 
of the stoker are reached, an arrangement which 
facilitates cleaning. As the links are connected to an 
under carriage no driving strains have to be taken by 
the former, so that links rods are unnecessary. Back 
driving shafts are also dispensed with, so that the 
lubrication difficulties, which often occur in this part 
of the equipment, are avoided. All projections between 
the side of the grate and the stoker carriage frame 
have been eliminated, so that jamming is practically 
impossible, and, as stated above, the flush sides pro- 
vide an effective seal. 

As regards general construction, the fixed side frame 
of the stoker is composed of cast-iron members, while 
the compartments and crossing framing members are of 
mild steel. The cross framing itself, being of the open 
type, permits the air to be diffused with the minimum of 
obstruction. The coal hopper, fire door and fuel valve 
are of cast-iron, the fire door being faced on the fire side 
with firebricks. The fuel valve is of segmental shape, 
and when fully open seals the front of the grate. When 
the boiler is running under banked fire conditions, or 
during lighting up, the valve can be raised by gearing to 
present an open front of suitable depth. 

The return of the stoker at the rear is effected by the 
grate passing over cam-shaped castings, which carry 
a continuation of the top rails. The V-wheels, which 
carry the moving grate, are guided over these castings. 
It is claimed that this arrangement does away with the 
necessity of employing a rear shaft and rear bushes. 
The troubles, which have sometimes been experienced 
in lubricating these parts, are therefore avoided. The 
tensioning of the grate is effected in the way that is 
usual on Babcock stokers, the front bushes being 
provided with stretching screws, which are fitted in 
suitable slots in the front frame. 

As may be gathered from Fig. 1, the stoker is divided 
into compartments. It is also of the undergrate draught 
type. The air supply, whether it enters from the side 
ducts or from the bottom, surrounds the compartments 
and fills the space between them and the transverse 
sealing plates at the front and rear of the stoker. 
Each compartment is provided with a damper both at 
the front and the rear, so that the air supply to the grate 
links can be regulated. The direction of the air when 
it reaches the links is parallel with that in which the grate 
is moving in the furnace. The regulating levers for this 
purpose are operated from outside the side frames. 
Any riddlings which may pass through the links 
into the compartments are discharged through a 
narrow slot at the bottom of each compartment and then 
on to the under side of the grate, whence they fall into 
the riddling pit. It will be seen that all riddling 
valves have been eliminated, and it may also be men- 
tioned that the air dampers are so arranged as to be 
out of line of the falling ash. 

The stoker demonstrated was 9 ft. wide and 20 ft. 
long, being driven by a 2-h.p. motor. We understand, 
however, that the design covers widths up to 30 ft., 
more than one example with a width of 26 ft. being 
actually under construction. 














NEw Trstinae LaBoraToRY AT MELBOURNE UNIVER- 
siry.—At a cost of about 2,4001., a new testing labora- 
tory has been built at Melbourne University. The 
building is 50 ft. long and 26 ft. wide, and consists of 
two storeys, the upper of which is to be used as a drawing 
office, while a vertical universal testing machine, built by 
Messrs. Alfred J. Amsler and Company, Schaffhousen, 
Switzerland, has been installed on the ground floor. This 
machine is capable of exerting a maximum load of 100 
tons by means of a hydraulic piston operated by oil pres- 
sure, supplied by an electrically-driven pump.  Speci- 
mens may be tested under tension, compression, bending 


clear from Fig. 2, is made up of cast-iron links of the | and shearing, and loading tests carried out on springs. 


drop type, which are threaded on to bulb bars. Both ' 





It is hoped that other plant will follow. 
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‘* ENGINEERING’? ILLUSTRATED | 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 


The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned, the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 

Copies of 
Branch, 


Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform price of 18. 

The date of the advertisement of the acceptance of a Complete | 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word ‘* Sealed”’ is appended. 

Any person may, at any time within two months from the date of | 
the advertisement of the acceptance of a Complete Specification, | 
give notice at the Patent Office of opposition to the grant of a | 
Patent on any of the grounds mentioned in the Acta. | 

ELECTRICAL APPARATUS. | 
290,002. J. Stone and Company, Limited, Dept- | 
ford, and A. E. Honey, Ilford. Brush Holders. 

(8 Figs.) March 12, 1927.—The invention relates to 

brushes and brush holders for use with dynamo-electric 

machines. The brush for fitting into the brush holder a 

is made in two parts b, b formed with inclined faces c, c. 

The parts 6, 6 are of such shape that when put together 

with]}the inclined faces c, c in contact, they form a brush 


Figs 


25, 

















290,002) 


which is oblong in plan but divided in a vertical plane 
inclined to the two long sides and intersecting the latter 
beyond the mid-length point. Each brush part has a 
terminal flex d fastened to it. The holder a has one 
narrow wall of the brush socket e constituted by two 
springs f which exert a more or less uniform pressure 
so that there is no tendency to cant the brush parts b, b 
along the commutator, a portion of the surface of which is 
represented at h. (Sealed.) 


291,555. C. W. D. Peel, Dartford. Cord Grips. 
(3 Figs.) March 28, 1927.—The invention has relation 
to cord grips for electrical apparatus. A cord grip, in 
accordance with the invention, comprises a plug 11 that 
has longitudinal and diametrically arranged slots 12 
extending from one end and is externally screw-threaded 


fg! = srige2 
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(29555) 


12 


12 


from such end and a collar 14 to embrace the plug and 
having internal projections 15 to engage the slots and 
grip and hold the electrical conductors 16 placed therein 
when the plug is screwed into the lamp holder 17, and 
relative endwise movement between the plug and collar 


Specifications may be obtained at the Patent Office Sales | 


ENGINEERING. 


: 
| MOTOR ROAD VEHICLES. 


Motors, Limited, Gorton, Manchester. 
Laying Track Vehicles. (6 Figs.) March 18, 1927. 
—The invention relates to flexible tracks or treads 
for self-laying track vehicles in which the track is carried 
over a driving sprocket wheel and driven pulleys and 
under weight-carrying devices of the type comprising a 
series of transverse rigid ribs embedded in the belt 
; and coupled together longitudinally of the belt by wire 
| or wire rope. The track is constructed with a series 
| of flexible metallic members A extending the length of 
the endless track connected transversely at intervals by 
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short members B and carrying projecting driving 
members C. The members A are of wire rope, the 
transverse members B are rods and the driving members 
C are blocks of material sufficiently rigid to take the 
drive. A number of coupling blocks D, D, are threaded 
on to the members A, and the transverse members B pass 
through them. The whole of the parts, when connected 
together, are moulded into and embedded in a casing or 
cover G of rubber reinforced with canvas made suffi- 
ciently thick to form a tread or, as shown, channel sole 
plates H may be affixed by screws to the coupling blocks 
D, D, and filled with rubber tread blocks which can be 
replaced when worn. (Sealed.) 


293,085. R. A. Crockett, Walton, 
Brakes. (9 Figs.) March 25, 1927.—The 
relates to the wheel hubs of automobile vehicles. 
axle casing 1 enshrouds a live axle 2, flats 3, 4 upon a 


recessed parts on a hub shell 5 which carries one race of 
a ball-bearing 6 supporting the wheel 7, which wheel is 
secured by bolts to a flange 9 having a splined connection 
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with the end of the axle 2. A flanged dise 11 forming 
a dust cover and guide for brake parts in an internal- 
expanding brake, comprising shoes 12 and brake drum 13 
connected to the wheel 7, has likewise flats 14, 15 upon 
it engaging with flats on the shell 5, the whole 
being secured by tapered bolts 16 passing parallel 





is set up by contact of the collar with the lamp holder. 


(Sealed.) | 


to the diameter through the parts and secured by nuts. 
(Sealed.) 


291,903. S. E. Crooke, Romiley, and Crossley | ; A 
Self- | for Washing Vehicles. 


Liverpool. | 
invention | 
An | 


boss or flange engaging with corresponding flats or | 
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RAILWAYS AND TRAMWAYS. 
289,652. S. H. L. Gates, Croydon. Machines 
(5 Figs.) May 23, 1927.— 
|The invention has relation to machines for washing 
| vehicles, such as omnibuses.or tramcars. Mounted in 
| bearings on the upper part of a frame 11 is a shaft 12 
}on the ends of which chain wheels 13 are mounted. 
| 14 are other chain wheels mounted at the lower part of 
| the frame 11. Passing over each chain wheel 13 is a 
| chain 15, the one end of which is connected with a weight 
| 16 and the other end to a suspended member 17.. Pas- 
| sing under each chain wheel 14 is a chain 18, the one 
| end of which is connected with the weight 16 and the 
| other end to the suspended member 17. The suspended 
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members 17 constitute carriers for a pipe 19, the length 
of which approximates that of the vehicle to be washed. 
The pipe 19 is connected at 20 through a flexible pipe 
21 with a water supply main 22 controlled by a valve 
| 23 and has mounted on it a series of roses or sprayers 
| directed towards the vehicle. The arrangement is such 
| that when the water supply is turned on, the weight of 
| the pipe 19 exceeds that of the weights 16 and the pipe 
19 moves downwardly of the frame 11. When the 
| water supply is discontinued, the weights 16 return the 
pipe 19 to its uppermost position. The rotation of the 
shaft is governed, and for this purpose an escapement 
| or dashpot may be employed. (Sealed.) 





STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 


289,930. The General Electric Company, Limited, 
London, and W. Boon, London. Pulverised Fuel 
| Burners. (5 Figs.) January 1, 1927.—The invention 
| relates to pulverised fuel burners adapted for heating a 
steam boiler or a metallurgical furnace of the type in 
which a mixture of pulverised fuel and air is introduced 
| tangentially so as to produce a whirling motion. Accord- 
ing to the invention, in a pulverised fuel burner, which is 
of the type specified, the burner 7 is of substantially 
circular cross section and the substantially circular end 
cover 42 of the burner is provided with adjustable air 
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ports 43. In order to ensure a vigorous whirling motion, 
a tube 45 co-axial with the burner 7 is arranged within 
the burner, the mixture of pulverised fuel and air being 
introduced tangentially into the annulus between the 
burner 7 and the tube 45. With this arrangement, the 





adjustable air ports 43 are in the annular area between 
| the central tube and the burner casing. (Sealed.) 
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CULVER STREET WORKS, COLCHESTER. 
ON ADMIRALTY AND WAB OFFICE LISTS. 
ENGINES for Torpedo Boats, Yachts, Launches. 
BOILER FEED PUMPS. 

See advertisement, page 74, “ey 21, 
PATENT WA ee BOILER: 
UTOMATIC FEED EGULATORS. 


And ‘ume anny as supplied to the 
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For ALLUVIAL GOLD, PLATINUM & TIN. 
HARBOUR, RIVER & CANAL.—Gravel Dredgers. 
§OREENS.—-DREDGE BUCKETS & Parts, all sizes. 


ARTHUR R. 2. BROWN, LtD., 


64, New Broad Street, London, E.C.2. 
Seat London Wall 3418. 
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Great saving of labour. No Ash No Dust. No 
dirt. Ashes discharged 20 ft. clear of vessel.—Apply, 
F. J. TREWENT & PROCTOR, LTD., Naval Archi- 
tects and Surveyors, 43, Billiter Bldgs., Billiter St., 
London, E.C. Od 4835 
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WHEELS & AXLES. 
OAR IAGE & WAGON IRONWORK, also 
CAST-STEEL AXLE BOXES. 4479 
P. 
RA 





& W. MacLellan, Ltd., 


CLUTHA WORKS, — 


MANUFACTURERS 0 
UWAY CARRIAGES AN D WAGONS 
OF EVERY DESCRIPTION 


RAILW 4 Y IRONWORK, BRIDGES, ROOFING, &c. 
ief Offices: 129, Trongate, Glasgow. 

Regist: -d Offices: Clutha House, 10, Princes St., 

Westminster, 8.W.1. Od 8547 





& CO., LTD., 
GLASGOW. 


Y ARRO 


PASSENGER AND CARGO STEAMERS, 


SHALLOW DRAFT VESSELS. 
4782 


(jampbells & enter. L*- 


Gear Cutting. 


Worm Wheels cut up to 13 ft. diam. 
Bevel and Mitre Wheels planed up to 6 ft. 6 in. diam. 
Spur Wheels cut up to 12 ft. 6 in. diam. 


DOLPHIN FOUNDRY, LEEDS. 4790 





RAILWAY AND TRAMWAY ROLLING STOCK. 


H+ Nelson & (o., L ‘4 


THE GLASGOW ROLLING STOCK AND PLANT Gta 
MOTHERWELL. 3383 





Ks Patent Agency Ltd. 


irector, B.T. King, 0.1.M.E., Registered 
Patent ye G.B., U.S., and Canada). Advice 
handbook and cons. on Patents and Trade Marks 
free. —146a, Queen Victoria Street, London, E.C.4. 
40 years’ refs. ‘Phone: Central 0682. 1209 


rpihe Mitchell (Sonveyor and 


TRANSPORTER CO., LTD., 
CONTRACTING ENGINEERS. 


DESIGNERS and BUILDERS 
of 
all classes of HANDLING MACHINERY. 


Atlantic House, 
45-50, Holborn Viaduct, 
London, E.0.1. 


Telegrams: ‘‘ Micontraco, Cent, London.” 
Telephone: Holborn 2822. 


66 
[ingineering Cyrpiielanittianss 
This is a book you must not miss. It 
contains brilliant articles by Prof. A. M. LOW, our 
Employment Supdt.,, etc., shows how to pass 
A.M.1.Mech.E.. A.M.1.C.E., A.M.I.A.E., A.M.LE.E., 
Matric., C. & G., G.P.O. Exams., and outlines over 
60 home study Courses in all] branches of Engineering. 
Send for free copy to-day (state subject or Exam). 
We alone guarantee ‘‘NO PASS—NO FEE.”— 
BRITISH INSTITUTE OF ENGINEERING 
TECHNOLOGY, 23, Shakespeare House, Leicester 
Square, London. A 750 


W AYGOOD - + Qtr 


Lifts 


64 & 55, Ferrzk Lanz, LONDON, E.0.4, 
and esis Provincial Cities and Abroad. 


THE GLASGOW ROLLING STOOK AND PLANT WORKS. 


urst, Nelson & Co., Ltd., 


BuildersofRAILWAYCARRIAGES, WAGONS 
ELECTRIC CARS, AND EVERY OTHER DESCRIPTION 
oF RAILWAY and TRAMWAY ROLLING STOCK. 

Makers of WHEELS and AXLES, RAILWAY PLANT, 

Foreines, SMITH WORK, IRON & BRass CASTINGS, 

PRESSED STEEL WORK OF ALL KINDS. Od 3382 

Reg. Otfice and Chief Works: Motherwell. London 
Office ; 32, Great St. Helen’s, Bishopsgate, E.C.3. 





Iron and Steel 
Tubes and Fittings 


Sole Licensees in Great Britain for the manufacture 
of “‘ Armco ”’ Ingot Iron Tubes, 


The Scottish Tube Co., Ltd., 
HEAD OFFICE: 34, Robertson Street, Glasgow. 
See advertisement, page 53. 4737 





y es, Limited, 
NEERS, IRLAM, MANCHESTER. 
FEED WATER HEATERS, 
CALORIFIERS, EVAPORATORS, Row’s 
ee re AIR HEA hp a PATENTS 
TEAM and GAS KETTLE 
Merrill’s Patent TWIN STRAINERS 
for ny Suctions. 
SYPHONIA STEAM TRAPS, REDUCING VALVES 
High-class GUNMETAL STEAM FITTINGS. 
WATER SOFTENING and FILTERING. 5723 


IRON & STEEL 
[lubes Fittings 
AND : 
Steel Pp lates. 
SrewARTs AND L novns, La. 


GLASGOW. BIRMINGHAM. LONDON. 
See Advertisement, page 45, Dec. 21. 4449 


AND 


Peter Pyrotherhood inc 


PETERBOROUGH. 


ae. ety 2 TURBINES, 
AND OIL ENGINES, 
we COMPRESSORS, 
BEFRIGERATING PLANT. 


See Advertisement, page 43. 


4863 


oilers, ete.,. ‘Delivered pre 


Stock subject to being unsold :— 
New 15 ft. 4 in. by 6 ft. 6 in., 500 sq. ft. aes 
surface, Vert. Multitubular Boiler, 100 \bs. 
New 11 ft. by 5ft. Cyl. Tanks or eahnds 
80 Ibs. W.P. 
New 10ft. by 4ft. 6in. Air Receiver, 100 
Ibs. W.P. 208 


‘H. & T. DANKS (Netherton) Lrp., Dudley. - 


PRichards No. 1 Vertical Slot 


DRILLING AND KEYWAY CUTTING 
— E. Capacity keyway 20 in. long by 1 in. 
wide. 

WEBSTER & BENNETT -40 in. DUPLEX 
BORING AND. TURNING MILL, S.P. 

BRYANT -No. 6 INTERNAL CHUCKING 
GRINDER, chuck range 12 in. 

CROSS-CUT SHEARING MACHINE, by CRAIG 
AND DONALD, to shear approx. 3 in. by § in., 
length of blade 8 in. 

Several High-class nearly new SCOTCH MARINE 
BOILERS, 10 ft. 9 in. long by 13 ft. 3 in. diam. ; 
for 125 lbs. working pressure; in first-class condition 
and complete with fittings, ready for immediate 
delivery. 

Eight LANCASHIRE BOILERS, each 30 ft. by 
8 ft. 6 in., re-insurable at 120 Ibs. pressure. 

One Good Second-hand GREEN’S FUEL 
ECONOMISER of 420 pipes. Will re-insure for a 
working steam pressure of 220 lbs. per square inch. 


CATALOGUE (10,000 Lots) on application. 


ITthos. W. A ae L ‘4 


ALBION WORKS, SHEFFIELD. 
THOMAS HUNT & SONS, 


K or 
Albion Ironworks, 


Bridge Road West, Battersea, 8.W.11. 
Est. 1854. 4894 





Your Repairs or any 
SPECIAL MACHINERY, try 


oconut Shell Anti-oxidization 
CHARCOAL for Foundries, £11 per ton, c.i.f. 
Liverpool.—PITTIS & SON, 35, Great St. Helens, 
London. A 830 
Kos Sale, 57 Lap- welded 
STEEL TU BES, each 15 ft. 3 in. long, 2 in. 

inside diameter, 3} in. outside diameter, and 7 lap- 
welded steel tubes, each 14 ft. 3in. long, 2§ in. inside 
diameter and 3 in. outside diameter, all suitable for 
a working pressure of 180 Ibs. to the square inch, 
suitable for Davey-Paxman dry-back marine boilers: 


Offers to be addressed to the ENGINEER, eee 
tricity Works, Maidstone. | é 016 


Davin Brown 


& SONS (HUDD.) LTD., HUDDERSFIELD. 
The authorities on 


GEARING 





4432 





atsons (Metallurgists) Ld. 


Lancaster Street, Sheffield. 


ELECTRIC FURNACES 
STEEL AND NON-FERROUS 
METAL MELTING. 

Telegrams: ‘“‘ CARGO SHEFFIELD.” 


John Bellamy, L jmited, 
MILLWALL, LONDON, E., 
GENERAL CONSTBUCTIONAL ENGINEERS. 


1216 
Boilers, Tanks & Mooring Buoys 
STILLS, PETROL TANKS, AIR RECEIVERS, STEEL 
CHIMNEYS, RIVETTED STEAM AND VENTILATING 
Pipes, HOPPERS, SPECIAL WORK, RepaiBs OF 


ALL KINDS, 
J ohn Fraser & Son, | ‘4 


Electric Welding, Boiler Repairs. 


Electric Cable Making Plant, 
Vulcanizera, Rotary Kilns, 


Millwall, London, 


1 


4175 





Asphalt Mixers. 
Buoys, Hoppers. 


i.14. 


Petter ()! and petrol 
[Pugines 


Sizes 1$ to 600 B.H.P. 
PETTERS LIMITED, 
LONDON: 75B, Queen Victoria St., E.C.4. 
Works: YEOVIL, England. 3903 


ailway 
G witches and 


(\rossings. 


T. SUMMERSON & SONS, LIMITED, 
DARLINGTON. 


4529 


N ew 5’ Machinery For Disposal : 


Low Prices:—Two M. P. Kiers Centrifugal 
Pumps, Drying Arrangement for Printing Plant, 
Revolving Brass’ Expander, Horizontal Belt-Driven 
Vacuum~Pump, Condenser and Receiver, Wrought 
Iron Tanks, two ‘All Iron Dye Jigs, one 5-cwt. Steam 
Hammer.— Address, A 863, Offices of ENGINEERING, 


MUST BE SOLD. 
AT GREAT SACRIFICE. 


ROOM URGENTLY REQUIRED. 


2 
( ne “Garrett”? Compound 

SUPER HEATER STEAM ENGINE, size 
C.C §.V.L.L. No. 33375, purchased in 1919, with 
Condensin Plant and 440 volt 115 K.W. “* Phoenix ” 
Dynamo, ith regulating rheostat, switch, breaker, 
ammeter and voltmeter on slate panel, spray cooling 
plant, boiler feed and circulating water pumps 
complete, in thoroughly good working order, 
including chimney 234 in. internal diameter, 60 ft. 
high, with necessary guy ropes. 


Price: 
(NINE HUNDRED AND FIFTY POUNDS) 
£950 F.O.R, 
Apply: 

RUSHDEN AND DISTRICT 
SUPPLY CO. LTD., 
25, Bridge Street, 
NORTHAMPTON. 


THE ELECTRIC 


A 826 


WE dimaiains Scortr 


LirFfts 


MARRYAT & SOOTT, LTD., 8940 
57a & 4€. Hatton GaRkpgs, LONDON, E.0.1. 





_ 














2 


ENGINEERING. 








[DEc. 28, 10.28, 





he Manchester Steam Users’ 


ASSOCIATION. 
For the prevention of Steam Boiler Explosions and 
for the attainment of Economy in the application of 
Steam. 9, MOUNT STREET, MANCHESTER. 
Chief Engineer: Mr. TELFORD PETRIE, 
D.Sc., A.M.I.C.E., etc., 
Founded 1854 by SIR WILLIAM FATRBAIRN. 
Certificates of — issued under the Factory and 
Workshops Act, 1901. Compensation for Damages 
and Liabilities paid in case of Explosions. Engines 
and Boilers inspected during construction. 4528 


Preparation for Examinations 
—Mr. A. J. ANIDO, B.Sc., A.C.G.I., specialises 
in the personal preparation of Candidates for all the 
examinations held by the Institutions of Civil, 
Mechanical and Electrical Engineers. Evening and 
Correspondence work arranged.—60, Chancery eo 


W.C. Telephone: Holborn 5776. 109 
Y 

( \rystal Palace School of 
“PRACTICAL ENGINEERING. President: 

- W. WILSON, M.I-C.E., M.I.M.E., F.s.E. 

Principal: MAURICE WILSON, MICE, F.S.E 

Vice-Principal: F. C. P. LAWRENCE, M.S.E., 

A.M.1.Struct.E. Faster 


Term commences Wednes- 
day, January 9th. A 929 


with Qualifications 

REQUIRED. 

If you want a better job you must show proof of 
qualification. For one tee, The T.1.G.B. will train 
you in yovr own jome until you pass any engineering 
examination, such as: 


Jest neers 
4 


A.M.1.Mech.f A.M.I.A.E. 
A.M.1.E.K. A.M.1.Struct.F 
A.M.Inst.C.E. B.Sc. (Eng.) London 


Univ. 


Post this advertisement, marking examination 


which interests you, to 


THE TECHNOLOGICAL INSTITUTE OF 
GREAT BRITAIN (Established 1917), 
78, Temple Bar House, 
LONDON, E.C.4, 


and full information will be sent, together with the 
64-page book, * The Engineer’s Guide to Success.’ 


(‘orrespondence (curses 
F , 


PREPARATION 
FOR THE 


Ky aminations 
OF THE 
OF CIVIL ENGINEERS. 
OF MECHANICAL ENGRS. 
INST. OF STRUCTURAL ENGRS. 
UNIVERSITY OF LONDON, &c, 
ARE PERSONALLY CONDUCTED BY 
1 Vi yy Bee DB 
Mr. Trevor W. Phillips, 
B.Se., Honours, ree ring, London uae 
Assoc. M.Inst.C.E., A.M.I. Struct E., M.R.S.L, 
F.RS.A., ¢ its artere d Civil Enginee “ &e. 
For full particulars and advice, apply to :— 
8-11, TRAFFORD CHAMBERS, 58, SouTH JouN ST., 


INST. 
INST. 











LIVERPOOL. (Tel. Bank 1118). 
LONDON OFFICE :—65, CHANCERY LANE, W.C.2. 
4526 

TENDERS. 

EGYPTIAN GOVERNMENT, 

TWYenders are Invited by the 
Ministry of Public Works, Cairo, for the 
SUPPLY and ERECTION at the site of Sollum 
of an AERIAL ROPEWAY on the bi-cable system 


with its loading and unloading terminals, tensioning 
gea’, standards, carriers, engines, dynamos, telephone 
and all necessary equipment. 

Tenders for the complete work must be submitted 
direct to the Director-General, Mechanical Depart- 
ment, Cairo, not later than Noon on 28th i ebruary, 
1929. The Specincation and Conditions of Tender, 
including tender form and plans of site, may be 
obtained from the CHIEF INSPECTING ENGIN- 
EER, Egyptian Government, 41, Tothill Street, 
London, 8.W.1, against payment of 10s. 6d., which 
money is not returnable 


Applicants should quote reference Mech. 57320. 
A copy of the Specification and Conditions of 
Tender, etec., is also available for scrutiny at the 
same address. A 927 
PORT OF BRISTOL AUTHORITY. 
CONSTRUCTION OF EASTERN ARM, ROYAT 
EDWARD DOCK, AVONMOUTH. 
DUST REMOVAL PLANT. 
The Port of Bristol Authority is prepared to receive 


Wenders for the Supply and 

INSTALLATION of DUST REMOVAL PLANT 
in connection with the Grain Ha idling Machinery 
on the Eastern Arm Extension of tie Royal Edward 
Dock, Avonmouth. 

On and after Tuesday, the Ist 
1929, copies of the specification and contract 
drawing can be obtained from the undersigned on 
production of a receipt shewing that a deposit of £2 
has 7 ee ALL CHEQUES MUst BE MADE 
PAYA TO “THE PORT OF BRISTOL 
AU THORITY’ "and be forwarded to the General 
Manager, Docks Office, 19, Queen Square, Bristol. 
The deposit will be returned to bona-fde tenderers 
after the receipt of a Tender with all the prescribed 
documents 

Tenders must be enclosed in a sealed envelope, 
endorsed ‘‘Tender for Dust Removal Plant,’ 
addressed to the General Manager of the Port of 
Bristol Authority, 19, Queen Square, Bristol, and 
must be delivered to him b fore Ten a.m.on Monday, 
the zist day of J inuary, 1929. 

The Port Authority does not bind itself to accept 
the lowest or any Tender 

THOMAS A. PE ACE, 
Chief E ‘nginee r. 


jay of January, 


Chief Engineer's Office, 
Avonmouth Docks, Bristol. 


28th December, 1928. A 942 





THE DIRECTOR-GENERAL, INDIA STORE 
DEPARTMENT, Belvedere Road, Lambeth, 
London, 8.E.1, invites 


ce [Tenders for :— 


SCHEDULE 1, 482 STEEL AXLES for rolling 


stock. 
300 STEEL TYRES for rolling 

stock. 

Tenders due on the 18th January, 1929. 

Forms of Tender available from the above at 
a fee (which will not be returned) of 5s. for each 
Schedule, A 931 


SCHEDULE 2. 








APPOINTMENTS OPEN. 


TECHNICAL COLLEGE. 


EAST LONDON: SOUTH AFRICA. 


A Pplications are Invited by 
A the Council for the POST of LECTURER 
IN ENGINEERING (Grade 1) for the subjects of 
Klectrotechnics, Mathematics, Machine Construction 
and Drawing, etc. 

Applicants should hold a Degree or equivalent 
professional qualification, and must have had work- 
shop experience as well as experience in teaching 
apprentices. 

SALARY.—£400 per annum, rising by annual incre- 

ments of £25 to £500 per annum. 

TRANSPORT.—-£50 will be allowed towards passage 

expenses, subject to a proportionate 
refund in the event of termination of 


the engagement within three years 
from date of assumption of duty. 


Hali salary from date of embarkation. 

DutlEs.—The successful candidate will be ex- 
pected to assume duty not later than 
ist April, 1929. 

Applications, together with copies of testimonials 
(all in triplicate), should reach the SECRETARY, 
Otlice of the High Commissioner for the Union of 
South Africa, South Africa House, Trafalgar Square, 
W.C.2 (from whom forms of application and further 
particulars may be obtained), not later than 14th 
January, 1929. A 906 





RESEARCH DEPARTMENT, WOOLWICH. 

DIRECTORATE OF BALLISTICS RESEARCH 
. Mm ° 

’ ah dequired, Two Junior 
ASSISTANTS (MALE).—One with 
a good physics or engiveering degree and 
some research experience, preferably in small 
electrical current work or instrument design 

One with Honours Degree in Physics. 

Basic salary £160 perapnum plus bonus. Present 
emoluments £239 19s. per annum. Annual leave 24 
days. Preference given to ex-service men suitably 
qualified. Applications to be made by letter, ac- 
companied by copies of not more than three recent 
testimonials, and reference to any published work, 











to the CHIEF SUPERINTENDENT, RESEARCH 
DEPARTMENT, Woolwich, 8.E.18, from whom 
Conditions of Employment may be obtained. A941 


BOMBAY PORT TRUST. 


\ pplications are Invited for 
the POST of SENIOR ASSISTANT 
ENGINEER (Railway). 

The pay of the post is in the grade Rs. 600- 
50-1300, and the starting pay will depend on the 
qualifications and experience of the applicant. 

The appointment is a temporary one. The period 
of avreement to be for five years. 

The Engineer must have had experience in the 
construction and maintenance of Railways in Dock 
areas and should be an Associate Member of the 
Institution of Civil Engineers 

Free tirst-class passages will be provided at the 
commencement and termination of agreement. 

Leave and allowances to be in accordance with the 
rules in force for the Bombay Port Trust. 

Applications in writing, giving full particulars of 
training, experience, age and copies of testimonials, 


should be addressed to THE CONSULTING 
ENGINEERS and AGENTS, Bombay Port Trust, 


2, Queen Anne's Gate, Westminster, London, S.W.1, 
not later than Ist January, 1929 A 887 
METROPOLITAN ASYLUMS BOARD. 

The BOARD invite 

\ pplications for the Appoint- 
4 MENT of (1) TEMPORARY THIRD CLASS 


MECHANICAL ENGINEERING DRAUGHTS- 


MAN, and (2) TEMPORARY THIRD CLASS 
KLECTRICAL ENGINEERING DRAUGHTs- 
MAN, in the Department of the Engineer-in-Chief. 


be between the ages of 20 and 
25 years; for the appointment of (1) they must 
have had experience in an engineer's oifice and 
must be capable of preparing working drawings for 
steam boiler plant, hot water supply. and heating 
installations, etc.; for the appointment of (2) candi- 
dates must have had experience in an electrical 
engineering contractor's office and be capable of 
preparing working drawings for the installation of 
electric light and power, telephones, etc., in 
connect'on with large institutions, Salary £165 
per annum. The appointments are subject to the 
provisions of the Poor Law Officers’ Superannuation 
Act, 1896. 

Form of applic — can be obtained on and after 
TUESDAY, Ist JANUARY, 1929, by forwarding 
stamped addressed foolse: ap enve lope to the CLERK 
TO THE METROPOLITAN ASYLUMS BOARD, 
VICTORIA EMBANKMENT, E.C.4. | Completed 
forms to be addressed to the ENGINEER-IN- 
IEF, METROPOLITAN ASYLUMS BOARD, 
— LD HOUSE, SHEFFIELD STREET, 

C2 as to reach him not later than TEN a.m. 
on THU RSDAY, 10th JANUARY, 1929. 

ALLAN POWELL, 
Clerk to the Board. 
930 


Candidates must 











CHESHIRE LOCAL EDUCATION AUTHORITY. 
VERDIN TECHNICAL SCHOOL, NORTHWICK. 
pplications are Invited for 
APPOINTMENT as FULL-TIME TEACHER 
a ENGINEERING, principally major subjects. for 
the Day and Evening Classes. Candidates should 
have an Honours Degree in Engiveering, and 
practical works experience. Burnham Award Scale 
salary with not more than six year~-’ prev ous 
experience (including “‘halt” years) taken into 
account. Further particulars and forms of applica- 
cation obtainable from— 
EF, F. POTTER, Director of Education, 
Dept. “C,” County Education Otices. 
otis Road, Chester. 


A938 


CROWN AGENTS FOR THE COLONIES. 
COLONIAL GOV ERNMEN vf APPOINTMENTS. 








OA | pplications from 
SESELS Fa Qualified Candidates are Invited for 

rea the following POSTS 

ENGINEERS as shown below a are required by the 
GOVERNMENT of NIGERIA for the Electrical 
Branch of the Public Works Department for two 
tours of from 12 to 18 months each, with prospect of 
permanency. Salary £600 a year. r.sing to £720 a 
year by annual increments of £30, and thence to 
£920 a year by annual incremeuts of £40. Outfit 


allowance of £60 on first appointment. Free 
tag and passage, and liberal leave on full 
salary. 

EL BCLRIC AL ENGINEER (M/1222). Candi- 


7 to 35, must be qualified to take barge 
of construction, and afterwards, of supervision of 
one or more electrical undertakings. They should 
have had a sound technical and practical traininz, 
and experience with high tension 3- phase systems, 
including pole line distribution. 
MECHANICAL ENGINEER (M/1225). Candi- 
dates, age 27 to35, must possess certificate: sequivalent 
to those required for Associate Membership of the 


dates, age 2 


Institution of Mechanical Engineers; have had a 
thorough theoretical and practical training in 


Mechanical Engineering, including apprenticeship in 
an engineering works; and have had experience in 
the supervision of the erection and maintenance of 
Babcock Boilers, Belliss type steam engines. alter- 
nators, condensing plant and pumps. They should 
also have some electrical knowledge. 

Apply at once by letter, stating age and full 
particulars of qualifications and experience, to 
THE CROWN AGENTS FOR THE COLONIES, 
4, Millbank, London, 8.W.1, quoting the reference 
number against the appointment for which applica- 
tion is made. A 939 


YPT. 


THE TELEGRAPHS AND TELEPHONES 
DEPARTMENT of the State Railway Administration 


call for 


pplications for the Post of 
SENIOR INSPECTOR of WIRELESS 

r 7 LEGRAPHY. 

The contract is for three years and the salary 
offered is £E 700 per annum. 
The qué —— required are as follows :— 

AGE.—30-45. 

EDU CATION. — Applicant must give proof of 
having received a sound general education. <A 
knowledge of French is an advantage. Appli- 
cant must have received a regular course of 
training in electrical engineering at a recognised 
college or institution, and must produce the 


GOVERNMENT OF EG 


Diploma or Certiticate of such college or 
institution. Preference will be given to 


applicant who is a chartered member of the 
Institution of Electrical Engineers. In the 
case of ex-service candidates, proof must be 
adduced of having passed in equivalent naval 
or military technical examinations. Applicants 
must also hold a valid internationally recog- 
nised_ certiticate of competency in Radio 
Telegraphy or the naval or military service 
equivalent thereof. 
In addition to the electrical training specified 
above, applicant must have specialised in radio- 
electric engineering, either at a naval or 
military engineering training centre or with a 
radio-engineering firm of recognised standing. 
PRACTICAL QUALIFICATIONS, 

Sound knowledge of erection and mainten- 
ance of internal combustion engines and of 
heavy electrical engineering, comprising altern- 
ating current and continuous current dynamos 
and motors, switchboards and cabling. Good 
knowledge of erection, care and maintenance of 
commercial wireless radio transmitting installa- 
tions, including apparatus, for remote control 
duplex work, knowledge of design and 
maintenance of modern commercial wireless 
receivers, knowledge of design and erection of 
wireless masts up to 200 ft. high and of antenna 
coustruction generally. The candidate must be 
completely familiar with all types of commercial 
marine radio apparatus and must be able to 
diagnose faults at once. He must also be 
familiar with broadcast receivers. He must 
also be acquainted with Administration atfect- 
ing wireless and the International Regulations. 
TIES.—Would comprise inspection of broad- 
cast receiving apparatus in Egypt; inspection 
. wireless apparatus in merchant ships in 

gyptian Ports; design and erection of land 
pot ; Organising of wireless services ; 
charge duties at radio stations ; Administrative 
duties under the Wireless Decree. 
The appointment is subject to strict medical exam- 
ination and toconfrmation by the Ministry concerned. 
The selected candidate will be granted a transfer 
allowance equal to one month’s salary for chauge of 
residence from England to Egypt. 
Third-class fares and reasonable out-of-pocket 
expenses will be paid to applicants who are requested 
to attend for interview and/or medical examination. 
Application form (No. 47) and specimen contract 
form may be obtained upon request to the 
CHIEF INSPECTING ENGINEER, 

Egyptian Government, 

41, Tothill Street, 
London, S.W.1, 

to whom they should be returned accompanied by 
full particulars as to education, qualitications, 
previous experience, personal referencesa d COPIES 


DU 





(NOT originals) of certificates and testimonials. 
A 









WANTED FOR THE INDIAN Ob 'NAncp 
FACTORIES. GUN AND SHELL } TORY 
COSSIPURE (Nt AR CALCUTT . 
n_ Assistant orks 
5° MANAGER. Salary Ri 3 550 a 
month pl s £25 a month stericg over. 
seas pay, rising by annual increments is. 50 a 
month to Rs 75) pl s £25. The app nent is 
non-pensionable, but there is a Provyiii Fund. 
subscription to which is compulsory — kf: passage 
to India is granted, and quarters. ifaya ble are 
provided at a rental not exceeding 10 : cent. of 
salary. An agreement for five years wii! > entered 
into in the fir-t instance. 

Candidates must have been well edi ‘ted ang 
must either possess a Univesity degree i: \ngineer. 
ing or have passed the A.M.I.C.E. exar sation or 
have obtained some other corresponding itication 
in engineering. In addition, candidates | ist have 
had at least five years’ practical experience ~yitha firm 
of repute (preferably in an armament rkshop) 
during which period they must have had experience 
in the Drawing Office, in Estimati: and in 
handling and controlling labour 

Candidates must have attained the age »/ 24, ang 
preference will be given to suitably qu ‘‘ied can. 
didates whose age does not exceed 40 y< 

The selected officer will be required to ;:occed to 
India early in March, 1929. 

Applications should be submitted soon as 
possible before the 15th January, 1929, ©: forms to 
be obtained from the SECRETARY, LITARY 
DEPARTMENT, INDIA OFFICE, s.\\ Enve- 
lopes should be marked * Ordnance Recruitment,” 

Applications from candidates who do jot possess 
the requisite qualifications cannot be considered, 
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PORTSMOUTH MUNICIPAL co! LEGE, 
ENG GINEERING DI DEPARTMENT 


Head of Department: R. C. PRESCO! 
(Tech.), Manchester. 


[, M.8e. 


The Com: mittee invite 


A pplications from (Qualified 

Civil Engineers for the POST of LECTURER 
IN CIVIL ENGINEERING AND LUILDING 
TRADES WORK in the Engineering partment 
of the Municipal College. Candidates should be 


graduates in Civil Engineering with practical 
experience, and preferably with the A.M.ILC.E, 
qualification. 

Salary in accordance with the Burnhar: Scale. 


Application Forms should be returned not later 
than January 25th, 1929. 

Full particulars and Form of Applicat 
obtained from the Secretary at the 
College, Portsmouth. 

H. E. CURTIS, 


Secretary. 


ion may be 
Municipal 


Offices for Higher Education, 
The Municipal College, 


Portsmouth. _ A933 


anted, for -a Firm of English 


Structural Engineers in India, an OFFICE 
MANAGER and CHIEF DESIGNER. Knowledge 
of Bridgework essential and must have had both 
Works and administrative experience. Age about 35. 
Commencing remuneration the equivalent of £2000 
per annum, with excellent prospects.- Write, with full 
particulars of career, and if possible a photograph, to 








Z.G. 206, c/o DEAcON’s Advertising Agency, 
Fenchurch Avenue, London. Allapplications will be 
treated as strictly confidential. A 861 

A ppointment Vacant for 
A MANAGER of large engince factory in 
London district. Factory engaged on mass produc- 
tion of electrical and other technical apparatus. 


Applicants must have previous experience in factory 
management, including control of teclinical statf 
and all labour matters, and special knowledge of 
organising repetition work and bringing new designs 
into production. Excellent house and garden pro- 
vided adjacent to factory. State salary.—Write, 

c.," c/o J. W. VICKERS & Co., LTp., 24, Austin 


Oe, n 
Friars, E.C.2. AQT 


Firm of Engineers Manufac- 

turing Heavy aciesecies Plant REQUIRE 
E Seclelemadl ENGINEER and WORKS MANAGER. 
State age and full particulars of experien:e.—Address, 
A 945, Offices of ENGINEERING. 


be Services of a thoroughly 


trained and Experienced ENGINE ER, with 
experience of internal combustion enxines of the 
petrol-paraffin and Diesel type. A knowledge of 


fuels is essential. Preference will be given to an 
applicant holding a scientific degree. Age between 
25 and 35. The position requires 2 man of good 


1 an ability 
salary and 
references.— 
ent Street, 
A940 


personality with initiative, ambition at 
to meet men of all classes. Please sts! 
experience, together with copies ( 
by age BOX 864, DORLAND’S, 14, | 


Senior, with 
Turbine design 


[)r2ughtsman, 


first-class experience of Stean 











and details.—Apply, stating age, e\;erience = 
salary required, to Manager, Drawin tices, Pal 
Co. Ltd. Rugby _ hs A 8le 
rvemporary Drau; ol tsman 
WANTED Immediately <perience 
Detail Work. Design on Air Compr’= ors essent 
Salary £4 10s. per week.—Addres tating = 
experience. etc., A 902, Offices oi NGINBERING. 
W anted, Several Ex; perienced 
Structural DRAUGHTSME™ (or — 
Canada. Capable of design and det amar 99 
one year. Give details of experi: —A 
A 880, Offices of ENGINEERING. ee 
Mechanical Eng: jeer 
DRAUGHTSMEN WANTE! eferably 
aircraft experience, to commence s New oad 
Written application, with full deta! tralaiee t ref 
to CHIEF _EN(¢ ER, 


salary required, ‘esex. A801 





Aviation Company, Limited, Hayes 
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Yen'or Draughtsman and 
S D!.SIGNER WANTED, with good experience 


jn the de-ign of the latest type commercial vehicle 
chassis.— Address, giving full particularsofexperience 
ageand § s lary required,A 882, Offices of ENGINEERING. 
Ve uted, Draughtsman in 
sine office, cchemeed in design of 
Water Softening and Purification Plant or Tank- 
work.—-\ ldress, A 921, Offices of ENGINEERING. 
xperienced Structural 
yraughtsman Required for Calcutta; age 
96-28 5 a gle.—Write with full particulars to BOX 
399, LE. THWAIT & , 34, Throgmorton 
street, 1 London, E.C.2. 2 


rat does Wanted with 


first f-elass experience in estimating and design 


of Conveving Plants. Must be fully qualified in 
design ot light structures.—Write, stating age, 
experien: salary required, and when free, to 
Messrs. ‘OTHERT & PITT Lrv., Engineers, 
Bath. A 934 


eating Engineers Require 

rirst class DR AUGHTSMAN, Must have 

had experience in all systems of heating, drying, and 

ventilation. Applicants must be capable of acting 

without supervision, be energetic and competent to 

supervise staff. —Address, in confidence, A 935, 
Offices of WENGINEERING. 


hee: Plant Draughtsmen. 


—hEQUIRED, at once, TWO Experienced 
DRAUGHTSMEN accustomed to the layout and 


detailing of chemical plant and equipment, for 
Midland Area. State age, experience, salary required, 
and when at liberty.— Address, A 936, Offices of 
ENGINEERING. 





Dr ug a: Wanted 


iedia ‘ately Near London, age 25 to 30, with 


practical shop knowledge general engineering and 
accustomed design Steel Plate Work (heavy and 
light). State salary.—Address, A 937, Offices of 
ENGINEF KING. 


Praughtsman Wanted, 
ex; Temporary — for Elev ators, 
Conveyors, and Motors.—Address, A 947, Offices of 


ENGINEERING. 


\W anted, First- class : Draughts- 


MAN, ‘accustomed _to Chemical “Plants 





layouts and details. Man familiar with Solvent 
Recovery and Coke-oven Products preferred. State 
age, salary re quired and when at liberty.—Address, 
4946, Offices of ENGINEERING. 


Wanted, Draughtsman, fully 


expetienced. Preference given to first-class 
man with up-to-date experience in woodworking 
wachinery design. — Apply to Messrs. THOMAS 
WHITE « SONS, Ltp., Laighpark, Paisley. A 943 


De ners Required for leading 


firm of long-distance ’bus and commercial 





vehicle manufacturers in London district. Only 
fully qualified and experienced men need apply. 
Good salary for right men. Address in confidence, 
stating ave, experience, salary required. — Address, 
A918, Otlives of ENGINEERING. 








ITUATIONS WAN TED. 


wm 


‘0.1. Chief Engineer, age 35. 


e D 8 Progressive Post at rg Highest 











Teference } years’ R.K. War Service, with good 
technical owledge.—Address, A 875, Offices of 
ENGINEE! ING 
[Prve htsman, ‘Mechanical and 
Structural, Desires Post Abroad. Recently 
Teturned 1 oil fields in the Near Fast. Nine 
Years Er experience in design of machinery, 
steel buil and light bridges. Sound knowledge of 
boring for well equipment and pipe-line lay-out 
Experier road making and handling of labour 
28 year age.—Address, A 884, Offices of 
ENGINE! 
a E: 





WANTED, &c. 


\ ed, Machine Tool or 
ot MANUFACTURER to manufacture in 





Great Bi by way of Licence or otherwise on 
/ ag ins, the invention covered by Letters 
Fatent ‘ of L. Kellenberger, which relates to 
apPare at or the Adjustment of the Guides on 
Sliding \ rs of Machine-Tools, such as Grinding 
Machines ithes, Boring Machines, Planing 
seraines so forth.”—Address all communica- 
cdg )SSHARDT, 31, Regent House, Cannon 
Street, M te r. A944 
[he -ners of British Patents 
IN “ 1205, entitled ‘IMPROVEMENTS 
No HA L UPSETTING PRESSES,” and 
ROLLIN ; entitled “IMPROVEMENTS IN 
ARRAN iJLLS,” are PREPARED to MAKE 
‘ec NTS whereby the same may be 
Portis rked in Great Britain under licence. 

CORDS obtainable from TECHNICAL RE- 
Wc. , 59-60, Lincoln’s Inn Fields, London. 
Xe a A 919 
gad provements in Milling-machines.” 
th ¥ mprovements in Milling-machines * 
e\. nerof the above Patents 


is i ROUS of ARRANGING by LICENSE 


0 , 
pt pe reasonable terms for the manufacture 
For oe | development of the inventions.— 

eo address, HERBERT HADDAN AnpD 
Street, s Patent Agents, 31 & 32, Bedford 

= London. W.C.2. A 923 
\ auied, Cochrane Boiler, 
weond. 6 in. diameter by 16 ft. 6 in. hei; ght, 
Eyeing... Address, A 932, Offices — of 


See also Front Page. 
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AUCTION SALES. 


Wbeatley Kirk, Price & Co. 


(Established 1850) 
SPECIALISE IN 


Valuations & Sales by Auction 
OF 
Engineering Works & Plant. 


LONDON: 46, WATLING STREET, E.C.4. 


MANCHESTER : 16, ALBERT SQUARE. 4365 
NEWCASTLE-ON-TYNE: 26, COLLINGWOOD STREET. 


L[ammersmith Iron Works. 


FOR SALE FREEHOLD. 


Site area, two acres. 
Floor space, 84,000 sq. ft. 
Substantial Buildings. 
Solid Wharf on Thames, 
300 feet long, 
for vessels up to 700 tons. 


a & price from Sole Agents, 
WHEATLEY KIRK, PRICE & CO., 
46, Watling St., London, E.C.4. 


E dward Rushton, Son 
AND KENYON. 
ay VALUERS, and FIRE LOSS 


ASSESSORS OF MILLS, WORKS and 
MACHINERY OF ALL KINDS. 


138, NORFOLK STREET, MANCHESTER. 
Tele. Nos.: 8895 City and 8896 City. (Estab. 1855.) 


Telegrams: “ Rushtons, Auctioneers, wena” ™ 
and 21, Richmond Terrace, Blackburn. 4480 











FOR SALE. 
Boilers for Sale Vertical, Loco, Corn- 


ish, Launch, &c., also 
Air Receivers and Feed Water Heaters.—Apply 
GRANTHAM BOILER & CRANK CO., LTD., GRANTHAM. 


i Buildings and Offices 

covering 13,000 sq. ft. adjoining Station.— 
GIRLINGS, 

Malden, Essex. — A 869 


Sheet Metal E ngineers. .— For 

2 SALE as a Going Guna rn the old-established 
BUSINESS carried on by Walker & Holroyd, Ltd., 
at Bradford.—Full particulars from the Receiver, 
Cc. E. CLARIDGE, Chartered Accountant, 53, Well 
Street, Bradford. A 920 


HERBERT 


CLEARANCE MACHINE 
TOOLS. 


LUMSDEN No. 2 Ce ae oan 
(As Fedents Z eee .. £130 


GARVIN No. 23 Capstan Lathe, cone yemny, 
capacity 1,7;in. by 8} in. (New).. . £100 

AMERICAN TOOL WORKS 3ft. by 3 ft. 
by1luit. Planer, two heads(As Purchased) £175 


MOAG NILES 26 in. Vertical Turret I athe, 
single pulley, side head (As Purchased) £400 


GLEASON 24in. Bevel Gear Planer, 


single 
pulley (As Purchased) eco 


£200 


DEFRIES 2in. Type Vertical Key-way 
Mil.ing Machine, single pulley drive(New) £265 


CINCINNATI 18in. Automatic Duplex 
Milling Machine, fast and loose damine 
drive (Gu: iranteed) .. oS ‘ ... £300 

LE BLOND No. 6 Multi-Cut Lathe, single 
pulley drive, max. turning diameter 6 in. 


(As Purchased) . £165 
HEALD No. 70 Internal Grinder, belt drive, 
capacity 15 in. swing (As Purchased) ... £125 


(OFFERED SUBJECT TO PRIOR SALE.) 
(Less 24% for cash, carriage forward.) 


ASK 


FOR MACHINE TOOL CLEARANCE 
LIST No. 27. 


ALFRED HERBERT LTD., 
COVENTRY. 


Telephone: 
3781 Coventry (10 lines). 


4586 


Telegrams: 
“Lathe, Coventry.” 


See also Front Page. 








PATENTS FOR SALE. 
he Proprietor of British 


Patent No. 250804 is PREPARED to SELL 
the PATENT, or to license British Manufacturers to 
work thereunder. It relates to valves particularly 
applicable to, and use with, a Venturi tube.—Address, 
BOULT, WADE & TENNANT, 112, Hatton Garden, 
London, E.C.1. A 928 

of 


he Proprietor British 


Patent No. 238430 is PREPARED to SELL 


the PATENT, or to license British Manufacturers to 


work thereunder. It relates to apparatus for 
regulating combustion in steam boiler furnaces.— 
Address, BOULT, WADE 2 See 112, 
Hatton Garden, London, E.C.1 A 926 


THE VACUUM BRAKE C0., Ltd., 


3, 5, & 7, Old Queen Street, 
LONDON, S W. 


Telephone: Victoria 3269. 
Telegrams: SOLUTION, LONDON. 
C and Al Codes used. 


For Large Advt. see page 68, Dec, 7. 


3802 





THE ae 
PLENTY-STILL 
OIL ENGINES L?™. 


NEWBURY 4773 
HEAVY OIL ENGINES 10 to 900 B.H.P. 














AMSLER 
TESTING MACHINES 


Send for catalogues to British Agents ;— 


T. C. HOWDEN & €0., sos 


5 & 7, Fleet Street, Birmingham. 





Compressep Aix Prant 


Air Compressors and complete 
Pneumatic Tool Plant for all 
Industries.—Let us quote you. 


165, QUEEN VICTORIA STREET, 
LONDON, E.C.4. 4452 


INGERSOLL-RAND CO0., LTD. 























FACTORIES 
PLANT & MACHINERY 


——_ 


LEOPOLD FARMER & SONS 


SPECIALIZE IN THE SALE AND 
VALUATION OF THE FOREGOING. 


Survey and Valuation Offices, 
46, Gresham Street, LONDON, si 
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— THE — 


INDIVIDUAL FILE |= 


For Engineers’ 
Letters & Specifications 
SEND FOR SAMPLE. 4607 


Lyle Barrs & Co. (Printer) Ltd. 


Printers 


22, BALHAM HILL, LONDON, S.W.12, 


—DIALS— 





4329 


STEAM GAUGE DIALS 
INDICATING MACHINE DIALS, &c. 


JAMES COOKE & SON, 


8 & 9, WRENTHAM ST., BIRMINGHAM. 


Est. 
Horology,” 


Specialists n Dials. 
Phone: Mid. 1611, 


1840. 


Grams: “ Birminghatn. 


PMU 


SUUELAVUNANLONUANONSOOONUESUOTONOCGOOODOOOOUOOEASUSEOUOEDOETEION 


Makers of Pressed Steel 
‘Tanks front 220 gals. to 

2zmillion gals. _ 
Braithwaite ¢ Co. nga er Lid. 


18 Broadway Buildings, Westminster. 5.W.1 











The Pulveriser with the 


Hammer Action—‘‘Gannow.” 


For Breaking, Crushing and Pulverising the 
Gannow Pulveriser has no equal. It will deal with 
dry or wet material ranging from hard rock to 
soft refuse more rapidly and efficiently than any 

other machine on the market. 4796 


GANNOW ENG. CO. LTD. 
29, VICTORIA BUILDINGS, M/C. 








STRONG BOLTS 





‘Newall Hitensile 


Heat- Treated Steel 

Bolts are ‘‘ Twice as 

Strong’’ as Ordinary 
Bright Bolts. 


A. P. NEWALL & CO. 


LIMITED, 


POSSIL PARK, GLASGOW, N. 


BOILERS 


STOCK. 




















‘ 


'IMOST MODERN “DISH-END” TYPE 
WITH CORRUGATED SECTIONS. 
W.P. ShopNo. 
2-30 ft.x9 ft. 3 ins. x 200 Ibs. — 
1-30 ft. x9 ft. 3 ins. x 180 Ibs. 6 
1-30 ft.x9 ft. 3 ins. x 180 Ibs bod 
1 ~ 30 ft x© ft. 3 ins. x 160 Ibs. 6713 
1-30 ft.x9 ft. 3 ins. x 120 Ibs. 6466 
2-30 ft. x8 ft. 6 ins. 120 Ibs. 6811/2 
2-30 ft.x8 ft 6 ins. x12! Ibs. 6826/7 
2 - 30 ft. x8 ft. 3 ins. x 160 Ibs. 6780/3 
1 - 30 ft. x8 ft. 3 ins. x 120 Ibs. 6570 
1-30 it.x8 ft. 0 ins. x 180 Ibs. 6574 
2-28 ft.x7 ft. 6 ins. x 160 Ibs. 6784/5 
2~24 ft. x6 ft. 6 ins. x 150 Ibs. 6788/9 
All the above Boilers are built from 
“ Siemens Martin” Acid Steel. 4435 


SUPERHEATER AN} PIPEWORK 
INSTALLATIONS. 
Repairs to all types of Boilers by first-class men 


JOHN THOMPSOK 


(WOLVERHAMPTON) LTD., 


WOLVERHAMPTON, ENG. 























ENGINEERING. 


[DEc. 28, 1028, 





B.A.C. 
Standard 
Virgin Notched Bar. 


When weight would waste energy, 


specify Fluminium 
lightness. 


Adelaide 

















SECTION 


For Cars, 
Rolilng Stock, 
Framing, &c. 


No. 
for screwing 
atid Machining. 


For Railing, 36 Alloy 
Condensers, 


Mandrils, &c. 


For Coachwork, 
Chemical Piant, 
Shipwork, &c. 


or British 
Alloys 


for 


The British Aluminium Co., Ltd., Aluminium Producers, 





..are desived by 


STRAND 


For Electric 
Power 
Transmission. 


WIRE 


For Netting, 
Sieves, 
Screens, &c. 


Publications concerning Aluminium 
(Alark for attention of Mr....... 


Address a 


To The British Aluminium Co., Ltd., 
Name & \ 


“ss ewwese ee ee mewn wee ee etiam see wae ee 


House, London, E ‘Ca. 











REDUCE YOUR 


OVERHEAD CHARGES 
BY USING 


“ROYCE 


OVERHEAD CRANES. 


ROYCE LD. * 
TRAFFORD PARK, MANCHESTER. | 


\ ety bs 
NOCH ESTER 


See our Advertisement in last and - 
next issue 


VALVES 


REDUCING, SURPLUS, SAFETY, 
EMERGENCY STOP, &c. 


DAVID AULD & SONS, Limited, 


WHITEVALE Founpry, GLASGOW. 5290 











See displayed Advertisement, page 74, Dec. 7. 








JOHN OAKEY:SONS, 


GENUINE EMERY, EMERY WHEELS 
ow EMERY CLOTH, For all Purposes, 
Wellington Mills. GLASS & FLINT PAPERS, 


WESTMINSTER BRIDGE ROAD, 


LONDON, SEJ. BLACK LEAD, &c. 














YARROW HOME and HOSPITAL 
FOR CHILDREN 
BROADSTAIRS. 


For the Early & Preventive Treatment of Disease & Convalescence after illness, 








The Hospital is intended for the children of Members of the Institution of 

Civil Engineers, the children of architects, artists, authors, clergymen, members 

of the medical, legal, and other professions, members of scientific societies, 

officers of the Navy, Army, and Royal Air Force, officers of the Merchant 
Navy, schoolmasters and university professors. 


Accommodation is provided for 50 Boys between the ages of 4 and 12 
years, and 50 Girls between the ages of 4 and 14 years. In special cases 
the age limits may be raised to 14 for Boys, and 16 for Girls. 





Fee 21/- per week, or as may be arranged, and travelling expenses. 





Particulars can be obtained from the Secretary :— av 


116, Victoria Street, Westminster, LONDON, S. W.1. 








, 








A A TREC EERE ARLENE ARG A RS A 


a Safety Valve is RELIABLE and EFFICIENT, 
and in every way DEPENDABLE, that is all 
that can be desired. 


AF 


SPRING RELIEF VALVES 


embody all these desirabilities to the utmost 
degree with the addition of the highest finish. 


aS 


[DESIGNED on the most modern principles, 
accurately made, positive end sensitive in 
action, they are unsurpassed for use on Pumps, 
Hot Water Boilers, Lifts, etc. 


WE specialise in Lever, Spring and Lead- 
weight Safety Valves of every description. 


Lists a. EAA ud/y sent on application. 





BRITISH STEAM SPECIALTIES BRIS STEAM SPECIALTIES L 
BEDFORD STREET, LEICESTER. 3607 
“ Pn seen ne nt for the Steam User.” 
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“ENGINEERING” 
DIRECTORY. 





FIRST ISSUED 18865. 





LATEST EDITION NOW AVAILABLE. 


Compiled entirely from the advertisement columns of ‘‘ ENGINEERING,” 
and is sent gratuitously to the principal employers and shippers of 
machinery at home and abroad. 


It contains the Registered. Telegraphic Address, Key 
to same Telegraphic Codes and Telephone Nos. of 
our Advertisers, also Trade Names of Articles Advertised. 





Also a Glossary of the [Equivalents in French, Spanish, 
Italian and German for the use of our Foreign Friends. 





Supplied gratis on application to the Publisher. 


“ENGINEERING,” 


35—36, Bedford Street, Strand, London, W.C. 2. 


Over 400,000 Copies of this Directory are distribu -4 
gratuitously every year throughout the World. 
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2 mM. HAG. 62° 5s oe 
| British Steam Specialties 
3 Ltd 


A. J., & Co, 3 
on Foundry U.. Ta2i 


‘ia, Jos., & Sonw. Ltd. .. 

5 , Son 7 oa Ltd. 50 
Wm. - 50 
WabiMachineTol 

SMakers, Ltd... .. .. 4 
David, & Sons, Ld. 4 

& Porter, Ltd... 1 
,W.&T., Ltd. .. 56 
W.G.,Ltd. .. 21 

y, Sir W H., & Co,, Ld. 49 


, Andrew,& C>., Id 4 | 


: , Henry. & Uook, La. 
Cars Ltd. re 
te e, Wm., & Co. La. 41 
8 


A. 
Pkg. & Rubber Co. 15 | 


y,John, Ltd. .. 1 
& Morcom, Ltd. 
Poilite & Everite Co. 


ee Gaited Asbestos Co,. a 
mee 08 e¢ ec & 
Ed.,&Co,, Ltd, 5 
pe, Led... oc 
Dorling & Co,, Ltd. 
k & Co.,Ltd. 43 
Battery & Metal Co. 6 
James & Co, (1915), 


a Tos. ‘k Bros., td. 
p& Paul, Ltd. 


5 
1 
§ 
1 


, , Munro & Rogers 2 
i Patent Lifter Co.,Ld.68 
Aluminium Co., Ld. 4 
ft, Electric Transformer 
4 


Hele-Shaw Patent 


x Oo, Ltd. .. .. 14 
Insulated Cables Ld.45 


The LATEST EDITION, in compact book form, is STILL AVAILABLE. 


PAG 
British Lead Manufacturers 
7 


| British Thomson-Houston 
et” ee 
Broadbent, Thos., & Sons, 
eee 
Brooke Tool Mfg. Co., Ltd. 
Brookhirst Switchgear, Ld. 
Broom & Wade, Ltd 
Brotherhood Peter, Ld. 1 & 3 
Srown, Arthur R., Li 1 


Brown ‘Bayley’ ‘8 Bteel Wis, 72 | 
Brown, D. & Sons, (Hudd.) 
Ltd. 


Brown, ‘John, &0o., “Ltd. 67 


58 
le Mr 





10 } 


Brown, 8.G@., Ltd. .. .. 10 

Buck & Hickman, Ltd... 11 

Burton, Delingpole & Co., 
Ltd. 7 


airy Machine Tool Oo., 
ee 48 
sueey Co., Ltd. 77 
| Cammell, Laird,& & Co., Ltd. 84 
Campbells & Hunter, Ltd. 1 
9 


4 
4 


Brown, Lenox & Co. *(London) 
Ltd. 3 | 


* PAGE 
Darlington Forge,Ld.(The) 44 
Davey, Paxman &Co,,Ld. 442 
Davies & Metcalfe,Ld. .. 5 
Davis & Primrose, Ltd... 1 
Davy Brothers, Ltd. 

Dawson & Downie, Ltd. . 
Delta Metal Ce., Ltd. 
Demag, Akt. Ges. 

Dobbie, McInnes & Ciyae, 


Ltd. 
Donkin, ‘The Bryan, Co., ’ 


0 | Green & Boulding. Ltd 
| Greenwocd & batley, 


| Douglas “Lawson & Co., 
Ltd. c= 


| Douglas & Walls, “Ltd. 
1 


Dowson & Mason Gas Planc 
Co., Lid. . 73 
Drayton Regul: ator & Instru- 
Lt 67 


ment Co., Ltd. . 7 | 
| Hamworthy Eng. Co. Ltd. 


Drum Engineering Co. eo 
Ltd. o 59 
Drummond Bros., Lta, 66 
Drysdale & Co., Ltd. a we 
Dunierley, C. 6. & Co., Ld. 75 

East Ferry Road Engineer- 
ing Works Co.. Ltd. .. 1 
Edmeston, A., & Sons, Ltd. 79 
Electromotors, Ltd,.. .. 57 
ae . Ltd 20 





Oclite Produets C 
Ceretti& Tanfani .. 65 
Chadburn’s (Ship) Telegraph 
Co., Ltd. 9 
Chapiin, Alex., ‘& Oo. Lta. sp 
Clayton, Son &0o., Ltd, 
pongo Bridge&EngCo 74 
Clifton & Baird, Ltd. .. 20 
Clyne ‘Bughacesing Co., La. 


Coles, Henry J., Ltd. 
— Walter W.,& Oo. 


Consolidated Pneu. Tool Co, 53 
Conveyor & Elevator Co., Ld 6 
Cooke. James&Son .. 
Coventry Chain Co., Ltd. 

a rn Bros. (Manchester), 
Crcskate & Sons. “Led. ee 
Crosby Valve & Hng. Co., 


Ltd. 
Deere i. 1a, . (Netherton) 
Ltd. oo ee 6 


3 
69 


67 








Gass. es 
—— Metal Co.,Ltd, 14 
Faber, A. . 69 
Farmer, Lepold ‘& Sons. 3 
Fellows Bros., Lt 
Ferguson Bros. (Port Glas- 
gow oo ee 
FerodoLtd... .. 
Figee Ltd. e 
Filtrators Ltd. |). 
Firth, Thos., & Bons. 
Foster Brothers, Ltd. 
Foster, Joseph,& Sons . 
Four Oaks Spraying 
Machine Co... .. 
Fraser, John & Son, Ltd. 
Friedenthals Ltd. 
Fullerton, Hodgart ‘and. 
Barclay, Ltd. 
Gannow Eng. Co., 
Gardner, L., & Son, Ltd. 
General Electric Co. La. 
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Gibbins, Richard C., &Co. 33 
bir Fs Gilbert, & Gordon 
Ltd. . 


78 
Glasgow R’ way Eng. “Co., ee 1 
Goodwin, Barsby & Co. . 
Grafton & Co. 
Guataes Boiler & Crank 


Co. . 
Graphite Products Ltd. 
Great Western Railway Co. 
Green, E. & Son, Ltd. .. 
Ltd. 
Gresham & Craven, Ltd... 
Grieve, John, & Co. 
Gwynnes Pumps Ltd. 
Hadfields, Ltd. 


| Hall, J. P., & Sons, Ltd, 


Ham, Baker & Co,, Ltd. 


Hannan & ti hanan .. 
Hart, Thos., . 
Harvey cliente ‘Co. 
Haslam Foundry & Eng. 

Co, (1927), Ltd. .. 1 
Hawthorn, R. & W., Leslie 

and Co., Ltd. 
Heap, Joshua, & Co.. ‘Ltd. 
Heathman, H. 
Aleenan & Froude, Ltd. 
Hendry, James, Ltd... 
Herbert, Alfred, Ltd. 

$, 22 & 23 

Hingley, N., & Sons, Ltd B 
Holding, John, & Co., Ltd. 7 
Hollings & Guest, Ltd. .. 
Holman Bros, Ltd... .. 
Holroyd, John & Co., Ld. 
Holt & Willetts oo ee 
Hopkinson’s, Ltd. .. .. 
Hosking Bros., Ltd. 
Howard, J.&F., Ltd... 
Howden, James, & Co., 

Utd. 2. oo ce oo o 
Howell & Co., Ltd. .. .. 
Humphrey, J.H. &Sons.. 
Hunt, Thos., & Sons 
Hurst, Nelson & Co,, Ld, 
Hydraulic Eng. Co... .. 
Ingersoll Rand Co., Ltd... 
Igranic Electric Co. Ltd. 
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Jenkins, R. a ‘Co., Ltd. 
Johnson, W. F., 
Jones & Lamson Machine 


Co. 
Keith, &, & Blackman, Co. 
Tad, .. 2- sc co oe & 
Kennicott Water Softeners 
WA, ce cc te ts 83 
Kenyon, A., & Co,, Ltd.. 
Kenyon, Wm., & Sons, Ltd. 
Kerr Stuart .. 
Kings Patent Age 


ney 
Kryn & Lahy (1923), Ltd. 
Laidlaw, Drew & Co., 
Ltd 


Lancaster & Tonge, Ltd. 

Leathers Co. ( ag ge 
Bas Tube Co., Ltd. 

Leroy, F., & Co,, Ltd. 


Leys ‘Malleable cote 
Co., Ltd. 


| Lilleshall Co., Ltd. ; 


37 
Liverpool Refrigeration Oo. 
Lobnitz & Co. Ltd. .. 18 
Luke, H., Ltd. . 
Lyle Barrs & Co., Ltd,.. 
Macfarlane Eng. Co.. 
Lea. oe «e 
Macinlop, Ltd. aie ‘ 
McLaren, J. & H., tht, 
MacLellan, P. &W. Ltd. 
Manchester Furnaces Ltd. 
Manchester Steam Users 
Association .. . 
Marryat & Scott Lta. 
Marsden, 8. & os Ltd... 
Mechans L' A 
Meldrums, Ltd.. 
Menno Compressed ‘Air’ 
Greasecup Co., . 
Merryweather & Bons, Ltd. 
Metallic Valve Co. .. 
Metropolitan Vickers Elez- 
trical Co., Ltd, ° 
Michell Bearings, Ltd. i  o 
Mitchell Conveyor and 
Transporter Co., Ltd... 1 
Morton, Francis & Co., Ld. 78 


~ 
I = 


| 
Motherwell 


4 | Newall, A. P., 


| Nortons (Tividale), Ld 
4 


70 | Penman & Co., Ltd 
| Petters, Ltd. .. .. 
| Phillips, Trevor W. 

4 | Pidgen Bros. 


| Plenty-Still Oil Engines, 
td. 


| Pollard, 


PAGE 
Bridge sa 
rg hy Ltd... 
Muir, Wm., & Co., Ltd... 
Mumford, A.G@., Ltd... 
| Musgrave & Co., 
National Gas Engine Co., = 


& Co., Ltd. 
Newalls Insulation ‘Co., 


Mis sk .6 es 
Niles-Bement-Pond Co. .. 
Oakey, J., & Sons, Ltd... 
Parkinson, J., & Son 


1 ee 
29 | Parsons, O. A., & On, 
Ltd. P 


Paterson. Eng. Co., Ia. 
Peabody, Ltd. 
Pearn, Frank, &Co., ‘Ltd. 
Peckett & Sons, Ltd. 


o 6 
Piggett, Thos, &Co. Lta. 


Li : 
Pollock. Macnab & : Highgate y 
Fredk. 

Ltd. 


| Power Gas Corporation La. 


Pratchitt Bros. . 
Premier Gas Engine Co., s 


| Purimachos, ‘Ltd. 


Rateau.. .. 
Reavell & Co., 


Ltd... 
Ritchie-Atlas Engineering 
ee, Westgarth & 


Co. 
Rose, "Downs & Thom peo! n $4 


Rotherham & Sons, Ltd. 8 | 


yce, eee ce o a 
Royles Limited .. .. 1&28 
ae Edw. “ey & ee 3 
Russell, G. ., & Co. .» Led. 1 


CLASSIFIED DIRECTORY OF CURRENT ADVERTISEMENTS. 
It contains the Telegraphic Addresses, Codes and Telephone Numbers of our 


64 
| Smith, T., & Sons (Rodley) 


4 | Steam Cyl. 


| Thornyeroft, J. z, 
Wes 50 as 


Salter, George, & 

Scottish Tube Co, , La. 
Scriven & Co. (Leeds), Ld. 
Seagers Ltd. ee 


| Sellers, Wm. & Go." 


Simon Carves, Ltd. 
Simon, Henry, Ltd.. <0 


| Simon, Richard & Sons, Ld. 56 
| Simons, Wm., & Co. 
Li 


Smedley Bros,, Ltd... 


} | Smith & Grace, Ltd. : 


Smith, 8., & Son, Ltd. 
Ltd 

Smooth-on Mfg. ‘Oo.: . 

Somers, Walter, & ‘Co. 


South Durham Steel & Iron 
Co. , Ltd 25 


| Spencer- Bonecourt Ltd. 


Spencer- Hopwood, Ltd. ; ee 
Spencer, John, Ltd... 
Lubricator 


| Steel "Co. of Scotiand, 
8 


atect | Pipe Oo., Lta. 


| Stephenson, Robert, ‘and 


Co. 
Sterne, L., & Co. ; Ltd. 
Stewarts & Lloyds, Ltd. 
Stirling Boiler Co., Ltd. 
Stothert & Pitt, Ltd. 
Stott, 8. 8., & Co. 
Sturtevant. Eng. ©o., “Ltd. 


16 | Sugden, T., Ltd. 83 
| Summerson, T., & Sons, L Lad. 
6 


Tangyes Limit ted 

Taylor & Challen, Lta. 

Tecalemit, Ltd 

Technological Institute of 
Great Britain . 

Thacker, R. 8., & Co., La. 

Thomas & Bishop, Lta. or 


| Thompson Bros, (Bilston) 


Thompson, “bee —— 
hampton), L' 

Thornton, A. o, 

& Co., 


| Trier Bros., 


| Weir, @ & J., Ltd.. 


0 | Wetzel & Schlofshauer ee 


2 | Wolf, S., &Co.. 


PAGE 
Trewent, F. J., & Proctor, La. ; 


Ltd. e 

Trist, Ronald, & Co., Ltd. is 
Tullis, Jonn, & Aon, Ltd b2 
Turton. Thos. & Sons, Ltd. 82 


| “ Unit” mepeentes & Pipe 
| Oo, Ltd. 78 
United States " Metallic 


Packing ©o., Ltd. .. 


Vacuum Brake Co. 
| Valor Co., 


Vaughan Crane “Oo. 
Ltd. 


| Vereini ate Stahiwerke Akt. ai 
84 | Veritys, Ltd. 


Vickers pion Co., Ltd.. 70 


Wadkin & 


7 | Walker, , eal ‘& Go,” 


Walker, w.G., 


‘&Co. 2. 2 
| Wallsend Slipway & Eng’s a 


Co., Ltd . 
Wallwork, “Henry, & Co, 
Ltd. 
Wandsworth Die Cas' sting 
Co. 


Ward, Thos. W. 


, Ltd 1 

| Warner, Robt. (Pumps), Ld. 82 
| SS Canina. 
Ltd. ‘ 


Waygood- -Otis, Ltd... 


Werf Conrad eo ee 


1 
1 
3 
1 


8: 
23 
8 
Wheatley, Kirk, Price & 

Co, 


White, Ra., “e Sons 


| Whitecross Oo., Ltd, 


Wiggins, F., & ‘Sons 

Wildish Fire Bricks 

Wilson ———— 
Ltd. . 


Ltd. 


Woolley, Jas., Sons & Co., 


Ltd. 
Worthington- ‘Simpson, 
ee 


Yarrow & Co., La. 
Yarrow Home 
Ley ma Copper Works, 


Advertisers, also Trade Names of Articles Advertised, and Glossaries for the use of Foreign Buyers in French, Italian, Spanish, and German. 
A copy will be sent gratis on application to the Publisher. 














HOT WATER. Deal with Feed Water at all temperatures 
up to 140° F., and Steam pressures up to 


EXHAUST STEAM. Work with Exhaust Steam; 
Save 15% Coal, 12% 


DAVIES & METCALFE, Litd., 


ALL ORDINARY TYPES. 
SPECIALITIES. 


200 Ib. 








Injector Works, ROMILEY, Nr. iitiadcees. 


Telegrams—“ EXHAUST,” ROMILEY. 


Telephone—2219 STOCKPORT. 


Water. 














(vide Technical Press) 


P. & O. ss. ** Viceroy of India.” 
Launched Sept. 15th, 1928, by Alex. Stephen & Sons Ltd., Govan. 


ro 


2 


AANA 


Cupro - Nickel 
Condenser Tubes 


in Copper 70%—Nickel 30% Alloy 


solely fitted. 


‘Nothing but Tubes 


COWS 


Los 


Telegrams: 


ENGLAND, 


elephones : 20031. “Tubes, Lecds.” 
DON OFFICE: 53, ew Broad Street, E.C.2. 


Contractors to the Admiralty and all Government Departments. 


© 


@aeoebenns 


2 SS 


©0020 
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Telegrams : BULL BRIDGE WORK Telephone : 
“Damaper, Accrington, aeons. No. 2778. 


Accrington.” 


CONTRACTORS TO H.M. GOVERNMENT. 


SPIRAL CONVEYORS, BUCKET ELEVATORS, Ete. 


9 Proprie 
9 jRITISH 














AND 


4 Aere - LE ESS 
D k FIRE CEMENTS. Z : wsstay SE EAM 
ry. Oo Regularly used by SSR a. es and BRAZED 
Gas Works, Steel . es TOLER Wt 
Works, Power \ s 


Descriptive Folder Stations, &c., for 


and worhing . 
Sample post free: a —7-"~* . 


PURIMACHOS _LTD., _ CO’ TUBES, CONDENSER TUBES, PLATES, “FERRULES. &C 


85, St. Philip’s, BRISTOL. . cae hen TELEGRAMS: BATTERY, SELLY OAK. TELEPHONE: 151 (3 LINES) SELLY OA¥ 


























| 
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| i 
UL 











40 YEARS’ RESEARCH WORK 
by Prof, A. Rateau. 


25 YEARS’ MANUFACTURING 
EXPERIENCE 


2 ‘ Se Re . cre \ “ex r 
Say, ra " : we 5 ee F 
fs $ <A ‘ Ye Me . | - 
; iy : B sere \ ean A : tid 
are embodied in Mt ieee Soy \ \ = mo | | } / me " 
Ps aa a ~ le ae “F T | | 
ane Je N = % . y. Kips 


i ’ Q << me 
I/. | i Foonas” rine KINGST 
| ; “\ v i. oe 4/ s /5 Ty 
. wa sag * 2: fd Ce ‘ MERSE 
NO} 


STEAM TURBINES and ACCUMULATORS. 
CENTRIFUGAL BLOWERS and COMPRESSORS. 





CENTRIFUGAL PUMPS and FANS. 


MARINE AUXILIARIES. 


Two 15,000 gall./min. Centrifugal Pumps supplied to a Railway Company. 


Send your enquiries to: CENTRIFUGAL PUMPS FOR ALL PURPOSES. 
RATEAU, 28, Russell Square, W.C.1. 3000 APPARATUS IN STOCK. 


Phone: MUSEUM 8780 


Head Office ; 40, Rue du Colisée, Paris (8). Representatives Wanted. 
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Jelegraphic Addresses :— 
« SIMONS, RENFREW.” e z 


“SIMONISM, LONDON.” 


—— 

















a Marine Dredge Plant 
Saar a ea PATENT 
Constructors of 

eT a CUTTER 


BARGE-LOADING, 


RECLAMATION AND “SIMONS”’ H O ~ 2 a 2 
CUTTER SUCTION DREDGERS. 


4 proprietors of ALFRED WATKINS’ 
FRITISH PATENT for ROTARY SPUDS. 


iN" SIMONS ‘ct 

















Codes :— 


g A B C (5TH Eortton), 
, | SCOTT’S (10TH EpiTion), 
BENTLEYS, 
TRAILING SUCTION HOPPER 
DREDGERS. 


GOLD AND TIN RECOVERY 
DREDGERS. 
HOPPER BARGES. 
FERRY STEAMERS. 
REPLACE PARTS FOR EXISTING 
DREDGERS. 


INVENTORS AND FIRST CONSTRUCTORS 
OF ‘‘ HOPPER” DREDGERS AND 
ELEVATING DECK FERRY STEAMERS., 


BUILDERS OF DIPPER AND DRAG 
LINE DREDGERS OF LAIEST TYPE 





LONDON OFFICE :—83, Victoria St. 
RENFREW sisi 
GLASGOW, 
3138 
























| cn. AA 
i | layton| 


Sona Chal 
Leeds @ 


Telegrams GAS LEEDS” 
, London Office 
| 







§ VICTORIA ST.S.WI. 


) ommm«£;nma©,;.V¥ELDED & RIVETTED STEEL MAINS 











TANKS 


FOR OIL,WATER &c, 


STRUCTURAL 
STEEL WORK 
OF EVERY 
DESCRIPTION 


~ Gasholders & 
Gasworks Plant 
Boilers &c. 


| | | | — 






































NEWALLS INSULATION Co.,Ltd 
THE BRIMSDOWN POWER STATION 

















80 YEARS’ EXPERIENCE AT YOUR SERVICE 


Ss. AND THE REASON WHY ENGINEERS PREFER TO HAVE US ON THE PREMISES, 





WASHINGTON STATION, Co. DURHAM. 


AND AT— 


LONDON, GLASGOW, MANCHESTER, LEEDS, BIRMINGHAM, HULL, DERBY, 
CARDIFF, LEICESTER, DUBLIN and EVERY FOREIGN COUNTRY. 








HOME ABROAD. 
KINGSTON POWER STATION SOUTH AFRICA 
LONDON ELECTRIC SUPPLY CO. INSULATION AUSTRALIA 
DALMARNOCK” ELECTRIC POWER STATION BY NEWALLS INSULATION CO., LTD., MEXICO 
aM ZY WITH THEIR HIGHLY EFFICIENT aa” 
AGECKOFT ELECTRIC 85% MAGNESIA AND JAPAN 

' “ — ‘ SPAIN 

NOH ; : : HIGH TEMPERATURE COVERING GERMANY FTALY 
ns Ce ; ; “NEWTEMPHEIT” eecp) up to — ARGENTINA INDIA 
BARGOED *: is . <r BELGIUM 
ETC., ETC., ETC.’ 7 "2 F. ETC, ETC. ETC 
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HUMPHREYS 


PATENT 


We make different 
types to suit 
different require- 
ments. 


DEMAGNETIZERS 


Weshall be pleased 
to send you our 
complete cata- 
logue on request. 
WRITE NOW, our 
30 years’ experi- 
ence is at your 
service. 


J. H. HUMPHREYS & SONS, 
OLDHAM. 


Phone: 165!. 4802 
Telegrams: “HUMPHREYS, OLDHAM.” 


ROTHERHAM’S 


HIGH CLASS 














GREASERS and SIGHT 
FEED LUBRICATORS 


IN ALL SIZES 


Suitable for the Engineering Trade. 
Send for our 100-page Art Catalague 


4896 


ROTHERHAM & SONS ... 


COVENTRY. 





DRAWING INSTRUMENTS 


(British Made) 


RECENT AWARD :— 
Diploma, First Order of Merit 
with Gold Medal, International 
Exhibition, Dunedin. 





} Also Manufacturers of 

| Drawing Office Material 

and Drawing Office 
Stationery. 


Write for Catalogue, Series A 17, Post Free. 
A. G. THORNTON, LTD., 


Contractors to the British and other Governments, 


Paragon Works, King Street West, MANCHESTER. 


























‘High Temperature of Compressed Air does not affect “‘ PALMETTO” Packing. 


“‘PALMETTO.-... 


packing withstands the great heat destroying element of compressed air, as 
it is made entirely of long fibre asbestos (no vegetable substance) and does 


972 


not harden. Each single ‘strand has graphite grease lubricant forced into it 
hot under pressure before braiding. 
“PALMETTO” GIVES LONG SERVICE UNDER COMPRESSED AIR. 
Free working samples to prove it. 


W. F. JOHNSON & Cco., 14, Farringdon Rd., London, E.C. 


GREENE, TWEED & CO., Sole Manufacturers. 








R* White & Sons, Widng 


AERIAL ROPEWAYs 


POINTS« CROSSINGS 
ROBERT STEPHENSON & ¢9 


LOCOMOTIVE BUILDERS, DARLINGTON, 1 





London Office :—26, Victeria 8t., W 


LOCOMOTIVES **, 222 


Telegrams—Rocket, Dar! mPa oly Lond 
Nat. Tel.—2700 Darlington ; 650 Victoria. = 
Codes—A BC shee bacbheay Bosineering Standards, 
ing 











See our illustrated dAdo Oct. Ve 119 
CROSBY 
SPECIALITIES 
SEE ADVERTISEMENT NEXT Ween, P 
BOSBY VALVE & ENGINEERING Co. Li, G 
41-42, FoLEY STREET, Lonpdon» 
Machine Cut Gear Whee [| 
THE REID GEAR CO. 
LINWOOD, near PAISLEYMY 01 
amticultie 
3g h the 
Namion rin 
increé 
PRA UM Pt i spee 
the FE 


Engineers, Carll 











The Motherwell il Bridge & Engineering (o,, ld 


ngineers & Contractors. stment 


meter, me... Piers, Tanks, Dock 
Hydraulic Pressed Floor ing, etc. 


Grams: ‘Bridge, MOTHERWELL, N. B, “i. we 


Motherwell.” 
Lendon Office : 82, Victoria St., canmieie 
Grams; ‘*Mobeicolim, Sowest, London.” Tel. : 4188 Victo 


See illustrated advt. last and next week. 


PAPER MIL 
MACHINE 


TRAMS | IMITE 
| BELLISS & MORCOM 


BIRMINGHAM, Limited. 


Steam Engines, Turbines, Compress 
Condensing Plants, Uil Engines, 
Pneumatic Hose Couplings. 436 


[7 SCRIVEN & Ce (1505109 
MACHINE 
en Nugele) ae 


| YORK S¥ IRONWORKS, LEED’ 


de for a 
nder. 


NCA 


INGE 
DLETC 
NCHES 


i" Pistons,” M/ 





























Makers of “* 
», Metallic 























BOLTS, NUTS, 
SCREWS, STUDS 


REPETITION WORK OF ALL DESCRIPTIONS 


P™"ALFRED BEEBEE, 
WEDNESBURY ‘ee 


Darlaston 
181.2. 


Telegrams : 
** Beebee, Fallings 
Heath, Wednesbury."’ 




















"MICHELL BEARINGS, 


ENGINBERS and MANUFACTURERS of 


Michell Thrust & Journal Beari 

Registered Office and Works: 
South Benwell, Newcastle-en-T 
See large Advertisement, page 79, Nov. 12. 


THE GREAT AUTHORITIES 


OIL FIRING PROBLEMS 
LAIDLAW DREW Co 


SIMON SQUARE ~ - 


MM BOIL 
ANK WC 











S 
we” 


» 
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CHADBURN'S 


(SHIP) TELEGRAPH CO., LTD. 














E LANCASTER” 
PER—LIMIT 


ISTON 
INGS 


y overcome the 
ficulties experienced 
bh the usual type of 
mn rings, and meet 
increased pressures 
i speeds obtaining 
the present time. 


wstment readily accom- 


le for any diameter of 
inder. 


NCASTER & 


INGE LTD., 


NDLETON, 
NCHESTER. 


i“ Pistons,” M/C. 


4785 
Tel. : Pendieton 792 


Makers of ‘The Lancaster” Piston 
m, Metallic Packing, Wheels, etc. 





eT 





acl BOILERMAKERS L™- 
Rank works, GLASGOW. 
4486 











Spend a few Hours 
in Your Power Plant 
and find out 
how much Tribute 
you Pay to 


Heat Radiation. 


Radiation losses, because they are unseen, often 
go un-noticed in otherwise efficient power plants. 
Two hundred tons of coal per year, we found, 
were being wasted through this channel in a 
typical 800 horse - power boiler plant. Often 
the proportional loss is much greater. 


SILOCEL 


SILOCEL engineers have devised a simple and 
accurate method whereby you can easily calculate 
the radiation waste that is going on im your 
plant. The only equipment required is a 
400° F. thermometer and a measuring tape. 


If you would like a chart to follow in making 
your own investigations before you discuss 
insulation with one of our engineers write for 
our free Engineering Service Bulletin E-136, 


CELITE PRODUCTS CORPORATION 


447 WINDSOR HOUSE -_ _- VICTORIA STREET 
WESTMINSTER, LONDON 


Patentees and 
Original Maautfacturers 
of Ships’ Telegraphs. 


“TELEGRAPHS ror STEAMERS 


OF ALL TYPES 





PATENT SPEED AND 
DIRECTION TELLTALES 


ror TURBINES. 


GLASGOW.—112/114, Broomielaw. 
NEWCASTLE-ON-TYNE.—18, The Side, 
BELFAST.—39, Donegal Quay. 
LONDON.—Wellington House, Buckingham 
Gate, S.W.1. 
or DOCKS.—93, Victoria Dock Road, 
HULL.—38, Charlotte Street. 
LIVERPOOL.—47, CASTLE Street and 11, 
Waterloo Road, 


HEAD OFFICE, 
CYPRUS RD., BOOTLE, 
LANCS. - 
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reliable point-to-point 


speaking telephone. 


Brown Electro- 


used by the G.W. “ Daily 


House). 


number of cinemas. 
Full particulars on request. 


Also supplied to P. & O. Steam Navigation Co., Ltd., Canadian 


! 
Pacific Steamships Ltd., White Star Line, Compagnie i A TYPE FOR 
Generale Teaneat nti ue, Messagerics Maritimes, etc., etc. | EVERY 
London Electric Raver bed Leo Chemins de Fer du Nord. + REQUIREMENT. 


The ELECTRO -MEGAPHONE 


Orders understood despite 

the roar of machinery. 
The #Brown Electro-Megaphone is for 
communication 
under conditions where noise makes the 
normal transmission and reception of 
orders impossible. In great factories and 
industrial workshops, in foundries or mills 
—in fact, wherever noise prevails—the 
Electro-Megaphone supersedes 
the ordinary voice-pipe or loud- 


Several types are available for use under the 
varying conditions in different industries. 
Pe Equipment is 
News,” 
Corporation of ben Gas Works, 
Aberdeen and Belfast Power Stations and in 
Lyons Restaurants (Regent Palace and Corner 


Also used by Motor Coach Proprietors and a 





ELECTRO - MEGAPHONE 


S. G. BROWN, LTD., 
Western Avenue, North Acton, London, Ww.3. 
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SELLERS 


Locomotive Drifting Valv 


A safe, quick-opening, hand-operated locomotive valve to 
admit steam to the cylinder when throttle is closed while 
drifting. It may be installed inside or outside of the cab, and 
cannot be jarred open. If the valve is momentarily raised by 
excess compression in cylinder when drifting, it closes when 
the pressure is relieved. 


The valve can be ground or replaced without removal from 
pipes. It is manufactured in 1”, 14”, 12" and 2” sizes. 


Wm. Sellers & Co., Incorporated 
Injector Dept. Philadelphia, U. S. A. 
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AEFRIGERAT IN 
MACHIN ERY 
for every purpose 


Haslams manufacture Refrigerating Plant on both the 
Ammonia and CO2 systems for marine work and land 
work. They specialise also in all classes of Brass and 
Copper work and manufacture Evaporators, Mixing 
Vessels, Filter Presses, Caustic Pots and General Loam 
and Sand Castings up to 15 tons. The workmanship is 
of the very highest class and the materials employed 
ensure remarka le durability. 


FOUNDRY AND 
ENGINEERING 6.192 


Head Office and Works—DERBY. 


Telephone: 778 and 779 Derby. Telegrams: “Zero,” Derby. 
London Office: 541/38, Salisbury House, London Wall, E.C.2. 





















QUALITY CASTINGS 
Up to 15 Tons / 


ONTRACTORS to: Admiralty, War Office and the 
Principal Railway, Shipping and Municipal Authorities. 





When you want castings made right, and quickly, 
write or ‘phone:— 


BEAN CARS LTD. 


TIPTON, Nr. BIRMINGHAM. ’Phone: 253 Tipton. 


STAMPINGS FROM 2 OZ. TO 1 CWT. 
MADE PROMPTLY AT ROLFE STREET 
WORKS, SMETHWICK. 
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ERRYWEATHERS’ PATENT 
Water-Tube “Safety” BOILERS. 


& HP. ro 260 H 





For OOAL, WOOD, or OIL FUEL 


The Ideal Boiler for 
EMERGENCIES 
and for all cases where 
Lightness, Portability. 
and Small Bulk are 
essential. 











A large user of Merryweather Boilers 
in the East says they are easily 
worked and kept in order by Native 
labour. The Boilers were used under 


















\ be very severe conditions, on bad water 
MERRYWEATHER. Lonpon. Sa and for long periods. 
This Illustration speaks for the L some and ;Si ED. 
Portability of Merryweather Boilers, EsTiMATes SUBMITT 


ERRYWEATHER & SONS, Ltd, oso us:? Wied, LONDON. 


i which is now incorporated SHAND, MASON 8 Co. 4359 






~e 

















ROGLER - HOERBIGER 


PATENT 


RING PLATE VALVES 


AND GAS 
ETC. 


lv 











FOR AIR 
COMPRESSORS, 


4418 


METALLIC ‘VALVE CO., 


COLONIAL HOUSE, WATER ST., 
LIVERPOOL. 




















—not just 


drills. 


Tt is the tool that 
measures the 
machine production. 


For more than half a 


century “MORSE” 
has successfully met 


these demands—not on 
drills only, but reamers 
too. 

Three great performers are shown— 
The Forged Type High Speed Drill, 
the New Taper Pin Reamer, and the 
Spiral Flute Expansion Reamer. 






i 
| 
| 





Particulars and Free Copy of ‘“‘Mo:se’’ Data Book on request. 


_ Au B MAN Gm 


Head Office :—Rugby. 





fabrowb 


Silent Finions 


New Series 
No. 2. 






















Unaffected 
by Oil 


Unlike other non-metallic gear 
materials, Fabroil is not affected 
by oil. It will not shrink, swell 
or distort in hot oil, water or 
when exposed to oil-laden 
steam. 


Sea air and tropical climates 
have no effect on this material, 
which will retain its  shock- 
absorbing qualities under all 
conditions. 


Machine cut Fabroil pinions can be 
supplied in two forms either 
shrouded or non-shrouded, the latter 
type being known as Fabroil A. 





For those manufacturers who prefer to 
cut their own gears, either shrouded 


blanks or Fabroil A board can be 


supplied. 

Further advantageous pro- For 
perties of Fabroil will be 
dealt with in subsequent 
advertisements in this series. 


full 
please write for 
Descriptive List 2531 


particulars 





The 
British Thomson-Houston 


Company, Limited. 


ELECTRICAL ENGINEERS AND MANUFACTURERS. 2697 


London Office :—“ Crown House,”’ Aldwych. 














Works :— Rugby, 


Willesden, Coventry and Chesterfield. 


Birmingham, 
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CONTRACTORS TO— 
BRITISH ADMIRALTY, WAR 
DEPT., and FOREIGN and 
COLONIAL GOVERNMENTS. 


Manufacturers of— 


MILD STEEL PLATES, ANGLES, Zed Bars, Tees and 
all forms of Sectional Bars required for Ship, Boiler, 
and Bridge Building, and other constructive purposes, 

CASTINGS of all kinds and largest sizes for Ship Stems, 
Sterns, Posts, Anchors, Rudders, &c. 

RAILS, BILLETS, FORGINGS. 

AXLES of highest quality, to meet the requirements of 
Home and Colonial Railways. 

TYRES.—Locomotive Carriage and Wagon, to all 
requirements. 

SPECIAL STEEL ofall kinds for constructive purposes. 


THE oe 


STEEL COMPANY SCOTLAND 


37, RENFIELD STREET, 


GLASGOW. 
TELEGRAPH 
ADDRESS 


46 os 
STEEL” Gi ascow. 














F. WIGGINS & SONS. 


Telephone: Royal 8029. 


FOR INSULATION, sicht idee. 


Largest Stock in the world, Od.9834 





102, 103 & 104, Minories, LONDON. 





7 
— 


Seer Fite... 








STEAM-HYDRAULIG 
8LAB BLOOM AND 
PLATE SHEARS 


with “DAVY” Patent 
inverted intensifier. 








ELECTRICALLY- 
DRIVEN BILLET AND 
BAR SHEARS. 


ELECTRICALLY- 
DRIVEN GUILLOTINE 
AND ROTARY 
PLATE SHEARS. 


STEAM AND | 
ELECTRICALLY. 
DRIVEN HOT SAWS. | 








40 in. by 10In, STEAM-HYDRAULIC SLAB SHEAR, 
FORGING PRESSES. ROLLING MILLS. STEEL WORKS MACHINERY, 


BOILERS OF THE LANCASHIRE AND VERTICAL TYPES. 
i ae A 


























Adams' and Grandison’s Sight Feed 


LUBRICATORS. 
KEROSENE INJECTORS 


for Steam Turbines. ou 
( 4205 


STEAM KETTLES. 
The Steam Cylinder Lubricator Co. 


Gordon Works, Lr. Broughton :: MANCHEST 














Are your 

works 

vehicles 
het — PROPERLY 
witat  PROTECTE 


and Electrical 

Establish- 

ments. Kills ee 

a trol fire 

and no risk SPARK may send your works up in flames 


| HVA U nena to-morrow... an overheated exhaust pipe may 
| aout _— reduce your ‘most valuable lorry to blackened 
ke ar IRE scrap to-morrow. 
i EXTINGUISHER), Ie Take time by the forelock to-day. Equip your works 
F ; and vehicles with 
FOR PRE VALOR FIRE EXTINGUISHERS 
=y There’s no “perhaps” about VALOR EXTIN- 


ss GUISHERS —they act at once, killing the fire at the 
ore source, effectively and with little effort. 

Easily handled and understood by anyone. Last 

for years and keep charges undamaged. Illustrated 

types are only representative of our large range. 


Write for List 6/V5. 


USED ALL OVER THE WORLD. 


The VALOR CO., Ltd., 


E. 820—Reversible Pat- 
tern. In 1}, 2 and 3 \ 6, Valor Works, Bromford. 


xallon capacitor: (t°N| ERDINGTON, BIRMINGHAM, ENGLAND: 
formula for recharging ic Lendon : 120, Victoria Street, S.W.1. 

being shown, thus iar — 

avoiding | sending to Buy British Goods. 


England for recharges. 





Perfect 
control ‘ 
under | | 


all ue 


conditions Le, 


HE man at the controls has more 
confidence when his brakes are 
Ferodo Lined. He knows that at 
any time he can rely on them to with- 
stand sudden or prolonged strain. Ferodo 
Brake Linings are made from the finest 
asbestos “bonded” by the Ferodo Process 
and under all conditions provide perfect 
control, safety and durability ! 












































RECISTERED 


BRAKE LININGS 


FERODO LIMITED, CHAPEL-EN-LE-FRITH, via STOCKPOR 


Depots and Ag Lond Birmingham, Manchester, Brighton, 
Liverpool, Bristol, Candi Newcastle, Carlisle, Burslem, Glasgow, Aberdeen. 











C.F.H. 152 
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§.E.A. RING 
PACKING 





R. 
NERY, 


St lasts, and 
the rods last 
with wb. 


Unlike Ordinary Packing— 


*©S.E.A. RINGS’’ do not act as a 
continuous brake. They only work 
on the power stroke, and rest with. 
out work on the return stroke. 


That’s why they SAVE YOUR MONEY. 
LET US SEND YOU OUR LISTS: 


RONALD 
- TRIST & 


», VICTORIA STREET, 
WESTMINSTER. LONDON, S.W.1. 


‘elephone Telegrams : 


GEO. SALTER & Co., LTD. 


SPRINGS 


of every shape-and size 


FOR EVERY PURPOSE. 





Balance 


i sizes from 
for use in 


‘i i 10-cwt. 
connection —/@ ‘ 
Bourdon IF to 
Gauge. witha 7" 


102 tons. 
Crane. 


Trade Counter 


Valve S$ 
Balance, No. 58T. v pring Valve Spring Counter Weighing 


(Round Steel). (Square Steel), Machine, No. Lior. 





Head Office and Works : London Office : 
WEST, BROMWICH ‘““ 50, Lime St., E.C.3 


Telegrams : :  Salters, West Bromwich.” Telegrams: “Spring Balance Stock, London.”* 
Telephone : West Bromwich 666-7-8. Telephone : Avenue 1573. 








AUTOFEED 
RATCH B=2R#e= BRACE 





VICTORIA &384 and 8385. “ RESVALAR, LONDON.” 











‘, BELPER, 
medley Brothers L’ 22" 
:, REVO?.VING or : 
STATIONARY PANS. “ell 
PERFORATED or =z 


SOLID BOTTOMS °* 
Over or Underdriven 


MC of all kinds for all purposes 
to drive by Bel o- 
combined with 
Steam, Oil P 

or 
Petrol Engine 
or 
Electric Motor. 





HERE is an entirely new 

Patent Ratchet Brace 
with an Automatic Self- 
Feed to Drill. The actual 
cutting-pressure is taken by 
the visible spring and over- 
pressure negatived by a 
friction clutch. 


There is provision for 
regulation of spring pressure 
to suit different sizes of 
drills and various materials, 
but in actual use the cut 
of the drill adjusts itself 
automatically. 


Special 
Advantages. 


Greater Production. 

Cleaner Holes. 

Constant Pressure. 

Self-sustaining, any 
position. 

Less Drill Breakage. 

Less Fatigue. 

All wearing parts of steel, 


hardened where 
necessary. 
Ball-bearing thrust to 
spindle. 
Differential Ratchet 
Wheels. 
2 in. Feed without 
adjustment. 











A revolution in Ratchet Brace 
design. Entirely of steel—will 
stand up to the heaviest work. 


Made in Three Sizes: 





. }” to #—12’ bendie, length 
of head from centre to socket, 10° 


£2:5:0 


No. 2. }” to 7”—14” handle, length 
of head from centre to socket, 10}” 


£2:15:0 


No. 3. }” to 1}”—18” handle, length 
of head from centre to socket, 11” 


£3:5:0 


Made like a Machine Tool. 
Special Nate Send for sample on 
7 days’ Froe Trial. 


Sole Licensees and 
Manufacturers : 


FRED*:POLLARD«CO., 


LIMITED. 
Drilling Specialists, 


Corona Works, Leicester, 


London: 22, Martin’s Lane, 


Cannon Street, E.C. 


Sole Agents for Gt. Britain for the 











dard Tool Company's Producti 


dA 





rd 
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THE 





EXPAMET Gangways, Platforms, 





Metropolitan Electric Supply, Co., Ltd., Generating Station, Willesden, 


“Expamet”’ Expanded Steel is particularly serviceable for openwork flooring, 

i ays and the like, and is cheaper than chequer plates; it affords a grip 

feet, allows of the free passage of air, etc., and does net obstruct the 
ett: it has been — Ey Sk S 


York Mansion, Petty France, London, S.W.1. 


Works : West Hartlepool. Established over 35 years. 


” 


For Openwork Flooring, 


‘etc. 





“ Bxramer” OPENWORK Gancways. 





hipbuilders, Electricity and Gas Works, 
Stationary Engine Makers and others. 


WRITE FOR ILLUSTRATED LITERATURE. 


EXPANDED METAL CO., LTD., 


Patentees and Manufacturers of Expanded Metal, 















6918 


— 

















om 


the motor 











THE aa HELE-SHAW 






PATENT CLUTCH COLTD 





OLDHAM _ -ENGLAND_— - 








































“ Brocmwade”’ 
Air Compres- 
sers are made 
in fixed and 
portable types 
to sult all 
duties. 








BROOM 


BROOMWADE 


Renowned throughout the 
world for high efficiency and 
absolute reliability, 
“Broomwade”’ Air Com- 
pressors are designed and 
built to give TROUBLE- 
FREE SERVICE. 


There is a ‘“‘ Broomwade” 

Compressor to exactly suit 
every duty — fixed or portable — any type of 
drive. 


| 
yvars’ specialised experience is at your service. 
‘* Broomwade ’’—British made. 


Information and advice readily given — over 25 [ 








& WADE “LD. HIGH WYCOMBE. | 


*Grams 














Considerably increased resources, due to the Pes by us 

of the works of Messrs. Yates & Thom, Ltd., have enabled 

us to cope with a large number of orders entrusted to us. 

We are now able to give early delivery of any of our products. 
Let us quote you for your steam plant. 


PRESTON 19 & 96 


*Phones :— fos JOSEPH TER 
SI TE 


BLACKBURN 4224 


SOHO rome PRESTON 


— iM 
FOSTER, PRESTON. “* YA OM 
YATES, BLACKBURN. 

Ese] 


London Office; 134, FLEET STREET, E. C.4. 4703 






Writ 
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SIR ALAN COBHAM and 
FLIGHT ROUND AFRICA. 


Copy of telegram as received by us: 


The completion of the Sir Charles Wakefield 
twenty-three thousand mile flight round 
Africa on the Short Rolls Royce All-metal 
Flying Boat is a further proof of the 
wonderful possibilities of your Duralumin 
for despite the six months exposure and 
twenty-three thousand miles covered 
Duralumin of the Short Rolls Royce Flying 
Boat is in perfect condition and craft is 
airworthy for another similar flight. 


ALAN COBHAM. 


All enquiries to: 9066 


JAMES BOOTH 
& CO, (1915) Lt? 


e Street, Necheils. 
B IRMINGHAM. 


Telegrams : “BOOTH, BIRMINGHAM: 
Cables 





Telephon 


lepho 
EAST 1291- ee 3-4. LIEBER'S LETTER CODE. BENTLEY'S CODE ABE SwEBITION. 





race 


WROUGHT IRON 


IPULLE YS 


iiieeiay 150 pp.Art Catalogue 


Doucias,LAWSON 


& CO., LD. 


BIRSTALL ne LEEDS 








Telephone: BATLEY 598 & 599 -Telegrams: PULLEYS, BIRSTALL’ 














A UNIT HEATER 


occupying mo 10 


7A | | 
“7 i} 
Ai Sa xX eee | 


@ 


WELDED throughout and consequently leak- 
proof it requires only the laying on of Steam 
and Electrical connections to ensure a pleasant 
circulation of warm air throughout the winter 
and of cool air during the summer months, 
The low air velocity obviates objectionable 
draughts. Made also in larger Size, for fixing 
to wall. Write for full particulars. 


Write for Catalogue W3N or *phone our nearest branch for ; 
he interview and advice. 


MiISGRAVE -.- 


UNIT HEATER #2305 


MUSGRAVE & CO., LTD., 
42, Deansgate, MANCHESTER 
Sardinia House, Kingsway, LONDON, w.c, 
24, Queen Street, CARDIFF. 
St. Ann’s Iron Works, BELFAST. 





mical Factory heating 
City 1838. 
Holborn 0886. 


Phone : 2236. 
Phone : 4161-2-3. 7001 











NEED IN EVERY WORKS! 
HYDRAULIC 


SCRAP BUNDLING PRESS. 


A PRESSING 








“H. & G.” Presses are used by 
dozens of Corporations and hun- 
dreds of Metal and Engineering 
Firms in all parts of the country. 


Hydraulic Presses are much simpler, 
stronger and more powerful than 
mechanical presses—there are no 


small parts to wear out or break. MANY 
DOZENS 
IN USE. 


SATISFACTION 
GUARANTEED. 





THEY ARE BUILT TO LAST 





THERE IS NO EXPENSE FOR 
POWER IF HAND PUMP IS USED. 





WHAT A USER SAYS :—“ Since installing your machine we get double the amount 
we used to get for Scrap Sheet Metal—and the machine paid for itself long ago.” 





Our Standard No. | Scrap Press 
makes a Self-Binding Bundle 
4s «4 
weighing 12 cwt. 

4655 


LET US QUOTE YOU AT ONCE! 


HOLLINGS & GUEST LTD., 


Thimble Mill Lane, Birmingham. 
Telephone: East 490. Telegrams: “Plungers, Birmingham.” 


Sale Aas ber Sethe D. LANDALE FREW, 45, Hage Senet, GLASGOW, 
London Agent: H. C. AMOS, M.LMech.E., 22, Martin Lane, Cannon Street, LONJON, EC 
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| 
AIR COMPRESSORS 
FOR DIESEL SHIPS. | 


Over 20 Years’ experience in the 
design and manufacture of High 
Pressure Air Compressors is behind 
every ‘‘ Reavell ’’ machine supplied 
for marine work. 












Auxiliary and Emergency Com- 
pressors of our construction are 
in regular use in upwards of 70 
vessels. 





Let us have 
your next en- 
quiry, or send 
now to Depart- 
ment ‘*B”’ for 
illustrated 
pamphlets. 








Write to Dept. B. 


REAVELL « CO., LTD., 


RANELAGH works — IPSWICH 


Telegrams: “ Reavell, Ipswich.” 6715 Telephone Nos, 2124 & 2125. 
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LANCASHIRE BOILERS. 
WITH FLAT OR DISHED ENDS, MADE IN ALL SIZES, 
FOR WORKING PRESSURES UP TO 200 LBS. SQ. IN. |\\ 


H.&T DANKS (NETHERTON) 2 


C— 











BOILER MAKERS, ENGINEERS & BUILDERS | 
NETHERTON, DUDLEY. WORCS. 


LONDON OFFICE; 329 HIGH HOLBORN W.C.1, | ? 





NO CONNECTION WITH ANY OTHER FIRM OF BOILER MAKERS, 






































BOVING & CO., LTD. 





Manufacturers of 
WATER TURBINES, 
GOVERNORS, 
PIPELINES, 
VALVES, etc., 
and 
PULP AND PAPER 
MAKING 
MACHINERY. 





4621 








Three 8000 and Two 
4000 B.H.P. Turbines 
for the New Zealand 
Government. 


Head Office: 56, Kingsway, London, W.C.2. 


Telephone :. Holborn 0411-2-3 (3 lines). Telegrams: JENorTEN, Prong, Lonpon. 



























Dzor Fo 
South Work 





sieo Crame Chains, Slings, Ete. 


im NethertonIron. ™ 


NHINGLEY & SONS LTD. 
Netherton Iron Works,DUDLEY. 
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Just paint it on threads 








Sag vy 
=» = ply, 


6s [Baas 
Perfect Screw Shiead Soins 


GMOOTH-ON No. 3 not only adheres well to the thread surface, 

but as the body is metallic it cannot dry out, shrink, crack or 
shrivel. In contrast to ordinary fillers, Smooth-On No. 3 retains its 
original volume for all time and therefore is as dependable as the pipe 
metal itself on lines carrying any fluid and any temperature. 





Sold everywhere in | and 5lb. tins. Ready to use. 


Write for the Smooth-On Handbook, which will post you well 
on all seven kinds of Smooth-On, 
where to use each, how to apply for 
best results and what to expect from 


the finished job. 


Distributed by : 
WALTER P. NOTCUTT, LTD., 
8, White Street, Moorfields, London, E.C., 
and carried in stock by leading dealers and 
supply houses. 


Made by Smooth-On Mfg. Co., 
Jersey City, N.J., U.S.A. 


| Industry 


For all kinds of cleaning, in buildings and 
factories of every description, Sturtevant 
Turbine Vacuum Cleaners have proved 
invaluable. 
Made mm several sizes and equipped with light- 
weight cleaning tools these machines have 
shown that Sturtevant cleaning pays— 
and pays well! 

We shall be glad to demonstrate the 
efhciency of Sturtevant Turbine Vacuum 
Cleaners in clients’ premises under actual 

working conditions. 
For particulars of these British - built 
machines write for publication D 1320. 


pa 


149 QUEEN VICTORIA ST., LONDON, E.C.4, 
Manchester : 196 Deansgate, Glasgow 50, Wellington St. 











Permit us to 
Quote 
It will be 
to your 
Advantage 


Return Tube 
Dryback t 
Steam Boiler p. 


"esa Lancashire Steam Boile 
Boilers of all Sizes, 
Pressures and 


for all Services 


PENMAN 


and Company Limitéd 
CALEDONIAN IRON WORKS 


GLASGOW 


<a 




















I i ed 


CORRUGATED FURNACES TO ANY SURVEY. 
MORISON, FOX AND DEIGHTON SECTIONS. _ ,,,, 





ii ii ct 
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HARVEY 


EngineeringCo,, 


LATE LT 


McONIE, HARVEY & CO., L10 
Seotland Street Engine Works, 


Head Office: 224, West Street, 
GLASGOW. 


ESPABLISHED OVER 70 YEARS 


MAKERS OF ALL KINDS OF 


SUGAR 
MACHINERY 


HEAVY 
CANE CRUSHING PLANTS. 





HARVEY'S 


Multiple-Effet 
Evaporator 


How in use in all Sugar Growing Countries. 


AND EVERY RBEQUISITE FOR 


Sugar Plantations. 





COMPLETE CANE 
AND BEET SUGAR 
FACTORIES AND 
REFINERIES 
SUPPLIED. 





HIGH-CLASS 


ENGINES 


OF THE HEAVIRST TYPES, 


MULTITUBULAR, CORNISH 
AND 


LANCASHIRE BOILERS. 
TANKS & WROUGHT IRON 
WORK 


OF EVERY DESORIPTION. 
Telegraphic Address: “‘ Maconie, Glasgow.” 


Cable Codes used: ABC, Al, Licbers, Westem 
Usien, Eagmeerimg and New Business. 


4665 


—— 


FOR STEAM OR WATER. 





British Patent No. 263622/1926 





Specially designed to stand the highest pressures and known 
throughout the world as the most efficient packing obtainable. 


Sole Patentees & Manufacturers : 


THE BELDAM PACKING & RUBBER C0., LTD., 


16, Gracechurch Street, London, E.C.3. 
Telephone 1 AVENUE 4773 (3 lines). Telegrams & Cables + “ VEEPILOT.” 





= er, 
ty = baal i ™ ee! — ie 


ESTABLISHED 1876. 














oS ; 

















_& Co., LTD., . 
" RENFREW. 


LOBNIT 





PATENT 
ROCKCUTTERS. 


CUTTER 
SUCTION 
DREDGERS. 


DIPPER 
DREDGERS. 


GOLD, TIN 
& PLATINUM 
DREDGERS. 


MARINE 
SLIPWAYS. 


Sa: rx 








Oable Address : 
LOBMITZ, RENFREW. 
SCOTLAND 


DIPPER DREDGE “LUCAYAN ”—No. 884—built for the Crown Agents for the Colonies for Nassau. 
The Largest ens ager of this type in the World 15 tons a Dip—a Dip every minute. 
the sole builders of Dipper Dredges in the British Empire. 


SCOTLAND 


BUCKET 
DREDGERS. 


TRAILING 
SUCTION 
DREDGERS. 


PATENT 
HOPPER 
BARGES 
FOR ROCK. 


PATENT ROCK 
DREDGERS. 


4682 


Codes : 
A.B.C.5th & 6th Editions 
BENTLEY'S 
WESTERN UNION. 
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“DOBBIE-M°INNES” 


INDICATORS 


STEAM fo8 DIESEL 
ENGINES. 


Optical Indicators for High-speed Motore. 


“ TELEDEP” 
TANK GAUGES. 








BOURDON PRESSURE 
and Vacuum Gauges. 


GAUGE TESTERS. 

DYNAMOMETERS. 

SPEEDOMETERS. 

Engine Room Clocks. 





DOBBIE MOINNES & CLYDE Lie. 
57, BorHwe.t Street, GLaseow. 


RET HINER 


M INSULATION OF 
A COLD SPACES. 














| LiveRoo. RerRieeRarion 


N trsscatated with Hd. WEST &On.ttsl) Oa.ttd 
. &goo Tons. . F COLOMIAL HOUSE, LIVERPOOL!” 
is the carrying capacity of this floating crane, which was employed in building the harbour of Bari. 
This crane is capable of carrying 3 blocks, each weighing 380 tons, on the fore deck of its 
pontoon. Weconstruct special lifting devices of all kinds and carrying capacities for building moles f 
and other harbour plants. Our cranes and loading plants for handling piece and bulk goods in river 
and sea ports are found all over the world. We also make pneumatic drilling machines and drill 
hammers, with the necessary compressed-air plants, for operating in rock or in underground service. 

AGENTS :—Messrs. Maurice Warlow & Co., England, 12, Victoria Street, London, S.W.1. 


Ty S&S Co) ay 


GERMANY. 


TECALEMID ooirs 


lubrication problems. STUD s 
4 


This quick, simple, clean, efficient 
and inexpensive high pressure 

lubrication system can easily be NUTS. 
fitted to any machine—large or 
small. The saving effected is as BRIGHT WoRK 
much as 924% in time alone. A 
SPECIALITY. 












































Let us show you how we can 
save you time and money. 


Write to S, MARSDEN & SON, Ltd. 
TECALEMIT LTD., LONDON ies _— 


MITRE scien <n LANE, MANCHESTER. 
WILLESDEN, LONDON, N.W. 10, | ours, arom ini oxen (ne) 
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70 Complete 
Gelvanizing Plant 


THOMPSON BROS. (BILSTON) 








Works:-Bradley, Bilston 


A CLEVER INVENTION FOR 
RAISING WELL WATER 


Water Elevator fife « 
wells o] 
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M.F.M. FURNACES 


GAS, OIL, COAL or COKE FIRED. 


The MANCHESTER FURNACES Ltd. 
Aston New Road, MANCHESTER. 


JOHN SPENCER, L’: 


WEDNESBURY. 
TROW & STPPL 4606 


Ty 


STEAM MAINS, TUBULAR PILES, &e 
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ENTWISLE & GASS, LD., 


Engineers, BOLTON. 
For CENTRIFUGAL vars. 
AIR sSOR: 


CUMPRE 
aGnes FT 
Sen i BYE 
1168 


ALEX. CHAPLIN & (0., in. 


CRANEMAEERS, __ 3800 
GOVAN : :.:  :@.GLASGOW. 


See our advertisement appearing on page 78, Dec. 7. 




















Engineers and Contractors. 























PANTAGRAPH CURRENT COLLECTOR. 


(Air Controlled.) 





Specialists in Overhead Lines and Fittings for Electric Haulage Schemes. 
Makers of Current Collectors for all purposes. 


Let us Quote for your Requirements. 
CATALOGUES ON REQUEST. 


Head Offices: THRISSELL STREET, BRISTOL. 


“ Brecknell, Phone, Bristol.” 


Telephone: 5448 Bristol. 


8348 














THE “FROUDE” PATENT HYDRAULIC DYNAMOMETER 


FOR: TESTING the B.H.P. 
of AUTOMOBILE,;AERO, 
OIL, GAS, DIESEL, AND 
STEAM ENGINES, AND 
TURBINES. INEXPEN- 
SIVE, CONVENIENT, 
SCIENTIFICALLY 


ACCURATE. 


Heenan & Froude Ltd. 





Please send for free copy of new 
and revised Catalogue No. 80/1. 


Worcester 





Extract of letter recently to 


hand :— \W 
a 


“ We already have eight 
Froude Dynamometers in 


MAKER 
use tn our test shop. Two tian 
of these have been in use for Tipping 7 

. Turntal 
teen years and they still nta 
Sif Rs y Switches 


give the same good service 


that they gave originally.” 


$804 


‘England 
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-. These apparently unconnected 


terms open up a little problem 
which will be of interest to 
those concerned with textile 
machinery. 
The illustration shows the 
mangle end of a _non-jig 
Stentering Range. Ifthe speed 
of the mangle and the speed of 
the stenter are out of step, 
L there is undue slackness in the 
° cloth. An idle roller, or com- 
pensator, in the bight of cloth, 
tol. falls as the cloth slackens. In 














: FOR INDUSTRIAL HEATING PURPOS® 


Results in: 


REDUCED COSTS, 
CLEAN CONDITIONS, 
INCREASED OUTPUT. 


THE POWER-GAS CORPORATION, 
LIMITED, 


PARKFIELD WORKS, 
STOCKTON-ON-TEES. 4456 





















doing so it operates by chaina 
Brookhirst ‘‘ compensator ”’ 
regulator, thus speeding up the 
motor and tightening the cloth. 
As the idle roller rises, it opera- 
tes the regulator in the reverse 
direction and slows down the 
motor. Slackness is thus auto- 
matically taken up. 

This is only one of many special 
or semi-special Brookhirst con- 
trol gears for textile drives; 
others are described in 
Booklet No. 253 A. 


=] aRQOKHIRST SWITCHGR 
R DB LIMITED CHESTER AR 
Branches: Birmingham, Bristol, Glasgow, Leeds, Bj Liverpool, London, Manchester, Swa-sea. 











BARRY HENRY COOK fn 


Conveyors. 
See page 14, Dec. 21. 


| West North Street. ABERDEEN. 
FAN BRAKE DYNAMOMETERS 


FOR QUIOKLY & EASILY OBTAINING B.H.P. OF MOTORS 


SIZES 600,000 h.p. SPEEDS 
1-500 h.p. now in use. 250-6000 r.p.m. 


Emery Hiv Street, 
W. G. WALKER & Co. WESTMINSTER, S.W.1. 
Tel. : Vicrorta 1622. 


FORGINGS 


General Smiths’ 
ENGINEERS. 


HOSKING BROS., LTD. 
Love Lane, Sumner Street, Southwark. 
"Phone : Hop 2725. 


BRIQUETTE MACHINERY 


Coal, Coke, Ores, etc. 
Write: Herbert Alexander & Co., Ltd., 
Charmouth Street, Leeds. 4830 


THE 


ANDERSTON j FOUNDRY 
100, CHEAPSIDE ST., GLASGOW. 


And at MIDDLESBRO’. 

Makers of— 

STATIONARY STEAM ENGINES, 
DRY VACUUM PUMPS, 


AIR COMPRESSORS, 
WIRE WEAVING MACHINERY, 





























4213 


and GENERAL ENGINEERS. 
Telegraphic Address: “‘Aroo GLase@ow.” 4783 











MAKERS OF 
‘ugar CaneWagons, 
Tipping Trucks, 

Turntables, 
Switches, &er 


London Office: 32, Victoria Street. Telephone: No. 1882 Victoria. 











W. G. BAGNALL, L!22 STAFFORD, ENGLAND. 


BUILDERS OF LOCOMOTIVES 
weighing from 3 to 60 tons, for any gauge 
of highest-class workmanship and material 

at competitive prices. 
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Defries 6 ft. 0 in. Boring and Turning Mill. 











TO LILI ILI) ALFRED HERBERT LTD. 





ERBERI 


| VERTICAL BORING MILLS 
IN STOCK. 


The stock of 1500 Machine Tools in our Warehouse at Coventry 
includes the following Vertical Boring Mills :— 


DEFRIES Vertical Boring Mill, 


DEFRIES Vertical 
turning dia. 41}in. 


INSPECTION 





OL Et} 


COLBURN 6 ft. Vertical Boring Mill, drive by friction clutch 
self-contained countershaft, and 


(As purchased) £1050 


motor drive. Max. turning 


(New) £1200 


single pulley drive. Max. 


(New) £1332 


DEFRIES 6 ft. Vertical Boring Mill, motor drive. Capacity 72?in. 


(New), £2357 


NILES BE MENT POND 38 in.-44 in. Vertical Boring Mill, single 


(Reconditioned) £900 


WEBSTER & BENNETT 48 in. Vertical sian Mill, single 


(New) £1150 


NE Vertical Cylinder Boring Machine with four heads, 
j i minimum centre distance. 


(As purchased) {£350 


MOAG NILES 26in. Vertical Turret Lathe, single pulley drive. 


(As purchased) £400 


INVITED. 


Clearance List No. 27 sent post free on request. 
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COVENTRY GiwwWwwouoorr 








A Lathe that needs 





























7OU can 








Countershatt! 





A Built-in motor 
supplies the drive and 
cuts out cumbersome 
countershafts and 
belting. 


Push-button control for 
starting and stopping 
simplifies working. 


Write for Booklet No. E182. 





Green Lane Works 
London Office : 


- LEICESTER 


Queen Victoria St., E.C.4. 





ie 


install _ this 

Wadkin Wood turning 
Lathe in any position in 
your shop irrespective of 
line shafts. 
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DON’T MAKE MISTAKES 
—MAKE LUCIGRAMS 


The Lucigraph will make a copy 
of anything which can be laid flat on 
the table—but it will not make mistakes. 







Every detail of the original, whether 
it be a drawing, catalogue page, type- 
written matter, will be faithfully repro- 
duced in a few minutes. No checking 
is required. 


i 


= [=> 
A MERE ae SE tle Le 
Ks we ee ea wr ~ 


LID vt Aa JOCK a 


We have a well-equipped print room 
where the Lucigraph is constantly in use. 
Come and see how we have reduced our 
copying costs. 





: 
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a) 
 eD i oa 


LUCIGRAPH PAPER 


We supply a high-grade, British-made sensitised paper, 


The Lucigraph Photographic Copying Machine. Fitted with table to unequalled for speed, colour and durability, for use in the 
cake wok wp te 2S, Lecmeendei wade, Wd’, Lucigraph and other photographic copying machines. 


DELIVERY FROM STOCK. 
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TELEGRAMS— 


WERFCONRAD, HAARLEM, 
DREDGORAFT. AVE., LONDON. 





=<, WERF CONRAD, "ts 





SOE Ae, ie a Cree HOLLAND. 
Lieber’ 8, estern Union 
(5-letter). Agents: MARINE WORKS, Ltd. 
TEL.LONDON WALL 0426. MOORGATE HALL, 153, MOORGATE, LONDON, E.C.2. 


OF THE LATEST AND MOST IMPROVED TYPES, 
OF ALL DESCRIPTIONS, AND UP TO THE 
LARGEST DIMENSIONS AND CAPABILITIES. 


BARGES anp FLATS Buitt In SECTIONS FOR RE-ERECTION ABROAD 











BUCKET HOPPER er : : — seems FLOATING CRANES. 
AND ie — 

BARGE - LOADING COAL BUNKERING 
DREDGERS. VESSELS, 
SUCTION PUMP HOPPER BARCES 

DREDGERS. of any capacity. 
COMBINED BUCKET Pence el 
AN) 
PUMP DREDGERS. supplied. 








SUCTION GOLD avo TIN 


CUTTING RECOVERING 
DREDGERS DREDGERS 
for DREDGING A Speciality. 
CLAY, &e. 


—_———_ 





One of several Suction Hopper Dredgers built for the Argentine Covernment. 


DESIGNS, QUOTATIONS, AND ALL DETAILED INFORMATION, BOTH AS TO DREDGING PLANT AND 
DREDGING GENERALLY, AND UPON ALL QUESTIONS AFFECTING THE RECOVERY OF GOLD, PLATINUM AND 
TIN, ON APPLICATION. 
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DustgRe 


| a [’ your problem is the removal 

















of dust from Grinders, Fettling 

Machines, Rumblers, Polishing 
Spindles, Saws, Multi-Cutter 
Planers and other Woodworking 
machinery, Grain Conveyors, -Tex- 
tile Machines, Colliery Screens, etc., 
we can design for you a simple yet 
effective plant which will be reason- 
able in first cost, low in running 
costs, and satisfy all the require- 
ments of the Factory Inspector. 

Booklet K 189 sent on request. 


Telephones: Central 7091 
Telegrams: “ James Keith, Phone, London.” 


ice purposes JAMES KEITH & BLACKMAN (| 7? 
Head Office: 27, Parrin don Averaie. London, E.C4 
BIRMINGHAM; py ioseany a 


21, Waterloo Street. GOMitchalse’ 
and at Leeds, Sheffield Newcastle, Bristol, Cardiff and Belfast. 


TRADE MARK 




















TELEPHONE: OPENSHAW 1141. 


PRQNK Pea RN & C9 [7? 
TELEGRAMS: “PUMPS,” MANCHESTER. ANCH aN ee. 
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STANDARD PRESSED PLATES 


STEEL TANKS 


BUILT FROMM 


1 METRE and 4 FEET SQUARE 


PROTECTED (by dipping hot) with 


our special 


FOR 


ALL LIQUIDS. 


OUR 


DELIVERIES 
WILL INTEREST 


“DURBIT” BITUMEN 
SOLUTION 


SUITABLE 
STORAGE OF 


PRICES AND 


¥ Oo U. PRESSED STEEL TANK 20 ft. by 20 ft. by 4ft. deep, 
10,000 gallons capacity on 15 ft. high structure. 





SOUTH DURHAM STEEL & IRON CO., LID., 


WEST HARTLEPOOL. 


4697 







































Torque—with plenty of reserve 


The “Verity-Heemaf” (Patent) High Torque Motor has created a 
sensation in the Electrical Industry by setting a new high torque 
standard—a standard which can mean a definite saving of time and 
money to every user of an electric drive. 


The remarkable characteristics which we have published, and which we 
repeat below, have not, of course, passed unchallenged. In fact, 
Engineers were invited to our Works to carry out tests for themselves, 
and they were astonished at the results. 
































STARTING STARTING 

BaP. | prim, | Peery | por. | im Ge of pin et 
(Star Position) (Star Position) 

_5 | 1450 | 86 | 84 | 150 100 
| 90 | 7 | 4 | 0 | so 

20 «2960 || «O88 | 85 CF 150 80 








Our figures are guaranteed, and comply in every respect with B.E.S.A. 
Specification 168 (1926.) 


With the “ Verity-Heemaf” Motor you obtain quick acceleration 
with a minimum expenditure of energy—you have torque 
with plenty of reserve. 


VERITYS 


LIMITED 
ASTON - BIRMINGHAM. 














Telepho :e : East 85. Telegrams: “ Verity, Birmingham.” JRE 3S 
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in the proper sense of the word. 





A turret lathe with a flat turret 
only—no saddle and compound 
slide to restrict tooling and 
control. 


A turret lathe which has no 
equal on chucking work. 












a flat turret for the tools. 


setting. 


the flat turret and no overhang. 








19, Water Lane - 


THE J&L HARTNESS 
FLAT TURRET LATHE 


embodies the J & L ‘‘ two member” principle. 
A cross sliding headstock for the work, and 


Ready for any work at any time because of the 
simple standard lathe type tools and quick 


Rapid to operate, extremely powerful work 
drive and above all, every tool dead rigid on 


JONES & LAMSON MACHINE Co., 
LONDON, E.C.4. 

































> 








AUTOMATIC WASHING 








< 











The most efficient coal-cleaning process in the world. 





carried out 


Accurate separation of all shale from coal 
entirely automatically. 











AVERAGE EVERYDAY RESULTS. 

















INHERENT ASH 2.4% 


No visible coal is delivered with the shale. 


. | Total Ash. Total Ash. 
so | GRAINS 3.59% | GAS NUTS .. 2.89% 
| PEAS 3.30% | STOVENUTS 2.66% 
: BEANS 3.10% | FRENCH NUTS 2.48% 
“| 











You cannot get these results with any other system! _ 











HECLA WORKS, 


NORTONS civics LIMITED 


TIPTON. STAFFS. 
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_ FORGED STEEL ROTOR SHAFT. 
524 DIAMETER. FORGED WT. 50 TONS, 


aS cal, Setttetioaaa 
SSR 








HOPKINSON'S 
carery BOILER MOUNTINGS vac. 








HOPKINSON 


HOPKINSON’S PATENT 
PARALLEL SLIDE BLOW-OFF 
VALVE. 


HOPKINSON’S HOPKINSON’S 
PATENT HOPKINSON’S PATENT “ACCESSIBLE” 
“TRIAD” JUNCTION PATENT CHECK FEED VALVE. 
VALVE. PRESSURE GAUGE 
AND SYPHON. 
4389 


PATENT 
“ABSOLUTE” WATER GAUGE. LIMITED. 


TELEGRAMS TELEPHONE 
seis! HUDDERSFIELD. ses 
° 1269 (3 Lines) 


rt citric HUDDERSFIELD” 


: Fitted with “PLATNAM” VALVES & SEATS “ieee celia 


LONDON. 
PHONE.LONDON” 34, NORFOLK STREET, =TRAND,W.C.2. CENTRAL 464! 


A 716/1479, 
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ROW’S PATENT INDENTED TUBE 





having TWICE the EFFICIENCY of PLAIN TUBE 


forms the Basis 








BOILING BATTERIES 








of ou CALORIFIERS for the 
HEATING and COOLING of WATER, OIL, &c. 





for BLEACHING KIERS, DYE VATS, &c. 



































} |. 








Fig. I. = meee Fig. II. 
ae Pattern ale London Pattern 
to 
ee ENGINEERS AND _ SPECIALISIS, a 
LE! 





























HAIN DRIVES — the 

most efficient of all 

forms of power transmission 
are available from stock. 


The series of Renold Stock 
Drives covers a full range of 
powers from 1 to 100 H.P. 
at various speeds and ratios. 


It is a simple matter for 
power users to select drives 


RENOLD 
DRIVES 


1 TO 100 H.P. 
CHAIN DRIVES 
DELIVERED 
FROM STOCK. 





H AN S RE eo: Lap LL f° that dE AD, D1. 2: Sete 


STOCK DELIVERY of CHAIN DRIVES 


for their own requirements 


‘by referring to our booklet 


Ref. No. 00054, in which 
full specifications and prices 
are given for all drives up to 


100 H,P. 


Renold Standard Stock 
Drives can be delivered, 
installed and running in less 
time than it takes to quote 
on other transmission gear. 


SEND FOR 
GOPIES OF 
FREE BOOKLET 
REF. No. 00054. 


m SZ 


M AN © 2 St -E 8 


4756 








asi 
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FOR ALL SPARE PARTS, LUBRICATING OIL and SERVICE 


KRYN & LAHY (1928) LTD.. 















































ENGINEERS, 
LETCHWORTH, 
HERTS. 
: Telegrams : 
BO ks se 136. «“ CAMGAS, LETCHWORTH.” 
] ».. ‘ ? 
JOHN ae aN Docking, Repairs 


and Overhauls. 


The facilities at 
SOUTHAMPTON DOCKS 


are second to none in the United King- 
dom. Repairs and overhauls of hulls 
and machinery by our expert staff. 
Estimates promptly supplied. Urgent 
work a speciality. The photograph 
shows the S.S. ‘‘ Berengaria’”’ under- 
going general overhaul by our Repairs 
Department. 
Full particulars of our Repair facilities 
supplied on request. 











Telephone Nos.: 
Woolston 15, 16, 17, and Southampton 3031. 
Telegrams : 
“ Thornycroft, Southampten.” 














SHIP REPAIRERS 
tothe CUNARD 
STEAMSHIP 
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Gears for a heavy 
Drive and _ the 
completed Haulage 
ear, 





RELIABLE—SILENT—LASTING 


RELI ABLE because they are the product of high-class 
machine tools under the control of experi- 

enced workmen. First-class selected and proved materials 

only are used, and all parts are subject to careful inspection. 


SILENT because the ‘‘Maag’’ tooth form ensures a 

smooth rolling action, and the necessary degree 
of accuracy is obtained by grinding the pinion tooth profiles 
after hardening and carefully generating the wheel teeth within 
fine limits. 


L ASTING because the pinion teeth have the best wear 

resisting surfaces, being casehardened and 
afterwards corrected by grinding, and the wheel teeth are cut 
in steel specially selected on account of its high wear-resisting 
properties. The tendency to wear is reduced owing to the 
perfect tooth action, and the combination of high-class materials 
and reduced friction results in a greatly prolonged life. 


GEORGE ANGUS «Cel?! 


St. John’s Works, Newcastle-on-Tyne, and Bentham. Yorks. j 
| Angus Gear Works, W Yj 


SMUNMOO OTOL 





LET US HAVE DETAILS OF 
YOUR REQUIREMENTS (DEPT. 11). 




















“H.& W.” 


ELECTRIC HOIST BLOCKS. 


MADE IN FOUR TYPES. 


Type A.—Suspension. LIFTING ONLY. 
» C.—Lirtinc & TRAVELLING. PusH TROLLEY. 
» Cl— m ie GEARED TROLLEY. 
» D— . oe Two Motor. 


WORM & SPUR GEARED PULLEY BLOCKS 
TO LIFT LOADS FROM 2} CWT. TO 50 TONS. 
LIFTING ONLY, OR LIFTING © TRAVELLING. PLAIN OR GEARED. 














To Lirt 1 TON. To Lirt 30 ToNs. 




















SPECIALISTS IN 
LIFTING AND HANDLING APPLIANCES 


CRADLEY HEATH 


To Lirt 20 Tons. ESTABLISHED 1868 
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for 
PASSENGER & CARGO 
STEAMERS 
—\ SHALLOW DRAFT VESSELS 
LAND & MARINE 
BOILERS 
























































4732 


ie 











You do away with the trouble and cost of 
boiler-scaling with a FILTRATOR. Its 
action is physical, not chemical, and varying 
types of water are treated effectively. We 
guarantee it prevents scale accumulation, arrests 
pitting and corrosion, and removes old scale 
from Boilers, Condensers and Evaporators. 

Over 2,000 important Boiler Plants have 
been treated by FILTRATORS with 


excellent results. 
Inexpensive to instal and simple to arent, 


A FILTRATOR will save you time and 


money. 


f 
TEST IT FREE: [TR ATO 
f our 
We shall be pleased to — - br i STMITED 


hnical Staff along to 
Technica Write or Astor House, Aldwych, 


out of a Filtrator. 


; the trying ie 
(ll — London, W.C.2 
Telephone : Holborn 3362 (3 lines). 




































Be ik 
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THE WALLSEND SLIPWAY), 
ENGINEERING COMPANY. ITD. 


WALLSEND.-ON-TYNE. 






























Builders of 


ALL TYPES OF MARINE ENGINES. 


BOILERMAKERS AND SHIP REPAIRERS. 





WALLSEND-SULZER DIESEL OIL ENGINES IN ERECTING SHOP. 


Specialists m LIQUID FUEL BURNING. 


= we nm = — 


HEAD OFFICE @ — - + = + =  WALLSEND-ON-TYNE 


London Office - - = = =  « 30, Great St. Helen’s, 2.0.5 
Liverpool Office . “ “ - : Cunard Building. 
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| teat excellent qualities have the highest performance with the 
made Holman Bros. Ltd. lowest working costs. 

the — ‘a Firm for Air Com- The use of the finest materials 
reese ¢ throughout, and of the most 


Nearly half a century of specialisa- up-to-date designs. 


tion and progress in the making A thorough test of every 
of Air Compressors. machine before it is despatched 


with the Holman Guarantee. 
A successful effort to combine Detailed Catalogues on request. 


BROS. LTD. 












13 CAMBORNE - ENGLAND 
; London Office: Broad Street House, E.C.2. 
s O 4619 
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E 2s 

= SMALL ARMS . 

==| ‘ARMATURE AMMUNITION 

= pony = 14 IN: ROLLING MILL FOR COIN STRIP 

= Presses, Dies, Lathes & Shears COINAGE 

= METAL PANS For Seamless Metal Hollow-ware 

= and General Sheet Metal Products. 

= : MINTING, COINING & CARTRIDGE MACHINERY. 

= Over 100 different Presses in Stock, and more 

= PRESSED 

= INSULATOR 

= SINGLE ACTION PRENS ¥ ' | DR AWING 

=) . AERO BONNET 

= CHAIN WHEEL § 

=] oe INSULATORS 

= ‘ ee 

= oe eas rs © = 
= cuPa SAUCER fF SeSe = 
= (ALUMINIUM) By <4 = 
= 4 = 
= 052s" ~ 
= efe = 
= e%e = 
= ese = 
= ee - = 
= DOME STi 4 e = 
= STEWPANS ee > = 
= (STEEL) Pe®%e = 
= ©o0° = 
= 2 ooo = 
= — AUTOMATIC = 
= — 8 PIERCING = 
= (STEEL) = 
= aus STEEL 6 OG MOTOR CAR = 
= NON- FERROUS PRESSWORK ON = 
= METAL SAMPLES TaC “= SOLIO DRAWN = 
= REBLECTORS S 
= CuPSa TUBES = 
= SEAMLESS y 2 
= SAUC EPANS = 
= | LATHE. = 
Ss = 
= =..— Pi DISHES Z 
: —| 
= TAYLOR ~ CHALLEN, Ltd., ENGINEERS & MAKERS, 7 
= DERWENT FOUNDRY, WORKS & SHOWROOMS, CONSTITUTION HILL, BIRMINGHAM. Z 
= TE = 
= “DERWENT, BIRMINGHAM.” LONDON OFFICE: BIRMINGHAM: CENTRAL = 
=| “TAYCHAL, PARL, LONDON.” ST. STEPHEN'S HOUSE, VICTORIA EMBANKMENT, $.W.1. casi — roxvon: vicroma sss. [E 
LLAMA LAA lil 
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TURBINE DRIVEN 


Supplied to the largest 
and most important 
Passenger Vessels afloat 
and to hundreds of Power 
Stations and Manufacturing 
Establishments at home 

and abroad. 


EET 





TT TTT TTT 


WTAE AAMT TTT 





Available in a 
full range of 
Standard Sizes, 
delivering from 
7,000 gals. per 
hour upwards. 











RELIABLE IN OPERATION) || STEADY IN DISCHARGE 
LOW IN MAINTENANCE |OIL-FREE EXHAUST | 


| AT YOUR SERVICE 
for your Feed Lay-out 


CATHCART ——— ) GLASGOW 
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~“"LEADITE”*- 





Registered U. S. Pat. Office 





TLANTIC CITY, New Jersey, is proud of its 
well-paved streets. In laying new or addi- 
tional cast iron mains, the engineers always use 
Leadite. They know from the experience of nearly 
one-quarter of a century that Leadite joints are 
absolutely secure and that the occasion will not 
arise where paved streets have to be dug up to 


repair the line. _ rae 


In addition to the mains under 
the paved streets, Leadite was 

for jointing the 24" main 
that runs under the famous 
boardwalk. 


Specify and use 
LEADITE 


st feast, 





ing 24” c. i. water mains, with Leadite 


“The World’s Playground” has used Leadite 


mith complete satisfaction for over 20 years 


Other lines run through salt marshes, over bridges 
and under numerous railroad tracks. 


The sizes of these mains run from 4" to 48". 


Mr. L. Van Gilder is Engineer and Superinten- 
dent of the Atlantic City water department. 


Added to the security and permanence of Leadite 


iiss joints there is a saving of 75%. 


For its economy—permanence 
—-security—and the speed with 
which jointing can be finished 
— Water Works men specify 
and use Leadite. 


Be sure it is 


LEADITE 


and accept no 
imitations~awawz 





Joints, in Atlantic Gity under paved street. 


The pioneer self-caulking material for c. i. pipe. 
Tested and used for over 30 years. 


THE LEADITE COMPANY .. . Land Title Building . . PHILADELPHIA, PA. 








NO CAULKING 
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THE JILLESHALL C? 


ENGINEERING DEPARTMENT 


[PUM PNG. "Se 
mani sisi MA C H | N E RY 


RECIPROCATING & CENTRIFUGAL 


FOR 


WATER WORKS, DRAINAGE and IRRIGATION 











CROSS COMPOUND PUMPING ENGINE, CAPACITY 9,600,000 GALLS. PER DAY. 
Designed and Constructed by LILLESHALL CO., LTD. 





DESIGNS AND ESTIMATES FOR PUMPING PLANT OF ANY CAPACITY 
and for ANY SERVICE will be gladly submitted, with Performance Guarantees 
for Steam or Fuel which will be realised in 


CONSTANT DAILY SERVICE. = 


BLAST FURNACE AND STEEL WORKS PLANT, MILL AND WINDING 
ENGINES, UNIFLOW ENGINES, GAS ENGINES, ETC., ETC. 
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288-122 


[N the _ cold condition 

this ™steel can be 
machined quite readily, 
and its mechanical pro- 
perties are of the order 
of 50 tons max. stress with 
an elongation of not- less 
than 20 per cent. 


The outstanding features 
of H.R. Crown Steel are 
its remarkable properties 
at elevated temperatures, 
of which the following are 
typical results. 


+ 700° Centigrade— 
20-30.tons per sq. in. 

800° Centigrade— 
20-25 tons per sq. in. 


whilst at 900° C., or even 
higher, the steel shows 
little or no scaling, even 
afterconsiderable periods. 


FIRTH IR’ STEEL 


HEA 





SEE THIS MARK Ze 





TRADE MARK 


RES t TING 


Sa. 








— 


FOR EXHAUST VALVES. 


7 application of Firth H.R. Crown Steel 

to Exhaust Valves for internal combustion 
engines has given the engineer an altogether 
higher standard of excellence by which he may 
judge other steels. 


Valves made from this latest Firth Heat 
Resisting Steel have, under service conditions, 
proved to be superior to all other contemporary 
steels. 


May we send you particulars of this steel— 
our book No. 113 gives many details, and our 
experience will be of the greatest value to you. 
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IN BARS FOR 
HIGH PRESSURE 
HIGH SUPERHEAT STEAM 


» ae 
im \ 
A eS 
i a 
ce 


am ie ya ener Vicia. Sin a 
% f id . & 
r a “a Pe >. * A 
a : — é 
. 2 a , & , 
ace? a FF = / 


FOLLOWING the trend for higher 
pressures and high super-heats in 
modern Steam Engineering, Firths, as 
special Alloy Steel Makers, have kept 
abreast of this development, and for the 
Bolts, Studs and Nuts which play so 
important a part in connection with high- 
pressure Cylinder heads, glands, steam 
pipe joints, etc., offer their world-famous 
F.N.C.T. Steel, which has the following 
suaranteed mechanical properties equiva- 
lent to British Engineering Standard 
Specification “Aircraft Steel 38.11.” Yield 
per cent. 75—Ultimate Tensile : minimum 
55 tons—maximum: 65 tons—Elongation : 
20%—Reduction : 50%—Izod : 40 foot lbs. 








I SONS 


uM BILACIKIHNEAIAL NV, III MUINGIHIAMI 


1S & NUTS 





THIS steel is readily machinable, 

very fibrous and will take a 
beautiful machine finish without 
dragging or tearing, and thus 
parts machined from this steel 
need have no defects which are 
liable to initiate creeping-cracks 
and ultimate failure. 


Firth F.N.C.T. steel is supplied 
in bars, all sizes of which are 
guaranteed to be in that finally 
heat-treated condition which will 
give the mechanical tests stated. 


Write for Booklet No. 3 on 
‘“‘Carbon and Alloy Steels.” 


"= 
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One of three 360 B.H.P. 230 K.W. sets supplied to the N.S.W. Government. 


he WORTHINGTON OIL ENGINE 


Recent orders received :— : ; ; | 
provides an ideal prime mover for every class 





No. and B.H-P. Service. -of LAND and MARINE SERVICE. 
1 — 120 Waterworks. 
1— 540 Irrigation A high-class TWO-CYCLE SOLID INJECTION 
1 00 : ENGINE of the CROSS-HEAD TYPE of simple, 
1— 60 “ accessible and robust design, reliable, economical 
ie os D.C. Generators. and durable in service. 
1— 180 — Alternator. 
Se i Standard sizes 
| — 270 D.C. Generator. from GO to 540 B.HLP. 


z2— 6 Waterworks. : ; . 
a" Over 55,000 h.p. of this design at work in 


all parts of the world. 


We invite your enquiries. 


WORTHINGTON-SIMPSON, LTD., 





eae QUEEN’S HOUSE, KINGSWAY, Teuccnaws: 
HOLBORN j 














ose LONDON, W.C.2. ss “tonoon.” 
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EXHAUST STEAM TURBINE 


WITH VULCAN CLUTCH 








The Bauer-Wach Exhaust Steam 
of 4 & & é ¢o FES) i. Y Turbine enables energy in the 


steam exhausted from the low 


e pressure cylinder of the recip- 

& £ a - 4 4 i = a CS ¥ 4 n rocating engine to be utilized for 
useful work at the propeller. 

The turbine is coupled to the 

MAE. & e shafting through the medium of 


gearing of the single helix type 


and a Beardmore Vulcan clutch, 
STE Aw z. ey G i » = giving perfect flexibility and means 

for immediate connecting up and 

disconnecting of the turbine. 


PERFORMANCE [ocx eeepc te 
been or are being fitted with this system. 


The Vulcan coupling is the outstanding 

feature, making possible this efficient com- 

bination of exhaust turbine and reciprocat- 
ing engine driving the propeller. 








A saving in steam consumption 





Total of I.H.P. of ships for propelling purposes of trom 
eclle eel d 18% to 20% can in almost all 
uilt, buiding,, converte cases be obtained with a corres- 
and to be converted with ee saving a 
ith cxisting ships, the con- 
BAUER-WACH version to this system gener- 
EXHAUST ‘TURBINES ally _, an ee see 
: ower Of from /o to 
is 358,520 I.H.P. the same pS iy bill. 


30% increased power can be 
obtained with only a slight 
As supplied to— ipcrease in the daily fuel bill. 


Anchor Line Steamship Co. Ltd. \ 


Clan Line Steamship Co. Ltd. 
6a © RE 4419 


New Zealand Shipping Co. Ltd. 
"AND COMPA , LIiImMmiTrepD =: 














(f 


- 








WILLIAM 





Naval Construction Works 
DALMUIR - GLASGOW 
and at Bootle, Liverpool. 


Lendon Office : 
36, Victoria St., S.W.1. SHIPBUILDERS & MARINE ENGINEERS 
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Smooth Tubes and Gilled 
Tubes, Vertical, Horizontal 
and Inclined Arrangements, 
all have their specific value 
in Modern Boiler Practice. 








Representatives are in every district 
and will call by appointment 














GREEN’S ECONOMISERS 





“ge E. GREEN & SON, Ltd., WAKEFIELD, ENGLAND. 


Suggestions for the design, 
size and arrangement of 
an Economiser to give the 
highest efficiency will be 
supplied free on receipt of 
details of the boiler plant 
it is to serve. 





Send for illustrated and descriptive 
Booklets on our Economisers 














4344 


Telegrams : 


** Economiser.’’ 


































SEE OUR DISPLAYED ADVERTISEMENT ON PAGES 38 & 39. 4392 








THOS. FIRTH & SONS LTD., SHEFFIELD. 

















a 


OIL ENGINES : 


No. G 932, to— 


To engineers and other responsible individuals who are interested 
in the subject of Oil Power, we shall be pleased to send a copy of our 
new publication dealing with Heavy Fuel Oil Engines. 


This book contains a considerable amount of information as to— 


1. The comparative merits of 4-stroke and 2-stroke Engines. 
2. Obtaining the utmost power from Fuel Oil. 
Cw O O on 3. Accurate governing. 
4. Silent Valve Gear operation. 
The importance of accessibility to all working parts. 
Generating electric current by oil engines. 
A design which embraces the best practice in every detail. 


you would care to have acopy of this book, write for publication 


DAVEY, PAXMAN & CO., LTD. (Assoc. Firm of A.G.E. Ltd.), 
33.36, Aldwych House, London, W.C.2, 
Works: Colchester. 5001 


Telephone: Holborn 4966-7. 





















HADFIELD’'S PORTRAIT GALLERY 


NON - CORRODIBLE 
STEEL 





veg NON-CORRODIBLE 
rmoe(AT UV] STEEL 


HEAT - RESISTING 
STEEL 


MWe 
TRADE ER  Saann 


eS 





H.R. 
ww. NON - MAGNETIC 
JAMES WATT POTTS STEEL 
1736—1819. HY. 
DEVELOPED THE STEAM ENGINE. Sole Makers of Hadfield’s Patent 
——— MANGANESE 
Hadfields manufacture— Ss 
STEEL CASTINGS and Trade Mark TEEL 


THE SUPREME MATERIAL 
for the wearing parts of Crushing Machinery, Dred- 
ger Spares, Railway and Tramway Track-work, etc. 


FORGINGS 
of every description. 





CRUSHING MACHINERY. 


Messrs. Hadfields Ltd. of Sheffield, in addition to their own numerous steel 
alloys of these types, including patented ones, also possess the exclusive 
rights of manufacture in the British Empire of the alloys of the non- 
corroding and Heat Resisting Types patented by Messrs. the Commentry 
Fourchambault Co. 


HADFIELDS LTD. 


RAILWAY and TRAMWAY 
TRACK-WORK. 








East Hecla & Hecla Works, 
SHEFFIELD, ENGLAND. 


uw wmsmee Ftadfield’s Special Steels 


Represents the latest development in corrosion-resisting steels. 
Is completely resistant to a wide vange of chemical agents, while 
at the same time possessing mechanical properties which render 


it widely serviceable and capable of being worked into many forms. 


Eminently suitable for Turbine Blading and other parts of 


Steam Plant working under similar conditions, 


Specially suitable for Exhaust Gas Turbines, Diesel Engine 
Valves, Grate Bars and other Boiler Furnace parts, 


SPECIALLY SUITABLE FOR RETAINING RINGS 
FOR ARMATURES OF ELECTRIC GENERATORS 
AS SHOWN IN THE PHOTOGRAPH BELOW. 





RETAINING RINGS FOR ARMATURE OF TURBO-ALTERNATORS. 


Area of Works over 2O0 acres. 
Buildings Cover G1 acres. No. 625 



























ma fic 








Telegrz 










LOND( 





&R 






ne 
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PORTABLE MACHINES FOR LOCOMOTIVE REPAIRS. 


Machines arranged for 
hand and rope driving 


IN STOCK. 


Write now for details. 
CYLINDER BORING MACHINE 


FOR 26in. STROKE CYLINDERS Catalogue of VALVE SEAT FACING MACHINE 
TO BORE UP TO 24in. DIA. Portable Tools TO FACE UP TO 12in. by 183in. 


obtainable on request. 


BEYER, PEACOCK & Co, LTD., Gorton, MANCHESTER. 















































On the valves almost solely depends whether or no a Compressor Y 
\y will give a hundred per cent. service \ 
i THE \ 
BROTHERHOOD COMPRESSOR VALVE 
\/ makes this a practical certainty, because : \ 
y The Valve plates consist of two thin steel rings giving four \ 
| concentric passages for the air. 
y The multiple enclosed springs which work the valves ensure rapid y 
closing and continued working in the event of breakage of a 
\V spring indifferently tempered, and the broken parts can cause \] 
\ ‘ no trouble. 1 
( j 
The lift for maximum area of opening does not exceed 1/1oth of an .\ 
/.\ inch, hence the inertia forces are practically nil. 
\ BROTHERHOOD COMPRESSORS are made for all pressures and rigs = - \ 
capacities up to the highest used in practice, the illustration showing a sails 8 7 Siete 
\ two stage type dealing with 4,000 cubic feet of free air per minute. i \ 


PETER BROTHERHOOD, LTD. 


PETERBOROUGH. 


London Office: Aldwych House, Aldwych, W.C. 2. 
Telephone City 6016. 




















LONDON OFFICE . - 








UPwaRnDs oF 
Telegraphic Address: BRAKE, MANCHESTER. Telephone: ‘CENTRAL No, 8613. 
; 200,000 


GRESHAM’S PATENT 


JECTOR 


OF ALL CLASSES NOW IN USE 
GRESHAM & CRAVEN, LTD., 


HEAD OFFICE AND WORKS: 


ORDSALL LANE, SALFORD, MANCHESTER. 
- . 5 = = = = = = = 40, WOOD STREET, WESTMINSTER, S.W.1. 


GLASGOW OFFICE: Ws. LESTER & SONS, 11, WEST REGENT STREET. NEWCASTLE-ON-TYNE OFFICE: FRED CRIPWELL, 18, BIGG MARKET. 
BELFAST OFFICE: R. PATTERSON & SONS, 13 & 15, BRIDGE STREET. 


OVERSEAS AGENTS: 


RANCE, BELGIUM, SPAIN AND PORTUGAL: Walter Strapp, 15, Rue de Madrid, Paris. HOLLAND: Th. H. M. De Grijs, 311, Rijswijkscheweg, The Hague. ITALY : Giovanni Checchetti, 

Piazza Sicilia, 1, Milan. AUSTRALIA: Adams & Co., 521-523, Collins St., Melbourne. INDIA: Heatly & Gresham, Ltd., 204, Hornby Rd., Bombay ; 9, Popham 's Broadway, Madras ; 6, Waterloo St., 

Caleutta; 9, Egerton Rd., Lahore. SOUTH AMERICA: Evans, Thornton & Co., 465, Calle Defensa, Buenos Ayres. POLAND, ROUMANIA, AND THB NEW STATES: British Engineers 

and Traders Syndicate, Ltd., Australia House, Strand, London, W.C. 2. SOUTH mS a : are ee 12-14, Greenmarket Square, Cape Town; 352, Smith Street, Durban; Ginsberg 
ambers, Johannesburg. 
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(THE DARLINGTON FORGE 





Telegrams: | LIMITED. | Toerhore No. 


FORGE, DARLINGTON D ARLINGTON 















UP TO 
ANY SIZE 


“« 
o, ow 
yO prctiNaTon ” FoRGE . ow 
PELLERS yp TO 24 ‘ 
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7% in- $ 
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B-T-PRODUCTS 


in action 





Smooth-running __ turbo-alternators 
have replaced the old reciprocating 
sets. The output’s measured in fan- 
tastic terms where once a few hundred 
kW. were large. With all the develop- 
ments of the last thirty years one thing 
remains the same— the steady, almost 
monotonously regular installation 
of B.I. Cables and accessories with 
each mammoth generator laid down. 
They’re proven Products. 


BRITISH INSULATED CABLES LID _ 


CABLE MAKERS AND ELECTRICAL ENGINEERS 








PRESCOT, LANCS —HELSBY xc... WARRINGTON 
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% POPDODOPORPDE 







































































































































































£6.C “Witton” 
DIRECT CURRENT 


Comply in every respect with 


BRITISH STANDARD 
SPECIFICATION _ 168/1926 












The “Witton” 
Protected Motor 
affords Real 
Protection. 
Note louvre 
covers over 
Commutator 
Openings 














Full particulars are given in leaflet No. P4871, 
and of A.C. Motors in leaflet No. P4787. 
Copies may be had on application. 














DELIVERIES FROM STOCK 


MADE IN ENGLAND 
Manufacturers : | 


THE GENERAL ELECTRIC CO., LTD. 


Head Office: Magnet House, Kingsway, London, W.C.2. 


Enainscring Werks : WITTON WORKS, BIRMINGHAM. 
ae ee « FRASER & CHALMERS ENGINEERING WORKS, ERITH, KENT. 


Branches throughout Great Britain and in all the principal markets of the World, 
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Two 1,000 K.W. Parsons Turbo-Alternators built in 


the year 1900 and installed in a 
German Power Station. 





25,000 K.W. Parsons Turbo-Alternator built in the year 
1913 and installed in an American Power Station. 


EXPERIENCE 


MANUFACTURE 


TANDEM 
TURBO - ALTERNATO 











IN THE 


DESIGN 


AND 








OF 


25,000 K.W. 33,000 volts Parsons Turbo-Alternator 
built in the year 1928 and installed in a 
British Power Station. 














CAP 








& COMPANY LIP 


HEATON WORKS, NEWCASTLE-on-TYNE 
London Office : 56, Victoria Street, Westminster, S.W.1. 
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17, GROSVENOR GARDENS. LONDON, S.W.I. 


‘BUTLER’ 
SHAPERS 






































| ENTIRELY METALLIC BR. WF 


THE MACHINE 


is the BUTLER 26in. stroke 
Traverse Head Shaper. These 
machines are built in four sizes: 
14in., 20in., 26in. and 32in. 
stroke, and they embody 
numerous features of operation 
and control to maintain 
consistently an unequalled out- 
put of accurate work. 


THE CUT. 


The illustration shows, true to 





scale, a typical chip from | 
a eS ain, eke Dole Headed bl 
steel, the metal being removed Go 
at the rate of 10.3 cubic inches, 
or 3lbs. weight per minute. 
THE BUTLER MACHINE TOOL Co., Ltd., Phone: 3711. 
VICTORIA IRONWORKS, HALIFAX, ENGLAND. sails 
HONUAUUUUEEEENOGGNGGONOOOOQOGOOOUGUOOUEEUSUENEE 1: QOOGOUUUUUUAEOEOEOOOOO0000000000000000000050000080080000000000000UUUEEEUOEOROOOOOOOOOOGOOUOUUOUUUOOOOGOGO0O800000000UUUO00N0008880800000000000000000000000008000000000000UUUUESOOOOOOOOQOOOOOUOLOUUOUUAECONOOOOOO0OOHOORECUGGUH 
No. 30 
CAPACITY: 10’0” Dia. 
33” C.P. 24” FACE. " 
CUTTING TIME Th 
STEEL SPUR 
PINION 21 T. P 
« 


3" CP. 24" FACE. 
8 HOURS. 





ASK FOR CATALOGUE GG 12. 





4609 








FOR SPUR, SPIRAL AND 


SUNDERLAND GEAR PLANERS DOUBLE HELICAL GEARS. 
J. PARKINSON & SON, SHIPLEY. 




















— BRiIitISH BUTlLT. 




















Dec: 28, 1928.] 


“ENGINEERING. 


[SUPPLEMENT page VII] 49 











= 


BAILEY’S ‘“‘ FOSTER”’ 


BAILEY’'S ‘“‘FOSTER”’ 


REDUCING VALVES| FLOAT VALVE 





ENTIRELY METALLIC 


SIMPLE, 
EFFICIENT & DURABLE 


Controls Water or Steam. 
Cumbersome Floats Unnecessary. 






Controlled by a Small 
Valve and Float. 


Quick. 
Sensitive. 
Perfectly 
Tight. 

Can be 
fixed over 
tank or any 
distance 


away. All Bizes in Gun Metal or Iron. 
Screwed or Flanged } to 12 in. Bore. 











“FOSTER CLASS U” 


REDUCING VALVE. 


For Air and Water Pressures. 





Fig. 2381.—Section View. 
Steady Control. 
Dead-tight when closed. 
No outside Levers, Pipes, &c. 


“FOSTER CLASS Z” 


HYDRAULIC REDUCING VALVE. 





Fig. 1929.—Hydraulic Reducing Valve. 
For Initial Hydraulic and Air Pressures of 4000 Ibs. 








BAILEY’S 
SAFETY 


and 
RELIEF 
VALVES, 


for 
Boilers, 

/ Pipes, 
~ Cylinders, 
&c., 








BAILEY’S “ADAMANTINE” 


STOP VALVE. 
Good Metal. Strong Design 




















For Steam or Water. 
The Only Renewable 
Disc Valve with an Easily 
Removable Cover. 


TRAULE MARK 


“Scavenger” |& 
Float Steam Trap 


FOR HIGH PRESSURE (200 Ibs. per sq. inch.) 





For Steam 
Pipes, Engine 
Cylinders, 
Drying Cylin- 
ders, Heating 
Installations, 
&e., for all 
Pressures. 


Also for Dis- 
charging Water 


Fig. 1. from Compres- 
“ FILLING” sed Air Mains. 














the majority of traps. 





‘]RADE MARK 





Fig. 2 
“ DISCHARGING ” 


Many of these traps have been fitted to naval vessels and are 
at work in power stations and important works all over the world. 
Simplest and best design of float trap yet brought out for high 
pressures. Its valve of the simplest form, of large size, operated 
by a simple lever mechanism. Action readily understood by 
anyone. Discharges considerably more water, size for size, than 


THE “ SILVER-STAR ” 
LUBRICATOR. 





Pig. 2446. 
For Positive Lubrication of Steam and _ Internal 
Combustion Engines,Air Compressors, Locomotives, &c. 








VALVES 


FOR WATER AND STEAM. 





Stop Valves in Iron or 
Steel, for all Pressures 
and Superheat, 








The Best Valve Obtainable ! 


BAILEY’S “ KEY:RING ”’ 





For Pressures to 200 Ibs. per in GUNMETAL, IRON & STEEL. 
In All Sizes. 


square inch. 


VALVE, | == 


‘* Thermo - nickel ’’ Valve 


Seating can be re-ground, and is 
renewable. Valve unaffected by differ- 
ences of expansion. Cover or bonnet 
cannot set fast in body. Working parts 
are not injured in the act of removing 
them for examination. Nothing sacri- 
ficed for the sake of cheapness. 


Best Metal, —_— 


and Seat. 
Advantages. 








PARALLEL SLIDE VALVES 





BAILEY's ee ee 
‘“ COPPER-CAP ” FUSIBLE PLUG. — 
Prevents Boiler Explosions, through Low Water, Oil or Scale. 
balsas emf BAILEY’S 
Ss T O oe ACTION SIZES TO TURNSTILES 
FI? FIBB- ARE 


BOXFROM| ACGURATE & DURABLE 


INSIDE OB 
OUTSIDE. 














Supplied to many of the prin- 
cipal exhibitions. Blackpool 
open air baths. Agricultural 
Shows, public art galleries, 
aso | Football clubs,Racecourses, &c. 








Cs 


Sir W. H. BAILEY & CO., Ltd., Works, Salford, Manchester. 
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Drilling Machines of every size 
Ce _ And for every purpose. 
q 











7° 
present 
so no 
years’ | 
new 

forced 
with th 
fully ra 
fuel, at 
followe 



















qi 





From the Heaviest Central Thrust to the Light 
Radial Drilling Machines, Vertical, Horizontal 
and Multi-Spindle Drilling Machines and 
Special Purpose Machines. For general and 


constructional engineering, shipbuilding, rail- 

























way and electrical work and for the automobile 











industry. ~ WW 
HY Wo 
~~ _ | WILLIAM ASQUITH LTD. | > 

This is one of the big sizes! PARK WORKS, HALIFAX, ENGLAND. J |\ 

The Asquith High Speed Central Thrust Radial Drilling, Boring, Tapping and Telephone: Halifax, 6 “ Drill, Halifax.” \\\ 

Studding Machine. The world’s premier type for high speed heavy duty drilling. en oa, Se, Telegrame : “Drill, \\\! 

Made in sizes from 5’ to 10’ radius; with the many Asquith improvements for A we. Ee 

easy handling and wide range of utility. Quality built and economy ensuring. Specialised Makers of High Speed Drilling and Boring Machines. —— 
Have you tried the Asquith “BETTER-SERVICE ’’ SOCKETS? They are designed to reduce your costs. Send for particulars, NOW- § =—— 








fone 





WEIGHBRIDGES | ::. 


special ‘* 
on a wat 
obtained 
EXCLUSIVE FEATURES: approxi 
of thei 
Patent Oil Bath Knife Edge System for Mf ising 


the elimination of all rust and corrosion material 


to knife edges and bearings—the vital parts. : ape 
Value of { 

Longer Service. BTUs 
of 159%, 


Increased Efficiency. 

Guaranteed Interchangeable Components. 

Considerably Reduced Maintenance Charges: 
ILLUSTRATED PARTICULARS ON REQUEST. E. j 


MAKERS OF ANY TYPE OF WEIGHING APPARATUS. 





ASHWORTH, SON & Co., Ltd., Midland Iron Works, DEWSBURY, England. 


Leadon Office: s 11, QUEEN VICTORIA STREET, E.C.4. 3078 





urges. 


ST. 


nd. 
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HE efficient burning of so-called u | 3 team 9 

7 waste fuels, such as anthracite 

duff, has for many years 
presented an insoluble problem. It is 
go no longer. As a result of two a € O 
years’ continuous experimenting, the 
new ‘ Bennis ” Chain Grate, 
forced draught, compartmental type, old 
with the new slab link, is now success- 
fully raising steam from this low-grade 
fuel, and repeat orders have already mm O % 
followed upon its performance. 


NOINAUIN 









We guarantee that the “Bennis” 
methods of combustion will give 
better results than any other 


~v system known. 


ennis 


\ 


) 


At a colliery in Car- 

marthenshire, using the 
special ‘‘ Bennis ” Chain Grate 
on a water Tube Boiler, we 
obtained an evaporation of 
approximately 30% in excess 
of their previous figures when 
using washed peas. The 


| | » 
material burnt was anthracite 
Waste duff, which went through 
amesh of } in. with a calorific 


value of from 9,000 to 10,000 


BT.Us and an ash conten ech ain sr ates 


Full information can be had for the asking. ainsi 


ED. BENNIS & CO., LTD., 


LITTLE HULTON, BOLTON. London Office: 28, Victoria Street, S.W.1. 


a 
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The Motor illustrated is con- 
structed so as to be totally 
enclosed and dustproof. 
Solid doors are fitted to all 
openings. 





Suggestions and every assistance offered 

Home and Foreign enquirers. Get in 

touch with us at once—let us send you 
free particulars. 


Write to-day for Catalogue No. E 4229. 


DYNAMOS s MOTORS 


are giving sterling service in numerous 
industrial organisations in all parts of 
the world. 


Motors and Generators for 
every purpose. D.C. from 
1 to 800 H.P. A.C. (2 and 
3 phase) from 5 to 500 H.P. 


Traction Motors, Coal 
Cutters and Flameproof 
Motors for underground 
work. 





High speed motors for fans and pumps. 
Electric Trucks. Train Lighting Dynamos. 


GREENWOOD <BATLEYE 


ALBION WORKS ° LEEDS 





D: 
— 




























| 








LONDON OFFICE: 


10, Princes Street, Westminster, S.W.1. 


MECHANS LIMITED, 


Scotstoun Ironworks, Glasgow. 











Head Gears 





rete 


Bunkers 








Steel Chimneys 


4 5 te 
. 


Blast Furnace Plant 





aa 


Riveted Steel Pipes 


Steel Tanks 





en a ae ae 


C4 
ine 


—— 


Elevators & Conveyors 


Gas Producers 


Steel Buildings 


Steel Structural Work 











ae 
* hie 











BSR 













Ask for Sectional Catalogue -—Ne. 2. Structural & Mining Plant. 





Riveted, Welded & Pressed Steel Plate Work of every Description for Mines, Gasworks, Oilworks, etc. 

















FO 
ECON 





1 
“Caulki 


The succes. 
‘ontract is 
Mrformanc 
ight, high 
tstablished 
for drillir 
eration 
low upkg 
Wapproach 
tay unde 
















No. 4 Steel Pipes. No. 5. Forging & Flanging. Ne. 9. Elevators & Coane id 














THE 
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galvanised, or otherwise protected, if desired. Special 
wrapping for export and long-distance transport. 


THE SCOTTISH TUBE CO., LTD., 
34, ROBERTSON STREET, GLASGOW 


We supply Tubes, wrapped, coated, re-wrapped, 
a q = an 
4121 
> 9 @ 














GP ROCK 


THE 
HALL MARK 





OF EFFICIENCY. 


FOR RAPID— 
ECONOMICAL WORK 


ee 


Tel. Address: 
“Caulking, Piccy, London.” 


the success of the CP-5 on this 
‘sntract is only a repetition of its 

Ormance in other places. Itisa 
ight, high-speed drifter that has 
pablished an enviable reputation 
% drilling speed, ease of 
*peration—the men like them— 
ow upkeep cost — hitherto 
Wapproached — and ability to 
tay underground. 








DRILLS 


Call and see our Exhibit 
at the 








BRITISH INDUSTRIES 
FAIR, BIRMINGHAM. 


February 18th to March 1st, 
1929. 


You will be interested. 











> 


LIGHTEST, 
BEST & CHEAPEST 


Telephone No. : 
9215 Gerrard (4 lines). 


Will you try one under your 
| own conditions ? 


| 


CP-5 DRIFTER IN INVERNESS-SHIRE. 


LTD.. 


THE CONSOLIDATED PNEUMATIC TOOL COMPANY, 





Head Office: EGYPTIAN HOUSE, 170, PICCADILLY, LONDON, W.I. 
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ELECTRIC MOTOR CONTROL. 





rms 
s 
a 


+s 


J POR 
; es a 


en at 


Igranic Control Panel for Skip Hoist. 





e 0 
a 
ia i 
i. 2 
A 


: oo o ff 
r co 6 oF ‘ 
A ih le 
: Phy lity > CY aan 
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e 





In your factory, problems of electric motor control 
are constantly coming up. Within the experience of 
your staff many of these problems are new, and 
seemingly call for special solutions—pioneering, 
Because of the broad experience of Igranic engineers, 
dating back over a quarter of a century, most control 
problems, which are new in your factory or plant, 
offer no new obstacles to Igranic. That is the reason 
why many of the leaders of industry come to Igranic 
before going into expensive research work on motor- 
control problems, and find, in the vast majority of 
cases, the solution has already been worked out, and 
that, if any slightly different application must be 
made, Igranic engineers can make it better and 
quicker. Address your control problems to Dept. C91. 











Manchester, Birminghem. 


BRANCHES :—Leeds, Cardiff, Bristol, Newcastle, Glasgow, 


|GRANIC 


\ ELECTRIC Co.Ltd. 4 


149, Queen Victoria St., LONDON. 
Works, Elstow Road, BEDFORD. 










































































BUILD youR WORKS 
ON THE GREAT WESTERN. 





The GREAT WESTERN RAILWAY 
have excellent SITES FOR 
NEW WORKS, MANUFAC.- 
TORIES, ETC., both at their SOUTH 
WALES DOCKS, with direct access to 
RAIL and WATER, and at numerous © 
points THROUGHOUT THEIR 
SYSTEM. 





Full particulars will be supplied and enquiries treated confidentially, 
or a G.W.R. representative will call, upon application to :— 


CHARLES S. PAGE, E. FORD, 
Chief Docks Manager, Chief Goods Manager, 
G.W.R., CARDIFF. G.W.R. PADDINGTON, W.2. 
FOR SITES AT THE FOR SITES ADJOINING 
SOUTH WALES DOCKS. RAILWAY. 














FELIX J. C. POLE, General Manager, PADDINGTON STN., LONDON, W. 2. 
4471 
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LONDON OFFICE ; 
121-124, Abbey House, 
VICTORIA STREET, S.V/4. 





Toh RICHARDSONS WESTGARTH-BROWN' BOVERI 
TURBINES & TURBO ALTERNATORS. 


MANUFACTURERS OF 


SURFACE & JET CONDENSING PLANT, 





Pa NESDRUM WATER TUBE BOILERS 





COOLING TOWERS, 
STEAM ACCUMULATORS, 
FEED HEATERS, 
DE-AERATORS, 


AND 

ALL POWER STATION AUXILIARIES, 
ALSO 

ROLLING MILL PLANT; GAS WASHERS. 


HEAD OFFICE: 


HARTLEPOOL ENGINE WORKS, 
HARTLEPOOL, 











Sal 








of London, 





—— 





5 








Write for Catalogue No. 6E. 
JAMES WALKER & CO., LTD., 


“LION’’ WORKS, WOKING, Surrey. 
Depots and Stockholders throughout the World. 














The amount that may be saved by the 
use of low grade packings is very 
small indeed when compared with the 
loss that may be incurred, due to 
failure. 


Safety first is the only safe principle 
to adopt in the application of pack. 
ings, and that can only be achieved 
through quality in the most literal 
sense of the word, 


QUALITY EVERY TIME ALL THE 
TIME IS THE UNIVERSAL 
OPINION OF *“*LION ”? PACKINGS. 
Engineers know that they can depend 
upon ** LION ** Packings just as much 
as any other part of their equipment, 
because they are made on the right 
mechanical priaciples. 











AUTOMATIC TYPE. 


a, for Presses, Accumulators, Lifts, 
Feed Pumps and ail. Hydraulic Work. 














Adal 
Ci 


pie 





LOOK FOR THE 
THIN RED LINE 











REFUSE ALL 
IMITATIONS. 
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COMPRESSION TESTING 

é MACHINE 

FOR TESTING CUBES OF CEMENT 

VER’ AS SUPPLIED TO CEMENT 
MANUFACTURERS, CIVIL ENGINEERS 

AND MUNICIPAL AUTHORITIES. 














m 
al 


VA ively BP 








yu! 1N COMPRESSION. 


E fh Aberthaw and Bristol Channel Portland Cement 

! Co. Armstrong College, Newcastle-on-Tyne. 
Battersea Polytechnic Institute. Coventry Muni- 
cipal Technical School. Glasgow Corporation. 
John Cockrane and Sons, Ltd., London. London 





rrr? 7 700777 (7 77 ooTe 


st for Savets 


Ha THE RECENT IMPROVEMENTS AND DEVELOPMENTS 
jaan | IN THE MANUFACTURE OF RAPID-HARDENING 
E! Il CEMENT HAS MADE THE TESTING OF THAT 
il MATERIAL BY COMPRESSION A VITAL NECESSITY. 
; MACHINES OF THE TYPE ILLUSTRATED ARE BEING 
| ll INSTALLED UNIVERSALLY BY USERS AND MANU 
ES FACTURERS ALIKE. CIVIL ENGINEERING WORK OF 

i ANY MAGNITUDE CANNOT SAFELY BE UNDERTAKEN 
WITHOUT THE ASSURANCE OF A SPECIFIED TEST 


Avery’s Testing Machines for Cement have been 
supplied to the following users :— 


itz 





County Council (Three Machines). Leeds County F 
Council (Two Machines). Midland Rail- o 
Macclesfield Corporation. N 








way Co. 





" 
' 
' 

ha, 





al 8 
js) (2B 


Metropolitan District Railway. Roads 
Reconstruction Co., Bristol, and many 
other Technical Institutions, Municipal 
Laboratories, Manufacturers, etc. 


Write for List 990. 








W&éT. AVERY 





BIRMINGHAM 


Y 164 














TD SOHOFOUNDRY || 
= 





Makers of all kinds of 


Hydraulic Plant 


Steam & Motor Driven 
Air Compressors 








MOTOR DRIVEN, VERTICAL, HYDRAULIC PUMP, 
as installed in M.S. ‘‘ Asturias.” 
324 gals. per min, to 1,000 Ibs. per sq. inch pressure. 60 R.P.M. 


rap = fullerton flod 


eo 

















PAI 


PZ 


MOTOR DRIVEN, VERTI 
AIR 





TWO CRANK, TWO STAGE, 


COMPRESSOR. 
1,000 cubic ft. per min., to 100 Ibs. per sq. inch. K.P.M. 360. 


Made for 
Lendon, North Eastero Kailway Co., Lid., Doncaster, 





$439 











aabardyt 
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Flanged and “Built-in” 
Motors—The modern thought 


No works are better fitted to produce these special 


designs than that of ELECTROMOTORS Ltd. 


Their association for many years 
with the requirements of the 
Machine Tool and Allied Engi- 
neering Trades permits of 
versatility in design and con- 
struction unimpeded by long 
delivery and high price 







And the name stands for quality 
—in industry, and amongst the 
Government Departments and 
Railway Companies at home 





Flanged type of motor built into 


one of the latest productions of and abroad. 

Messrs. John Lang & Sons, Ltd. 
Our expert would welcome 
collaboration with you. a7 


ELECTROMOTORS LIMITED 


OPENSHAW MANCHESTER 




































“METRO-VICK” 


Electric Ovens 


are in every respect ideal for drying, baking, and 
low temperature heat tpeatimg processes involving 
temperatures up to 600° F,—such as enamel stoving, 
armature baking, core drying, baking abrasives, con- 
ditioning silk and wool, and steel tempering. 


A range of 10 standard sizes of ovens is desoribed and iilustrated 
in leaflet No. 708/3-1, a copy of which will be sent on request. 
This leaflet also contains useful notes on the method of estimating 
the cost of operation of electric ovens. 


Our range of standard industrial electric heating apparatus includes :— 
Induction type melting furnaces, for steel and non-ferrous alloys. 
Resistancefurnaces for heat treatmentofmetals. Vitreous enamelling, ete, 


Industrial ovens, baking ovens, and a wide variety of miscellaneous 
heating appliances. 


Send us your enquiries. 


TROPOLIT 
Mi WE Vickers +* AN 


Hilustration shows a 20 kW. Metro-Vick —a LTD. 
Industrial Oven for Enamel Stoving. . TRAFFORD ae + MANCHESTER 
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The British Electric 
Transformer CoLtd. 
HAYES - MIDDX:- ENGLAND 











pe a 








5,000 K.V.A. 






BERRY TRANSFORMER 


starting from Hayes on a 
road journey of 200 miles. 
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THE OUTSTANDING EXCELLENCE OF 


BROKE -T@LS 


IS ENDORSED BY THEIR UNIVERSAL USE IN LEADING 
ENGINEERING 


Every ‘‘ BROOKE” Tool may be relied upon for—— 


SHOPS. 





ACCURACY & DURABILITY 


Add to these sterling qualities, exceptionally high- 
grade finish, and the fact that ‘BROOKE TOOLS” 
are supplied at competitive prices, and you have 
sound reasons to help you to decide to— 


SPECIFY 
“BROOKE TOOLS” 


ON YOUR NEXT ORDER. {| 


Write NOW for prices 
and other particulars. 


The BROOKE TOOL 


MANUFACTURING CO, LTD., 
GREET, ie 
BIRMINGHAM. 











LARGE 
STOCKS 
OF ALL 


STANDARD 


TOOLS, 


































|) =. 












WL 
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‘DRUM 
Pumps 


ADVANTAGES. 






























Continuous and uninter- 
rupted flow in one 
direction. 


No valves. 








Slight frictional’ resis- 
tance. 
- 
Easy working and high “ny le fe ep ea eee 
efficiency. “Drum” Pump with Ring Oil Bearings. 
No slip on passing return ‘*R.O.B."’ Pattern. For General Purposes. 
piston. 


Equally efficient at low This pump can be arranged to suit any method of drive or combined 


speed. with any type of prime mover. 
Works in either direction. Hundreds in use exhausting from 27 and 28 inches vacuum in process work. 
Can be made of any metal. ian 


THE “DRUM” ENGINEERING COMPANY LTD., 
28, Humboldt Street - - - BRADFORD, YORKS. 


























Heap’s 
Patent Screwing Machines 
with Tangential Dies 





are the last word in Screwing Machines. They are designed from beginning to 
end as high class Machine Tools and embody features not found in any other 
make of Screwing Machine. 

The Die Head is of entirely new design and is patented. 

The Tangential Dies are Thread milled and hardened. When dull they can be 
simply re-ground and are then equal to new. They never require re-hobbing. 
Responsible representatives of firms interested are invited to visit our Works to 
inspect the Machines in construction and completed, test them in actual use 
and prove their capabilities, 





Joshua Heap & Co., Ltd., Ashton-under-Lyne, England. 





















DE 
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British Industries Fair—— 
Birmingham—February, 1929 


DOUBLE-HEADED SHAPING MACHINE 


(MOTOR-DRIVEN) 


STAND BLOCK 16—J 





























This Machine has Two Heads which can be worked in any position along the bed. Each head also 
having Quick Power Movement in either direction along the bed, independent of each other. 


Machine can also be supplied with single-pulley drive, 





Catalogue giving various types of Machine Tools on application. 








TANGYES, L™ - BIRMINGHAM. 








1 574/86 














SIMON-CARVES 
Pulverised Fuel Plant 


gives | a”§6«6h} eg A f enables 
’ _ " ie <4 























GREATER LOW-GRADE 
FLEXIBILITY COAL 
of to be used 
OPERATION EFFICIENTLY 
| 
NO LOWER 
STAND-BY FUEL | 
LOSSES COSTS | 





4871 


ere a” 


Simon-Carves Pulverisers at Wallasey Electricity Works. 


SIMON-CARVES LTD. », mounr sr. MANCHESTER. 


















I" 
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L 574/86 


machined or finished machined— 


\ ES 
\ NN 
SS SS 
SS GG 
WS > 


such as: 


Koepe-Discs, Rudders, 
Stems, Shaft Bearings, Spur Wheels, 
Bearing Brackets for Electric Loco- 


WS \ STEEL CASTINGS——rough, rougt. 
SN 


motives, Parts of Turbines, Roll 
Housings, Press Standards, Fittings, 
Pinions, Pinion Rings, Couplings, Etc. 


Vereinigte Stahlwerke 
Aktiengesellschaft, 


Bochumer Verein, Bochum, 


Germany. 





























BR 








CONSUMPTION FROM .38 TO 
48 LBS. PER B.H.P. HOUR 
ACCORDING 






SPEEDS UP TO 1000 R.P.M. 


Soi net EDR MR II dom ae EERO tae appease att ths) MEM h + » 


SIMPLE, ROBUST AND DURABLE. 


CIF Y 











LIGHT WEIGHT HIGH SPEED 


DIESEL 


OIL ENGINES 


FOR 


LOCOMOTIVES, RAILCARS, CRANES, 
EXCAVATORS, COMPRESSOR SETS, 
PUMPING PLANT, WATERCRAFT, 
LIGHTING & POWER SETS, Etc., Etc., 








we 


ERFUL 


McLAREN’S WOND 


DIESEL PLOUGHING TACKLE 


IS THE WORLD’S CHEAPEST METHOD OF 


LAND CULTIVATION. 


LEEDS. 












NicLAREN-BEN 


AIRLESS SOLID INJECTION FOUR STROK 
TYPE. 


‘wate = J. & H. McLAREN, LTD., 








GREAT RANGE OF SIZES. 


Telephone Numbers 
29091-2 Leeds. 
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HAND DRESSED AND THO 
STRAPS CUT FROM CENTRE 
ENDS SCARFED (OR TAPERED} AGGIES VEN JOINT 
JOINTS CEMENTED BY HYDRAULIC RIE 2680 LBS PER So.inch 





EFFECTIVE PULL 5018s SINGLE & 8018 
GUARANTEED TENSILE STRENGTH 4000 -500 
EVERY BELT GUARANTEED 98% S 

AND TO RUN DEAD ST im NORMAL LOAD 

CO-EFFICIENT OF 
CAN 


AND SO SAVE WEAR & TEAR OF 





| John [u llis &Son ltd 


ST. ANN’S WORKS, TULLIS ST., GLASGOW, S.E. 


ae 
USSHEEC EE 
et 


3913 











be ee 

















“ BROADBENT” 


HYDRO EXTRACTORS 


The World’s Best 
Mechanical Drying Machines 
as used for 


Woollen & Cotton Yarns & Piece Goods, 
Silk & Artificial Silk Yarns & Goods, 
Laundried & Dry-cleaned Garments, 
Raw Wool, Skins, Hides & Hair, 
Salts, Soda, Sugar, Nitrates, Crystals, 
Fine & Heavy Chemicals, Colours, and 
Granular Substances of every description. 


Centrifugal Machines for Extracting Oil or Cutting 
Compound from Turnings or Swarf. 


Full Particulars & Catalogues on Request. 





Thomas Broadbent & Sons L'*» 
Huddersfield. 


48-in. Suspended Direct Electrically-driven Hydro-Extractor for Drying Textile Fabrics. 4426 
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GUEST-LENOX PATENT PRESSED STEEL SECTIONAL TANKS 








& 





The above tank is fitted with special round corner pieces to facilitate cleaning and measures 61 ft. by 61 ft. by 12 ft. 6 in. deep. 


& CO. (LONDON), LTD., POPLAR, E. 


“LENOX, MILLWALL.” 


Sole 
Makers : 


a 


»~ 
‘Min. 
—- 
* 
fas 


BROWN. LENOX 
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S Pail 
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a i eke || eee 


CABLEGRAMS eve oe 


P: ——— PT an ee 





As Supplied to 
H.M. War Office, 
Admiralty 
H.M. Office of 
Works, G.P.0., 
Anglo - Persian 
Oil Go., Ltd., 
Etc. 
oooo 
When Ordering 
Tanks for Shipment, 
Reduce 
the Cost of Freight 
by 
specifying our make. 
OO 8 & 
Light, Cheap, 
Bolted Joints, 
Easily Erected, 





No skilled labour required, 
Joints made with plastic 


compound capable of 
resisting the action of 
Raw Ammonia, Oil, 


Alkali, Brine and Sugar 


Liquid. 
Efficient and Strong. 











SIE IN TINIE 


ASSURE 


SPECIFY 





AND EFFICIENCY 
‘“ SENTINEL” 


VAIVES 


SAFETY 








result if you 


reliability and 
‘* Sentinel ” 


Maximum economy, 
make 


service will 
valves your 











resi 





W435 
No. 260. 
Parallel Slide Valve. 


standard. 
For all purposes and conditions. 


We carry large stocks and can give prompt delivery. 





Catalogues, prices, estimates—Free. 








_— a? + | 
—— wien bd 


No. 30. 
Spring Relief Valve. 





ALLEY & MACLELLAN LID 


*Phone : 
Worcester 15. 


M.G.P, 


SENTINEL VALVE WORKS 


WORCESTER 


AIR COMPRESSORS MADE AT SENTINEL WORKS. GLASGOW. 


*Grams ; 
‘Alley, Phone, Worcester.” 


4366 
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$. Smith @ Son, Ltd. 


ACTUAL MANUFACTURERS 
OF 


MARINE & ENGINE ROOM 
CLOCKS 


To some of the largest Navies 


and Railways in the World. 





Solid Brass Cases. 


Non-Magnetic-Lever Movement. 
Sizes, 6 to 20 inches diameter. 
Suitable for Engine Rooms, 
Saloons, Railways, Ships, etc., etc. 


Awarded highest number of marks for English Watches 
National Physical Laboratory 1920-1921, 


PRICES ON APPLICATION. 


| 


| 


| 


STRENGTH 
| 





, 
oz 











O 
LAN 


L277, Fahy | 
~ ‘ 
we 
\ 
¥ 





| | 
| | | 


| 





























| “* Guide to the Purchase of a Watch,” 








1928 Edition. Free on Application. | 


S. SMITH & SON, L? 52° 


HOLDERS OF 4 ROYAL WARRANTS. 
WATCHMAKERS TO THE ADMIRALTY. 


6,- Grand Buildings, 














CHUCKS 


UNIVERSAL Three Jaw 
are very accurate and 
guaranteed to run true to 





NONE BETTER 
OR CHEAPER 








INDEPENDENT Four 
Jaws are extra heavy. 


Jaws extra long, hardened 
and ground. 


PIDGEN Bros., 


Helmet Row, Old Street, 
LONDON, E.C.1. 
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The famous Poilite & 
Everite t oducts are: 
Decorated Poilite 
Corrugated Sheets 
(Bigsix) 
RectangularSlates 
Pantiles 
Diagonal Tiles 
Flat Sheets 
Roman Type Tiles 
Rubber Floor Tiles 
Gas Flues and 
Fittings 
Rainwater Goods 
Ridgings, etc., etc, 
** Not for an age, but 
for all ime,” 


ALL 
ASBESTOS 
CEMENT 
ROOFING 
MATERIALS 
SOLD BY 


BELLS 


ARE BRANDED | 


“MADE IN | 
ENGLAND 











|__| 
4 5 G dl 8 9 


+ = & Hh fs 


Bigsix Roofi 
Improves with 


Years after a corrugated-iron roof would 
have been on the scrap-heap a roof of 
Everite BIGSIX will be on its job, even 
stronger and better than when new. 

The reason: BIGSIX is made of Bell’s 
Asbestos and cement, a combination that 
improves the longer it is exposed to the climate. 
Quite apart from this economy, Bigsix 
requires no maintenance, reduces interior 
temperature under the sun, can’t corrode— 
and does not become dangerous ina few years 
like iron. Try it on your next roofing job! 


BELL’S POILITE AND EVERITE Co., Ltd. 
LONDON : 


Southwark St., S.E.1. 
Telephone: Hop 4040 


MANCHESTER : 
Peter Street. 
Telephone: City 7790 
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Age 
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oe MAKERS OF :— *e, 


FIRE 
HYDRANTS ; 


SLUICE GATES PENSTOCKS, Etc., 


& Co., Ltd., 


a Engineers, Iron and Brass Founders, 


. 


aad Green, a 
eS ” o* 


& 
Grams: “ Penstock, Langley, Worcs." S PN 


@° SLUICE VALVES; AIR e' 
¢ AND RELIEF VALVES ; 
LOCOMOTIVE WATER 

e CRANES & WATER FITTINGS OF ALL KINDS. 
> 


@ 
~S 
“es 


for 
Irrigation Works, Sewage Disposal Works, Etc. 


VALVES & FITTINGS for Oil Pipe Lines. 


HAM, BAKER 


showing @ 
number of Sluice 
Valves of various 
sizes in stock. 


View 
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Removal of Exhaust Valve Spring. 


Removal of Admission Valve Spring. 


FURTHER CHARACTERISTICS OF THE 


CROSSLEY-PREMIER 


HEAVY-OIL ENGINES 
ACCESSIBILITY 


Another important feature of these engines relates to 

° Admission and Exhaust Valve Springs, either of which, 
as may be seen from the illustration above, can be 
changed without interrupting the service. Each spring, 
is fitted in duplicate, easily accessible, and arranged 
in such a manner that a broken spring can be renewed 
while the engine is running, without any reduction of 
speed or power. 


The operation need occupy no longer than a couple 
of minutes, but there is no need for haste, as one 
spring is sufficient. 





HORIZONTAL MULTI-CYLINDER HEAVY-OIL ENGINES 
from 200 B.H.P. to 1,000 B.H.P. 


SINGLE & DOUBLE CYLINDER TYPES from 6 B.H.P. 
to 280 B.H.P. 


THE PREMIER GAS ENGINE COMPANY, LTD. 
SANDIACRE N®. NOTTINGHAM. 


“ Premier, Sandiacre.”’ Telephone : 39 Sandi 
LONDON OFFICE : 139-141, Queen Victoria Street, E.C.4. 


BRANCHES AND AGENCIES IN ALL PRINCIPAL CENTRES. 





Telegrams : 














P 24 





SHEET METAL WORKING MACHINERY 
anp TINSMITHS’ TOOLS, ec. 


Send for Illustrated Price Lists. 
r. Ss. THACKER «& co., Lta., 


107, Newington Causeway, 


as 8.E.1. 


TELEPHONE; 
HOP 5419. 





ON e RS 


Mi decree ENC 


GOODWIN BARSBYaC’L: 


DIE caste 


ALUMINIUM SPECIALISTS, 


WANDSWORTH DIE-CASTING Co. 
Aslett St., Wandsworth. Tel. : Battersea 4383. 








SEND FOR PROOF 
THAT THIS 18 THE 
SMOKE-CURE., FUR- 
NACE AND. ‘GIVES 
FUEL ECONOMY. 


MELDRUMS 
Tr] TIMPERLEY. Manchr. 


THE STEEL PIPE CO. 


KIRKCALDY, N.B. 


See our large Advertisement monthly. 














—_ 








DAWSON & DOWNIE, 
CLYDEBANK. LTD. 
PUMPS ™ 


FOR LAND and MARINE PLANTS 
SBE ILLUSTRATED ADVT. PAGE 88, Dec. 21. 


JOHN GRIEVE & CO., 


MOTHERWELL, 
CRANE MAKERS. 


See last and next week’s advertisement. 3770 
















































ROPEWAYS :— crt ELE HERAGE PLANTS :— 
Monecable-Bicable-Tricable Systems for the Trans- all Types, ne Conveyors, Electric 
of Materials and Passengers, Funicular Railways, Dulleye, Ti Ba Elevato: 
leways 26500 Miles of nts built up-to-date. ONE OF THE LARGEST WORKS ON THE CONTINENT. 








“DERMAC JOINTS RESIS? GICHEST 
" -PRE: Ss 


‘ s. 
PERMAC JOINTS DO NOT RUST 
EASILY REMOVED WHEN REQUIRED 











WHITECROSS ARMCO 
Ingot Iron Electrodes 
99°84% Pure 


THE WHITECROSS COMPANY LIMITED 
te WARRINGTON 


— 
CLYNE ENCINEERING G C0., LM. : 


Telegrams: “‘ MODERNIZE.” Tele. No. 4070 Orrr. 
WATER COOLERS, CONDENSING 
PLANTS, VACUUM PUMPS 
AND COMPRESSORS, 
STEAM TRAPS, &c. 04.1451 
94 Marker St.. MANOHESTER. 


if you want a NEW GAUGE or ONE 
REPAIRED, apply to 


HANNAN & BUCHANAN, 


Engineering Instrument 
Makers, 
75, Robertson Lane, 
GLASGOW, C.2. 
















K Pressure, Compound, 
H Vacuum, and H — 
: GauG 







Steam m Bo ne 
Indicators and Counters. 


fachometers. 
Thermometers, 531 
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FOR THE ECONOMICAL AND SWIFT 
HANDLING OF ALL CLASSES OF 
MATERIALS AND GOODS. 


There is the right ‘‘Simon’’ Appliance 
for every handling or conveying problem. 4430 


COMPLETE INSTALLATIONS 
DESIGNED & CONSTRUCTED. 


HENRY SIMON LTD 


ENGINEERS & CONTRACTORS 


MANCHESTER 








Please address enquiries: CONVEYING DEPT., CHEADLE HEATH, STOCKPORT. 











For the Repair Shop 


Inexpensive—yet covers a host 
of requirements. The 


DRUMMOND 
Sensitive-Radial 
DRILL 


Easily the best all-round machine for 
repair shop work, etc. Covers such a 
wide range of jobs, from drilling pin holes 
to heavy work on large awkward cast- 
ings. Drills efficiently owing to wide 
speed range, and back gear for heavy 
cutting. Easy setting up—easy drilling 


Radial — Vertical — Sensitive 


This drill combines the best features 
of all types. Arm has very wide 
range of swing; work table slotted 
three sides for convenient setting of 
large jobs. Capacity 0 to lin. Drills 
to centre of 44 in. dia. circle. 


Alsosupplied withtreadle or motor drives. 
Write for lists:— 3914 





BROS., LTD., 


es Engle Works - - GUILDFORD. # 











Seow 


ya 


Owing to the perfect circulation a 
full head of steam is obtained 30/40 
minutes after starting up with cold 
water. Get a Spencer-Hopwood 
Vertical Boiler! Quick delivery alli 
sizes, coal or oil-fired types. 






Ask us to quote you. 








‘S. ue SOLE MAKERS; 


SPENCER HOPWOOD LTD 


WORKS: HITCHIN. HERTS. 




















COMBINED AIR PUMPS & JET CONDENSERS 


BENNS PATENT 
SINGLE OR DOUBLE ACTING. ROPE.BELTOR MOTOR DRIVEN 











in all its 
Branches. 


Steam Engines 
Indicated and 

Reported upon. 
= 


S.S.STOTT & Ce 


Steam Cylinders 

and Air Pumps 

Bored out in 
their places. 































\_LANESIDE FOUNDRY, HASLINGDEN.J) 


CO.Refrigerating Machines 


MULTIPLE EFFECT 
COMPRESSION 


WITH 


PRE-COOLING BY PRIMARY 
EVAPORATION 


ENABLES THESE MACHINES TO MAINTAIN 
THEIR HIGH EFFICIENCY UNDER THE MOST 
TRYING CONDITIONS. 











SEAGERS L™ 


DARTFORD, ENGLAND. 














DRUMMOND] 


Automatic Weighers 


of guaranteed accuracy. 


SIMON, NOTTINGHAM. DRYING 
“3, MACHINERY 


automatic & continuous. 


OUR SPECIALITIES 
FOR 40 YEARS. 


RICHARD SIMON & SONS, 
LIMITED, 


Phoenix Works, 
NOTTINGHAM. 


Telegrams : Telephones: 
** Balan:e, Nottingham.” 75136/7. 
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DRAYION 


Recorders 


For 
reliable 
Temperature 
and Pressure 
Records 


The DRAYTON REGULATOR 


and INSTRUMENT CO LTD 
WEST DRAYTON MIDDLESEX 


GALVANIZIN 


BY THE HOT PROCESS : 
IS THE MOST SATISFACTORY 
METHOD PROTECTION ~ 


18 Yiewsley. 
: Drayreg. 
4544 
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| ANITANTARN 

































Send Your 
Bs enguities 
lo iG fd 
rp “ “COVENTRY STREET} N 
‘Arkinstall, a BIRMI NGHAM, ENG. | ae 














PURE 
FEED isa necessity 
WATER high pressure jobs. 


The Crockatt Simplex Patent 


Electric Salinometer! 


shows the smallest trace of Salt 
and indicates at once any condenser 


uss leakage or evaporator oe 


Adopted by British and Foreign Navies, leading 
Steamship Companies and Power Stations. 


W. CROCKATT & SONS, Ltd., 


65, DARNLEY STREET, GLASGOW. 
2-3, Eldon Street, LONDON, E.C.2. 









You read it 
as you would 











“THE Davis Steel Wheel is a 

one piece wheel with a 
tough, wear-resisting mangan- 
ese steel tread integral with a 
soft safe centre. 


The Davis Steel Wheel is fluid 
compressed by centrifugal 
casting and scientifically heat 
treated. A lighter, yet stronger 
““One-Wear" wheel, which 
entirely eliminates tyre turning. 


Write for a complimentary 
copy of the ‘‘Davis Steel 
Wheel Booklet,’ which 
explains how the Davis Wheel 
gives maximum mileage 
with minimum maintenance 
costs, 





The Davis: Steel Wheel is made in England .by :— 


Wo tine) oan 
‘ & COMPANY it) TED. 





1L.P.S.—1. Od 2814 














THE WILDISH PATENT FIRE BRICK 


Bai Patent No. 293195. 
4 Apply — - "ECONOMICAL IN ERECTION AND USE. 
P, STOCKER, Alvara House, Alverstoke, Hants. 





See our page Advert. Oct. 5. 4759 

















a Steam Gauge 

















on stock 
tor 
Immediate 
Deliver 
Suslable for 
Contraclors, 
Launories , 
Dares, 
a preg ean 
latinas Purposes, 
Sagar Borkns~ 
warrtes, 


ures 
Break -Dowh Jobs, 
ele, 


Partictlars 17 0fn 
A as SHA fiz 


[man 





























EXPANSION BOLTS 








‘*KEYSTONE.”’ 


lllustrated Lists and Particulars on application to the 
SOLE AGENTS— 


Ex. LORE, L->. 


12 & 14, Brazennose Street, Manchester, Eng. 


“DIAMOND” & 


4144 
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J.P. HALL & SONS, Lid. 











Lifts 24 ft, 
TAKES HOT WATER, 


)) - Illustrated Catalogue with pricesand full particulay 



















HALL FEED PUMPS ree ac INJECTOR CURES Teer of both Sey Sees 900 Se Metallie 
are to be found in most of oe ee pine 
the Leading Power Supply “GREEN & BOULDING Lid, 
undertakings in this Country — ENGINEERS, » Od 9498 


ee ee ak tent. 162a, Dalston Lane, London, E.8, 




















TANDEM ee SIESTA 
an 
Single Cylinder Direct 
Acting Pumps 







=a 


Turbine Driven Centri- 
fugal Type 


= 





fo TECHNICAL 
. BOOKLET 
ROPES ano 
ROPE DRIVING " 
Seok Post Free. 


' London Office: 
tee 167 MoorgateE C2. 


SZ 


aS 






Oil Pumps 





=< 







3 cereal 








SEE 


= 





a 


etc., etc. 









> 


—— SS 










Why not make a habit of consulting our 
Technical Dept. when you want information? 


WE 


<> 






a 





6387 


PETERBOROUGH. | (32. VERON C50N5 Fee 
Fl ORK n ’ 
® Fry hehe DUKINFIELD, Near MANCHESTER. Bulnhalt ) 


WAY 


COMPETITIVE DROP FORGING IS ASSURED 
OF EASY 


LIMEWASHING 













a 














A.\ 
iia 
pee 














of Labour Bill Saved. 


All cost of 
scaffolding saved. 
With a “ Four Oaks” 


Machine 500 square 
feet can be lime- 





















DROP FORGING EQUIPMENT. 








FRICTION 
DRIVEN 
DROP 
HAMMERS, 


POWER 
washed in ten minutes 
and no _ scaffolding PRESSES. 
being necessary 
reduces the risk of 
accidents. 

One coat applied with 
a machine on rough, 
uneven walls or sur- 
faces, is equal to two 
coats applied with a 
brush. 


BELT 
DRIVEN 
POWER 
HAMMERS. 


STEAM 
DRIVEN 
DROP 


The “ FOUR OAKS ” Goid Medal 
LIMEWASHING, 
DISINFECTING AND 
SPRAYING MACHINE. 


* Bridgwater” Pattern 


As supplied to 


BRIDGWATER 
CORPORATION, 


WAR OFFIKE, 
ADMIRALTY, 


and many large Engineering 


Also, the material, 
being applied as a 
spray by a powerful 
pump, is driven into 
cracks and cre- 
vices where dis- 


ease and _ insect DIES FOR 


ALL KINDS 
OF DROP 
FORGINGS. 





pests breed, and 
where no brush 
could ever reach. 
With a machine a 
man can do as 
much In half-an- 
hour as in a day 


COAL 
FIRED 
FURNACES 

















works throughout the world. ; with a brush. 
iin a? Thes> machi We are always glad to advise on modern productive 
Pricer te : ~ we A are also usd methods and we guarantee an efficient and 
sien aie te for — competitive application by means of our equipment. 
0 
Capacity: 25:17:36. im Gas R.torts, 5 
} ee BRETT’S PATENT LIFTER CO. LTD. 
Complete Catalogues post free from the Sole Manufacturers -— Fol hill W k 
THE FOUR OAKS SPRAYING MACHINE CO., o1es orks, 
Spraying Specialists, 071 Coventry, : ss ss s England. 
Four Oaks Works, Sutton Coldfield,- Birmingham, England. Od 008 





peeerenrengteetnsgpenteonesnnenccacenevaseteetcseeeveonerancasncnengecscecgsevnncnceeuoeeoneeseseasenogetoeenoneas cece cto c AAA OU eA 


Telegrams & Cables: “Sprayers, Four Oaks, Birmingham.” Telephone : 305 Sutton Coldfield. HUQILCHLEEGADECDSGNUEULUUSGQUSOOAEUONOSUCOOUSUOORSEOELSPEXUCHUCOOUGUEOUUEEGEUOGONENREOUOOQOOOSUONOQUROOUCEOQDEGUECGONEROOGNUGEOQQ0800%05(1000H0H000 
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psntngfee ts 
RAP 


work is 
f slicknes® in your 


n yo 
‘aii touch © Caste tell *? pencils. 


Hy 
YG 
GI 





: to 8H, 
tle easier ¥ oon : 
F : Ma ¢ ay urpose Price 
‘ : = one for evety P 
\ . ere’S i 
i . b> each, 5S 3a. doz oa pe . 
| : olour work there @ be smpancat 
ey Cee romos— = 
‘a Castell” Polych gel he so 
, ro nate inexpensive, 
‘ “es 
\ eo coloured pencil 


etc., everywhere. 


Sold by Stationers Artists 


’ Colourmen, 


Ke WwW. Faber Ss 


LIDE RULES 


Their 
of excellence. roverbial 
the world’s  e: Durability, wands the best. 
‘Accuracy> a ws se work 
amongst 





A.W. FABER, 13, 14, CAMOMILE ST., LONDON, E.C.3 





4840 














HOWDEN 
HOT DRAUGHT SYSTEM 


with all the latest Patented Improvements 





For Increased Efficiency 
when burning 


COAL OR OIL 


Specially adapted for high 
pressures. 


Accumulated experience of 


7,500 Installations aggregating 
over 26,000,000 I.HP. 





JAMES HOWDEN & Co., Ltd., 
Head Offices and Works: 
Scotland Street, Glasgow. 

















Speed Reduction and Increasing Gears. 





a, 
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th NY 7 
iu ‘ A \ \ 
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Speed Increase or Reduction. 


The Coventry Chain Gear Box will be found an 
ideal instrument for reducing or increasing speed. 


There is a wide range of ratios to choose from 
and they will be found economical in use. 


May we quote against your requirements, or advise 
you on your propositions. 





The Coventry Chain Co., Ltd., 


Coventry 


London: 37, Southampton St., Strand, W.C.2. 
Birmingham: 


Glasgow: 3, Cadogan Street, C.2. 
Manchester: 
Newcastle: 


Nottingham: Newcastle Chambers, Angel Row. 
Cardiff: 


England. 


Telephones : 
Regent 3311 
Central 1083 
Central 3928 
Central 4497 

Central 2198 


Technical Representatives at: 
Telegrams: 
Apchainser Rand 
Birchains 
Ceaseless, Glasgow 
Selling 
Trio 


195, Corroration Street. 


308, Deansgate. 
Maritime Buildings. 


6934 
R, C. Moore, Kenilworth. Moore Llianishen Llanishen 
Hilary Gardens, Llanishen, 181 Cardiff 181 


Representatives for Canada: 


The Coventry Company (Reg’d.). 





Montreal and Toronto 
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AUSTRALASIA: MNDIA: § e * 
based eee aa nr LTD., Pp e C ial 1 sts in 
Collins House, Bishopsgate, 
360, Collins Street, “ac 

MELBOURNE, Australia. 

— GROOVING MACHINE mm 
for either External = 
or Internal Cylin- = 
drical work. . ; = 
i The above 8 in. special Flanged = 
i ea Template Pipe with side outlets, made = 
for cutting grooves in our Works, is representative of the = 
on flat surfaces as pipework that we manufacture. We = 
well as circular cater for all trades and will be glad = 
work. of your enquiries for = 

A GREAT = 

eae Hig hPressure | 

Write for particulars, or let us give a practical Pipewor = 
demonstration in our works. y n II ati 1 oO ns Es 

JOHN HOLROYD &C°’ L™: tps =| 

ail 


MILNROW, ENGLAND. 


Makers of Machine Tools to increase Production. 
Worm Gear Specialists and makers of 
“HOLFOS BRONZE.”’ 4500 














LE BAS TUBE CO., LTD. 
Dock House, Billiter St., London, E.C. 3, 


Gtascow : 9, Howard Street. alata ‘a Deansgate. 
Berast: 45, Rosemary Street. E.LH 








e 


\\ 


\\ 


\ WATER-TUBE BOILERS 
_\\ CHAIN GRATE STOKERS 















el 





Mlastration shows Installation of Four Vickers Header Type 
Boilers, Fired by “ Illinois *’ Stokers. 


VICKERS BOILERS and “ ILLINOIS" STOKERS are MANUFACTURED 
in one of the GREATEST ENGINEERING WORKS in the WORLD, 
and are used by some of the GREATEST POWER STATIONS 
THROUGHOUT THE WORLD, 


VICKERS BOILER CO,, 





LIMITED 
30/64, BROADWAY, WESTMINSTER, S.W. I. 


Victoria 6845, Telegrams : “ Arcturns, " Seoul, London.” 


VC 














BRITISH MANUFACTURE 






Reg. 
Trade Mark, 
Lead Pipe, 


Reg. 
Trade Mark, 
473,436. 


Sheet Lead, 
473,435. 


LEAD LASTS! 


Lead is a proven building material—its life seems everlasting. 


Many fine old buildings erected in Tudor Days, such as 
Hampton Court Palace, still have perfect Lead roofs, gutters, 
rain pipes and flashings. Lead more than any other building 
material retains its value as old metal. 

The ease of fitting it to awkward positions materially lessens 
cost of labour, its proved durability lowers replacement costs. 
Property Owners, Engineers, Architects, Builders, Surveyors, 
Shipbuilders, Home Buyers—save time, labour and money on 
your contract—Lead lasts. 


Bay Branded British and be sure. 
oN 








MANUFACTURERS 
ASSOCIATION LTD. f= 
y 





leeued by the BRITISH LEAD MANUFACTURERS ASSOCIATION LYD., 
36. New Bread Street, E.C.2, 4668 
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HIGH-PRESSURE 
INIUNILAUNE!200NOUUIUU UL z HYD RAULIC HOSE 


= REDDAWAY’S PATENT 
A flexible Hose 


for pressures up to 
Mj 10 Tons per sq. inch. 


eI LULL 

















When buying STAUFFERS LUBRICANT~the original high 
grade machine grease—satisfy yourself that it is 
the product of TRIER BROS. Ltd., sole manufacturer's 
& proprietors of the above Reg. Trade Mark. 

We frequently come across users of lubricant who 
consider and therefore use, the word “STAUFFER’S” as 
a GENERIC TERM for any sort of grease which has 
similar colour & consistency to our own product. Naturally, 
competitors either actively or passively encourage this 
belief & though imitation is held to be the Sincerest 
form of flattery, we wish to safeguard both 
old and new customers against inferior imitation. 


Look for the Reg. Trade Mark 









UUTUETTCTTETETTTTETETTA TTT 














sal TLIMVIIUIH UAT TUT UU 


SII 


all 





IMUOMEUUNU UU | I UUUV0U NNT 


SOLE MANUFACTURERS 


TRIER BROS. LTD., 


36, Victoria Street, & Cumberland Works, 
Westmiaster, S.W.1. Camberwell, S.E.5. 4582 

















‘THE. outstanding features of our 

PATENT HIGH-PRESSURE 

‘ nl HOSE are its great strength and 

basis ‘hen ; flexibility. 

ROCK DRILL. Made in all sizes from } in. diameter 

PNEUMATIC. to 4in. diameter and to suit any pressure 
SUCTION. up to 10 toms per square inch. ~ 
COAL CUTTER. 

VENTILATING. REDDAWAY’S IMPROVED HIGH- 

STEAM. PRESSURE HYDRAULIC 

OIL, PETROL. COUPLINGS, as illustrated, must be 

DELIVERY. used with our hose.—Supplied screwed 

ETC. or flanged to any gauge. 











SOLE MAKERS: 


F Reppawaya.@le | 


PENDLETON, MANCHESTER. 
1D BUSH HOUSE, LONDON, W.C.2. 
JOSEPH BOOTH & Bae. Lb Bi uso was oF ween, meee cows, 0. see 


Uni c Work ame PAPERMAKERS’ FELTS, DUCKS AND ROLLERS. 
nion Crane orks, CALICO PRINTERS’ PRINTING & WASHING PADS. CANVAS FIRE HOSE. 


RODLEY, LEEDS. soe makers or CAIMEL HAIR BELTING. 











IMMEDIATE DELIVERY FROM STOCK. 


























72 [SUPPLEMENT page Xxx] ENGINEERING. (Dec. 28, 1928. 
















i | 

















a STAINLESS STEEL and IRON. S 2) | 


Made by the Inventor, at S 
STAINLESS BROWN "BAYLEY’S STEEL WORKS LTD., "SHEFFIELD. STANLES 


UNLOADED. LOADED 


Trade Mark 














Trade Mark. 

















PATENT 


OCTOPUS 


(Registered Trade Mark) 


GRAB. 


4 SLINGERS SAVED. CRAVEN CRANE.3 TONS CAPACITY. WITH PATENT 


CRAVEN CRANE 3 TONS CAPACITY. WITH PATENT NON- NON-REVOLVING TYPE OCTOPUS GRAB 
REVOLVING T:PE OCTOPUS GRAB. ; 


CRAVEN BROTHERS (MANCHESTER), LTD. PP"eNatano. °°" 


Comprising : Sir W. G. Armstrong Whitworth & Co., Ltd. (Machine Tool Department), Craven Brothers (Manchester), Ltd., ri Buckton & Co., Ltd., and Thos. Shanks & Co. (1928), Ltd. 


= SMITH'S SCREW BOSS PULLEYS 


SELF-FIXING. NO KEYS OR KEYWAYS. poy 
TENS OF THOUSANDS IN USE. 


ae LE 99 For Merchants Keeping Stocks—Bushes 
H E PU L Being Interchangeable. 


SCREW BOSS PULLEY €O0., LIMITED, 


85, Queen Victoria Street, E.C. 4, ENGINEERS, 


agiagege City. Telephone: No. 19 THRAPSTON. TH RAPSTON. 











CRANE WORKING SPEED INCREASED. 





























Ea aoc 1a. 




















Telephone Telegrams: “GRACE, THRAPSTON,” 


PEGKETT& SONS, [> 


London Representatives :— 
FERGUSON & PALMER, 9, Victoria Street, Westminster, S.W.1. 















Telegrams Peckett, Bristol. 




















SPECIALITY 


TANK LOCOMOTIVES 


Of all Descriptions and any Size or Gauge. 













r; 

















WOLF 


ELECTRIC TOOLS 


HAND ELECTRIC DRILL 
with 3-speed gear box. Made in two 
sizes, viz. 9/16 in. and 7/8 in. capacity 
in steel. Speeds 500, 260 and 150, 
and 350, 200 and 100 respectively. 
To take Taper Shank Twist Drills. 























ereeceess 


S. WOLF & CO., LTD., 115, SOUTHWARK STREET, S.E.1. 
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“WOLF ” oust 
COMBINED LIGHTWEIGHT. HAND & 
ELECTRIC DRILL WITH BENCH STAND. 


Capacity up to 3/8in. in steel. The ( 
Drilling Unit is readily detachable’ 
for portable use. 





Telephones: Hop 2733/2734. 
Telegrams : ‘‘ Widerstand Phone, London.” 



























































We are specialists in the designing, production, and ‘installing of Gas 
Plants for every kind of Power or Industrial Heating purpose. 


We supply Furnaces fired by Oil, Producer Gas, or Town’s Gas, Coke and 
Patent Coal fired type for all purposes. 


We manufacture Gas Tubing, Bunkers, Drum Dryers, Lime Kilns, Steel 
Chimneys, Oil and Petrol Tanks and Pumps, etc. 


We invite your enquiries. 











4698 


Ve 
ALMA WORKS, 


OWSONe MASON u:reisiue 


GAS PLANT CO.LTD. MANCHESTER. . 





The 
BEARDMORE 
One-Gallon 
PRIVATE 
USERS’ 
- “PETROL 
» {PUMP. 





This Pump has a capacity of 
1 gallon per full stroke and a 
delivery speed of 5 to 8 gallons 
per minute. 


EFFICIENT AND 
INEXPENSIVE. 


Price complete with 300-gallon tank, 
internal fittings, piping and connecting 
up to 12-ft. centres 


£45 :0:0 


delivered and fixed. 
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FIRE ESCAPES © 
ate E XTINCTORS). 
“FIRE HOSE & FITTINGS: 
» HEATHMAN @ 
| PARSON'S GREEN. LONDON. SWE. 


The MACFARLANE ENGINEERING 


Netherlee Road, Cathcart. co, LTD 
4372 


a and — 


See Advertisement page 29, Dec. 14. 




























FOSTER BROTHERS, Limited, 
TUBES & FITTINGS, 


Main Steam Pipe Installations.o:042 
WIEDNESE URN. 


HAMWORTHY 


OIL ENGINES 
PUMPS and AIR COMPRESSORS 


THE HAMWORTHY ENGINEERING CO., Ltd, 
Works :—POOLE, DORSET. 
P 76, Victoria Street, LONDON. 
Branches | 118, Queen Street, GLASGOW. 


LOCOMOTIVES 


FROM SsSToc=Ez. 
ALL GAUGES AND SIZES. 1605 


KERR STUART’S 


5, Broad St. Place, London, E.C. 














CENTRIFUGAL 













ZCORD & HIGH SPEED ENGINES 

A (SEE OUR LARGE ADV’ IN 
LAST WEEK'S ISSUE) 

DRYSDALE & C° Lr YOKER. 


GLASGOW. 








—_—-- 











THE 


CLEVELAND 
BRIDGE ano 
ENGINEERING CO., Lt. 


Specialists im the Design, Manu tre, 
and Erection of Bridges, ders, 
pot. Warehouses, and all classes of 

and Steel Oonestructional Work. 


Heap Orrice AND Works— = £961 


DAHLIN G TOn. 















Pa 





ITS AGOOD JOB 
JENKINS O10 17, 


Each succeeding year will increase your appreciation of the reliability of welding 
done by Jenkins. You will say “ It’s a good job Jenkins did it,” because it is 

always sure to be a good job if it is done by Jenkins (Rotherham). Tanks, Pans, 

Casings, Chemical Works Plant. Artificial Silk Tanks and Cylinders. 


The firm with 72 years’ experience. 





Just send a fully dimensioned sketch of your require- 
ments and we shall be pleased to quote you. 


FIRTH’S STAYBRITE ACIDPROOF TANKS & PANS 


Robert JG & Coles 











ESTABLISHED 1856 RO THER. HAM | 

Telegrams :— Telephone :— | 
“Jenkins, Rotherham.” 584 (3 lines). 

London Office: 354, Abbey House, Victoria Street, S.W.1. | 

Telephone :—VICTORIA 6783. 4473s 





























TWIN-SCREW BUCKET HOPPER DREDGER, “DAVID DAVIES.” 


FERGUSON BROTHERS (Port Glasgow), LTD. 


SHIPBUILDERS AND ENCINEERS. 


. Qn War Office and Admiralty Lists. NEWARK WORKS, PORT GLASGOW. Tele. Address: DREDGER, PORT GLASGOW. 





Up to the Largest 
Dimensions and Capabilities. 





Grand Prize at London Exhibition, 1909. 
Gold Medal, Japan-British Exhibition, 1911. 


Bow and Stern Well Centre and Side Ladder Bucket, Barge 
Loading and Hopper-Dredgers, Suction Dredgers, Cutter 
Dredgers, Trailing Dredgers, Reclamation Dredgers, Grab 
Dredgers, Hydraulic and Mechanical Agitators, Discharge 
Pipes and Pontoons, Hopper Barges, Sewage Steamers, 
Caissons, Tugs, Ferries, Paddle and Screw Steamers, Delivered 
complete or Shipped in Sections. 





44358 





Spare Gear and Renewals Supplied. 

















=i 8 





avoo#gg* @ 
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SLIPPING BELTS—— 
SLIPPING PROFITS! 


“High Test” Belting gives - highest 
transmission efficiency possible, because: 


Specially woven 32 oz. duck therefore greatest flexibility with 

with frictioning between plies— greatest strength. 

Vulcanised under tension— _ therefore elimination of stretch 
on drive. “S 

Friction surface— therefore no possibility of slip. 

No seams at edge— therefore no distntegration. 


Vulcanised under extreme _ therefore unaffected by tempera- 
heat— tures up to 180° Fah. . 


Secret friction and absolute therefore longer life under steam, 
impregnation of duck— oil and wet conditions—resists 
acid fumes. 
as Manufactured by: 
The British Goodrich Rubber Co., Led. 
SOLE AGENTS: * 


Bell’s United Asbestos Co., Ltd., 
Southwark Street, London, S.E.1. 





4835 





















TYPICAL LAY-OUT OF 


Comprising PUMP, PONTOON, PIPING, & ROTARY SCREEN 


Manufactured entirely by 


GWYNNES PUMPS LTD 


MAKERS SINCE 1849 OF CENTRIFUGAL PUMPS FOR ALL 


HAMMERSMITH Hammersmith Works 


LONDON W6 ¢€S LINCOLN 


{ * Telephone: RIVERSIDE 1910 Telephone : LINCOLN 18 
gee@acicframs: Gwynne London Telegrams: Gwynnes Lincoln 





SERVICES 





GWYNNES GRAVEL RE-CLAIMING PUMP 




























DUNKERLEY 


and CO,, Ltd. 








Iron & Steel 


from 


WAREHOUSE STOCK. 


STEEL JOISTS, 
2a” x 67}! 6te 3S" x «o1Y” 
STEEL CHANNELS, 
15" x 4” to 28" x 1 3/16". 
STEEL ANGLES, 

8” x 3” to §” x 8". 
STEEL TEES, 
oe « O te «0 
STEEL FLATS, 
is” =x }" to # x 3/16". 
STEEL ROUNDS, 
83” to i” dia. 
STEEL SQUARES, 
5" to }” dia. 
STEEL PLATES, 
3/16" to }” to 8 long. 
In all Standard Sections, cold 
straightened, lengths to 42 


A LARGE AND VARIED STOCK OF 


CROWN IRON, 
BEST, BEST SCRAP and 


BEST TURNING IRON, 
HOOPS, SHEETS, CONVEX, 


&C., &c, 


STEEL BRIDGE RAILS, 
BRIGHT STEEL, &c. 


IRON and STEEL 


HOOPS FOR BALING, 


Plain & Painted, a Speciality 


COMPOUND GIRDERS, 
STANCHIONS, ROOFWORK 


and 
CONSTRUCTIONAL STEEL 
Riveted up on the Premises from 
Stock Material. 


THE 
oh £% J £% sz” 
PATENT CONVEYOR TANK 


for handling Metal Scrap, Coal, &c. 


ENQUIRIES SOLICITED. 
Section Book on application. 











Telephone: 
6490-5 (six lines) 


Telegrams: 
“ AJAX, MANCHESTER,” 


STORE STREET 


iron and Steel Warehouses, 


MANCHESTER. 





4624 
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NATIONAL VERTICAL OIL ENGINE 


| | 
ee £500 PER — 
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BURTON. DELINGPOLE & Co LTD 





4695 


~]I| 





HENRY WALLWORK & CO.,Ltd, MANCHESTER, 


KENYON’S 


PATENT 


OIL FILTER 


AND 
WATER 
SEPARATOR. 





Over 1000 ordered by HB. ' 
Government, 
ENGINEERS’ 
STORES, TOOLS. 





100 B.H.P. National Vertical Heavy-Oil Engine at the works of The Sovereign Confectionery Co. 


The Sovereign Confectionery Co., Ltd., Lowton, 


Send your enquiries. 


ALEXANDER KENYON & OO., LTD. 


Victoria Bridge. MANCHESTER. 4770 


















































near Newton-le-Willows, state : = 
ESTIMA ’ ING “It may interest you to know that after sixteen months’ running we are very 
pleased with the results obtained by the adoption of the above unit as a power factor. 
MADE EASY “Our running costs for fuel consumption are almost inconceivable, not reaching 
the figure of one shilling per hour for our whole production. The lubrication is so 
u 4 positive that an exceedingly low consumption in oil is also recorded. 
sing “Our previous power was by steam, with gas for lighting purposes. 
BROWNS “The overall saving per week is approximately £10." 
SLIDE RULE PARTICULARS AND PRICES ON APPLICATION. 7049 
Waraeer. THE NATIONAL GAS ENGINE CO., LTD 
aE: ey « 
ooklief Free 
DOUGLAS &WALLS [fo ASHTON-UNDER-LYNE. 
Drawing Of fice Specialists London Office - - 117, QUEEN VICTORIA STREET, E.C4. 
{4 TITHEBARN S*.-LIVERPOOL. 














Manufacturers of Forgings of all kinds 
for Aircraft, Automobile and General 
Engineering Works. 


Alloy and Carbon Steel in Bar or Billet, 
Bright Drawn Steel. 


Weldless Steel Rings and Cylinders, 
Circular Blanks for Gears, Stampers’ 
Die Blocks. 


High Speed and Crucible Cast Steel for 
Engineers’ Taps, Dies, Punches, etc. 


Best Cast Steel Files, Saws, Twist 
Drills, Hammers, Hack Saws, etc. 


JOHN HOLDING & CO.. 





LT D.. 


Union Forge & Steel Works, 


Telephone: 
Central 21271. 


London Agents: Whitbrows Limited, 89, Upper Thames Street, London, E.C.4. 


SHEFFIELD. ¥y 


Telegrams: 
‘* Holding, Sheffield." 


Telephone: City 0779. 





—_— 


a 
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THE BUTTERLEY CO., Lp. 


DHRBY. EsTaABtisHeod 1791. 


! elephone—Nos. 75 and 76, RIPLEY. Telegrams—“ Ironworks, Butterley.” 




















Bar Iron, Iron Castings up to 
2O rons. 

Bridge and Structural Steelwork, Pit Trams, &c. 
High-class Machine Work of all descriptions. 
Special Acid-Resisting Metal for Chemical Plants. 
Large Retorts, Pans, Acid Eggs, &c., a Speciality. 














LONDON OFFICE—52, Queen Victoria Street. Telephone—2180 City. © 


ACKIN 


Over 500,000 Supplied. 











FOR 


STEAM 
ENGINES 














The most extensively used Automatic Self- Supplied to British, United States, Japanese, Dutch, 
Adjusting Metallic Packing in the World. French, Spanish, Brazilian, &c., Navies. 
Friction Decreased. Also to Principal Electricity Stations, 
Collieries, Iron Works, Textile, 
Power and Fuel Saved. Railway, Steamship Concerns. 4079 


The United States Metallic Packing Co., Ltd., 
i Metui weaora> SOHO WORKS, BRADFORD. perma 


























ANDREW BARCLAY, SONS & CO., LTD. 


CALEDONIA WORKS, 


KILMARNOCK. 


All types of 


LOCOMOTIVES. 


IMMEDIATE DELIVERY OF 


STANDARD ENGINES. 


TELEGRAMS :—“‘ BARCLAYSON, KILMARNOCK.” 



































See also full page 
Advertisement in this 


= Journal dated Dec. 14. 
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TECHNICAL 
LITERATURE. 


Technical Developments take place so rapidly 
that Text Books and Works of Reference are 
soon out of date. 








Engineers, therefore, value Technical Literature 
which is really up to date, and find by experience 
that for reliable data they must refer to the 
Catalogues of the actual Producer. These 
are sometimes mere “Picture Books,’ but 
those describing Gardner Heavy Oil Engines 
contain data which should be always at 

the elbow of the Progressive Engineer. 


Details of Fuels and Fuel Consumption, Curves 

of Temperature and Altitude effects on power, 

Weights, Dimensions, etc., together with 

detailed descriptions of the Engine Mechanism, 
are included in each. 


Their numerous pages are typical of Gardner 
Productions. Their appearance is suggestive of 
the perfect workmanship for which Gardner 
Engines are famed. The quality of the very 
paper is symbolical of the superior quality of 
all Gardner Materials, while the general 
printing lay outs is emblematical of Gardner 
excellence of Design. 








WATER TURBINES 
and GOVERNORS 


for any power or height of fall. 
CENTRIFUGAL PUMPS. 


Gilbert Gilkes & Gordon Ltd., 


KENDAL, ENGLAND. 4:25 


























BRAIME’S unttst IMPROVED 
ALL STEEL _ TOOL STANDS 


Are Unbreakable. 


Also these Pans are Most suitable for 
Engineers, Bolt, Rivet and Screw Works, 
Brass Founders, &c. 








Seamless Steel Shop Boxes and Trays. 
Large Assortment of Patterns. 


Plain Stand. 





1A ° 3906 ‘ 
SRREME ICY, Fitted with Steel Locker 
with 2 Keys each. 


ENGINEERING STAMPINGS to over 30” dia. 
ILLUSTRATED PRICE LISTS 


The above Goods to be had from all Engineer Factors and Merchants. ON APPLICATION. 


cous 4 F. F.& J. H. BRAIME, Ltd., Hunslet, Leeds. 























May we send you one or all of the 
Catalogues that describe the different 
types of Gardner Engines, each of which 
have special features to commend them. 
Just let us know in what type you are 
interested, briefly sketch the class of 
work to be done, and the appropriate 
Catalogue will be sent by return. 


Gays. 


HEAVY OIL ENGINES 





L. GARDNER & SONS, LTD. 
PATRICROFT, Manchester. 


London Office - 115, Queen Victoria Street, E.C.4. 





“UNIT” 
SUPERHEATERS 
for every type 

of Boiler. 


—o— 


MAKERS OF 
HIGH-CLASS 
STEAM PIPE 
WORK in SOLID 
DRAWN STEEL. 


“UNIT” 
Superheater & Pipe 
Co., Ltd., 


UNIT WORKS, SWANSEA. 






































MANUFACTURERS OF 





STEEL FRAMED BUILDINGS.| PLANTATION BUILDINGS. 
STEEL BRIDGES. TRADERS STORES. — 
GIRDERS , PIERS. JETTIES , CAISSONS. 






































[-GARSTON _]||[LIVERPOOL - ] 











Mining 
Saw 
Electri 

Pow 


1 i 


ker 





Ju je 
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OF wats 
DESCRIPTION 


Ga cdi 


Works: HAARLEM-HOLLAND 


Licensee for Great Britain, Ireland, and British Dominions: 


THE HARBOUR IMPROVEMENT & MECHANICAL ENG. C0., LTD., 


Stone House, Bishopsgate, London, E.C.2. 





Sole Auth. Representative for the La Plata States: JUAN P. BREDIUS. 


Cangallo 328 — Buenos Aires. 
4472 








Arcuisao EDMESTON & SONS, 


, RPATRICROTYF'T. LIMITED. 


PATENT FRICTION CLUTCH. 


300,000 HP. IN SUCCESSFUL OPERATION. 
INVALUABLE FOR DRIVING. 


Mining Machinery & Haulage Concrete and Brick-making 
Saw Mills, Machinery, Flour Mills, 
Electric Light and Textile Machinery, 


Power. and Mine Gearing 
Generally. 













FOR 


STARTING 


GAS 
& OIL COUPLING 
ENGINES. SHAFT-ENDS 


NoTE: GENERAL MACHINE PLANING 
UNDERTAKEN FOR THE TRADE. “* 


Capacity of Machine, 6 ft. by 6ft. by 22 ft. 


FOR 








Speeding up Earth 
Road Construction 


ODERN Road Graders, 
Wheeled Scrapers and Road Drags, save time, 
money and labour out of all proportion to 


Rooter Scarifiers, 


their cost. The Howard line is the result of the 
experience of a world-wide organization and the 
machines have several special and exclusive features. 


The above illustration shows the latest Howard 
q Leaning Wheel Grader. This machine does the 

work rapidly and efficiently — will cost the 
minimum for maintenance and repair—is easily 
adjusted, and is definitely guaranteed. Full particu- 
lars will be gladly sent on request. 


JOWARDS or BEDFO 
Associated with Agricultural & General Engineers, Ltd. 


James & Fred* Howard Ltd., 
Bedford, England. 


Telegrams & Cables: Howards, Bedford. 
London Office : Aldwych House, Aldwych, W.C.2. 


Simply Ci G “ 
pate NOW 


treformation, 
eaten 


7A] To J. & F. Howard Ltd., Bedford. 





ss 

Gentlemen, ‘4 
Please send me booklet G16 on 

“High Speed Roadmaking.”” It is understood £ 
Rg 


that this places me under no obligation to you. 
Name 


& yn eee 








Lense eee eel 
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TELEGRAMS 


RL PRESS, LEEDS a 
NATIONAL, i. 
| TELEPHONE: fi: 

Pa | & a, 














PRESSURE — L. - EXHAUSTERS 


OF ALL KINDS. 


These machines are largely 


3 L. OWE RS ait aac sag ie FOR INDUSTRIAL PURPOSES 


used in connection with Gas 
Furnaces or any work requiring 
a constant pressure. 





HIGH EFFICIENCY. 


BRITISH FURNACES L? | ooo eA SIMPLICITY of CONSTRUCTION 
a | | SMALL POWER TO DRIVE. 





: MAKERS OF 
GAS FURNACES 
FOR ALL 

—\ INDUSTRIAL 


PURPOSES \. 
. C ¢ Made in all sizes. 


Fig. 666. 
(Any other method of drive can be arranged to suit circumstances.) 


4357 


Engineers, 


THE BRYAN DONKIN COMPANY, LTD., cuusrurrraxnp 








VICTORIA CONCRETE MIXERS 





VICTORIA CONCRETE 
MIXERS ARE MADE 
IN STANDARD SIZES 

FROM 3 CUBIC FEET 
TO 2 CUBIC YARDS 

MIXED BATCH 

CAPACITY, AND HAVE 

SIDELOADER, BEEN SUPPLIED FOR 

AUTOMATIC WATER ii | USE ON THE FAMOUS 

apace pine " 4 WS) ii \: SENNAR DAM; 
WITH SWIVELLING : : 1 seaeaethnteeiagmnenindinieinis 

nenesiamaiaae Ni | LLOYD’S BARRAGE 
; | ‘ PROJECT, 
: SUKKUR, INDIA; 
IMMEDIATE CALCUTTA PORT 
DELIVERY DOCKS EXTENSIONS, 


EX STOCK. he yy a ETC., ETC. 


STOTHERT & PITT, LTD., 


MIXER DEPARTMENT, 
BATH. 


THE ILLUSTRATION 
SHOWS THE No. 7 
VICTORIA MIXER. 

7 C. FT. MIXED BATCH. 
LISTER 
PETROL ENGINE, 
POWER OPERATED 





STOTHERTs PITT C> 


(ESTABLISHED 1620) 
MIXER DEPT 
nb ATH «+ 
an i urers 
ay 


Batch capacity 


GLASS 
BATCH 
MIXERS 


of various t. 
and sizes fF 
24 cwts to2etons 
batch capacitg 


QUARRY 


EQUIPMENT 
including rotarg 
screens 
conteyaes 


ete: 


TARMACADAM 


. PLANTS 
in standard sizes 
From 34 tons 
day upwards 


ASPHALT 
PLANTS 
ors Id tons 


content 10% 


+ ROAD - 
PAVING 
PLANTS 


with boom 
distributors 


CONCRETE 


Lacin 
equipment 


MORTAR MULLS 
TIP CARTS 


« ete:- 





4712 





a 


pp! sances, 
iJpstru nents e'c. 
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-The “VICTORIA” 
FIRST AID CABINETS 
MEULANCE ROOM 
REQUIREMENTS, 
_ ng Cabinets, Sterilisers, 





SFIRST-AIDG 





Stretchers, Oxygen Breath- 
ing Apparatus, Respirators, 
Smoke Helmets, Protectors 
‘for the Eyes, Hands and 

















oucnhes, ur’ ‘cal 
Ippiiances,” Dress | JAMES WOOLLEY, SONS & CO, LTD., 76, Deansgate, Manchester. Faneaie 
© c. Telepho-e : CENTRAL 8580 (Private Exchange). Telegrams: ‘ ‘PHARMACY, , Manchester.” Write us for Catalogues. 4287 
THE ARITISH Sy -) -2od PW bb ee Ge) 02) ae me ee) AND COLONIAL LISTS.) 





LEATHERS COMPANY LIMITED ALTRINCHAM. 











PEABODY LIMITED, 


161, baat STREET, LONDON, S.W.1, 
associated with the 

PEABODY ENGINEF RING CORPORATION, 
NEW YORK, 

and have the continuing advantage of their 

wide experience. 


Peabody Equipment for British Use 
Made in England. 

Peabody - Fisher Wide Range Oil Burners. 
Equally efficient spray at all loads. Simultaneous 
adjustment of all Burners. 
Peabody Combined Gas and Oil Burners, 
An outstanding success. 
Peabody Pulverised Fuel Burners and 
Distributors. 
Capacities 400 to 6500 Ibs. per hour. Short flame. 
Robust construction. Specially suitable for conver- 
sion of existing furnaces without enlargement. 
Peabody Combined Coal and Oil Burners. 
Peabody Combined Coal, Gas and Oil Burners. 
Tel.: Pebengcor, Sowest., London. *Phone: Vict. 6479. 





' PIPE TOOLS AND VISES. 
THE ARMSTRONG MFG. CO., 
BRID G E P ORT 
CONN. - - U.S.A. 


‘Ihe General inane sii are located at 
M Cleveland Place, New York, N.Y., U.S.A. 

























































IELIOS 
-PRESSURE 
RAL- 
aia AGENTS WANTED 
IN 
! | MANUFACTURING 
; DISTRICTS. 











pUILER SCALE 


The safest and surest method of removing scale from 
sis by means of FOLIAC BOILER GRAPHITE. 


is NO CHEMICAL ACTION ; 





There the tiny flakes break 


up existing scale and tend to prevent further formation. 
Corrosion is prevented, and froth or bubbles DO NOT go 
Over with the steam. It is independent of water hardness 
and i:s action is MECHANICAL. Write for booklet B.6. 


4911 





BOILER GRAPHITE 


Jo 
dy. DB is INERT 
Lu and has no effect on Drums / 
or Shells. 





GRA?HITE PRODUCTS LTD., 
218-220, Queen’s Road, 
BA? “ERSEA, LONDON, S.W.8. 


Made in England. 











LAMBETH COTTON DRIVING ROPES 


é4or3 Seas. 

















THE ROPE WHICH MEETS EVERY REQUIREMENT OF POWER TRANSMISSION. 


THOMAS HART, L™. 


(ROPE DRIVING SPECIALISTS), 
Lambeth Rope Works, 
BLACKBURN, ENGLAND. 


4350 








A REPRINT FROM “ ENGINEERING” oF 
THE QUADRUPLE SCREW CUNARD LINER 


“AQUITANIA,” 


Built and Engined by 
Messrs. JOHN BROWN & CO., LTD. 
Sheffield and Clydebank. 


>> 


In Imperial Quarto, 92 pp., with 
13 Two-page Engravings and 320 
Illustrations, many of them 
large scale working 


drawings. 
+ 
Price 5/- net, bound in cloth (post free in the United 


Kingdom 5/5, or abroad, 6/-). 


+ 


LONDON: 


Offices of ‘‘ ENGINEERING,’’ 35 & 36, Bedford St. 


Strand, W.C,2., 








82 





[SUPPLEMENT page xu] 


ENGINEERING. [DEc. 28, 192%. 














PUMPS 
FOR 
EVERY 
PURPOSE. 








ROBERT WARNER (PUMPS) Ltd. 








EFFICIENT, THE DELTA METAL C0., LTD. ty EAST GREENWICH, LONDON, S 10 
ECONOMIC, ‘And at BIRMINGHAM. — 
RELIABLE. 





EXTRUDED BARS 
“DELTA” BRANI) 


BRONZE, YELLOW METAL, BRASS, RED METAL, NAVAL oseepon§ psi 

























AUTOMATIC 







































WM OU i Ee 


MACHINE TOOLS. 





PUNCHER SLOTTING MACHINES 


For Cranks, Buckles, &c. 





GEAR GENERATORS 


For Tramway Gears, &c. 





GEAR HOBBING MACHINES 
For Turbine Gears. * 





LOCOMOTIVE MACHINE TOOLS. 





WM. MUIR & CO. 


LTD., MANCHESTER. 





They are simple and reliable. 





THE “MENNO” COMPRESSED AIR GREASECUP C0., 11D., 


LEEDS PLACE, TOLLINGTON PARK, 
Cables: Agreascup, London. LONDON, N.4. 


Thomas Turton & Sons 


MANUFACTURERS OF LIMITED. ‘ 


ENGINE, CARRIAGE, AND WAGON SPRINGS 
































2178 

















FRIEDENTHALS Lior 


E WORKS, 


Cast Steel Files, 














Iv 


ff CD \ lo 


cyan 









fs 
= 
4264 Menno Greasecups give f 
Re nae, Somes ée a aoe ee a *- eer en ae eet ~TYNE. % 
Londo a Ottice : BROAD STREET, HOUSE, LONDON, | OES? Perfect Lubrication at “ 
Pho oo ntral 7560. ‘Grams: “ Hydrological, e, Lon 
3 the cost of oil. y 


Fl 


FOR 
PROPELLERS ENCINEERS' TOOLS, HAMMERS, EDCE TOOLS, STEEL 
EITHER SOLID OR FORCINGS, SPRING STEEL. 
WITH LOOSE BLADES. 
Any Size made at the Tool St eel. : 
Shortest Notice. 
monet |SHEAF WORKS, SHEFFIELD brn 
EFFICIENCY Telephone : mie 25171, 
LOWEST 17, St. Swithin’s Lane, none. mite. Telephone : City 4677. 7 ae 
CONSUMPTION. 
nvex PRESTON. Cc Ee A. RNY EG s ; 


STEAM AND ELECTRIC.& 














MACINLOP LTD., 
CAMBRIDGE STREET. MANCHESTER 


Gl C.F.H. 241 
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FOR 


MACINLOP 


RUBBER BELTING 


WOMISs, 
eo Y 


NAT, 









With or without 
Lifting Magnets, 
Navvies, Grabs, etc. 
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Telephone No. 
1266 DERBY. 

















Telegrams 
“COLES, DERBY.” 








HENRY J. COLES, li. we Danlh i 
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GRINDING & PULVERIZING 


OFFICES 
11, Southampton Row. London, WCL 








| y 


VA Telephone- Holborn 72778 Cable & Telegraphic Address Lopu/co, Wesfcent London” ~ 
WORKS: = DERBY = ERITH, 


GRINDING, SCREENING & AIR SEPARATION SPECIALISTS. 


SUGJEN’S PATENT STANDARD 
ano SECTIONAL SUPERHEATERS 


For all Types of Bollers. 














WROUGHT STEEL THROUGHOUT. 
THOUSANDS IN USE. 





Main advantages! 
SIMPLICITY OF DESIGN 
and 
READY ACCESSIBILITY to all parts. 





Write for Illustrated Circular: 


T. SUGDEN, Lte.. 


180, FLEET STREET, 
LONDON, E.C. 


Telegrams: TUBULARITY FLEET, LONDON. 
Telephone : Holborn 4231, 


7 
Representatives in all Principal Towns. 


KENNICOTT 


FILTERS w° SOFTENERS 


FOR PUBLIC WATER SUPPLIES 
and 
INDUSTRIAL PURPOSES. 


FULL PARTICULARS FROM 


KENNICOTT WATER SOFTENER CO., LTD., 
IMPERIAL HOUSE, KINGSWAY, LONDON, W.C.2. s7s 





STANDARD SUPERHEATER 
as supplied to Lancashire Boiler. 
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For BUILDERS, 
LIFTING TAGKLE «x. 


ERECTORS, 
4AND WINCHES, PULLEY BLOCKS, ENGINEERS and 
RICTION HOISTS, JACKS, PILE DRIVERS 


















CONTRACTORS. 
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ASK FOR LISTS. 


( IBBING 
\ SAVES LABOUR LIFTINC | 
> -~— a 


RICHARD C. GIBBINS & CO. 
BERKLEY STREFT 
BIRMINGHAM 


‘Make Light of Heavy Jobs" 
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LEROY’S COMPOSITION 


FOR COATING BOILERS, STEAM PIPES, &c. 


Prevents the radiation of heat, saves fuel, and increases the power of Steam. 
It is reckoned the cost of the covering is saved in about six months, 
— ALSO — 
Asbestos Composition, Asbestos Mattresses, Asbestos Rope, 
Silicate Cotton, Plastic and Sectional Magnesia Coverings. 


F. LEROY & CO., L™ ”. Gray St, Commercial Re., London, 


Established 1865. 4803 [E.1. 


ENDRY 


INATED 






































Sole Manufacturers 


JAMES HENDRY E> 


Main Street, Bridgeton,Glasgow 





BRANCHES AT LONDON, BIRMINGHAM, MANCHESTER, ETC, 











HM GOVERNMENT. 


CYCLOPS WORKS, 


BEDFORD. 


MINN 


CONTRACTORS TO 


iRAFTON & CO. 


Telegrams— 
Grafton, Bedford, 



















Justrated descriptive Price List free on application 
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SILVER MEDAL, Inventions Exhibition, London, 1885. GOLD MEDAL, Paris, 1900. 
GRAND PRIX and GOLD MEDAL, Franco-British Exhibition, London, 1908. 
GRAND PRIX, Buenos Aires Exhibition, 1910, 4904 
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SMITHS CRANES 


THOMAS SMITH € SONS (RODLEY) LTD. RODLEY, LEEDS. ESTABLISHED 100 YEARS 























A smaller, precision borer 


The Pratt & Whitney No. 2 Jig Borer = The Pratt & Whitney No. 1 Jig Bore: 
is the only machine of its kind that is a smaller size of the same machine. 
locates, bores and then checks its own Write to us for a booklet that de- 
work to ten-thousandths of an inch. It _ scribes and illustrates this machine, its 
does this without the use of lead screws. many features and its work. 


NI; = J General Office: 111 Broadway, New York, U.S. A. 
Niles-Bement-Pond Co. /eri™ Office: 25 Victoria St., S. W. 1 

¢ W H > Agents for Pratt & Whitney in Great Britain 
Pratt & hitney Co. Buck & Hickman, Ltd., 2-6 Whitechapel Rd., London, E. 1 


; MACHINE TOOLS HAMMERS CRANES SMALL TOOLS 
P & W No.1 JIG BORER 





HYDRAULIC _hose,powns &THompson,Ltp., "AMS, PUMPS, BUCKETS 
HULL. FINEST PROCURABLE ENGLISH HIDE 


LEATH ERS. ESTABLISHED 1777. Send for Illustrated list. 


CAMMELL LAIRD & CO., Lo. 000° 2iitemncs 


STEEL MANUFACTURERS. SHIPBUILDERS. NQGINEERS. BOILERMAKERS. 
LONDON OFFICE: 3, Central Bulldings, Westminster, 8.W. 
SEE LAST WEEK’S AND NEXT WEEK’S ADVERTISEMENTS. 





























-HOWELL & C9 LY TEE Wo, SH EFFI ELD. 














BLACK HEART ioe 
See also full page Advt. in this Trade Mark 
Journal dated Dec. 14. MA Y F EABLE 


LEY'S MALLEABLE CASTINGS COMPANY, LIMITED, DERBY. 





Printed for the Proprietors by HARRISON & Sons, LTD., at the Bedford Press, 20 & 21, Bedfordbury, in the Parish of St. Martins-in-the-Fields, and Published by CHARLES ROBERT JOHNSON, 
ENGINEERING, 35 & 36, Bedford Street, in the Parish of St. Paul, Covent Garden, both in the County of Middlesex.—December 28th, 1928. 
Entered as second-class matter Dec. 12, 1896, at the Post Office, New York, U.S.A. 
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